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Rapid Fermentation Starter Enterococcus faecium of Soybean for Soy-Sauce Like Product
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Abstract

To produce rapidly the traditional Kanjang soy sauce-like product with rich flavors, lactic acid bacteria of Enterococcus
spp. isolated from Chungkukjang was used as one of starter cultures. Among 119 Enterococcus spp., eight strains were
selected by protease-secreting activities and identified as four E. faecium, three E. faecalis, and one E. gallinarium. The
strains showed low resistances toward eight antibiotics and had no resistant genes to the vancomycin. Especially, E. faecium
024 was cultivated well on 5% NaCl medium that was selected for further study as the starter. E. faecium 024 grew well
on the steamed soybean and the counts increased by ten times overnight, which produced mostly 80 mg% glutamic acid
and aspartic acid as the seasoning amino acids on the product. Various organic acids including principal lactic acid were
also produced. Flavors of maltol and guaiacol, typical soy-sauce flavor, were produced in the mixed cultures of
Zygosaccharomyces rouxii and Candida versatilis. Therefore, E. faecium 024 could be a starter of soybean fermentation
for soy sauce-like product with rich flavors rapidly.

Key words: soy-sauce, fermentation, Enterococcus spp., flavor, amino acid

M B @A el ofstel PAHT Yt HARUR FEZY

& 23 Wepo]=, ABL, f7IAEo] vl gol TRl

Sjo] zm) o] thet Aulde) S AL 1960WT) = QL Fol F& EHS Bof F1 rkChoi 5 1998). 1]
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B oA W2 uEo] T Eo] FHEe Furt HHE
Agk =, W5 274 Sol ofalel Eo| YFalA Eoj
o] Qlth o] 5L Staphylococcus vitulus, Bacillus subtilis,
B. pumilus, Lactobacillus fermentum 5°] $34£9 Aoz &
13K Yoo 5 1999; Kim JK 2002). FZoll= A4 7+
9 o3t gto] e 7|7kR= War|zte] Z7|7t AelEg
W74 skl A7t ChiRo 2 o]Rejx T Qlrk
Bacillus 5 Mlxt-& ©-&3t 2P Alx(u 5 1972)8tAY 1t
AL of) THo]3}= lactic acid bacteria, Zygosaccharomyces rouxii
9} Candida versatilisE 133} AlA column® HaZRE o]&
sof 74 WS BEseE 2ol JSitKwon 5 1994)
o3t Z rouxii®} C. versatilis?] #AS 114 3}3t beadS bio-
reactoro]] ARE3}E 1L, 18] A1 ceramic BA|E ©]-8-3F bioreactor
o] WA Zta oA Z rowxii®] EF-E WA U C versatiliso| Al
g ER72 7144841 4-ethylguaiacol 2] BAHE 7Hs381H%
I, SAZbef 2 EETE Thssithal BustickRyu &
1993). Z2=ju @A A4 AF 1ol izt A+ dH A
L2 o|Ro|A g1, 7 7|TA o AT #FE o83t
P& Axske 7l " A77F Bol o]FoA A gdol,
9 179 AE Ao AR Axs] ol -
ojth. wEbA] AW Fof| AME 7T S w2 B8t
TAE Nt 4717 955t FuE FHAA F
g 1§9 ¢ HAAZRUEE PAst= Aol AlFsitth
29 AFAE FY el A2 239 W] g2
Aol a7} o] ol &= Aotk It A F7IR= Bacillus
spp.7b T8 AN Ao FjA o, 22 B
of oJstH o] A& FHEY sttt Enterococcus spp.Q1 A
S 2 BIEtHYoon MY 2008; Kang TM 2008). AZ%] 2]
BAo] A9 7K DANTHE % F47} 9~ 10 log CFUg
9] #2 #E B g, o] F f4htol 8 log CFU/g
O F Wo £0] SAMFo| 2R ST L S Enferococcus spp.
7} 30% ool o S-HFR AolH, o] FE E. faecium,
E. faecalis 5 2.2 HIEQIth o]t Enterococcus spp.= &
A AFAGoA =] HolR At o ® AFE A9
A=, 2A1A, S ES dad Fa3% 485 i 2
2 48A ch(Foulquie Moreno S 2006; Manolopoulou 5 2003;
Ben Omar 5 2004). £3] AEX]Z0||A] proteolysis, lipolysis,
citrate #8l| FLE 53 FUE T = A= dHA
AUtk B&o] FZofl= o] ol &3t bacteriocino] 4 9] T
A}o]al o8 probiotic® Z &= ARE-E| 1L QITHFranz 5 2003).
I3y E. faeciume 7|13 EAHLE W2 FAAA o WS
A 7H= B85 7HA Hol B9 diidel Ha e
07| = 3}t Moellering 5 1995). £35| o] 32 112
7328} vancomycin 52| glycopeptides 3HAJA| ol WA plasmid

