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SUMMARY

1. Subject
Development of high-valued Bioessential oil by using Bioconversion

technique.

II. Objectives and Significance
The purpose of this study 1s that production of high-valued
Bioessential oils from citron peel oil by using Bioconversion technique.
The essential oil extracted from citron can be used not only as basic
material in food industries but also starting material of microbial
conversion to convert the citron essential oil more valuable natural
essential oil which is different characteristic from original citron oil. To
achieved the goals, construction of more efficient expression system
from the valuable microorganism and its genes, which contained highly

citron degrading capability.

Another purpose of subject ” Development of high cell density culture
and large scale bioconversion system” is as followed. The First purpose
is to design and develop special bioreactor for bioconversion of esential
oil, the second one 1is to optimize the high cell density culture
conditions in the presence of limonene or citron oil. Because limonene

or citron oil i1s very toxic to the microbe, especially E. coll,



fermentation conditions should be determined very carefully. The third
purpose is to develope the recovery system of bioconversion products
from reactor or gas which was liberated from reactor. and final purpose
1S to manufacture bio—essential products more than 3 types and

evaluate these products by sensory evaluation and antimicrobial activity.

IM. Contents and Scope of Rearch

1. Development of microbial conversion and its expression system for

production of Bioessential oil.

A. Construction of high level expression system
- Host-vector system for high level expression
- Cell growth in high level expression system
- Determination of nucleotide sequences of citron degrading genes(CD3,
CD4, CD6)

- Subcloning and homology search of citron degrading genes
B. Stabilization of microbial conversion system
- Expression of citron degrading genes in high level expression system

- Optimum condition for bioconversion and its metabolites

C. Production of Bioessential oil by microbial flavor mixing technique

- Microbial cultivation for microbial flavor mixing



- Analysis of flavor compounds

D. Extraction of Bioessential oil by designed extractor
- Designing of extractor and construction of optimum exXtraction
condition

- Analysis of microbial mixing flavor compounds by extractor

E. Demonstration of samples by Bioessential oil
- Cookies
- Madrens

- Sensory evaluation

F. Toxicity test
- Acute toxicity test

- Sub acute toxicity test

2. Development of high cell density culture and large-scale bioconversion

system

A. Developmnt of bioreactor for bioconversion
- Determination of feeding strategy of limonene or citron oil

- Manufacture of device for limonene or citron oil feeding

B. Induction of recombinant E. coli EC3, 4, 6 in high cell density culture

- Optimization of high cell density culture conditions



- Optimization of media composition
- Induction condition of high cell density culture of E. coli EC4

- Analysis of induced gene product

C. Analysis of bioconversion product
- Analysis by SPME

- Analysis of ether extract by GC-MS

D. Determination of essential oil feeding rate
- Analysis of bioconversion yield according to the essential oil feeding
rate

- Comparison of bioconversion yield according to the feeding type

E. Determination of bioconvrsion reaction time in bioreactor
- Analysis of bioconversion product accordint to the reaction time by

SPME

F. Set-up for continuous bioconversion system
- Simultaneous bioconversion system

- Bioconversion system separated from cell growth

G. Development of recovery system for bioconversed volatile compounds
- Set-up for high efficient recovery system of bioconversion product
- Development of collecting device for volatile compounds by using

solubility



- Analysis of volatile compound fractionated by solvents

H. Manufacture of bio—essential oil in lab scale

- Manufacture of bio—essential oil more than 3 types

I. Evaluation of bio essential products

- Sensory evaluation

- Antimicrobial activity

3. Analysis of Bioconversion flavor compounds and its stability

A. Analysis of Bioconversion flavor compounds

B. Identification and quantification of the extracted conversion

compounds from microbial cultures

C. Stability of bioconversion flavor compounds

IV. Results

flavor

1. Development of microbial conversion and its expression system for

production of Bioessential oil.

Microorganism, Enterobacter agglomerans 6L, which had limonene and

citron oil degrading pathway had much higher limonene or other terpene



compounds catabolism. The pathway, encoding citron oil catabolism was
cloned as 8.8kb, 4.4kb and 8.2kb chromosomal fragments from 6L into
E. coli EC3, EC4 and EC6, respectively. The above cloned gene named
as CD3, CD4 and CD6. The citron oil degrading genes, CD3, CD4 and
CD6 were recloned into high level expression host-vector system, the
high expression recombinant cells were designated as ECC3, ECC4, and
ECC6, respectively. Constructed recombinants in high level expression
system showed Agp=08~1.0 cell growth(x10 higher than EC system)
and its optimal metabolites production time was 12-24hr(x2 reduced time
compared with EC system). The cloned citron degrading gene cluster
was determined its DNA sequences and limonene degrading(limonene
hydroxylase gene) ORF was subcloned by PCR.

Citron oil(72%/kg) was bioconverted by the constructed microbial
conversion system that linalool(198%/kg), a-terpineol(500%/kg), and
4-terpineol(500$/kg). The main product(50% 1) of citron oil conversion
by microbial mixing conversion techniques was carvone and its
mart-value was 1,472%/kg.

The microbial conversion system described here provides the basis of a
process for the production of unique and high value terpenes from
waste materials, such as a pressed citron peel, and thus offers the
advantage of naturally sourced ingredients. These naturally occurring
materials in citron oil are commonty used as flavoring constituents in
food and other application. We demonstrated this Bioconversion oil as a

flavor oil in making Cookies and Madeleine in this study.



2. Development of high cell density culture and large-scale bioconversion

system

Because limonene or citron oil is toxic to the microbe, it is impossible to
feed limonene or citron directly to microbe in the form of liquid as a
carbon source. And so, we developed new fermentation device for
bioconversion of limonene or citron oil, which device was designed to
feed limonene or citron oil in gas state to the bioreactor.

Recombinat E. coli EC3,4 and 5 was cultured by using high cell density
culture techniques. Final cell mass was 33.13g/L, 33.8g/L and 35.8g/L in
case of E. coli EC3, 4 and 6, respectively. E. coli EC4 was grown up to
38.58g/L when limonene was fed in gas state, Induced gene product by
limonene was confirmed by SDS PAGE and analysis of volatile
compounds by gas chromatography.

Bioconversion products in bioreactor was analysed by SPME method.
Major bioconversed product was linalool and 4-terpoineol, a-terpineol,
nerol, verdiflorol was detected as minor compounds. Optimal reaction time
was 72 hours for bioconversion.

Feeding amount of limonene was determined by analysing bioconversion
product. Limonene was fed in gas state to the bioreactor and amount of
limonene could be controlled by managing the air supplying rate. Air
supply of 0.25, 0.5, 1.0 and 2.0 vvm was tested and 1.0 vvimn was most
effective amount of air supply for bioconversion.

We developed two types of bioconversion system. The one was that

bioconversion was achieved simultaneous with cell growth. The other one



was that bioconversion was achieved after cell growth, ie. cell which
was grown in high cell density culture was collected, washed in distilled
water and resuspended in the same volume of distilled water as culture
broth. and limonene was fed in this cell suspension in the same physical
conditions, temperature and air supplying rate as cell culture. The former
bioconversion system was shown that 72hr was best reaction time and
linalool was major compound. But the later bioconversion system shown
that 96hr was best reaction time and trans linalool oxide was major
compound when limonene as fed as precursor. In the aspect of purity of
final product, bioconversion system with grown cell in distilled water is
better than simultaneous bioconversion with growing cell in culture
media.

To recovery bioconversion products, collecting gas device was designed
and manufactured. Threer step of fractionation was applied for recovery
of bioconversion products. The first bioconversion products was extracted
from reaction solution, but most bioconversed products was liberated
from reaction solution because continuously limonene or citron gas was
fed in the rate of 1.0 vvm with air. These liberated producted was
collected in ethaonl and -40C-precooled ether consecutively. Each
fraction was shown different major volatile compounds. Especially ¥
—terpinene was collected in ether fraction.

Major bioconversed products of limoneen was trans linalool oxide,
4-terpineol, linalool, linalool oxide, and a-terpineol in amount of 145
mg/L, 108 mg/L, 86 mg/L, 89 mg/L, and 6 mg/L, respectively. Major

bioconversed producted from citron oil was 4-terpineol, ao-terpineol, trans



linalool oxide, and linalool oxide in amount of 298 mg/L, 273 mg/L, 128
mg/L and 116 mg/L, respectively.

Six bio-essential products was made from limonene and citron oil. The
flavor of those product was distinguished from original limonene and
citron oil. Especially bio—essential product from ether fraction was
flavored strong woody flavor. Also bio-essential product from citron
showed antimicrobial activity against E. coli and Bacillus subtilis but not

Micrococcus luteus and Salmonella typhimurium.

3. Analysis of Bioconversion flavor compounds and its stability test

Volatile components, which were produced by microbial bioconversion of
yvuzu peel, were extracted and then analyzed by GC, GC-MS, and
GC-Olfactometry. The volatile components mainly composed of terpene
hydrocarbons and their oxygenated derivatives, including limonene,
linalool, linalool oxide, geraniol, terpinene, terpinen—4-ol, and a-terpineol.
Compared to the terpene hydrocarbons, the oxygenated derivatives could
be more important to the yuzu peel oil bioconverted by microorganism
due to their stronger odor notes. The major odor active compounds were
described as citrus, fruity, yuzu-like, and sweet, whereas other
components had some malodors such as stale, medicinal, and
naphthalene-like odor notes. After the major components of yuzu peel oil
bioconverted by microorganism were determined, eight compounds
(linalool oxide, linalool, limonene oxide, nerol, geraniol, thymol,

terpinen-4-ol, and a-terpineol) among them were selected for storage



study. The study investigated the compositional changes in citrus volatile
compounds contained in flavoring solvents (ethanol, propylene glycol, and
glecerol) at different storage temperatures (25°C and 45C) for 16 weeks.
The amounts of the eight volatile compounds reduced rapidly in glycerol
compared to those in ethanol and propylene glycol at both storage
temperatures. Among the eight compounds, cis- and trans—limonene
oxides decreased most rapidly in the all flavoring solvents at both
temperatures. Especially, it was decreased by over 40 % in glycerol
solvent. In addition, some artifacts were formed by oxidation and
rearrangement of the eight volatile compounds during storage. They

included cis- and trans—dihydrocarvones, trans—carveol, and neral.

