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Abstract

In this study, we investigated the changes in physicochemical properties, yeast diversity, and volatile flavor compounds
during fermentation of mugwort sugar extracts (FMSE). The pH and sucrose levels decreased, while the acidity
and reducing sugar, fructose, and glucose contents increased during FMSE. Oxalic and succinic acids appeared
to be the predominant organic acids in FMSE. Based on 26S rRNA sequencing, a total of 7 different yeast species
including Candida lactis-condensi, Hanseniaspora uvarum, Hyphopichia burtonii, Saccharomyces cerevisiae,
Saccharomyces paradoxus, Torulaspora delbruechii, and Zygosaccharomyces pseudorouxii were identified in 5
sampling sites. The prevalence of S. cerevisiae was highest (95%) at 30 days and decreased to 7.5% at 60 days,
whereas the abundance of C. lactis-condensi increased from 90% at 60 days to 100% at 90 days of fermentation.
The major volatile flavor compound, 3-methyl-1-butanol, considerably increased from 65.95% to 82.98% after 30
days of fermentation and slightly decreased thereafter. In addition, the levels of benzyl alcohol, phenylethyl alcohol,
and 5-hydroxymethyl-2-furancarboxyaldehyde increased to 2.56%, 5.48%, and 2.54%, respectively, whereas isopentyl
alcohol substantially decreased to 0.12%, at 120 days of fermentation.
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A ZFf714re] A vlaste] A 7Feksith(1e).

EAeiY & genomic DNA &2|

A FS Lee TG Fotd FdsidTh =,
chlorampenicol(1.5 mg/mL)°] &2 100 mL 30% sucrose
PD dAujA|of &F-FZd 9l TFN 5 mLE T35
28°CollA] 30+6A]17F 5t 2] wjkatdct. F2 wjekd
A& 2F 3 mLE 47, 13,000 xgol|Al 5% B2t GAl ek
1 RoJZ FAl= G-spin Genomic DNA Purification
Kit(Intron Co., Suwon, Korea)E A3} genomic DNAS
28t t) #2]E genomic DNAE 2}o] E& RNATRNA)
o] PCR %< 93¢ FF o= A&3IA

PCR

1-2]3 genomic DNAE F3 O 2 3}] 265 IRNAS T&
S}t 26S rRNAS] ©S FE3t=H AHS-E= PCR
yeast-specific primer 5’-ACC CGC TGA AYT TAA GCA
TAT-3’(3YF/21 mer, forward primer, Saccharomyces
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Canada)E A}-8-3}] alignments, evolutionary distance 2 %-
E] AlAFSFSITE Phylogenetic treex= neighbour- joining
method®} distance matrix dataZ A}-&3lo] &elslth

& F-FE9 HF F PR HAE A =
2 L soild phase-micro extraction(SPME)2 ©]-&-
3l headspace(Autosampler, HS-7697A, Agilent Co., Waldbronn,
Germany) 4] WS AHESITH(17). 5 mLE % 9] #
&l 20 mL headspace vialell -2 & 45| o= Wt

5 100 pm polydimethylsiloxane(PDMS) fiberel] 100 rpm,
100CoNA 8% &< &kt

09||_
N
0x
HI
lo
A
o
e
o
e

& F-F2d BE F T B4 Lee 5179
H 2 2 B39t =, GC-MS(Gas
Chromatograph-Mass spectrometer, GC-7890A, MSD-5975C,
Agilent Co., Waldbronn, Germany)E- ©|-8-3}51 2™, column
< HP-5MS(30 m*0.25 mm, 0.25 ym film thickness)E A&
SIS T Oven?] 2% T2 032 40Tl A 3E7 &
g 2 180C/HA] 189 5CE 52 5 383 HEA stn
THA] 280 C7HA] S2AIATE Alge 8 FYHA0:DS

N T



866

o

AHESE] 0251 TSI SR7IA R AES AHESI

°on, §%2 1 mUmin2Z HFsrh Injector 2
quadrapole®] €% Z+z} 110Co | AHEA L Az

7 o] 23K69.9 eV) WS o] &3t scane mode(H <]
50-550) = A A5k TE o1 chromatogram ©- =2 F-E] 747}
<] Peakoﬂ ek A S 15k 1 °] = GC-MS
NIST library<} H]aste] Z4zke] &2 gelsiinh

