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Abstract

The influence of various fermenting conditions using Saccharomyces cerevisiae, alone (Control, Single) and in combination
with mixed lactic acid-producing bacteria (Combined 1, Mixed, Combined 2), including Bifidobacterium longum, Enterococcus
faecium, and Lactobacillus acidophilus on flour sourdough preparation was examined. For the Combined 2 method, starters
were incubated separately for 15 h, combined, and then further incubated for 10 h. Fermentation using Combined 2 improved
the growth of mixed lactic acid-producing bacteria, but inhibited that of S. cerevisiae. This was also reflected in the extent
of the pH reduction in sourdough produced in the Combined 2 step by these organisms. Among biochemical activities, CO,
production and titratable acidity were increased by Combined 2, although the viable yeast counts were decreased. Aroma
compounds in sourdough markedly varied according to fermentation conditions.
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Zr=th(Katina et al 2005,
Seppo & Jorma 1968). A} ol oJste] Al zH]= HE
2?1 sourdough bread+= Tﬂroc;t:l' %—‘Tar«] GRo AR &
@—Qq O]O:| X]—fd 7(473}] 51\_:1_ 31—0—1 §Jr7ﬂoﬂ}\1l: zz Tjr__.
n| gl ogk edow Fu|7F YR A At A 2

o] FAIKF vl Eo] 11 AR Ateolof] ofsf U gt <]
AEE Adst=d ozl UthIngram & Shapter 1999).
A, A dgeel o 7135 ot ddd 7o Al
F SEE 9ot 71547 o] SHE PAYE starterS
AejHor Hrtske wAEWHe] /EEHAeH, o PAE
starter 2 GRAS(Generally Recognized As Safe) 1| E<1
2Ht(lactic acid bacteria)©] A &% 31 I THKline & Sugihara
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1971). ©}F3t n|ABE =, Lactobacillus sanfrancisco, L. plan-
tarum, L. brevis, Leuconostoc mesenteroides, Streptococcus
faecium -°] sourdoughol| A F-2]=|o] AWl A starterZ A
Ao 2 AFEE dE 9l ouK(Kline & Sugihara 1971, Meig-
nan et al 2001), °]E "AES B2 &3 ste] A8 o
2o 442 AYSHE AT AW oR 47141 4
el pH—E— HEAFNA el Fulsh AGYL P
1 I WKGalal e al 1977, Nachf OS 1995), A3
ZAzte) vlg=e) S40) Het el d} i) gt
it Pl EEY 52 68T AHgste] WA
/1\_}-}_(-(@}\]— 1:]1—;(_5‘._ 0/\]_
A A 2kSl= hete-
rofermentative -F-H( ]’\WF HLE ’\]'%L)OE TEETKSeibel
& Briimmer 1991). g7 & fitols
Pediococcus 25, Lactobacillus acidophilus, Enterococcus fa-
cium ] frahto] EgHH, o]} TE fihtol=
<= Lactobacillus brevis 5°] E3HTHAxelsson L 1998,
Beuchat LR 1995). €W, Bifidobacterium brevis, B. bifido, B.
lOngum E_g] U]Ag 9_ o]}\l— HL_‘—;;L 0/\],-*\17-_74_ _%_/\]_z‘ﬂ. ﬁig‘
EtH(Axelsson L 1998). Lactobacillus <
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Bifidobacterium %9} -2 u|AE<] probiotics(ATANZ &
o AbgE| T Qo ol AdAe] YA HBoRE A
A A AW T Pk T ake A e, A, W
o 2 S, FElz=HE Ast 59 &l duA 3
(Choi et al 2010).

ole] & A= AA AR uF Ful7t 7k Et pro-
biotics Z-°ll A Bifidobacterium longum, Enterococcus faecium
I} Lactobacillus acidophilus7} Z3F probiotic &< Sa-

o= EE E36d A8sn B

Z7-& 22]sPaA sourdough HEE FaPste] AAJHE sour-
dough®] ol 58} B4 Bl

ccharomyces cerevisiae$};

S Hhey

S H
1. M2 =H|
&3} probiotic W= AME3SE W|AES Bifidobacterium

longum(5.0x1 0'°CFU/ @), Enterococcus faecium(1.0x1 0''CFU/ 2)
3} Lactobacillus acidophilus(1.0x10"'CFU/g)7} Z3+8 A&
© & Cell Biotech*KGyeongGi-Do, Korea)oll 4] stk &
S(Saccharomyces cerevisiae)= A E2Z Jenico FoodAKSeoul,