V. Recommendation

Developed bioconversion techniques in this project could be applied to
promote value of our various natural essential oil product, especially

citrus oil from citron and citrus fruit in Jeju Island.

New techniques of high cell density culture which is supplied carbon
source in gas state can be applied broadly in fermentation field for

degrading or converting of toxic materials.

Mass production of natural, valuable essential oil can be achieved by

bioconverting cheap raw essential oil in newly developed fermentation

techniques not by extraction from plants.



Core techniques which can supply a carbon source in gas state can be
applied other fermentation field.
Possible applied field : food & beverage industry

pharmaceutical industry

cosmetic industry

environmental cleaning business

antimicrobial products
This bioconversion process by newly developed fermentation techniques
could be educated to everyone who want to be applied to his own

process or business.

Technology Transfer Process of bioconversion technique by fermentation

is proceeding with Citron Union in Goheung region.
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o ALHER $E7t o]F o] & F flvke Belth ZF e W
23 A BETE 7S ol st F8&% MAEdAMYYH F&%

A4S Fusts o] 2 ojee Yol ohd el © @ AHA,
E]

7159 FrlEde] g g shshA ghdel ofs Aake Aol whst
o} Z <+ Givaudan©| Y IFF(International Flavors & Fragrance Co.)%
o AA FAH F= VIAEY 719 AZ7F “more odour, less
chemistry”¥ w& A& sk =2

E;
R o) B | FrlEde dAFgolte ovldA e

A Ee AZE St $AAAE ol el Ers,

HAW7FA S n A& 93 flavor compounds®] bioconversion system



7wl B Ao =83} x}SF= bioreactor

e AMANN] Fu L g Fopzel $8ueNT



=Y -2 237

s

=9° M #H

]

718 R

L]

=3 oA

7= q & & A4 2 AFdA B U &
monoterpenef 9l |- 24, 124 5 t4|- monoterpenei 2 U A |- F A4 4 = (monoterpene)
AR dAbs PAE| o nAE Fu &2t & (antimicrobial)| o & A} 53 o
screening (Pseudomonas| °S2 9o AFE( As & Ad $3F nAE
Cladosporium,| < A&A & G&| I
Penicillium, Diplodia,| tHAFs) (E. agglomerans)
Corynespora,  Bacillus|- A7d%°] 9% ©&24| (limonene°] FY3 ©AiY
stearothermophilus) o A HAamA A HA]; Aso ¢ 4.3)
(8 ) ) <) AL ] (FA fr(mixture of
scale up &% monoterpene)”} <Y
- dAMHE S ok g Al wiAL Aso
4.3)
A Abe fr|- B. strearothermophilus |- o143 W& o] A&|- E  agglomerans=5-¥ 37|
Az o g BR388ZH-E| 96kb F2| = o] FHx @Al 2488,
. 46, 8.2kb)
— H],u_z* lr_O A jT
- RuFug wE QV\H?—E
(12h el product 34 7}F
5
-7z g4dFug e PE
A A
o Ao 2 BH |- &ulFE (oleoresin) |- £5 Af b (FS E|- Steam distillation(=F A
ARFZ g3t +4) A 3, 78 AE T
o] 15%)
wiEFE 0 zhzel|- mad b 9o - 7471 g2 #AE AHE3E
A Axg F2 v AESA A 7o
AgTE AF-&-3F thekdt g7]9] Bioessential
bioessential oil oil AAH(E AEEAH 2 7
A A EeE 2 WAl A
k)
Bioessential oil F| AEAZRY FF - Zyzve] ol A - |- 719 steam distillation ©l
= T4 - Steam distillation o Qorg FEHHE| A WHIH FEF FTE AL
- CO; extraction 2 EA of we} 4| — Bioessential oil¥} F-AHE
(supercritical, critical) 3k W AR 2 Hydrosols(floral waters)
- Freeze dried 5
Inducer24 gasE|- &% WIYAl inducer|- 7|9 WYL 7]Ho]|- 53 1E% v &
feedingdls A =| + SI9FH=Z FHshA| o A, s=vE Z|  bioreactor A&t
g A v, w2 E F)| det =57l dEe #|- Z1AE R inducerel A 71
< 2439 inductiond| Aol H o] by < I
2 Al
e ujkaElol |- A7EA AA"nE 91 |- bioconversion productZh|- WHS- A=) FIFH ¥
9] gas Faolmg o] Fy} cold water T 20T 2]
bioconversion & *4 Hog ¥Fs 4 9i=|  condenser AFE

=
8

systemo] Z

48 —



H 3 & didsd & & 21

1.

A

I~

U

>

g9 s

=

L.

7h e BEEoke] @43

o ll&o] ol FAe AfAdEely Ve =84 I A
wEo g B #E H2 Ao BaurHA F, 1998 ©] &, 1987 ©]
o ¥k 1980) Aoy FAAEfF A FEE ©]F+ monoterpenesE Y
= AEE A &8 v gith

olo Hl3] AR LT ME oy el AFHRi(Chang et al., 1995

oZ
il
Lo
)
o
fu
oZ
2
riot
>
N
il

Chang and Oriel, 1994; Cadwalladar et al., 1989; Dhavlikar and
Bhattacharyya, 1996; Rama Devi and Bhattacharyya, 1977a.b;
Kraidman et al., 1969; Krasnobajew, 1984; Bowen, 1975)7} 1omw =1
W8& sl gofstd vy 2o R gAAGA, 231A4, AE
)l TEEAE EAstE BF4E limonenes ¥ 7HA Y 7] A
Hom A Al & e WA=ES MAEeta, o mA=o] limonene
= LT gadow offste] AT A4F tAtEo] owg A
EER7EE dotie WEEolth ol Hald] oste] 24 o FTolA

T Pseudomonas, Cladosporium(Kraidman et al., 1969; Mukherjee et
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D host-vector
2 AFfgo] ojn FHelu Jv AHI FAARF AHsds uyE E

L

agglomerans 6L¥ 125 ¥ FA4F AH35 FH1AE(CD3, CD4, CD6)

o

2293 A Axd dFERHH(ECS, EC4, EC6) d Al=d

TEPr. 1EdAE SFAEE E coli BL21(DE3)E, HERE

¢

pET29b(+)Z A3t CD3(8.5kb), CD4(4.6kb), CD6(7.7kb)e] FHAAE &
293t FHAA AFAAE A9 2 (pETC3, pETC4, pETCH), °1& E

coli BL21ol &3 AHATHECC3, ECC4, ECCH).

@ g Al=do el it A5 (ECC3, ECC4, ECC6)

%
et

T2 ECC3, ECC4, ECC6% limonene B+ FAAF7F L3 &
29 MoH v R AA A F4& S35 0.01~0.075mM PTG
inductiond}oll A cell growthE ZA3tod U cell growthe d7] A

A i gxAE ekl

2) RAERHEE tAls FREXL HIIMEZEHE 2 F=RIX
9| subcloning
O F+A48H HAFs FAAHCD3, CD4, CD6)¢] DNA 7144 AA
329 FAA4AHF tAte 542 @dHS Sanger?l dideoxy WS AME-3}o

ABI Prison¥} Bigdye Terminator Cycle Segencing Kit< ©]-&3lo] DNA



7}. PCR

AAF WA 42 cluster(CD3, CD4, CD6)= 7]

X
il
i
ol
M
1
=2
8 %

2t CD3% 4719 ORFE CD4% 3709 ORF, CD6% 2
Aol ORF& #A7 AYa Sle= Aoz #4HAY. o Z47e] ORF%
limonnene degrading gene (limonene hydroxylase gene)¢] o] HRJIXA=
ol 7] $38ted 2o f-AH A clusterE subcloning 8} St
Subcloning PCRS %3¢ ORF ©@¥H 2 Wil T CD3¥ CDh6& #7149
=S =3 AA & b2 pGEM T-easy vector(promega, USA)ol A<] s}
o] ligationA #Ath. CD4%= PCR Al ORF12 Hindll, Sall siteE
ORF2+ EcoR1, Pstlsite® ORF3% Pstl, BamH1siteE 27 Z+
ORF&H o] & wto] whEo] FUth PCRe] €1 Z47be] ORF+= #7149
& B3 AA ¥ pUCI8/Hindll & Sallor EcoR1& Pstl or Pst1&
BamH 1 digestion ¥ vectorel ligation A|ZA T Z+7t9] ligation mixture
£ Ecoli TGlS £FAELRE 34 transformations 43 3} AT}

- CD3, CD4, CD62] ORFE& #3337 93] A8% PCR-E oligonucleotide

X492 Table 1-1~1-39 Zth.



Table 1-1. CD3 primers designed in this study.

CD3 Sequence Length
ORF1 Forward GGATCCGCAATGACGCAAGAT 21mer
Reverse GTCGACTTAGCGGTGGATGG 20mer
ORE2 Forward CTGCAGAATGTCTGCGAATAC 21mer
Reverse GAATTCATTTATGACTCCCGG 21mer
ORF3 Forward GAATTCATAAATGAAAAAGACGCA 24mer
Reverse GGATCCTCAGGCCACGGCT 19mer
ORF4 Forward CTGCAGGGTGTGCGATGACG 20mer
Reverse AAGCTTGGGGTTAGAGGGACT 21mer
Table 1-2. CD4 primers designed in this study.
CD4 Sequence Length
Forward AAGCT TATGCAACACTCCACT olmer
ORF1 Hind III
Reverse G’IS:(ZI(}IACT CAGGCGACCGC 18mer
a
Forward GAéAT TICATGGCGAAAGCACGC 21mer
ORF2 colt
Reverse CTIJ%?IAGT CACCGCAGTGAACT 2lmer
Forward GgA"II‘JCICAT GCAGATTGTGCGT 21mer
ORF3 am
Reverse CTIE}SS;?GCATCACACTGTGCG 20mer




Table 1-3. CD6 primers designed in this study.