Enterococcus faeciumo] 23t T FAI<EHS 189

1} transposon, bacteriophage 522 WASARS 9 ==
Aoz A Qlchlett 5 1994). T=2EZ & AolA= 3
7} Zystar A&sHA HaEle A= -SR] Enterococcus
spp. & 5ol 283t controlled fermentationof 2)3}e] A
T AR AL HE THOE ARE The Ao digk
A+E FHsHAT

R

1. Alg 25 U

g HEATE A3 ASAY B FFYoRY
B Ealste] B 521 11952] Enterococcus spp.S AHE-3M3
ThKang T 2008). T3t FUEES 915) AMEH FF-E Zigosa-
ccharomyces rouxii KCCM12066, Candida versatilis KCCM11312
5= Y=THHY0M U3t AT =1E Enterococcus
spp.+= Tryptic soy media(Difco Laboratory, Detroit, MI, USA),
RALH#-L MRS v X](Difco), Z rouxii®} C. versatiliss="YM HJ|
Z|(Difco)oll A Bl st

2. Enterococcus spp.2| Protease &A1} S&

E2 = Enterococcus spp.= Tryptic Soy broth H agar(TSA)
(Difcoyoll A 281 At vjFZ B8l /33 AlXl F protease &
Aol AMgBlETt WS Enferococcus spp.= skim milk2}
NaClo] H7Fe TSA A &gt & 37 Cofl A 24Xt v 2
2olighs SAste] SISkt 18]l NaCle] H7HE %l
o protease E/do] ERIE FFE HL=E 54 TS
A317] Y3l Enterococcus spp.S 37 CoA] vt & 3
£ =A3}5 2™, Nutrient broth(Difco)o]] NaCl& 1~15% %
2 PR 7 A% RS SHES 25 Slskdc: QX
© 2 X4te protease A0 53t Enterococcus spp.& Vitek
II(BioMericeux, Marcy D’Etoil, France)?} PCR& 345l 5
At} o|u| Enterococcus spp.2) elongation factor EF-Tu&
o} 5 3}8H= nf geneS EEE 5H= Entl(5-TACTGACAAA
CCATTCATGATG-3")3} Ent2(5'-AACTTCGTCAACGCGAAC-3")
2 A8 O H(Ke S 1999), PCRE 213) TSA(Difco)e] &
A =23t Enterococcus spp. S 37 Co|A] 18A17F B3ttt
vj%FEl Enterococcus spp.& rilFolE F35lo] 1 mLe] HH
F5aoll et $ 10,000 pmof| A SEF A st E
TFEZ542 23] HFSE T2, Accuprep® genomic DNA ex-
traction kit(Bioneer, Daejon, Korea) 2 genomic DNAS A A5}
At AA = DNA 5 2 S F3}o] template DNAZ AR5}
At 2.5 U Tag DNA polymerase, 250 M2 dNTP, 10 mM
Tris-HCI(pH 9.0), 40 mM KCI, 1.5 mM MgCl,]| template DNA
£ A7hstgon, & WSS 20 = o Gene cycler(Bio-Rad
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Laboratories, Hercules, CA, USA)Z ©]-83}o] 94 TCoj| A 2827
pre-denaturations}3L ©]o] A 303] SZ-S WHE(94T 30%, 55C
30%, 72°C 183 o wixere g2 72 ColA] 587 vESAI R
t}. PCR ZZXHE2 0.5 ug/ml ethidium bromideE EZgs}=
1% agaroseZ 0.5XTAE(Tris-acetate EDTA) &8N oA 10
V/ienz2 A7)%9%53t $, UV transilluminator(Seolinbiotech, Suwon,
Korea)ol 4] ATH-E =Helst¢ith