Korea) A|F2 A3l
2. H{X]
&3} probiotic ¥ HIF-S 213t vllA]:= MRS broth(DIFCO,

St. Louis, MO, USA)E A}-8-3}4 2™, 114 vl A](MRS agar)

Table 1. Production of sourdough starters

HoMA o} RATHEEEE

A 25 218le] MRS brotholl 3H-& 1.5%(wiv) F=2 37}
Stk B8 A& 9 3(5,5'-di-bromo-o-cresol-sulfonphtha-
lein)2 F/4<1 pHOllA = AF42 pH 5.2 o|stellA= 24
= Uehle 542 7K A, A=l 9 acid B4
AH-S Felsy] flste] ARESIITE FAA R, At
MRS HIA| S @23 Tha 7)ol Ao r Eided BHE
A& HZ 0.006%7 ol~F2HAL 0.1%S FaAoR F
7tste] Aty S48 wiAE A TE 5] A5 HE
oA YPD agar(DIFCO)Z A}&-3}ith

O

s

i oS

3. M7
&3} probiotic 7 HI S #1383l MGC AnaeroPack(Mitsu-
bishi Gas Chemical Co, Inc, Japan)S A3t} 10u] <A
SR o R B A Al s 1A wjAd] EEele] F
ghzg g7]el FHaL o}7]e] MGC 714 71ES Hol wj%
71(SI- 4000R SHAKING INCUBATOR, Jeio Tech, Co., Ltd,
Seoul, Korea)oll 4] 30T 2 B2t vl Fatit) g+
Aol Jade flotd 33 S dEtrs HdEeR

FAsk o

4. Sourdough Starter XM=

23} probiotic T2 A|W-& FRE ©]-8-3 sourdough star-
ter Al Al AFg3S AE WSS o2 A Meignen et
al 2001)°] AE WHS W3 ste] A5 TKTable 1). Con-
trol T2 771 1,000 g, 2 1,000 g2 A8 GX 0.16

Ingredients
1 . Temperature( C) Time(hr)
Flour(g) Water(g) Probiotics )(g) Yeast )(g)
Control” 1,000 1,000 - 0.16 30 20
Single” 1,000 1,000 1.4 - 30 20
500 500 1.4 - 30 20
Combined 1°
500 500 - 0.16 30 20
Mixed” 1,000 1,000 1.4 0.16 30 20
, 500 500 1.4 - 30 15
Combined 2" 10
500 500 - 0.16 30 15

" Mixed probiotic microorganisms.

? Saccharomyces cerevisiae.

DS, cerevisiae only as control group.

Y Mixed probiotic microorganisms fermented for 20 hr at 30°C.

> Mixed probiotic microorganisms or S. cerevisiae fermented separately for 20 hr at 30°C then combined.
9 Mixed probiotic microorganisms + S. cerevisiae fermented together for 20 hr at 30°C.
7 Mixed probiotic microorganisms or S. cerevisiae fermented separately for 15 hr at 30°C, combined then fermented for 10 hr at 30°C.
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gg go] WH=E7)(KENWOOD, England)ZS ©]-&-3te] 5831
Este] Sk 8710 "ok AT 2= 30T A
HF&E 80%= %% dough conditioner(SDDC-3640, Sungdong-
giup Sa, GyeongGi-Do, Korea)ol] ¥ o] 2047t @& s}ty
Single T2 7 E7HF 1,000 g, ¥ 1,000 g2} Z3} probiotic
T 1.4 g& 9] Control ¥} 22 7104 20417t <+
BAIF . Combined 172 271 500 g, & 500 g2t &
3 probiotictt 1.4 g& o] 20”17 Bt HEAIZ Az A
U7FE 500 g, & 500 g} A& R 0.16 g= 2ol 20A|%F
L HEAIZ A2 283 E36HATE Mixedw 2 7=}
1,000 g, & 1,000 g, &3} probiotic T 1.4 g7} A8 &
50.16 g= 2o 20413 Bt T EAIF L Combined 2+ 7
HU7FE 500 g, & 500 g7 &3 probiotic T 1.4 g= 2
15A13F &< EEAIZ A} 2 D7HE 500 g, = 500 g7
A-E AR 0.16 g& ¥ol 15A13F Bt EEAR A& 2%
e F 5L A 10413 B TRAIFH
A7 B AES] A @92 Adlo]  sourdough
starter2] pH, TTA(Total Titratable Acidity)o} T &-& =74 ol
o]-g-aFitt.