CD6 Sequence Length
ORF1 Forward | TATATCAGACACGGATCTTCC 21mer
RF

Reverse | GCAACAATGTTACTCAATATCG 22mer
ORF? Forward | AAGGAATATGAGTATGCAGCG 21mer
RF

Reverse CCATCAGCGTATCTGGTCC 19mer

- CD3, CD4, CD6° 7} ORFE subcloningst”] ¢ ORF DNA w3 A%
€ PCR =712 va3 2o

® CD3(ORF1, ORF4), CD6(ORF1, ORF2)

Pre-denaturation: 94C 3min

Denaturation 1 94T 1min

Annealing 1 52T 2min ]— 30cycle
Extension D 72T 2min 30’

® CD3(ORF2, ORF3), CD4(ORF2, ORF3)

Pre-denaturation: 94C 3min
Denaturation 1 947T 1min
Annealing : 52T 2min } 30cycle
Extension 2 727C Z2min



® CD4(ORF1)

Pre—denaturation : 94C 3min
Denaturation 194T 1min
Annealing - 52T Z2min } 30cycle
Extension 2 72T 3min

Al gAAS

L

A

o

@ subcloned® A4 AN T
PFAAGFT9 AL ampicillin(50xg/mL)<S 71 M9 LA & 48] X] (noble
agar, 15g; NaHPO, 6g; KH:PO, 3g; NaCl 5g; NH4Cl, 1lg per liter;
pH7.0)ol A H3FE =2a & 100x02] limonenes 7| AAE|Z FH3}

WA 28Tl A 3 vl et Tt
@ Subcloning ¥ ¥59 AH

subcloning® 4%¢] FZAA3FE limonened} 0.005% yeast extract® 37}

g Mo FH v Aol A v kit



A3 Fador = My HamA A FAA el BA8S 6, 12, 24, 48

AIZE Algstath A Alzbel wE Ade e 248 GC-MSef

mAgEe] A AR TR e GC-MSE Foto] #A48 =4 9

©

BEA L GC-MS9 Ay wE mass spectrum™ F =529 authentic RI
=

oF Hlaste] HF se=2 A48ttt GC-MS9] operation =72 th

3 g,
DB-Wax fused silica
[Column] 0.32mm x 60mm(] & W Sci.
Co.)
[Injector] 250C
[Detector] 250C
40 - 220C

2°C/min up to 150C

4C/min up to 220C with a 3min
initial hold time

[Injection] 1l

[Column temp. program]

FeAbure] A
2 ool AHSE fAUe 20028E SR ANE §AE FARTY
44 FRath fAE TAAF FASe] AEE F 44T FHI (I
A AAADE olgstel FHel F4 FFAL PP g, FAU
e -20Cel ¥ waste] Aol ALgeth



ARAES FE22 Y FE200A AgsAn. Adx4dL fAY 5
FrE 128 42 bs, 737 TFd o wyoR 7] ¥ 25kef/
ar(128C), ZHAIZHE 30807 st

5) o|MEstH x=& 7|Holl 2t Bioessential oil2l A At

& Aol AFERE 5 B plasmidi= Table 1-49F 2t}

Table 1-4. The bacterial strains, and plasmids wused in this

experiment.
Strain Description
strains
‘E. agglomerans 6L FAA 5 A, limonene HAMS
“E. coli ECC3 E. coli BL21 w/ pETC3
E. coli ECC4 E. coli BL21 w/ pETC4
E. coli ECC6 E. coli BL21 w/ pETC6
plasmid
pETC3 pET29b(+) + CD3(+A8 - tAls =+ 8.6kb)
pETC4 pET29b(+) + CDA(FA4 i+ tAbs 4 4.6kb)
pETC6 pET29b(+) + CD6(+A4f tAts 74 7.7kb)

" E agglomerans 6L A4 1} limonenes Al & 4 9l&E MAER 7|E9 Bud
limonene®] 1} terpenedt &S WAl st PAERT AR 53 I3

DO FAAR7F 43 g4 Ao A cell growth = 4.0(for 120h)

@ limonene 54 A#/do] 7]E9 RiuKtT) 308 0] %

" E. coli ECC seriest A+ tlAls f42ke] 3@ A2dog 1d% A+

2Ed

- FAARF WAl E Ad EdF E agglomerans 6LS limonenes ®A Y
o2 3+ MIH vl A (Na,HPO, 6g/L, KH-PO4 3g/L, NaCl 0.5g/L, NH,Cl

1g/L, 1M MgSO, 0.IM CaCly, pH 7.0)el 4] 48A]7F5<¢F 28°C ol Al A uj %



3 AAEA HUT BN MOHLMAG] 190 Fee] 120h%E 2

23 C oA Hlksle] AL&s)<dT)

- E. coli ECC3, ECC4, ECC6- LB(bactopeptone 10g/L, yeast extract
5g/L, NaCl bg/L, Agar 15g/L, kanamycin 50ug/mL)plated] Z=3}e] 28T
o A Wi FAIH T A7 e whAY] MIFH Awj Al (with kanamycin
50ug /mL)ell activation ® colonyZ 0.005 O.D(A600)7FA] HE3FA L vl %

Z 1589 0.0lmM IPTGZ AF&3l9] induction*] 7 ).

- 2T E 7L HESA ES M9 50mL HAw Ao ARG ZFI B

Zzbel Ak Slo ATk FAF 20 AWT A 243

Q@ BT 9 FAA A=FAE Feddd ot =3
watFel ATl E coli ECC3, ECC4, ECC6E frAAf7F Hde
gagoz g M9 FHAau A FAAF AHIS(E agglomerans
61;120h, ECC3 & ECC4;12h, ECC6;24h, ECC3+ECC4+ECC6;48h)A] 33}
o} matF9l 27 ECC3, ECC4, ECC69) vl 3 wjgdS HAgu gz &
goto] 4TolA sh=wr Al & wjg FAds o

& A3

o] TaE HAE aFAS 4ToAA LA (12,800xg, 20min)sle] “
8-S At} Internal standard?! ethyl maltols 1,000ppm7Fet & AFA4 o

S pH 20% A3 F Millipore 045um filter= AA NS A3 A+ 3}
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HAE HjgA oz HE dojxl FEHo gAME E4S $]5h]
B Shimadzu GC-MS QP-5000(Japan)S AF&3F3th thAAE o B4
ethyl maltolS WH X F5 A (internal standard)Z AFg3te] A= 3k}
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authentic RI®} vlndle] H=E 322 AAsIT. GC-MS9 operation
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[Column] DB-Wax fused silica
0.32mm x 60mm(J] & W Sci.
Co.)
[Carrier gasl] Helium (1.0 m¢/min)
[Injector] 250C
[Detector] 230C

[Column temp. programl] 40 - 220C
2°C/min up to 150C
4C/min up to 220C with a 3min
initial hold time

[Temperature] ion source and interface 230C
[Ionization] electron impact ionization (EI)
[Tonization voltage] 70 eV
[Mass range (m/z)] 41~ 450
[Injection] 1l
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29U M9 HA HiH|o Al wfeket & Aojx Zhzbe] WS 4T
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Bioconversion oil9] <HAA HI7FE $ste] dubEAd Ag T F4 SAAE
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A FAANEE AFFENAH HHFAATE 54 - g - WY AE
TA Aol Fshe] Pttt
4 54 A8 (Acute Toxicity Test)

. ET%HEFO# oﬂ 94 Els rlé ﬁ'j] /‘]‘Eo]: (LDgomg/kg)%‘Zé
up9-2o SA ) FE A Z(negative control) WE A o] 73k F3kA<l MCT
(medium chain triglyceride)& AF-8-3F% k. Al ¥ &4 -2 bioconversion oil=

s WA Akl MCTell &£8ste] 37bA sz Algsislen, &

1

A ) =& A (positive control)® = orange oil ¥ limonenes MCTo| &%

np-g- 2o SAFE 4 (negative control ; basal diet), A& %4 (cookie
contained bioconversion oil 16.6mg/kg), ¥4 tHZE 2 (positive control ;

cookie contained orange oil 16.6mg/kg)S = LAlR O =gt A

)
%

body weight lkg™ 16.6mg® bioconversion oile] $HFFH == 3l

_H
d
o

20g mousex= 1¥ 0.33mge] bioconversion oile] F Qs F7]:= 3k w}
g 0.32g°] &FHY. 032gF71E EUAIR EFE S w20 3043

Fol = BEs



3. 1Hd A" 1LF

7] HAr
- & "AE(ETF) E agglomerans 6L
E4 O limonene¥} 244 % (limonene 2ol % th=9 terpenedtd &=
S
THES YA 5 e vAE

@ 719 Had limoneneolb} terpene3}t3tE AL FAE B X
=2 YALS: limonene S0l tisk Aol 7]E9 HialoA R}

3080 o] 1
@ A AF7F FLd3 B2l mfH oA cell growth: Agp=4.0
(for 120h)
FTEFHAA(FEAT) FAAF dAbs FH34 249
A

AL 3=k (CD3: 8.6kb, CD4: 4.6kb, CD6: 7.7kb)&

_P'_
HA -5 (vector pUCI8 in E. coli TGl): EC3, EC4, EC6
@ FAAF7T FL3 SR My Ao A cell growth
Agpo: 0.085 - 0.132 (for 12-24h)

@O 123 g host vector system
AHHAE vector pET29b(H) oA T2 FthAbs 2 AHCD3, CD4, CD6)E
AHste] pETC3, pETC4, pETC6(Fig. 1-1)& A x& st E. coli BL21°
3}

st AlA nrd g FAH3F ECC3, ECC4, ECC6E F 538ttt

niT-#hE) kT~ 3t
AN 1Y al ] #ibii] EFTIg 15
404N 118

Figure 1-1. Reconstruction of citron o0il degrading genes in
pET29b(+) vector
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at 28C.

left lane: citron oil media, right lane: limonene media



=1
=

4

A%

[ex]
=

WA A GANYG 2R R

TFZF A A9 subcloning
O FAAHF HAbs FAAHCD3, CD4, CD6)2] DNA 4 7]A

R ® T oo o R ok
3= )A:_ o z,t o qr oA Ea
B SN Bo —_
A J A o T
"R . 0 X
ol e P oz I oo
T WooT oo o ? W ok
e Mm W A By B e
et o W= ox B oM
~ ) o —_ = - R
w7 OB o M_u <
CIN R Foeom F o o
o 5 o TR 5 M
_Eﬂ ;al.w \_ﬂwﬂ 7L — 2” ]ﬂA.H
. N M W A =
ZT 1 N L
w TQ T T om B
o g & RN
B9 A =N N
w8 X o " W
7 —_—
=0 o o= = N
— X o]
< FUR ! N0 me o
B A : 7 My ) m_w
y 15 S ~ »oour X
& ol o X
— wo R o g <0 4 B
X T —_ mK o oF
oﬁa = 7o AT X =0 \_ww,_ —
B SO T o5 o O
o % W X R
—_~ HT_ — iy
< = < oy gm T o P
Top P S I
— —_ ﬂmﬁ o ﬂ.rﬂ dﬂ X QO L_l
N - .
SO R I S
N o+ ol | o R T X
ok . o oy F B OB T
~ h_cl 2w o X, B oo
o K - o < " wr i
T T = w X
T T W o M owm N ] "
|

-

=

=

=
T
L

o A
FAA S A
she] o]

= A
ZS|
=y
=

]

=

FA7

=

g

3} Sl vh(Fig.1-3).