Mg @0l

=]
—_—=

SR i S

3 SHA| LS TR

ol

oo fr 1z @

2% Enterococcus spp.2] FAYA| AL tlA3 st
ARgEte] 22383F A THNCCLS 2008). TIA T A S
thAF A A= National Committee for Clinical Laboratory
Standards(NCCLS) || A] Enterococcus spp.2] SAA AALZ F
Z % vancomycin, penicillin, chloramphenicol, tetracycline, rifampin,
streptomycin, ampicillin®} erythromycing AF&-3}9 thNational
Committee for Clinical Laboratory Standards 2008). TjA~= &
Abo] o3t A YA EA-2 Muller-Hilton agar(Difco)o|
v oFEl Enterococcus spp.& =4S T BF7]|E o]&5te &
Aol diskE 3L, 37CollA] 24AI7F 5 v & AAIghS 1]
W E]E Enterococcus spp.o] FAA| WAl #osh=
vancomycin resistant gene®] 52X} 475 PCRS S3) &lIst
o, AR5 primer+= Table 13} ZFtHDukta-Malen 5 1995).

[e)

{0 ot

4. LIF0IMQ| E. faecium@| Bt SM

H Ao AME E. faecium 024, Z. rouxii, C. versatiliss
Z¥7}o] 2|& wjok 2704 23] Al vzt & ARESHA
. vlEA AlH F2l 5 Fuiste] AAZSHA Al
P2 24X7F 52t =3k E715 AAT F autoclaveE ©|
&5to] 100TCoflA] 3081 ST Le|a FAHE tiFof
E. faecium 0245 AZE3}o] A HS= 90%, 37 Cof| A 48X]7F
¢ EEE APtk ol amylolytic activity’S #3 571

% Lorlo

Table 1. Oligonucleotide primers used in PCR

) Sequence of . Product
Genes Primers . . Position |
oligonucleotide size(bp)
VanAl GGGAAAACGACAATTGC 175~191
VanA 732
anA2 GTACAATGCGGCCGTTA 907~891
VB VanBl ATGGGAAGCCGATAGTC 174~190 635
an
VanB2 GATTTCGTTCCTCGACC 808~792
VanCl-1 GGTATCAAGGAAACCTC 246~272
VanCl1 822
VacCl1-2 CTTCCGCCATCATAGCT 1067~1051
v VanC2-1 CTCCTACGATTCTCTTG  455~486
an
VanC2-2 CGAGCAAGACCTTTAAG 885~869

i)

1=

A=A Fetal

=10

A5t a4 A|RAFY] HAEFQ] 0.5% alpha-amylase(Novo)S
A7Fskdeh. LE]ar BAIZF F 5% NaCls 713 & Fdgt

2AGA 48AZF B A4S AW
E. faecium Q242 98 & SATNALS AR TEES 8,000
3]

pmel A 108 B¢t AHEET T AFAL 045 m syringe
fierS AMg3to] AlFsteiek 1el3 Z oS A7 %
HEE T 4842 F RS AWk T BY 2E

B2 8000 pmol A 108 FoF 44 Heldh F AFAL 02

(m syringe filterS ©]-&38}to] A F3tL, C versatilisE 5% HZ
S 4841 B9t el f4 $) F AlFoie] 2% 0
528 Az 247t Boo] GE vAEe 4SS 3
Vst7] 8l W A7) wet A2E Hs) 109 345
B B F sl Wk Adsigon, RE 4
2 3WHE AYRS stk

5 i YLE29| 7|7|2M

874K Shiseido HPLC, Kyoto, Japan), -3-2] o} =4} (Agilent
1100 HPLC, Santa Clara, CA, USA)S 3t A| &= Ztz+9o] g
B AN U2 AldHE AR, AA7SAE &
Aol A AABEL Q= W ol Esto] =33 rHKorea Food
& Drug Administration 2010). Z}2}o] AH BA4-S ¢t =4
2 Table 29} Zt} E3F T YAE Fr| HEEA
(Agilent 6890 GC, Santa Clara, CA, USA)S 43§35} om, &
7] BEEAE A7 AE FHAA AL Q= W
o Fsto] st o, 717] EA4E I3 232 Table 29+
ZtiKorea Food & Drug Administration 2010).