5. Sourdough2| EM 24

UE F9] pH S35 flste] wh=e] 394 A4 §3l %
S 5 cm Ao|& ¥l 5% Fol pH meter(model 720A, Orion
Research Inc., Boston, MA, USA)Z AF2ox =43
Miller et al 1994).

2) TTA &8

Sourdough®] TTA =% AACC method 02-52(AACC
1995) WS AFE-3FSI T} Sourdough 10 g& H]F o] @i
T 100 mLE H7lsted & &3 wj7zbx] AUtk Sour-
dough starter$} 577} =3 Z ol phenolphthalein 5¥-8
= A7 &, £3EY Aol PaMo g WE wj7lA] 0.IN
NaOH=Z A4 sttt E3hEe] Bado] 3023t FAH =
A5 end point® 3}, TTA =432 H T o] FA] &= A
H7A] ZH]E NaOH mLZ A 4bskgich

3) g 5

Sourdough starter®] HEE&S 4317 fl8iA] W AF
2] sourdough starter® 100 g¥ = AFslo] HE &S =43}
Atk 100 go] W& T2/ ¥HE°] 500 mL mess cylinder
o o] w 3A]7kmlcE HEB0T, Al FE 80%)7F i F]
Fol] AE REF9] ol ot FI(mL)E HESS

UERR it

AT} v e AFS AHR-8 Sourdough 43 745

4) & MF 2N

Sourdough starter®] 3F E B0l o] §3}7] YA LE
Z9] sourdough starter 5 g¥-2 3l 40 mL vial(Supelco,
Bellefonte, PA, USA)° ¥ 11 AR = semi-vocs Z 0] 2
2+%l 7100 FAST GC ANALYZER(Electronic Sensor Tech-
nology, CA, USA)E A2-31S9Th Fig. 101419} o] Alg= 4
571 JHE FYEY, AlA FTHoA F23 Eto] HHEE
WA LA e = Fule WS A S EA6H Hed,
102 B ZHo2HE] B8] T SAW(Surface Acoustic
Wave) AZ=710l 71 237} HEHAT o) Az} F HA
EHAoR FH|G ARE o83t FAsom, A=
A = Jeplglch Als7t vHE ofeibct ®l vials o] 88
of o] LAEE A5 on, o] W & A5 A H
2 tE] 5% ol TR T Algel = FUCH

5) SAHIXz|

A2 E 1-way analysis of variance (ANOVA) WHO &
AX 2] S THAlbright et al 1999). ¥4 A¥S Hitght
A= JER AT

B oft

r-‘—" |'II

A&+ Control, Single, Com-
bined 1, Mixed®} Combined 2 & 57FA] T°|t} &, S ce-
revisiae 0.16 g= 20A17F L& 3 Control , &3} probiotic T
1.4 g 20717t Bt HEAI] Single w, &% probiotic 7 1.4
gZ} S. cerevisiae 0.16 g Zt7F 20A17F Bt HEAA F
3} Combined 1+, &%} probiotic ¥ 1.4 g9} S. cerevisiae 0.16
g 7 Yo 20413 &3 Mixed T, £3F probiotict 1.4
gZ} S. cerevisiae 0.16 g= ZHZ} 15A]17F B HEAIZ] F o]
& 38t YAl 10417 2E S Combined 270] At |-
f 29} =3 probiotics H7Fske] A| %3 sourdough starter

|Pump | | He | |Sensor|

Fig. 1. Process of electronic nose system based on GC-
SAW.
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IR 276 et starterdlol] EXlstE AEFE S
Z}= Table 29} 2t} & A, &3 probiotic T2 A&
wo] e 242} 3.0x10°, 1.3x10° CFU/g of cells%AT.
I 20717t $ol| =, Single ol &3 probiotic ¥4t &
RaE 247t 2,570x10°2F 880x10° CFU/g of sourdough$l 3L,
Combined 1:2o14E 2H2} 3,200x10°$} 300x10° CFU/gA L,
Mixed T-ol4E 2H2} 2,950x10°9F 310x10° CFU/gSit. 254]
7He EE Combined 272] E3F probiotic T2 3,770x10°
CFU/ge]9lal, &2E 190x10° CFU/ge] Atk