72 CD3% 8,586bpa7]o]™ o] <to] 47]¢] open reading frame©]

Lo wet

S

L

.

2
2%

°©

&
[e)

A
=

tel A slelt.

o] & 4-F
[e)

atoq

[

of wel 2+ E. agglomerans 6LEZFE F24 % 3719

_]

o] 4712 ORF$} 71&9 Databased t

Aot 17

9 e %
Pt

[

742 CD3, CD4, CD62] d7144

L

2



b s 443 ORFO~@+= nitrate transport component £} -4 =}

)

ATl 70-80%°] o2& eSS YERN L ORF@E nitrate
regulatory protein¥ 79 dAHFEFo] 35%9 ofv|xAit AE5AdE E

Tt

B 8,585 bp J

[l — el S— m—

Orfa Oorfl orf2 orf3
(3420-4637) (4893-6155) (6168-7088) (7089-7886)

4,641 bp

o> e

orf2 orfl orf3
(20-646) (780-2294) (2720-3292)
\ 7,719 bp ‘
E———— e
orfl orf2
(1789-3564) (6274-4919)

Figure 1-3. Genomic organization of citron degrading genes(CD3,
CD4, CD6) from E. agglomerans 6L.
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Figure 1-4. Growth of 4 transformants in M9 minimal media with
limonene as sole carbon source at 28C

L : limonene as sole carbon source
Y : 0.005% yeast extract

3-2 ¢ E. coli TG1 transformant harboring ORF 3-2 DNA fragment
4-1 : E. coli TGl transformant harboring ORF 4-1 DNA fragment
6-1 : E. coli TGI1 transformant harboring ORF 6-1 DNA fragment
6-2 : E. coli TGI1 transformant harboring ORF 6-2 DNA fragment
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Table 1-5. Amino acid identity between limonene hydroxylase gene
from B. Stearothermophilus BR388 and citron degrading genes from
E. agglomerans 6L.

gene homology (%) source
Limonene hydroxylase 100 Oriel et al.(2000)
CD3 - ORF1 43.1 this work
ORF2 35.8 "
ORF3 33.3 "
ORF4 429 "
CD4 - ORF1 45.7 "
ORF2 282 "
ORF3 25.8 "
CD6 - ORF1 46.9 "
ORF2 44.8 ”
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Table 1-6. Identification of major bioconversion products formed from

citron oil by high expression host-vector systems.

Cultivation Peak Area
Time () | OO ECC3 ECC4 ECC6
linalool 435,938,507 1,286,489,623 384,978,255
12 4-terpineol 31,522,785 110,642,374 25,139,859
u—terpineol 39,709,066 161,296,299 31,806,376
linalool 88,652,688 542,403,090 487,267,185
24 4~terpineol 8,483,310 37,066,658 33,742,434
t—terpineol 15,199,542 50,898,591 47,012,573
linalool 64,086,320 127,076,976 71,531,526
48 4-terpineol 3,823,934 7,799,830 3,895,748
u-terpineol 4,923,596 9,052,239 4,857,765
linalool 159,960,889 138,671,697 147,735,949
72 4-terpineol 10,353,188 9,763,649 7,648,315
t—terpineol 13,125,197 13,318,998 9,884,153
Table 1-7. Identification of minor bioconversion products formed
from citron oil by high level expression host-vector systems.
Cultivation Component
Time (h) ECC3 ECC4 ECC6
dodecanol,

citronellyl acetate,

4-dodecanol,

dodecanol, veridiflorol,| i-terpinyl acetate, nerol, veridiflorol,
12 . ..
spathulenol nerolidol, veridiflorol, spathulenol,
spathulenol, elemol, [f-terpineol
carvone, z—citral
. cyclohexanone,
octadecane, veridiflorol,
24 - 4-ethyl,

spathulenol

veridiflorol, spathulenol




Table 1-8. Aroma description of citron oil bioconversion products by

high level expression host-vector systems.

Cultivation Aroma description
Time (h) ECC3 ECC4 ECC6
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Table 1-9. Cell growth and optimum bioconversion time by using the

microbial conversion systems.

A gl o] gt
Hlj <5 Ef n| A & T A5 (Agw) A=
A A4 A ZEH(h)
Bt
ot =40 120
; E. agglomerans 6L
, ke A 2
o FAADT 0.8~1.0 12~24
[e]
ECC3, ECC4, ECC6
6L: 3.3(120 h)
6L+ECC3 120+12
u ECC3: 0.482(12 h)
g 6L: 3.3(120 h)
2 6L+ECC4 ) 120+12
ECC3: 0.655(12 h)
5)
. 6L: 3.3(120 h)
= 6L+ECC6 120+24
= ECC3: 0.792(24 h)
&}
ECC3+ECC4+ ECC6 0.620 48
@ FNEA] 24E B4
- B3I F E agglomerans 6L ECC39 %3 AlgoAEe @23 o] yho
u GC-MSE &3 ¢71Ed #4437 carvoneo]l 7Hg B2 F(AA AA
3 3eEe o 59%)e R HEWHYSew 1 9 trans-linalool oxide,

o-cymene, [-cyclocitral, cis-linalool oxide, 2-octen—4-ol, carvone, thymol

o] A&F S tH(Table 1-10).

td
Ml
N
t
Q

s
Q

3

]

g

S

0n

o
-
A=
0
Q
@
=
1o
BN
o
>,
it
=
>
rlr
ox
il
R
o
o
XL
o

rlo
o2
R
2
o
)

o GC-MSE 53 &7|&54d 4423 carvoneo] 71 B



3 SgES oF 76%)oE AEFFASeW 1 9] trans-linalool oxide,
carvone, hydroxy linalool, tetradecanol, hexadecanal, thymol®] %% %t}

(Table 1-11).

H

B35 E agglomerans 6L¥ ECC62] =3 AlgoA = Edko] wrom o

A

A Al carvoneo] 7HE B F(HA BHE sl oF 68%) o2 HEEHS

2]o| trans-linalool oxide, 1-4 cineol, octanal, o—cymene, tridecane,

K

hexanol, dodecanal, verbenone, carvone®] 7% % 1tH(Table 1-12).
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o-cymene®] 11 ]2 cyclohexanone, hexen-1-ol, nonanal, isoborneol,

piperitone®] & ¥ A tH(Table 1-13).



Table 1-10. Identification of microbial conversion products formed
from citron oil by microbial flavor designing(6L 120h + ECC3 12h).

relative peak

component RT RI peak area area(%)
trans-linalool oxide | 40.588 1483 72,039,669 21.32
o-cymene 26.089 1264 192,859,920 73.13
[i-cyclocitral 46.832 1578 14,384,092 5.45
cis-linalool oxide 38.715 1454 105,562,498 40.03
2-octen-4-ol 40.111 1475 43,023,398 16.31
carvone 56.946 1746 826,702,564 313.49
thymol 74.650 2201 132,001,666 50.06

Table 1-11. Identification of microbial conversion products formed
from citron oil by microbial flavor designing(6L 120h + ECC4 12h).

component

RT

RI

peak area

relative peak

area(%)
trans-linalool oxide | 40.536 1482 59,805,597 22.68
carvone 56.915 1746 761,347,331 288.71
hydroxy linalool 70.706 2065 17,700,657 6.71
tetradecanol 72.955 2137 85,243,823 32.32
hexadecanal 73.539 2160 60,058,817 22.77
thymol 74.598 2200 13,747,785 521




Table 1-12. Identification of microbial conversion products formed
from citron oil by microbial flavor designing(6L 120h + ECC6 24h).

component RT RI peak area relative peak

area(%)

trans-linalool oxide | 38.705 1453 86,571,297 34.78
1-4 cineol 20.321 1177 3,454,171 1.39
octanal 28.460 1300 900,851 0.36
o-cymene 26.030 1263 152,105,580 61.10
tridecane 27.811 1290 4,248,599 1.71
hexanol 32.807 1364 6,971,751 2.80
dodecanal 50.864 1643 27,969,312 11.24
verbenone 55.306 1718 11,639,182 4.68
carvone 56.893 1745 622,170,735 249.94

Table 1-13. Identification of microbial conversion products formed
from citron oil by microbial flavor designing(48h ECC3 + ECC4 +
ECCS6).

relative peak
component RT RI peak area
area(%)
o—cymene 25.797 1260 27,207,471 6.39
cyclohexanone 28.048 1293 6,199,534 1.46
hexen-1-ol 34.844 1394 6,912,472 1.62
nonanal 35.252 1400 2,876,410 0.68
1soborneol 54.945 1711 8,064,648 1.90
piperitone 56.328 1736 1,387,662 0.40
relative peak area(%) =[peak area of component]/[peak area of ethyl maltol(internal

standard)]x100
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Table 1-14. Identification of major conversion products from citron

oil by microbial flavor designing.