Za Y o

1. Enterococcus spp.2| Protease &Mt X

Aoz Ry B FAHE Enterococcus spp. 5 skim milk
7 718 TSAMA ArellA skim milkg Hafste] A4S
2| 715 RIsko] protease B0 2 dFE ALSHA
ok AREE & 119719 Enterococcus spp. Z0)|A] protease ZHAJ
2 Yell&= Enterococcus spp. 8155 A5l E tHFig. 1). 9]
£ A 755 NaCle] H7He skim milk-TSAB|Z]o}| 4] protease
HHE S AR AR AREEHE HFode 2R
protease”} EAH5}L, PREH OB AR 11K-0) i} )=
Al 53017} 28| 8h= protease”} 28 B Th= A
o2 BuEAHLee 5 1997; Lee S 1996). Enterococcus spp.
9] NaCl =9 w2 protease TAS 213 23}, 3% NaCl
o] A7FH%E 75 proteolytic activity7} WERFA|RE A7
Enterococcus spp.= AL 4o, NaCl =7} =013 9
Enterococcus spp. AS-2 3} 2.1, protease 4 0] §lo] A
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Table 2. Instrument and operating conditions for HPLC
and GC for analysis of fermented soybean product
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Table 3. Protease production of Enterococcus spp. on
skim milk-TSA media at different NaCl concentration

HPLC for organic acid

Instrument Shiseido HPLC
Cloumn Prevail Organic Acid(250 mmx4.6 mm, Sgm)
Detector PDA detector 210 nm

Cloumn temperature 40C

Flow 0.5(md/min)

Ingection volume 10 wl

Mobile phase 25 mM KH,POy4, pH 2.5
HPLC for free amino acid

Instrument Agilent 1100 HPLC
Cloumn Capcellpak UG120 C;3(250 mmx4.6 mm, 5 cm)
Detector DAD detector 262 nm, 338 nm

Cloumn temperature 40C

Flow 1.5(m¢/min)

Ingection volume 10 xf
A- 40 mM NaH,PO4(pH 7.8)
B- ACN:MeOH:DW(45:45:10)

GC for volatile component

Mobile phase

Instrument Agilent 6890 GC

Detector 5973 i MSD

Column HP-INNOWAX(25 mx0.25 mm, 0.25 fm)
Injection temp. 250C

Oven temp. 50C(2 min)—3 ‘C/min—200 C(8 min)
Carrier gas He

Column flow 1(mé/min)

Injection volumn 2.0 L

Ionization voltage 70 eV

Scan range 50~550

Fig. 1. Halo detection of protease activity for Enterococcus
spp. on skim milk-TSA media.

Protease production at different NaCl

Strain concentration

3% 5% 9%
E. gallinarum O88 + - -
E. faecium Ol11 + - -
E. faecium O14 - - -
E. faecium O24 + + -
E. faecium O40 - - -
E. faecalis 036 + - -

E. faecalis O73 - - -
E. faecalis O83 - - -

Symbols: +, protease production; -, protease non-production.

£ AL BABATKTable 3). o} AlEo] £ o FEolA
W8] A8l e B4ol Wsket Ao wolu, wg
Nutrient brotho]] 1~15% NaCl A7} & & =& &2l
gt Axh, 12 dae] 3 2721 5% NaCl J7F & <4
A E. faecium®] Yoz FFE A v|AA] gou
2 12 Zaof o]go] 7t Ao HeEHUThARE 1A
A)). Protease 40| 43t Enterococcus spp.= PCRI} Vitek
II(bioMericeux, Marcy I’Etoil, France) 2 A3t A1}, o] #F
+ E. faecium Ol1, O14, 024, 040, E. faecalis 036, 073, 083,
E. gallinarium 088 S22 EA3}gGcHKang TM 2008)(Xt&
A A A)).

2. SNl LY 24

Enterococcus spp.= &d W Ao 9531 F0olE AT
3}al bacteriocin®] enterocing AJAF5}o] probiotics 2 ZFgRkaL
k. kAt 22 Sof pathogenesisol] Tt EA4|7F F-24= 1
Qon, E3| ostA|o) A= antibiotic resistant Enferococcus
spp. 5 vancomycin®] thet A WA FARZE FW Al
SolA A Hol7t H= A= A 3lo] probiotics ZH
o] EA|H o] A7|E 3L chFoulquie Moreno 5 2006). w2}
A A WA RS AE B B2 A Aol
Q1= Enterococcus spp.Z- starter culture 24 QFASHA| AR
Zart P& Aolth. & dra o) A2 Tkt Enterococcus
spp. 2] A WA EAT} vancomycin WA AR G o
22 selsug S B ATE 915 A8 protease
7V¥7F =%t 839l Enterococcus spp.2] FAYA WAA-S &It
7] $fel v b o) W ot AIE] i WA &
3= |3t 212} vancomyein W A RS HESH A
+= Table 49} 2t} AEHA S F vancomycin resistant Enferococcus
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Table 4. Detection for vancomycin resistance gene of
protease-secreting Enterococcus spp. by PCR