&3} probiotic 2] Z3-$-ol], & A vl A] 2047 =
B3 Foll At <F 1,0008] Sk T Bl At
+ Control oA 98 A3} vl A] 2047 g3 Sof 7
$- oF 7l %7131 3L, Combined 132} Mixed ol A& <}
=71t 25A1%F &3k Combined 2T A=, &3 pro-
biotic T~ Single, Combined 13} Mixed T2} Hlx A] Z7}
g whA, g Re] Ause Aty AgR e g, £3F pro-
biotic 2] A7} 3,770x10° CFU/gl-& T Zolxl Ao 1]
3 Ero] Adre 238 A4S =H ©|= probiotic T2

e FAel wE gRe] gSo] ARE Ao AlgHr

0 o bo iy 1o

2. Sourdough Startere| A

Z+2+9] sourdough starterS Alg-3le] T st= F<F pH

Table 2. Comparison of cell numbers changes according
to fermentation conditions

Cell number Cell number Cell number
at T()l) at Tzoz) at T253)
(CFUx10°/ (CFUx10”/ (CFUx10’/
g starter) g starter) g starter)
Single 3 2,570
Combined 1 3 3,200
Mixed 3 2,950
Combined 2 3 3,770
Control 13° 880
Combined 1 13 300
Mixed 13 310
Combined 2 13 190

" Before fermentation.

? After fermentation for 20 hr.

¥ After fermentation for 25 hr.

? Numbers of mixed probiotic microorganisms.
% Numbers of S. cerevisiae.

Legends are referred in Table 1.

HoMA o} RATHEEEE

oW 3tyl, HEo] TTAE F4st] Alme] AHesE S431
TH(Table 3, 4). Combined 13} Combined 27°ll= &% pro-
biotic T3} S. cerevisiaeE ZVZ} TH3Fo] A 23t sourdough
starter® Z3} probiotic @ S AM83t &= Combined
I(L)2-2 S. cerevisiae T2 AH&-3F WA= Combined 1(S)=
$7]3}ta1, Combined 2914 = FAFSIl Combined 2(L)2F Com-
bined 2(S)= WAA 22 718kt A S = pH F3
7F FEHAA FE8H gk Aol 6~9A17 ol e, 6
AJZE o] 3 A]-of| A4 Single, Combined 1(L), Mixed®} Com-
bined 2(L)ollAl 28 24stsla, 9417t ©]Fol= Con-
trol, Combined 1(S)¢} Combined 2(S)T-ol A= FEHX|A 7+
Ashe e Belou, AR o= pH FA7t 7P e
& Combined 29T} AWHa o & pHOl WY& 3.9904 4.4
2 et

LE 7R STt mE wi=e] WstE AuEy BE 2
ZlolE HEEo] o} Hl 1, 3A17F o] FHE|= W=ol nlA]
gk Aol AAEUT 643 o] Foll= HET & ¢ B2 A
Fo] AH 11, 9A|7F o] Fell= Control, Single, Combined 1(S),
Mixed, Combined 2(S)olA #AEo] A=A, Singled}t
Combined 1(L)wollAE 723k @& HA 7} U] Al2FsESit)
9AZF o] % 2] =iz W= Control, Combined 1(S), Mixed
9} Combined 2(S)elM & 2#X 9} 22 Fro] A1, AA
2oz A¥ol PAEAY WhHo| Single, Combined 1(L)3}
Combined 2(L)well & #A&o] <t AZ a1, BE Wh=oA]
F AT Wt 12403 o] 3ol Single wollA] AR Ao w
AEo| AAAEATE 15417t o] FZ= Control, Combined 1(S),
Mixed®} Combined 2(S)welAl #A¥2] A7|% AX a1, B4
He d= dAH oz Eokth AlZke] A4S SingleS A
F9| A7) AR NE gkl HubA o 2 B ATk 1547k
©]| % Combined 2(S)2} Combined 2(L)T< tHA] &

= Aol o BAEA L, Wiells 2R oF &
5

it

r

it
ol
-
;{9‘

de AAA R AF A% AL BEE de B
3, Wiele 2A1A] 2 7o Bol AR

TTA =% Z3h= ukE3l 2130, Single 2] 317} 7}
7 B S A, 3417F o] ol = Combined 1(L), Com-
bined 1(S), Combined 2(L)$} Combined 2(S)N A X171 &
A3 F7FIETh 6A17F o]Foll= Combined 1(S)9} Com-
bined 2(5)2] 27} 2812 FHAshs AEFe Bk Algte]
AGF5 MM S Frbeitib Bart B AL 20417F ©]
Lol = Control, Single, Combined 1(L), Combined 1(S)<} Mixed
oAl ZAetdar, 15412 o] o] Combined 2(L)2F Com-
bined 2(S)E E&3le] 10413t o &FAIZ] Combined 22] 73
Foll= 25713 o] & A& FUVshe A B