-

a ol 30¢ tA4o =
% 53] A8 5 AASI pH, B, LT 2 LIE FF

W3} Table 13} 29T} 280U A pHE 524004 60L A
pH 4728 A2 Helom 1 o|F 90U A 74 &= W37t
STt HE 12087 = pH 4.78% ozt 76kl em, o]l
’deste] atme TE 0YA] 0.09%C14 HE 30€(0.12%),
760U (0.16%), TE 90U 71A] A &A 02 Zrtsithrt
1 o] Fell= ¥} glo] HFAEE 0.18%(L 8 1209) <=
Hth Bee TR 094 247} 660 “Brixell A L& 1204
7 690 “Brixz 7] W3}7} gl2lom gheld2 LH27]0
AA) 202.65 g/LolA EE 3027 (202.67 gL)7HA] & W3}
7F A HE 60U A 303.68 g/L, EE 90D A 430.47
gL, T & 12084 55527 oLE A &o2 Frlste] Had
7lell= <F 220 oY FUISHA T R HEXY] 09
Aol 1.0%F o™ HE 60LH7HA] 5.0%= S7FsIA T
90L A (4.0%)7FA] k7t ZAasksi o o] F 1208 A= 60
AR e} TU3 50%S HAth E2E 7.89 CFU/mLeN A
a7t ol whel s s gaste] EE 120
dA = 235 CFUmL 52 Hith

AgAQl v AYE FEoA pH e TE vAEe] A
ol oJelir] Zasw pH e we Aee S7lehe
Aoz deA St T Fre] A5 dar) ol
e} Fhashy 53], AR g7 o B kil whek

T2 ZAA-FEE A A25H A|TE (2018)

d3Eo] A= Aoz gHA Urk(18,19). Kim 5(20)
2 Kim (1)< Aok 59 A& B-FEE5S A2
A 18097t B E F pHE A4ttty Husle] 2 AT
Aztel BUsIH o, GEE g 7|7k whe) gha wol
Ztta BHaste] 2 A Aikels 9zt Aol o)+
A5 g IF 717k Aolof] 7|1g o2 FekE| QT
gy AT & B FENE 2o G ] 7]9lsk
W F A 19 (CBrix) Wshs 2 UER A eka
UGS I E F HSA I sucrose= glucose$} fructose
2 Astgglon, BF S g2 2H8 0 2 aleohol TS
Z7k3F Ao ® A A} Kim 5(20) 2 Kim S21)<
olfel A4 & Aok FEE AgA Fo| WHrE A
g AF BE7|Rre] SR whet fadte Zle s Hast
o] ¥ A7AYe} FUI Ao B o= UF 7|3to]
73 33tel] what AHEQte] FobA mlAE] Aol A<
A o] 5o] ] e darEde] £EFHU7] Wi
Ao FEJ oM 53], &9 A= AA Wl
2-go] e FoR dHA lof22) Ao el JFF
S nA Aow ForaigTh

o
-FZ99] 1202 TE 0, 30, 60, 90, X 120U A
714k g WstE
g = sucrose= UE
Aol 763.56 g/LoAlA] FE 60U A 717.34 g/LZ A A3
Haeiglon o|fd gEER fhste] HE 12094
557.77 g/LE YERHITE ©]9} Qi) 2 glucose$} fructose=
g 0UA 242t 97.53 gLy}t 64.57 glLol A BHE 1204 79
= 7247} 262.08 g/} 177.69 g/L2 T g 37| K} oF 2u)
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Table 1. Changes of physicochemical properties during the fermentation of mugwort extracts at room temperature for 120 days

Fermentation period (day)

Contents 0 30 60 90 120
pH 5244026 4741024 4724024 4724024 4.782024°
Acidity (%, as lactic acid) 0.09001° 0.124001% 0.160.01° 0.18+0.01° 0.18:0.01°
°Brix 66.0+3.36" 64.043.20° 68.0+3.40° 68.0+3.40° 69.0+345"
Reducing sugar (g/L) 202.65+10.13° 200.67+10.03° 303.68+15.18" 43047:21.52" 555.27+27.76"
Alcohol (%, v}v) 1.0£0.05° 3.0:0.15° 5.0£0.25" 4,0+0.20° 5.040.25"
Yeast cells (log CFU/mL) 7.89+0.40° 6.98£0.35" 5.242026" 278+0.14° 23540.12°

Values indicate the mean’s of three replication (n=3). Different superscripts within the row are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 2. Changes of free sugar and organic acid contents during the fermentation of mugwort extracts at room temperature for 120 days

Fermentation period (day)

Contents (g/L)