Multiplex PCR
VanB VanCl1

Strain

VanA VanC2

E. gallinarium O88 - -
E. faecium Ol1 - - - -
E. faecium O14 - - - -
E. faecium 024 - - - -
E. faecium 040 - - - -
E. faecalis 036 - - - -
E. faecalis 073 - - - -
E. faecalis 083 - - - -

spp.©] YL VanA, VanB, VanC, VanD 2 VanE® ©.2 Upi=
oW, Z+Z} vanA, vanB, vanC, vanD & vanE §-HAFE o] Q)
L Ao Z BETHVan Caesecle S 2001). VanA, VanB L
VarD AR WA A7 Hold 4 ke Aol
™, VanCet VanE FAARE L F4A Hol& F&ff ol A
ohejx] oechT oA QIthChow S 1993, Toye S 1997).
9] BRINE Van §942 A2 PCRE W1, A4}
A7 9 AAEE o] 27 wRel] BTEe) SstaAlel
= FAIBH] fAgt o= Wol ARGEIL Qi) & A
o| X 2% Enterococcus spp.£2] YA WA EAHS v
2493 AT, PR E5ol Tk Wy EE gl Aolal
A Yelkow, E gallinarium 088, E. faecium O11, 014, 024,
040, E. faecalis 036, O73, 0839] 2., Aslo] AL2E gHA47]
of thsl W/del sllem, thut E gallinarium 0889 4 W2
vancomycin A WA (Van O& YERHL It 2 da
£ Y3l A2 Enterococcus spp= FAA o] digt Z<=Ado]
=1, T T AFA 5421 vancomycein resistant geneS E
8811 QA GFe ASE SQlEHTh a2 EE B A4
2EH O E. faecium 024 455 AW da 40

29| 75 STt

;

o

fr 4

3. E faecium 0249| L5 ws EM
2% E. faecium 0245 T o o]-8317] {5t vk A=
S BA5HATE dE vtEo A Al S RS st
MESHA =AISE & 24A17F B3 =38t BV & AATH
autoclave S ©]-8-31¢] 100 Cof|A] 3023 STt 18
ZA5 W0l E. faecium 0245 FES & XS A9
B3} amylase2} 5% NaClS A7}sl AL A& v|wgt
ZA¥= Fig. 29} 2t

SAHE Mol A E. faecium 0249] L5 SHI7E A}, 24
Azt o] %o oF 9 log CFU/g 202 HEE o] 2F 1004) ©]

E
E
o
z
al

in}

= X0 _ = .
]EI“I]- o o ?‘5_|—g-/_k_]_t5_og OC}:QE] ;q
(A)

1.00E+10
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Fig. 2. Growth profiles of E. faecium 024 at the steamed
soybean (A) and maturation (B).

&o] whE FAS I o ISITE E3F E2E E. faecium
024%= amylolytic activity7} ol-$- 2o} amylaseE A7}5F & A
FHL U= E faecium 0242 S F = n|Z7l9} v
g o 2 2ot YA gk A3k It oetA] £
2 E faecium 024= Wejol| A o] B H=7F L5150
o, 12 HaE T 27420 5% NaCl H7F & =4 7o
A E. faecium®] AYgoll= FFE IA nAA] ez (2}
THof o]go] 7hsd Ao HAF I E3 SAE W
of| E. faecium 0245 715t 3 5% NaClZ A7l A4S
Sz Bkl S A=E SRigh A3k, 27]o] WejolA] Ya
% oF 7 log CFUML =204 d= A S7FHR= &%
O, FFo| Ho FHEAFSS ElsteH, 54 3 pHE
SRIZE A3, pH 5.0 F&=9) 22 UEH L Uich ma2bA
T G H7E §lo] 5% NaClo] H7He S thFell E
faecium 0245 1E3N0] Y= ES] o §0] T & UL
Aoz wdEglch