3

=
Sourdough &&= pH, A E, T2 A& 5 o8 =4
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oA F7tE, A} FA CO, 7h2=0] A o gt
T8 & SHYE 83 W47 2 4 UTHGobbetti M 1988,
Gul et al 2005, Wehrle & Arendt 1998, Wick et al 2003).
Sourdough starter®] WE-& 782 flste] 2H2e] RESE mess
cylinderoll ©] sourdough starterE A|Z3}= B F3& &
A3t A3}+= Fig. 29} 2t} Combined 272 Combined 2(L)
7} Combined 2(S)E 15413t &< HE 3 &, EF35lo] A
10712 & gsk Ao 2 15/\]7]— o]Zd £33t A|BE T T
ol &Ad3I9 T 9AIE T Control oAl 60 mLolA]

w3} B3| 2~t-& AHE-SF Sourdough 53 747

105 mL, Combined 1(S)=A+= 70 mLol|A] 140 mL, Mixed
o A= 80 mLolA 125 mL, Combined 2(S)ioll A= 85
mLolA 155 mL2Z #3317} #3519t Single, Combined
1(L)¢} Combined 2(L)T2 EEEE E<t 70 mLoA] -3
H3l7h 719] g19l o), Combined 2(L)S 154|7te] A &
Combined 2(S) 313t ¢ F “‘E%O] "4 57kt
Atk 53] 3k F 5A17to] AR S wioll= 230 mLell
A 400 mL=2 Ao F ul 7Prto]l FTFet o, 8AIRE o] %
2E 998 2otk a8 ¥ Algto] AR Ak

Table 3. pH changes for sourdough starter according to fermentation conditions

Type
Time(hr)
Control Single Combined 1(L)  Combined 1(S) Mixed Combined 2(L)  Combined 2(S)
0 6.07 6.03 6.22 6.17 6.01 6.22 6.17
3 579 5.90 6.00 5.90 5.81 6.00 5.90
6 5.74 5.81 5.20 5.48 5.44 5.20 548
9 5.55 5.02 4.64 522 4.67 4.64 522
12 4.69 4.46 4.49 4.48 432 4.49 4.48
15 432 423 4.19 429 429 4.19 435
18 423 4.15 4.15 423 4.20 426"
20 4.20 4.07 430" 4.14 414"
23 398"
25 3.88"

Legends are referred in Table 1.

Table 4. TTA changes for sourdough starter according to fermentation conditions

Type
Time(hr)
Control Single Combined 1(L) Combined 1(S) Mixed Combined 2(L) Combined 2(S)
0 18.9 17.4 19.0 18.9 22.1 19.0 18.9
3 21.8 254 28.6 29.0 21.4 28.6 29.0
6 22.0 26.2 29.0 253 26.7 29.0 253
9 24.8 315 30.0 28.6 30.3 30.0 28.6
12 327 34.5 33.1 323 31.6 33.1 323
15 32.1 32.8 36.4 34.4 34.0 36.4 34.4
18 36.0 37.8 37.8 36.0 35.6 353"
20 29.0 30.5 355" 335 36.17
23 37.17
25 375"

Legends are referred in Table 1.
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Fig. 2. Volume changes of sourdough starters according to fermentation conditions.

Legends are referred in Table 1.

Ao WFgo| F7kshe Ao ofve} Bkso] 2Md st &
o] 23l8] Fadhs 43S Bk Chang & Ann (1996)2] 4
Aol ofstd WE WAHANA FRE dEoR RS FE
o} sour liquid fermentsE AH&-3F Zo] -Faltta AEX 2
WA, probiotic 70| A3 FAke] & Ao Luete pH
£ AlFste] IR Sxet HE o] st Avsta
A=H], olelgt Aibe £ A3 Aot falgke Hof o