- Overall
Sample Component Aroma description aroma
trans-linalool oxide . .
O—cvmene minty, fruity green
[‘i—cyZlocitral powerful sweet-woody,
6L + ECC3 cis-linalool oxide floral-woody—earthy gzl
9 octen—4-ol warm-herbaceous, el
carvone spicy, slightly floral
thymol woody, burnt smoky
trans-linalool oxide
carvone warm-herbaceous
i . . ’ =]
6L + ECC4 hyti rt(;;(ge(l:gf;?d spicy, slightly floral O_/faz
hexadecanal woody, burnt smoky =°
thymol
trans-linalool oxide floral, sweet, waxy
o-cymene herbaceous
6L + ECC6 dodecanal spicy, minty, 25
verbenone camphoraceous
carvone warm-herbaceous,
spicy, slightly floral
+ —
ECSSC](E:%CZL o-cymene fresh &
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7Y=®l E. agglomerans 6L3} E.

coli ECC69 & H FE7)9 Z8M5AHS
ot 1519 A4 1

o} 20mL<e] hydrosol<

12
N

Bioessential oil& ¥%lo™ o]& GC-MSZE #4243}

(e}
=

[o3

6L ECC69] w

AR

4
o

trans-linalool

A= A tH(Table 1-15).
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Table 1-15. Identification of microbial conversion products from

citron oil by the steam distillator.

relative peak
component RT RI peak area area(%)
a-phellandrene 21.249 1192 225,532,109 90.60
trans-linalool oxide 38.6 1452 1,070,902,833 430.20
2—ethyl hexanol 41.738 1501 169,820,024 68.22
linalool 45.343 1556 354,408,406 142.37
2-nonenal 46.141 1568 1,178,463,638 473.41
camphor 46.409 1572 200,165,152 80.41
4-terpineol 48.796 1409 315,936,313 126.92
a-amorphene 55.742 1725 396,288,035 159.20

E. agglomerans 6L and E.coli ECC6 strain were cultivation in M9 media with citron oil as

the sole carbone source.
6L was cultivated for 120h at 28°C, ECC6 was cultivation for 24h at 30C.
The cultures were mixed together and stored for O/N at 4C, then the microbial cultures were

extracted with ether(ref. experimented method)

o
i}

- 6L+ECC6e] mA=e4 =& ANasE FE7|¢k szl s +
5

e,
o

Bioessential 0il®] flavor componentsZ H] w3} Table 169} 7t}

AlRE FE7)|9 §ul3+=55 AFEEY9 S W T84S % trans-linalool oxide
[e3]

- ujFE FE7)0 o3 FES vuste] B @, ek 2k

4w 3% Bioessential oil®] FZ&% 140 Bioessential oil/mL#=] %<,

®

28 A7 6min/ml B



® F%7]%%: Bioessential oilF &% 0.040/mL ¥ H A8 A7k

4.8sec/mL W A

N

ZZ o QujZZo] H|dle] 25H) B

o] 9glo] o2 RE M7= EFEE Bioessential 0ild] &4 7)esl=
Aoz ARG, AA 23 &

9]) steamdistillation A]7]WA compactd} A5t &2l Wz SE=HAE=

Follds Bu B2 o] wMiddS(tond

AREFIHE FERES SUAE S Aol

Table 1-16. The produced flavor components by the steam distillator

vs. solvent extraction.

S| F=Fof| A gt
== = © @z 2E o © =z °©
FE7|AAAT v &4 TEeoz U2 54 ge za

1-4 cineol
2-ethyl hexanol
. octanal
linalool
o-cymene
2-nonenal )
. . tridecane
camphor trans-linalool oxide
. hexanol
4-terpineol
dodecanal
n-phellandrene
verbenone
a-amorphene
carvone

* Bold characters indicate major conversion components which were identified from citron oil
conversion media.
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A A F A 2

@® F71(Fig. 1-6)

FAAF At s S A BdF E agglomerans 6L FAARES L3
Badoz = MeHAujA oA wjgs GRS FE35]

bioessential oil(bioconversion oi)& @A, o] A& o] &sto] FI7E Az

&kt

Bioconversion F-7]9 AF&3 U2 3y s H o] wom HkEo] A}
7} Orange oil Bt} 3¢k, F7]7F dE Fole X odrRyg =+
How F

o vpabet =7 o9t} 2 Ik =g og IokS AF A &)
o] 2t} Orange oilF-7] &= IFFAA #vst= ol

AREBEAAL, e 71Ee] A F5 SolAM ®el Heii ddH <A Orange

F7] Azx A A - A-E essential oilR A FHEH 1L = orange oild E
Aol A9l bioconversion essential oils FH7Fste] FFAF B A
(Table 1-17)¢} Excelol g o]t4l 714 testell o EAAE A=
Table 1-183} Zt}.

A ofsto] A - Ao 7 dE] AREH

B Ao 412 Bioessential oil7tol+= 94 wH4

fr
>

|38 orange oil¥}

d
r:i

=
[¢)

o

H A4+ orange
oil A7Fo] 6.39+1.49% Bioessential oil & 7}F°] 6.06+1.097 ©. & orange
oilo] tha oy {FoFFE 005914 AA P=0.1997>0.05(+ 2 5)H 9
oM 1 Hitgel dE=vdx & F gl S orange oil b

Bioessential oil @7} 7EZ 57 2& $£598 4 & Ak



Figure 1-6. The cookies, which were made with bioconversion oil in
this experiment. Common used essential oil for making cooky, orange

oil was used as control.
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Table 1-18. t-FH: o] &4 714 F A&
Orange Bioconversion
3t 6.39130435 6.065217
Ak 2.22880984 1.143281
w5 23 23
7Hd Btk 0
A5 40
t A 0.8516237
P(T<=t) &= 34 0.19974648
t 7142 4= HA 1.68385101
P(T<=t) 45 #73 0.39949296
t 71744 ¢S H2A 2.02107537

HO :
H1 :

0¢t B 2o (F15714)
0¢t B th=rh (W 37H)



@ w& 4 (Fig. 1-7)

- Bioconversion o0il®] 3 F7|HT} miE © o]g&@H, mlE FX
e FE& oW, ERFY g3 o] Fuks ARsSA ATk

Bioconversion oil®] 33+ herbd 3} vlwsl7] 98 IFFAFY] Herb oilS AFE
st mbEdS e HAbe] A=Y F =78 & gt 7]E=7}

obF wrgith.

- wEs5d Az Al AT - AL essential oilE A FHE L A+ herb oilF E
A Tl A9 bioconversion essential oil& H7lete] B AHAA B4 Ax
(Table 1-19)¢} Exceloll &3+ o]iAF 7}A testol 93 EAAE Ayge

Table 1-203} 7t}

- 2 A 95to] Bioessential oil F7FEH A - Ao Gy ALgE T

B Ao A Z% Bioessential oil# o] =7o] A} Herb oilS #H7}

rot

T2 #HeEAAL AdE 98 wHelA Bioessential oil H 7t
5.95+1.57%, Herb oil 7t 27711265 22 YEWt o] Ades #9
T 0.05004 A P=2.469-09<0.05(F 2 FE)H oA th=2rhar & 5 3l
S ™ Bioessential oil¥ 7} vl=dlo] Herb oil H7ht Bo 7|3 %7F o)<

= 00594 Evkar & 4 Sl



Figure 1-7. The madeleine, which were made with bioconversion oil
in this experiment. Common used essential oil for making madeleine,
herb oil was used as control.
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Table 1-20. t-AA: o] &4 71F F I <
Bioconversion Herb
33t 5.9545455 2.772727
A 2.4502165 1.588745
A& 22 22
74 At 0
A= 40
t A% 7.4259474
P(T<=t) &= A 2.409E-09
t 71244 &= A4 1.683851
P(T<=t) ¥4= HA 4.819E-09
t 71742 4= A4 2.0210754
HO : 0% B 2tk (A1)
Hl : 0% B vhzoh (dh@7ba)



9. SAH4LE

(<

Bioconversion oil9] <HAA HI7FE $ste] dubEAd AlE T F4 SAAE

o3 SANES ABIGERAY FTYSAATE 54 - el - ¥ A
EEAGA el Bkt

1) 248 =4 A& (Acute Toxicity Test) : L F 0ol 2|5t © X AL

(LDsomg/kg) & &

® A

- B Ago] A8 sample®] ¥EE Table 1-219] A 2latgieh

Table 1-21. Composition of sample in this experiment.

. .. Injection
Species Groups Composition volume
A MCT 2000 MCT only 20040

2,000mg/kg | bioconversion oil 50l +150x0 MCT 20040
B 1,500mg/kg | bioconversion oil 36pf +164x0 MCT 20040

Mouse B . .
1,000mg/kg | bioconversion oil 24pf +17640 MCT 20040
0O 2,000mg/kg orange oil 50l +1504MCT 20040
C
L 2,000mg/kg limonene 500 +1500MCT 20010

- A2 SA W ZE 4 & (negative control) WEA o] 73+ F3FA¢1 MCT

(medium chain triglyceride)& AF-&-3Fth. Al¥ &2 bioconversion oil=

ot
e

<= A7) fske] MCTol &8ste] 37H4 sz Aldstslon, <&

o,
=

Z & 4 (positive control)® = orange oil ¥} limoneneS MCTo| &%



o

F ARSItk 19 18] 797 B Feld Avh A7 ) dhaT

bioconversion oil Fojoll A Ald#E = HEEHXA & ktH(Table 1-22).

=7
Bioconversion oil 2,000mg/kg T2 4% A AFdFEoA &4 4
(activitydecreased), 29| 3W(yellow color of hair), <3 (soft stool)o]t+
AAH(diarrhea) ot FAFSH gEje] wiAdE M, =9 =&, ¢

=z
=
(cyanosis), 79| HW|Z&E(nasal dicharge) @ A5 =718 31 5 Jd4=4

1000 mghkgFel Mt WrhE ol $RHA vk fxidd:
MUhE ol gE Aol B eehth(Table 1-23)

o] 7} A <l+dl, o]& bioconversion oil®] I Fo]RE 2 UAZ AR
AHAZF ol 719de Aoz AlmELh ot |42 & 3| EFHoen 1
o] %o = thZT 3} bioconversion oil Fol- Atolol FoA A= ATHEst

© BEHA FdH(Table 1-26).

- Bioconversion oilg 1¥ 13] 797 B7Fo S uf FH 822,000



mg/kg)oll A= AFEFEL AL AE3] XA EHS(LDs) LEFH A &kt
w2} A bioconversion oil < 2,000mg/kge] £ #7tA] Eo]st whsl HA%&
= UEhA &g9kem, LD 7F 2,000mg/kg o174 A=4d 4= ddy

2t (Table 1-22).

Table 1-22. Mortality and LDsy values of mice administered samples

for 7 days.
Final LDso
Species| Groups Dose ) Days after treatment Mortality | (mg/kg)
(mg/kg)(1.P) 0 1 3 5 7
AV - 0/10 | 0/10 | 0/10 | 0/10 | 0/10 0/10
2,000 0/10 | 0/10 | 0/10 | 0/10 | 0/10 0/10 >2,000
B> 1,500 0/10 | 0/10 | 0/10 | 0/10 | 0/10 0/10 >1,500
Mouse 1,000 0/10 | 0/10 | 0/10 | 0/10 | 0/10 0/10 >1,000
O 10/10]0/10]0/10 010 | 0/10| 0/10 | >2,000
Cv (2,000)
L
(2,000) 0/10 | 0/10 | 0/10 | 0/10 | 0/10 0/10 >2,000

D29 1 See the legend of Table 1-21.