& BaE s O 72 obr)keihE
+ Fig. 33} Zth @A A 2= e o s
e o o g 12 S Rt = v =

[e]
=
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100 1 Glutamic acid
20 - B Aspartic acid
60 1
40 -
20 1

-

T
1st Maturation 2nd 3rd

mg%

steamned soy

fermentation fermentation  fermentation

Fig. 3. Production of glutamic acid and aspartic acid of
E. faecium O24 on the steamed soybean.

ol ofat 202 BnHT YekKin IG 2004), ¥ AFolA of
o)Al E4E B3 S1E glutamic acid= Z7]¢] oF 10
mg%eol| A W& Fofli= oF 30 mg%, =/4d Foll oF 80 mg%=E Ut
epdid), ol BB R We of 1518 4F
© 2 YERGTtHChung 5 2006; Choi S 2000). Aspartic acid=
Z719 <F 2 mg%oll A e WE Fofl= 5 me%, 297 54
Fol= oF 35 ;%R F 7HA] opn|At AR BF Fek=
Ao Z YGERG O, aspartic acido] H|3) glutamic acid7} Tro]
AE RS Felstsch

12} Ha ot 4 58 f714 AE-E HPLCE ©]-8-5to] &
gt A}, 270 FARE TRl Y F71AF T W2
Fo|§UthFig. 4). stAIRE 13} ¥ A, A4S0l f74E
lactic acid= 27] SAHE oA oF 27 ppm, 12} &
ofl= 280 ppm, &4 Fofli= 385 ppm FELE FTI8},
AHE TS At E. faecium 024 o] 12} A} /40S
st W Fo] F714R AAks] Ye AeE Bl

S TF 2 87| AF=2] acetic acid, malic acid, formic acidS%=

500 7

400 A

300 A

ppm

200

100 A

steamed soy 1st Maturing 2nd 3rd

fermentation fermentation fermentation

Fig. 4. Production of lactic acid of E. faecium 024 on the
steamed soybean.
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g Aol via) 14 %E, 44 REelH /s 4E
Aof] W& k2 JEFHY citric acid?} succinic acid®] 73-9=
WEoh A4S ANEA BE 208 A0 etk 44
Fof tartaric acid7} AHEA FAHERS AT 5 AUSITH

2 Aol AMEH E. faecium- ZAARFOE e WA A
A HE E Bl B2 Y lactic acidE A4 d 4= 1]
Fu G EY WAl 7] Ao HRlrh EF 7|E AR
A|Zol| AMEE R A Q1 A<l Bacillus©l] ¥]3} X} w
23 W2 Y {714 o) 7Hsste e BaEe] A%
gt Htg o) aA Y Ao 7 AlgEth 18|31 Enterococcus spp.

9] AL, enterocin 5-9] bacteriocing AJAFste] Stapylococcus

aureus, Listeria monocytogenes 52 BA 02 A& 4=
= Aoz HuE Qlof o|Et AFE Alate] Hr eHAg
SHRES AU 5 e RS wekHr,

4. Z rouxii®t C. versatilisti] 2|5t &t0| M2 AM

E. faecium O249] &3t FAF 55 YA, ST TaY
2 35S T, Z rouxii®t C. versatilis2 LA 0 2 W sty
o, IaE9) lactic acide} {2 ofv|ieibS £ 1
A3} lactic acid= 9F 10 ppm 7}F 7151921, glutamic acid
= 9F 10 mg%, aspartic acid= 2F 5 mg% HER F7F F7HHE
SRISHAL, E3E 72t A oA YR ES] 37| A& £4
3t Ayt Table 5 2 637 Zrh

Table 5. Aromatic compounds produced by Z rouxii at
the steamed soybean fermentation

Peak No. Retention time Possible compound
2 6.480 Dodecane
5 9.412 Tridecane
11 14.950 Heptadecane
24 30.690 Benzeneethanol
25 32.365 Maltol
26 32.993 1-Dodecanol
28 43.504 2,4-di-t-butylphenol

Table 6. Aromatic compounds produced by C. versatilis
at the steamed soybean fermentation

Peak No. Retention time Possible compound

3 13.531 1,4-bis(1,1-dimethylethyl)-benzene
4 28.958 Guaiacol

5 32.303 Maltol

8 43.137 1,1'-(1,4-phenylene)bis-ethanone

9 43.417 2,5-bis(1,1-dimethylethyl)-phenol
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