0 30 60 90 120
Free sugars
Glucose 9753£3.90"2 90.783.63 145.765.83¢ 210.124841° 262.08£10.48"
Fructose 64.5712.58° 58.56:42.34° 97.176£3.89° 134.73£5.39° 177.697.11°
Sucrose 763.56£30.54° 750.77+30.03" 717.34£28.69" 629.71£25.19° 557.77£22.31°
Total 925.66+37.03" 900.11£36.00° 960.28+38 41" 974.56+38.98" 997.54+39.90°
Organic acids
Oxalic 5.74+022° 5781027 5912024 6.62£02T 6.40£0.22°
Tartaric 0.460.02° 0.520,02° 0.58+0,02 0.65:0.03" 0.73+0.03"
Malic 0.620.03" 0.30:0.02° 0.24£0.01° 0.23£0.03° 0.22£0.02°
Ascorbic 0.38£0.04' 0.400,02° 0.40:0,01° 0.38:0,02° 0.40£0.03"
Lactic 0.93+0.04° 1.6520.07° 1.6620.08" 167£0.05" 1.64:0.06°
Acetic 0.72:0.03° 1.6820.09° 1.7040.05" 173007 1.790.08°
Cirtic 0.39+0.02° 0.62+0.03 0.8310.05° 0.95+0.04° 0.99+0.04*
Succinic 2,00:0.10° 1932008 2.04+0.06" 2.20+0.09" 2.10+0.08"
Fumaric 0.34+0,03" 0.33+0.03" 0.33+0.04° 0.33+0.02° 0.33:0,01°
Total 11.5820.48° 13212044 13.6920.55° 14.760.59° 14.600.50°

YValues indicate the mean’s of three replication (n=3).

PDifferent superscripts within the row are significantly different at p<0.05 by Duncan’s multiple range test.
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98-99%2] “+EAS HAth ololX= Candida lactis-
condensi ABT801(2 clones), Candida Ilactis-condensi
NCAIM Y.00688(1 clone), Candida Iactis-condensi NCAIM
Y.00714(2 clones), Hanseniaspora uvarum 13w76(3 clones),
Hanseniaspora uvarum SYH23-1(2 clones), Hyphopichia
burtonii 34(6 clones), Saccharomyces cerevisiase IMAU6Y111
(1 clone), Saccharomyces paradoxusa 124(1 clone),
Torulaspora delbrueckii ZIM2414(8 clones), Torulaspora
delbrueckii MUCL51211(1 clone) ¥ Zygosaccharomyces
pseudorouxii ATCC42981(1 clone)2| o] & B-FEL 8
Hol A LEFHTHTable 3).
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SR AL Z pseudorouxii 2 C. Iactis-condensi7’t =22
Zgsto] AR} 25%(1 clone)S A8 oV}, IAE=
95.0%(36 clones)Z At -4 Fo|dct THE 90Y ©] ol
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Fig. 1. Population dynamics of dominant species during the
fermentation of mugwort extracts at room temperature for 120

days.
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Table 3. Similarity values of 26S TRNA sequences retrieved from the fermentation of mugwort extract beverage”

Group No. of clones Species” Accession No.” Similarity (%)
FMEBY 01 111 Candida lactis-condensi NRRL Y-1515 U45724 99°-100
FMEBY 02 2 Candida lactis-condensi ABT801 AJ966518 9
FMEBY 03 1 Candida lactis-condensi NCAIM 'Y.00688 EF452211 9
FMEBY 04 2 Candida lactis-condensi NCAIM Y.00714 EF452213 9
FMEBY 05 3 Hanseniaspora uwvarum 13w76 HQ149311 9
FMEBY 06 2 Hanseniaspora uvarum SYH23-1 EU326137 99
FMEBY 07 6 Hyphopichia burtonii 34 HF952839 9799
FMEBY 08 61 Saccharomyees cerevisiase D3C JF715188 98-99
FMEBY 09 1 Saccharompyces cerevisiase IMAU6Y111 GQ121679 9
FMEBY 10 1 Saccharomyces paradoxus al24 FNg863260 94
FMEBY 11 8 Torulaspora delbrueckii ZIM 2414 HE660065 9
FMEBY 12 1 Torulaspora delbruecksi MUCL 51211 FN393992 9
FMEBY 13 1 Zygosaccharomyces pseudorouxii ATCC 42981 AM947681 9

"The 5 mL of fermented mugwort extract beverage were inoculated into 100 mL YPD broth with 30% sucrose and enriched at 30Cfor 486 h.
JRange of 265 tDNA gene sequences is similarity values between fermented mugwort extract beverage clones and cultural isolated strain.
9Accession number of the nearest relative. When more than one sequence had the same similarity, only the accession number the first sequence is given.