Y 1. P. : intraperitoneal injection

Table 1-23. Clinical signs in mice administered samples for 7 days.

Clinical signs

Dose yellow

(mg/kg) actvity color |softstool |diarrhea

{P) decreased of hair

A — — — — — — — — —

. b
Species | Groups eye nasal |bodyweight

protraction Cyanosis discharge | decreased

2,000 ++ ++ + +4+ + + + +

B | 1500 | - - - + - - - -

Mouse 1,000 _ _ _ _ _ _ _ _

0
(2,000)

— + — — — — — —

L
(2,000)

Y See the legend of Table 1-21.
2)

-, no signs, +; mild, ++; moderate, +++; severe



2) oM SMAIH
O AE
- mpg-2o 2A ) ZE Z(negative control ; basal diet), A& EZ (cookie

contained bioconversion oil 16.6mg/kg), ¥4 thZE 2 (positive control ;
cookie contained orange oil 16.6mg/kg)S +LAlR o =gt A

body weight lkg@ 16.6mg®| bioconversion oile] $F3H == 3+ 24

A

20g mousex 1¥ 0.33mge] bioconversion oile] F L3 F7|= 3+ nlg
T 0.32g°] LFHY. 032gF71E EUALR &5 w20 3043
Fo] & A& Ay Alg 7|7 W i ZF 3 bioconversion oil ol ol

A AAgEE #A2E % gt Table 1-24).

- Bioconversion 0il9] 30€7F FoA 107t & 2vteE] 9 & F o 2¢

=
7+ AW (soft stool)©] #ZES1=Hl bioconversion oil2] HAHA A E ol A
wEE AALel w7 A 2 bioconversion  oile] W e E& Fsko
fride BoE FaEy, HE7F AshA i 29 F I EHAT 19
HThE AASES BEHA @t FHAN A7 §7 oA E
SR R S 4=



Table 1-24. Mortality of rats administered samples for 30 days.a’b)

Dose ..
Groups (mg/ke) 0 7 14 21 28 30 | end | Mortility

(days)
Norm" - 0/10 | 0/10 | 0/10 | 0/10 | 0/10 | 0/10 |T.S.| 0/10
Biocon” |16.6mg/kg| 0/10 | 0/10 | 0/10 | 0/10 | 0/10 | 0/10 | T.S. | 0/10
Orange” |16.6mg/kg| 0/10 | 0/10 | 0/10 | 0/10 | 0/10 | 0/10 | T.S. | 0/10

Y Norm : negative control(basal diet only)

)
? Biocon : basal diet mixed with bioconversion oil
¥ Orange : basal diet mixed with orange oil

@ Mice were administered orally samples for 30 days,

P Values are expressed as the numbers of dead animals/ total numbers of animals,

9 T.S. : terminal sacrifice.

SAHZ7o ¥]3Fe] bioconversion oil &

|
4t
2 oy
[
-\
e
lo
2
oi
_\,L
o
2
>
1:1 o

Aie EsPol foH AL opygon, FYYETS FoHom

ootk olud AYe HPFE AFRY BYol dF /W AFL

2 Aste] e Az B olud AL 2FARE 2uHe &
2 355 Ak (Fig. 1-25).

Table 1-25. The growth rate of mice administered samples for 30

days.
Weeks Growth rate”

Groupsl) 1 2 3 4
Norm 1.14+0.02 1.16£0.01 1.27+0.01 1.35+0.01
Biocon 1.09+0.017*”  1.14+0.01 1.26+0.01 1.31+0.01
Orange 1.07+0.02”  1.17+0.01 1.28+0.01 1.32+0.01

1)) See the legend of table 1-24.
? Growth rate (W1/W0) Ratio of the body weight (W1) to initial body weight(W0), Values

dre mean +S.E.of 10 rats per each group
Values with different superscripts in the same row are significantly different(p<0.05)

beween groups by Tukey(T) test.
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@ Aol dHE
- Z73 bioconversion oil Fo 7ol 94 U= WHI=

At

e

Table 1-26. Feed efficiency ratio of mice administered samples for
30 days.

Weeks FER ?

Groups” 1 2 3 4
Norm 0.69+0.12 1.35£0.12 2.22+0.12 2.93+0.11
Biocon 0.81+£0.16 1.20£0.15 2.50+0.10 2.85+0.11
Orange 0.60+0.14 1.52+0.13 2.32+0.16 2.77+0.16

Y See the legend of table 1-24.
Y Feed dfficiency ratio(FER) : The total amount of weight increased/ the total intake of food,

Values are mean + S.E. of 10 rats per each group.

- 5o 3094 & =A3 7HA/AF H]&S bioconversion oil Folwo] thET
of wlsle] oAl AsEH A=, o] bioconversion oil Holel 1+
SHol S7tE o] UEhd A#E ddEy 2 Ao Auwro g wAA

2 g T AN 34 T v Aol a+Hy

(Table 1-27).

Table 1-27. The liver weight and body weight of mice administered
samples at 30 day.

Groups" liver weight(g) | body weight(g) 1];\(;21;7 sz;gg}g{
Norm 2.07 39.44 1.53+0.01"
Biocon 2.37 41.11 1.80+0.01”
Orange 2.14 40.97 1.64+0.01"

D See the legend of table 1-24.

Y Values are meant S.E. of 10 rats per each group.
Y Values with different superscripts in the same row are significantly differenr(p<0.05)

between groups by Tukey(T) test.
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&% % AST(asparate aminotransferase), ALT(alanine aminotransferase)
2 ALP(alkaline phosphatase)?] &4do| A, tjZ+*3} Bioconversion oil ¥
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Table 1-28. Activities of AST, ALT and ALP in serum of mice

administered samples for 30 days.

Karmen uw/mL

Groupsl)

AST ALT ALP
Norm 41.75+0.92 33.17+1.84 40.76+1.93
Biocon 42.25£1.59 33.28£1.39 41.63+0.76
Orange 41.75+0.92 34.60+1.49 41.20+1.87

D See the legend of table 1-24.
? Values are mean + S.E. of 10 rats per each group.
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- ool olgA FZAAHAA, B Ao A3 bioconversion oil 16.6
mg/kgS 30Y3F Fodte] AdutEA a4 HAL 2 U)o Sokd BF

Z 5ol A bioconversion oil¥ #FHH FoA A= WIr} JEEA gEto
=

1

e = AFZN A oo/ F HelstH cfSa Zof

- AR FE ol wet oFF o 2 o] depA Y dRkd o R §3
A%9] 70~90%% limonene®] A 3ttbar &red A1 9t} Limonene® & A
@b 72%/kgolH, # AT E FAARE HAALD AFA o2 EH
steam distillation®] ¢]sto] At & AT FE5E §4G9 A
ZA3TE F F2 AES limonene  55.3%, linalool®  59%, a

~terpineol  0.8%, 4-terpineolS 056%¢] ¥ %= e ST

- olgg =AY FAARE VAE A =gl o] A AFHE W, A
A AAAZ AE2 20~50%2 A EE &L linaloolo] 1t} ©] linalool?]
G7tE 198%/kgel™ 3~6%E A3t a-terpineol?®} 4-terpineol®] ©7b=
ok 500%/1Leltt. o]€o] minordE o2 FHEHE nerold 1,820%/1L,
nerolidole 1,270%/1kes 957|142 FFHE 24U limonened] ¥
3 w5 ARTEEA shgtEolH, o2 dk sgtE e HAA
Az Q1 Ao Yeyt HAFARE Beg, FAd%T add J4d

32 o] vlastd Table 1-299F 2t}
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Table 1-29. Cell growth and optimum bioconversion time by using
the microbial conversion systems.

ARl o @ AL E
I [e)
e A 25444 A 7Hh)
e
N ~40 120

E. agglomerans 6L
FEEEE
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SHAA Y FAADF
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0.085~0.132 24

0.8~1.0 12~24

- 2 AgAdel o FSE aEd Aadd fe By =2 S &2
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F WA A 29 TEAGD o A A2ds REF )4y
284 232 Fokol ARAAR $1BA AN AESAT. Z 544

o] 70-90%E AA et ArdEe] A @b 72%/kgelH 1xd X

©

E Ed PAE diRA 2" oF AHIANHES W F osFES
linalool(198%/kg), n-terpineol(¢F 500$/kg), 4-terpineol(¢} 500$/kg)el A=
= Aok

A EsH 23t g FAAFE AASANAS W F FFE2(HAALE
9] 50% ©o]A AA]) carvoneol o b= 1472%/kgR AiH o R HTh
o = FIPHAE AYe stgEelth olF IIFES BT A - ook

N A bsd 2Rl

A el ofs) Aatd Frlede AsAds F=d
24 Wel B2 dEol EAgl Hlgte], M9
Agais gador QA7) vl vE dxEol 719 8l

o
o
= Arelng F5 - AAVE 253 &oldtrhs Aol Aok

= ArelM 2P scalez AStE FEVI9F 2 By vhgFstal A3k
715 ARERTHE Bu AAF ol &olstAl ArdEe] FEAA L
tel wmAdE
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Flavor & Fragrance Co.)4} Givaudanol A+ 90d ] ZHE 3|AF WH2 o
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AR e M-S T Ve Akl w3 Hark gle] & AT

originality®l 2] 2|7} <t}

- & HA A 2AE Bioessential oilS %ol A& 7heAdE dolRy] 98}
o] B A|oA AZF Bioessential oilES 2% (F7], utEa)o] A& A7
7] A 35hst golgl dtE 6L Bioessential oils & H7FEE ol F7]<}
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S aYgo=EaE MO AR (plate)d]l =ato] 28TollA wiYkst A& A3
R o] S #BA @] fAdl 3Fo] FHA A dS STk dFEH
2 LB #jX|(bactopeptone 10 g/L, veast extract 5 g/L, NaCl 5 g/L,
ampicillin 50 pg/L)ol Al Bjst wjkol i} glycerol 50%S 1:11E stocke e

o 2mH Upro] —70C & ALwEne waah

Lo AleF B 7]