3. Sourdough Starter2| & M&E 24

g 22710l w2 probiotic T E L] H7tel| 23 sour-
dough starter®] &F A5 £A41¢ A= Table 5ol YERASL
t}. Single 2] 73-%, Control, Combined 1, Mixed®} Combined
27 Hl3l] 0.62 =3 0.95 23} 1.37%°] Single®] peake] =
717F 2k whdol] 2.05%, 2.40%, 3.35%, 3.95%, 445%,
6.25 27} 7.95%0] peak®] =717} ZAth WHEHE= E2to] 1|
Ao} Tl B §491 protease Aol ol A
25E ofn|iglo] AT W B R o) AREEAY
= B¢ U2 aroma EFEE HYE 4 Y th(Heunsen &
Schieberle 2005, Meignen et al 2001). Combined 13} F-A}
3k 9y 27 o7 AF3 sourdough A3 Aol e £%
probiotic T WAl L. brevisE A48 A/ == aroma &
o] T3l A tHMeignen et al 2001). Mixed |4 Combined
179 WE ZAH0 ¥ 22 aroma EIES ALkt
Mixed-rol] 2-8-g W& 7ol aroma E3HE0] Bol| A
= AL ZF probiotic T T4 TAHE 53] o E

3t AAZE & Aeleta FEn ol Blske] sour-

M

dough starter Combined 2ol 283t
=] Aol o BA vEhd 3
&l R 7o) SAIZE O ArgE|olA vehd A ddtErh

2 e

&3} probiotictt 2} & RS sourdough starter 2 A}8-3F ¥FE
2 A 25 9lste] A8 AF= sourdough A 3HE th
22 571 2304 AAlskAT bS] AR 0.16 g= A7t
3o 20417t ¥R 3 15 (Controli?), Controloll ] SRS &
3l probiotic T 1.4g2 % ThX] 3t Z1E(Singlew), Control T2}
Single 15 &3 T 33+ 1H(Combined 1), Control -
oA &3} probiotic TS 71 IHMixed ), Combined
194 HE AIZHS 1547k e 7 g sa WS vk T 7R
= 3l 3o A 10413 L& S 15 (Combined 27) 5%
A 23k}, Sourdough starter®] A= 271 &3 probio-
tic T ATre 2041 FAE T Ad57E oF 1,0000)
A 7kt om, 25417 E F Combined 29 EF At
4% Single, Combined 13} Mixed2} ¥ A] B o] Z7}
SkSAt T W] pHE TR AZF F 8~ 124171014 54
st frasilon, < pHe 3.9~442 YENH. St
© HE ARl wet Srksllen, 20413t Felle HE A
7} vl Al < 2u)] SUIEATE BEES A7) Aol o}
2} 27kt 2, Combined 29lA 7H8 =] Yo
Singleol| Al 7} WAl YEFGTE Combined 22] pH7} 713
Ho] 7431 o, sourdough starter2 AR&-317]o 2 g3k
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3} 0 AFE A

3t Sourdough 579 749

Table S. Aroma compounds (% area of total peaks) in sourdough starter according to fermentation conditions

Retention time(sec)l) Control Single Combined 1 Mixed Combined 2
0.62 242414 12.5+0.3 24.5+1.2 26.4+1.6 25.6+1.2
0.95 8.0£1.2 =2 9.5+0.1 6.4+0.2 52402
1.37 26.2+1.2 9.0+6.4 23.9+0.5 25.2+0.8 20.2+0.2
1.95 - - 1.4+0.0 7.0£0.0 -
2.05 - 11.8+0.4 - - -
2.40 2.4+1.7 11.6+1.9 2.2+1.2 - -
335 0.9£0.1 7.1£1.2 1.8+0.1 2.6£0.2 0.8+0.1
3.65 2.440.1 - 1.4+0.3 2.0£0.1 3.5£0.2
395 - 10.7+0.3 - 0.8+1.1 -
4.45 2.6£0.3 9.8+0.6 3.6£0.9 4.2+0.2 2.940.1
4.90 16.3+0.3 - 15.9+0.7 9.3+0.4 26.9+1.9
5.75 9.1+0.4 - 3.0£0.5 4.7+0.4 8.0+0.7
6.25 - 12.2+0.6 3.240.6 3.8+0.1 -
7.95 8.0+0.2 15.3+4.9 9.7£1.0 3.4+4.7 -
8.05 - - - 4.3+6.1 6.9+0.1

" Retention time=0.03(sec)
 Where in blank, no or little peaks(<0.2%) were found.
Legends are referred in Table 1.
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