“Database sequences with >97% similarity are shown in bold.
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Table 4. Changes of yeast distribution during the fermentation of mugwort extracts at room temperature for 120 days”

Number of clones (n/40)/Percentage (%)

Species” Fermentation time (day) Number of total clones
0 30 60 90 120

Candida lactis-condensi 36/90.0 40/100 40/100 116/58.0
Hanseniaspora uvarum 512.57 5.5
Hyphopichia burtonii 6/15.0 6/3.0
Saccharomyces cerevisiae 21/52.5 38/95.0 315 62/31.0
Saccharomyces paradoxus 1125 1/0.5
Torulaspora delbrueckii 71115 2/5.0 9/4.5
Zygosaccharomyces pseudorouxii 125 1/0.5

Number of total clones 40/100 40/100 40/100 40/100 40/100 2007100

The 5 mL of the fermented mugwort extract beverage were inoculated into 100 mL YPD broth with 30% sucrose and enriched at 30 Cfor 4846 h.
Range of 265 rDNA gene sequences is similarity values between fermented mugwort extract beverage clones and cultural isolated strain.

Bold words indicate predominant during the fermentation of mugwort extracts.

ol 32249 fructophilic &5 FO.2 dHA o, Z
pseudorouxii BA] FAFSHA fructophlhc QAL Fo g2 By
o] itk 28y S cerevisiae Y Hanseniaspora <52 T %]
9l glucophilic A} Fo.2(23-26) L& Z7] sucrose”}
glucose®} fructose 2 % %ﬂ ol S cerevisiae?} 7]
#ed3te] glucoseS AxH] 5k %}ia AR =U = v N
o= AAshe Ao® At ek BE F7] o]
£ fructose7} AAE] wel fructose AP F91 C
lactis-condensi’} #A3t] TS 714k 52 o &AL
E5 AN E AR AHAEHAT Lee 5(5)= 317t
g S A EFEUESTY $HFOR C lactis-
condensi®} C. zeylanoides®. R.115k0] B AFATZ H]S
o] Hol g 60 o|Fol+= C lactis-condensi £°| FE
125 Aoz HAF| Q). gk WE X7 S cerevisiae TF
S0 2 $AEQ T delbrueckiin= ) A0+ S rosei &

S delbruecki® LER Ao Fo=E HAdE T
delbrueckii® A E-FE Fo2 =9 e A g 4
Ashe o2 S cerevisiae®}t L3 gl F835l,
s}e] So] whg A] o g HE 3w atolu} acetaldehyde

Aol A& Aoz dEA Urh27,28).
gdE T F7IMHE st

& FEdo] 12047 2E 5 30Y (HHoR ARE
AFH e T GCMSE 7| ES BAstd 2ar|it ¥
o}5 AuE 23} Table 59 Zodt) &HE 7|3 H¢ F
gL AL FEHANY T8 TR dEA

S 3-methyl-1-butanolZ & 0L A 65.95%°14] 30L A
7 F7¥ete] 82.98%5 AMAISHA AL o] Foll= o 74%
o]t} W& %7](0%Y) 3-methyl-1-butanol ©] ]l isobutyl
acetate(2.76%), 1-nonen-3-0l(1.88%), isopentyl alcohol
(5.89%), benzyl alcohol(1.16%), phenylethyl alcohol(1.96%)

2 5-hydroxymethyl-2-furaldehyde(1.32%)°] Jtld o2 =

& peak WAL YepIT) EE 7 W H el whel isopentyl
alcohol> w2 38] 7taste] L 12094 0.12%E A4
3} 3L benzyl alcohol, phenylethyl alcohol % 5-

hydroxymethyl- 2-furaldehyde-> Z7}ste] 7+t 2.56%,

5.48%, 2 2.54%% YJERA S 1 1-nonen-3-0ol2 E 30L A
o} 604A = HEHA| ko), TE 90UA e} 12084 =

2+2t 3.06%<F 3.61%% 7421?4 13l 3-ethoxy-1-butene 2
propyleyclopropane< BH8 044 2+ 0.83% 2 0.41% <114
g7t g F7ksto] 12094 2+ 330% 2 1.08%S
22|31tk gHH W E 60U A cis-3-hexene-1-ol°] A3 1}
By 1.95%914 REE7](120¥) 2.68% AATEA L
furfural-= 9r& 90°]7>‘H 2 AET o] 1.44%°14 120L A
1.40% = A=% U 3L, 3,3-dimethyldiaziridine(4.78% )< &