Wy A 71242 AR EHE limonene® A FF=E4o] FE linalool, ¥
—terpinene, a-terpineol, I1¥] 3 internal standard &Z <9 ethyl maltol
Supelco(Chemical Co.)oll A 43 3L, 4-terpineol, linalool oxidex (5)RND
koreaoll A 91kl ALg-3Flth Citrus oil ¥l fAbte 2 BE 37 FFHol

o3| &kl AHgahant,

t}. Seed culture

rjg

FAAGF A S AW dHASE E coli EC4E limonenes ®AYdo =
st M9F vl A (plate)ol A% colonyE 50mL LB  broth(50 pg/mL

anmpicillin)ol] H &3] 28C oA sFFu A njFsle] A8

b A wld Alade o3 FAASA A4k
A FAAF HAeS AW FAASNFE E coli EC42] 5% AXE

ke Y& 71 wide Stk vl ¥iX]= Riesenberg medium

mlo
>
o

3}t BL jar fermentor(Korea Fermenter Co., Inchon, Korea)ol Hi® 2L
Riesenberg mediumol] A YA 1%E HFAT w2 E= 28TolH BAa
A9  Feeding WHOoEE  pH-stat2 #YS g Ed baseEE

NH40H[28%(v/v) NH3], acidZ+ glucose’} ¥3t% feeding solution(700g/L
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NIST147, WILEY7 libraryoll 28l data searchingdle] &€& dlo]€] 2} alkanes
standard(C10-C30) 2 A1 RIgtS Hluste] HFH o=z QA 248 &
23ttt Standard = ZAlimonene, linalool oxide, ¥-terpinene, 0-terpineol,
4-terpineol, linalool Z12] 1 trans linalool oxide® FX=o] w3t peakit o2

H R 25 2R fste] EE5A4S A4Skl Fig. 2-1¢] A o=

- 113 -



Table 2-1. &wjo] 3 volatile

compounds®] &I = EA

Solubility
Compounds opvlene
Water Ethanol proby oil
glycol
Limonene Insoluble Soluble poorly soluble -
v—terpinene Insoluble Soluble - Soluble
Linalool slightly soluble Soluble Soluble Soluble
ice cold water
0,
Cineole 06% soluble bl Soluble Miscible
room temp. water
0.4% soluble
Trans linalool .
. slightly soluble Soluble Soluble Soluble
oxide
Linalool oxide slightly soluble Soluble Soluble Soluble
0-terpineol Mineral oil
(cold 7e-811,| slightly soluble Soluble Soluble
35 -=9) soluble
4-terpineol slightly soluble Soluble Soluble Soluble
1-octanal 0.05% soluble Miscible - Soluble

Table 2-2. Gas-chromatography operation condition

Column

Injector

Detector

Column

Injection

ZB-5
250C
250C

40 - 220C

2C/min up to 150TC
4C/min up to 220C

with a 3min initial hold time

1ut
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Figure 2-1. Standards curve about internal standard method.
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Figure 2-2. Bioconversion process for mass production of the

Bioessential oils.
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2) M=g tigzde nsk g =d &H

ot
m

7F. HCDC wf A ¢} v F25=of 8

714 vl eFel At wjAE dEEtr] 918ke] Semi-defined medium<] ¥}

&l

g3

B

Riesenberg medias AF&3}e] H A exE ZAAs7] fske] 28, 37
83l 40T %o 4 Semi-defined media¥} Riesenberg media®l] A v] %S
sto] wlaskdch, FAHAEF EC3, EC4, EC6 ¥+ & EC4 w7l tiste]
H2wmel HA A E Fskdh

Semi-defined media®} Riesenberg media®l A2 AI3S KW Riesenberg
media, Semi-defined media®] <°]%1 2™, maximun DCW3i= Semi-defined
media, Riesenberg media <°|AtH(Tables 2-4). &% w& 93 wH
Semi-defined media®] ®iA]oA+= <% 28ColA maximun DCW+ 17.91g/L
2 37C9 40Tl R}t =kl Riesenberg mediadl A ¢ 2ol A% 28T ol A
maximun DCWE 23.03g/LE thE 2%oA wdstds wro =2 iz
< Ho Semi-defined media®l A9l ZA¥e} FAES BEAd. wEkA {714
Hjokel] 7} Aga 2oz 2x = 28To|H HiX| = Riesenberg media$dth

(Fig. 2-3).

Table 2-3. Effect of culture temperature in Semi-defined medium of
fed-batch culture

Temp.(C) Maximum DCW"(g/L)
28 179193
37 22.3077
40 31.4502

Y"DCW : Dry cell weight
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Table 2-4. Effect of culture temperature in Riesenberg medium of
fed-batch culture.

Temp.(C) Maximum DCW"(g/L)
28 23.0391
37 18.285
40 20.4729

D"DCW : Dry cell weight

25

20

15

10 -

—e— Dry cell weight(g/L)

0 10 20 30 40 50
Time(hr)

Figure 2-3. Profile of high cell density culture for E. coli EC4 at 2

8T in Riesenberg medium.
-e—: Dry cell weight(g/L)
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GoooH s B A 9%

Feeding solutionol] &7 F7]8] AA U<l NaNOsE F=4H= 0 g/L, 1 g/L,

L’.

5 g/L& H7tste] Adste] AEXAES vttt wigdees 28CTE 5H

ow AN teitt A EHste] FAFS SAHSAL FUIH AU NaNOsE 5
g/L Yol F=& o Ao #AFe] 364 g/L=2 7FY =kt (Table 2-5). 184}
NaNOs; 7tz #AF F7Hete] #AE 18t &% feeding solutiondl &

lg/Le] %% NaNOs& #H7hstel ARE-sholth

Table 2-5. Effect of NaNOs concentration in feeding solutions at
Riesenberg medium of fed-batch culture for the E. coli EC4.

NaNOs concentrations(g/L) Maximum DCW"(g/L)
0 23.0391
1 30.4006
5 35.6080

Y"DCW : Dry cell weight

b @AARF AFE

=
o
e

Risenberg ®iA|o] &%= 283C 18] 1g/L9 NaNO;E feeding solution®l]
7bstel MI7FAl i E. coli EC3, EC4, EC6°ll tiste] 5= wjgs a3l
ot FEAF A WGEALS AHEY E coli EC39F EC4= vl 16
A o] 35 E &ubst A EAGES o] F o] E coli EC3% 33.13 g/L(Wl % 484]
), E. coli EC4+v 338 g/L( % 48A17hHo 2 =& ANEAAGS mth i
E. coli EC6% & @4 A%+ S Hls] F=7]3te] AAow 287 o] F
FH AMxAGe] st e E coli EC69 Y Azt Ho A AAEEF

= T2A1%E 35.8 g/Lol A tHTable 2-6, Fig.2-4). i 540 & AiE H
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™ EC39F EC47} EC60ll Hl3le] ©] whg] A3S H v

Table 2-6. Summary of high cell density culture.

Maximum culture time(hr) Maximum dry cell weight(g/L)

E. coli EC3 48 33.13
E. coli EC4 48 33.82
E. coli EC6 72 35.80

Dry cell weight(g/l

0 20 40 60 80
Cultivation time(hr)

Figure 2-4. Profile of high cell density culture for E. coli EC3, EC4
and EC6.
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2}, Limonene &+ A il§ %= wjde 223}

(1) 7] glucosed] HF4 %
ANz g 5% S Hste] F7H T g S o] &5t A A
St vjYA HEx e 7E nd e Faddel ok AE] 2go] =AY

S @E% /1Q FUSEE 2dste] AU AXF BFitol limonene

[¢]

£ Bioessential oil® AA3A7]7] YsixdE dFTY 7| EEZH limonenes
ZNASEHE FFES sljoF o wEkA e oz 7]1F o] glucose &9 A+
7}

12 Aotk webA Z7] glucose =5 1 g/Let 10 g/LE 2]ste] vk

ol

-
o ©

=

H2g %7] glucose #o]l A &3 HATE JIFS

ol
Jo

d

Ttk W Al limonenes 7IAGEI R FFstAA WS S, Wik
= WiAUe A BE24S SPMEHOR #stgon GCE #4S &t
Fig. 2-50l4 ®Bi& A3 2ol 1 g/Le 10 g/LolA e Ao ¥4 & DCW)S
B 33858 g/LoF 1533 g/L2 %7| glucose 55 1 g/LE 3 u] 2581A

= =9k
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40 —0— 10g/L of initial glucose conc

35 — 1g/L of initial glucose conc FD/D\D/D

DCW(g/L

0 20 40 60 80
Qultivation tirme(hr.)

Figure 2-5. Profile of high cell density culture for E. coli EC4 when
initial concentration of glucose was 1 g/L and 10 g/L.

(2) Feeding solution®] # %3}

Al ] g axgo] nzZEAS W feeding solution®] F ol oJ3iH 1F=
o ® o] Fojxltt, FAARFE TEX ol A FHE d5How 5%
o7 9l&) feeding solutionF/del olaix Hu A &3 BASF] 3
S v AAG gAETh Wb feeding solution =712 glucose §E=E 200g/L
o} 700g/L= 7t7t gElste] AyS otk ZA¥ feeding solution F710]

700g/LY S =R HjgFoR o]FoHAT 200g/L glucosed 7 -5-ol

—

TATE] F&S B £ AddHFig. 2-6). kA limonenes T3 459

feeding solution &4 Z7-& 700g/L glucose, 20g/L MgSO4% th.
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—o0— 200g/L dlucose
—— 700g/L dlucose

0 20 40 60 80
Cultivation time(hr)

Figure 2-6. Profile of high cell density culture for E. coli EC4 when
initial concentration of glucose was 1 g/L and 10 g/L.

(3) SDS-PAGE®°] <3 g4¥Ad 54
FAATA N A 23 G40 EAFS SDS-PAGEZ #2438 thFig. 2-
7). oA HiE ZI o] pUCISNA £ 4 fle vt W=yl dd 43

T EC4014 yEeElter o Ex3e digf 55 KDalZ FHE 4 St =
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BbKDa

Figure 2-7. SDS-PAGE analysis of molecular weight from E. coli
EC4.