£ OUAT AEHA. ollolw BEES] AEE £
o PIYREE FE AAH we EHA ¥

M2 a7k ?_%}7]”5*50] A e S 2T U
. ol¥l Avks IEv) R wet v 53] jste|
Ao FotE ) BE AL Bt EZEFF
AEella 53], ¥R 2] 43ZER/RIF F 3F
ol 8 ceemlae«l AL 280l oA e
g w3 Wg 608 C lactis-condensi’t
ol wlg} furfural cis-3-hexene-1-ol, butyrolactone 2!
droxymethyl 2-furaldehyde 5-°] HEF ] o]&9 7]
2 C lactis-condensi®] thA} 283} #do] 70 Ao
HAE Atk E3EF2] d7]4dE S phenylethyl alcohol
benzyl alcohol= EEWF A 238 YARRIEZA],
ARA9 Aols AR FL A
7HAAL ik
g7t J gl wa} phenylethyl
Z7Vete AEgE itk

o
Fo o
o %
N

o

= %

2i1o o,

< o

-h;

SE, HUOZZ“"«{O})LE-{N
r-1m

phenylethyl alcohol=

212, benzyl alcohol> %23} fF-AFSH &5
(29,30). &+ ATl =
alcohol ' benzyl alcohol



870

o

T2 ZAA-FEE A A25H A|TE (2018)

Table 5. Changes of volatile compounds during the fermentation of mugwort extracts at room temperature for 120 days

Fermentation period (day) | Area%”

No Volatile compounds RT." (min)

30 60 90 120
1 2-Mercaptoethanol 3361 0.030.00"
2 Formohydrazide 3.633 0.15+0.01°
3 Thiirane 3756 0.2910.01
4 Ethyl propanoate 3762 331013
5 3-Methyl-1-butanol 4294 65.95:2.64°  8298+330°  T4252.97°  7431:297°  7382:295"
6 Isobutanol 5.021 0.09+0.01* 0.11+0.02*
7 2-Fluoropropene 5233 0.0620.00° 0.07+0.02°
8 Glycolic acid 5290 0.04+0.00"
9 Isobutyl acetate 5.381 2.76+0.11°
10 Propanamide 5410 0.2840.01°
11 Propanenitrile 5.816 0.01£0.00"
12 Acetic acid 6.039 0.0910.00" 0.03+0.00°
13 Ethylvinyl sulfide 6.280 0.09+0.00°
14 3-Hydroxytetrahydrofuran 6.291 0.05+0.00°
15 1,2 Dimethyl hydrazine 6.371 0.03+0.00 0.06+0.00
16 Bis(2-butoxyethyl) ether 6.646 1.53+0.06"
17 1-Nonen-3-ol 6.692 1.8840.08° 3.060.12° 3.61%0.14"
19 3-Ethoxy-1-butene 6.943 0.83+0.03° 2631009 2.90+0.12* 2.63:0.11° 3.030.15"
20 3,3-Dimethyldiaziridine 7.178 4.7840.19"
21 Furfural 7333 1.4420.06" 1.40+0.04'
22 1-Silacyclo-2,4-hexadiene 7.355 0.20+0.01" 0151002
23 2-Butene 7.579 0.02+0.00°
24 Urea 7.750 0.090.19°
25 2-Propenal 7.813 0.06+0.00* 0.08+0.01° 0.07+0.00 0.08+0.00
26 cis-3-Hexene-1-ol 8.139 1951005°  2.34:009°  2.68+0.11°
27 trans, trans-2,4-Hexadiene 8.145 0.53+0.02° 0.65£0.03"
28 3-Ethoxypropanol 8.397 0.10£0.00"
29 Propylcyclopropane 8.614 0.41+0.02° 0.33£0.01° 0.880.06" 0.98+0.09 1.08£0.10°
30 Isopentyl alcohol 8.872 5.89+0.24* 0370.02° 0.12+0.01° 0.13£0.01° 0.12+0.00°
31 Cyclohexane 9.393 0.05£0.00" 0.02+0.00"
2 N-Methyleneethenamine 9410 0.02+0.00"
33 (2-Methyl-1-propenyl)hydrazine 10.491 0.04+0.00*
34 Tetrahydropyran 10497 0.010.00"
35 Butyrolactone 10571 020:002'  0.16t001"  0.15+001"
36 Benzaldehyde 11487 1.140.03" 1.13+0.05"
37 Benzoyl isothiocyanate 11.504 0.04+0.00"
38 2-Formyl-5-methylfuran 11653 1.10£0,08° 0.57:0,02° 0490,02°
39 2,3-Dihydro-1H-imidazo[1,2-b]pyrazole 11.675 0.07+0.00" 0.0410,00°
40 2-Buten-1-ol 12.162 0.05£0.00" 0.0240,00° 0.17£0.01" 0.1610.02 0.18+0.02"
41 1,3-Dithiolane 12.374 0.01£0.00°
42 2,2-Dimethyl-3-octanol 12.660 0.11+0.01*

43 6-Nonynoic acid 12712 0.2740.01°
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Fermentation period (day) | Area%”

No Volatile compounds RT.” (min)

30 60 90 120
44 7-Chlorohept-2-yne 12791 0.34£0.02"
45 B-trans-Ocimene 12.789 0.26+0.01° 0.30£0.03°
46 Benzyl alcohol 13.798 1.1640.05° 0.93+0.04° 2.90+0.12" 2.75+0.11° 2.5620.10°
48 2,3-Dihydro-1-benzothiophene 14.525 0.010.00"
49 2-(2-Methylvinyl)thiophene 15.109 0.02+0.00" 0.03+0.01*
50 2-Propenamide 15.607 0.02+0.00" 0.03+0.00" 0.04+0.02"
51 Phenylethyl alcohol 15.984 1.96+0.08° 428+0.17° 6.010.24' 5.76+0.23" 5.48+0.22"
52 2-(Methylthio)ethylamine 16.677 0.02+0.00"
53 Diaminomaleonitrile 16.825 0.09+0.00 0.04+0.00" 0.04+0.00" 0.04+0.00" 0.050.00"
54 1-(2-Thienyl)-1-propanone 17.117 0.39£0.02
55 N-(2-Propynyl)aziridine 17.123 0.27+0.01 0.22+0.01
56 5,5-Dimethyl-1,3-hexadiene 17.358 0.12+0.05° 0.24+0.01"
57 2,3,3-Trimethyl-1,4-pentadiene 17.361 0.0720.00° 0.27+0.01° 0.27+0.01°
58 3,5-Dimethylcyclohexene 17.363
59 Benzyl azide 17.661 0.0120.00° 0.0120.00° 0.0320.00°
60 2,1-Benzisoxazole 17.655 0.04+0.00° 0.05%0.00°
61 Ethyl caproate 18.118 0.08+0.02" 0.10+0.02" 0.10+0.03" 0.10+0.01°
62 5-Hydroxymethyl-2-furaldehyde 18.845 13220.05° 1.0740.04° 2.750.11° 2.74+0.11* 2.54+0.10"
63 Tetracyclo[3.2.0.0(2,7).0(4,6)]heptane 19.303 0.020.00"
64 2-Propenoic acid-2-phenylethyl ester 19.589 0.12+0.04 0074002
65 3-(4-Methylphenyl)-1-propanol 20916 0.01£0.00°
66 2,345 Tetrahydropyridazine 22324 0.01£0.00" 0.02£0.00"
67 2-Methylthietane 22.689 0.03£0.00"
68 trans-2Butene episulfide 22.693 0.03+0.00"
69 a-Ethyl-1-cyclohexaneacetic acid 22.696 0.02+0.00"
70 Ethyl caprate 22,699 0.05+0.01°
71 (+)-Camphor-10-sulfonyl chloride 23.154 0.290.05"
t/ 2-Methylpropanoic acid 27.045 0.02+0.00° 0.02+0.00°
73 1,2-Dimethoxy-ethane 27.051 0.03£0.01°
74 Ethyl undecanoate 27.055 0.13+0.03
75 4-Hydroxy-2-butanone 32.870 0.02+0.00"
76 3-Hydroxy-2-butanone 36.103 0.02+0.00*
7 Arachidic acid ethyl ester 36.108 0.02+0.00" 0.20£0.01° 0.10£0.01° 0.10+0.00*
8 2-Pentyn-1-ol 38.804 0.05+0.02"
9 Methyl 13-octadecenoate 38.809 0.35£0.05"
80 2-Methylaziridine 39.135 0.02+0.00° 0.04+0.01"
81 2,2 4-Trimethyl-1,3-pentanediol 39.141 0.04+0.00°

YR.T, Retention time.
MWalues indicate the mean’s of three replication (n=3). Different superscripts within the row are significantly different at p<0.05 by Duncan’s multiple range test.
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