W %ZF -70C cold batholl A A|7HE 2(24, 48, 72A17F) EHE FHZ ether F
o GCZ Bt vx7s AEE x318 A T vpA 2 S ether
ste] GCEAste] e | =47 vluwstt. 2 A7 Aksk A

=
A " =247 ARto] Aol mEkA linaloole] 7HE ®el A= glom wjk

>
)
\]

2N 7R & oo &3k th(Table 2-7, Fig. 2-89). L 2|9 4-terpoineol,
n-terpineol, nerol, verdiflorol's-°] &% 2t} Fig. 8 A7kl w& AASE

el wa@e ved 9ol
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Table 2-7. Bioconversion products of E. coli EC4 at 28T

Peak area(%)

Compounds RI Limonene
Control control 24hr 48hr 2hr
3-hexane-1-ol 1380 N.D. N.D. 0.0891 1.1886  0.7686
Acetic acid 1420 N.D. N.D. 1.1428  0.2135  0.9844
Linalool 1555 N.D. 2.4077 0.6829 27895  5.7962
Fenchyl alcohol 1576 0.1587 N.D. 44127  0.8096  1.4626
4-Terpineol 1595 N.D. N.D. 0.0755 05235 0.1799
Vallerol actone 1619 N.D. N.D. 01820 09825  1.4268
[i-cis-Farnesene | 1634 N.D. N.D. 17772 0.1084  0.2149
&i—Terpineol 1654 N.D. 0.2969 0.2071 02579  0.5482
n-terpineol 1730 0.1675 N.D. 05233  0.4647  1.9420
Neryl isobutyrate | 1767 N.D. N.D. 1.0318  0.4847  0.6357
Nerol 1806 N.D. N.D. 0.7363  0.0624  0.1582

Terpinyl-n-

valerate 1927  0.1972 N.D. 0.5908  0.2237  0.0652
veridiflorol 2087  0.1762 N.D. 0.0488  0.0363  0.7503

N.D. : Not detection
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Dcontrol
mLimonene control
4} D 24hr
X O48hr
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< 3 |
X
©
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o
| d
0 ‘ o ‘ ‘ ol H1 ’—Lﬂ_l]].ﬂ_::l
1 2 3 4 5 6 7 8 9 10 11 12 13

Compounds

Figure 2-8. Peak area(%) of the main metabolites produced from
HCDC culture of E. coli EC4.

(Compounds - 1 : 3-hexane-1-ol, 2 : Acetic acid, 3 : Linalool, 4 : Fenchyl alcohol, 5 : 4~
terpineol, 6 : Vallerol actone, 7 : [I-cis-Farnesene, 8 : fi-Terpineol, 9 : n-terpineol, 10 : Neryl
isobutyrate, 11 : Nerol, 12: Terpinyl-n-valerate, 13 : veridiflorol)
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7
—&— Linalool
—O— Fenchyl alcohol
6 —&— 4-Terpineol
—e— Vallerol actone
—o—B-cis-Farnesene
5 I —&— o -Terpineol
X4
3]
<
©
S
ot 37
o
2 L
1+
0
12 24 36 48 60 72 84

Cutivation time(hr)

Figure 2-9. Peak area(%) of the main metabolites produced from
HCDC culture of E. coli EC4.
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A 7F limonene feeding 2R =3 3528 =437 9sle] 1% Y
W 22 2 gteA TS FEEA ¥ A v HALES AES

o] limonene®] feeding® o] AXEH &= 4S Ao ZAF AE AF

[o
HU
\1
f
\1
f
Z

HFS FPoH, aire] ¥F £EE lvvm, 2vvm, 3vvm
t}. limonene®] AR ¥ 3|2 ZF folow rated] Wt Aot =43
A¥3+= lvvm flow rated W limonene ¥FH %L A7t H 0.34 mL/hr$ o v

2vvm< 1.05 282 3vvm< 2.09 mL/hr$ tH(Table 2-8).

Table 2-8. Limonene input and out put of limonene feeding rate of

air supply.
Flow rate(vvm) Limonene input(mL/hr) Limonene output(mL/hr)
1 0.34 0.35
2 1.05 0.6
3 2.09 1.05

. 2% = ¥l A] limonene feeding &% %4

1% wl%E A E coli pEC49] limonene feeding® HAZAS +37] ¢

3le] air flow rateE 1, 2, 3 vvme® Z}zF Uirolx A3 adth. limonene
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E
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ud)

HFA|ZEo] Aol

o

feeding3al S 7% 2, 3vvmKi Tt 27] AFEo] wgon
lvvm¥ 2vvme] A v 40A17Fo] At o] AL H|&=3 F=Fo
Heoew 3vvme A 1, 2vvme 2O E WjgE RS A9 v}

Aoz ol el UHEs & 7 AT "E27<l E coli pUCIZE =¥ 1)

F AOAZOIFREE ARIE T Aol WHES I T & AArHFig.
2-10)
BAREL 1QAPE SFRAORE 4QAAN ] WFAL etherFF o]

A9 1vvmol A 244 wjFst wjetkd 2443 linalool?t ¥-terpinene2] A7
2o] Z+z} 486 mg/L¢ 1126 mg/LE 2vvmel 205 mg/L$} 586 mg/L, 3vvm<]
102 mg/Le} 562 mg/LEt ] %o AAESAIL limonene feedingS 1lvvm,
2vvm, 3vvmel A ABAZE] g 4450 A FS vlusRH, 13 2vvm
o A linalool Hl5d A ZFS B o SvvmolA = 7HE Ue d& BHoF
Rom, yv-terpinene?] A= lvvmo] AA| A<l A =o] 2 3yvwvmET =5
S ¢ 5 AdA g AR 034 mi/hrE FHEE limonene® %S
lvvmel Al bioconversion product’} &3] AAdE & & & F A},
ko g9 HAAIA E coli pEC4Y 1% %9 limonene feeding 7 <

lvvmo 2 A&t
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Figure 2-10. Profile of high cell density culture for E. coli ECA.
Limonene was fed in amount of 1, 2 and 3vvm.

Table 2-9. Comparison of bioconversion product from 2day culture

broth.
Product concentration(mg/L)
limonene y—terpinene linalool
E. coli pUCI8 + 1vvm 796 0 -
E. coli EC4 + 1lvvm 27 486 1126
E. coli EC4 + 2vvm 53 205 568
E. coli EC4 + 3vvm 33.47 102 562
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Table 2-10. Bioconversion products of E. coli pUC18 for limonene
feeding at 1vvm air supply.
peak area(mV*s)
compounds RI
lday 2day 3day 4day
limonene 100 658 558 95
3-hexane-1-ol 1380 - - 17 -
acetic acid 1420 2883 14443 18867 13833
linalool 1555 78 13.7 - -
4-terpineol 1595 - - - -
vallero lactone 1619 - - - -
[i-cis-farnesence 1634 - - 64 -
a-terpineol 1730 57 - - -
neryl isobutyrate 1767 - - - -
nerol 1806 - - - -
terpinyl-n—valerate 1927 - - - -
veridifloral 2087 - - - -
Table 2-11. Bioconversion products of E. coli EC4 for limonene
feeding at 1vvm air supply.
peak area(mV*s)
compounds RI
lday 2day 3day 4day
limonene 183 42 232 67
3-hexane-1-ol 1380 - 4.86 - -
acetic acid 1420 42 2061 2089 13560
linalool 1555 2.2 280 2115 103
4-terpineol 1595 - 318 256 22
vallero lactone 1619 - - - 128
[i-cis-farnesence 1634 - - 64 -
0-terpineol 1730 - 38569 67103 927
neryl isobutyrate 1767 - 9939 - -
nerol 1806 - 256 - -
terpinyl-n-valerate 1927 - 257 - -
veridifloral 2087 - 10946 5246 483

- 132 -



Table 2-12. Bioconversion products of E. coli EC4 for limonene

feeding at 2vvm air supply.

peak area(mV*s)

compounds RI
lday 2day 3day 4day
limonene 493 52 627 70
3-hexane-1-ol 1380 494 - - 152
acetic acid 1420 40 4750 598 10272
linalool 1555 - 24 143 320
4-terpineol 1595 - - - 15
vallero lactone 1619 - 720 - 23
[i-cis-farnesence 1634 - - - 249
0-terpineol 1730 42 6469 67103 927
neryl isobutyrate 1767 - - - -
nerol 1806 - - - -
terpinyl-n-valerate 1927 - 545 - -
veridifloral 2087 - 108 2728 963
Table 2-13. Bioconversion products of E. coli EC4 for limonene
feeding at 3vvm air supply.
peak area(mV*s)
compounds RI
lday 2day 3day 4day
limonene 985 225 22 132
3-hexane-1-ol 1380 - 5.7 679 -
acetic acid 1420 6795 4795 11125 -
linalool 1555 - 170 167 37
4-terpineol 1595 134 99 26 2179
fenchyl alcohol 1619 - 11 - -
[i-cis-farnesence 1634 - - - 249
0-terpineol 1730 2466 37456 - -
neryl isobutyrate 1767 - 1867 - -
nerol 1806 - - - -
terpinyl-n-valerate 1927 208 40642 - -
veridifloral 2087 3.2 15579 - 7219
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Figure 2-11. Product recovered from the bioconversion by HCDC of
E. coli pUC18 and pEC4 When limonene was fed in amount of 1, 2

and 3vvm.
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Fs B FHAAAT E coli pECA9] AHA 7|0 mpE 1 tfAMHE (7] 1)
S vl BAEAT 2T EE 22 2R e wgAtEt TUd =
ANA E. coli pUCIBS.Z 3FSth 4YU-E<t stFtAC R wigads A& 3t
Ko WREFEEES HolA F=dith wdds £4% A3 94 des
7F ke AAZ " EBd F linalool Al7Fo]l Aol wheEbaA 39 540
mg/LE 7F¢ wol AR wjgAE 2A A Hare] skl vk(Table

2-14,17). 1 ]9l ¥-terpinene, 4-terpoineol, a-terpineol, octanols ¢| &%}
AFE wjok oA HAHASF(E coli pECA)2] ASA7]o] wE limonene

F ®dg x7lA limoneneol FwEHA S A} T A E coli
pUCI8 vl ¥ Ao wm silon, = & T2 d5 JFTeA &2 A
o] limonene< feedingdl™ etherZ FE3t9 IS o=z o ZAi=
Table 2-143 2ot BHEES 317 91ste] wiA] Wl limonene ¥%& 3t
o] control?} Hlusto] AAZRES AT AAFES Hluste] A

AL Table 2-159] YElWlith. 2345 B E coli pEC42] limonene A 3tE 2

99%°l A 89% A =7t trE ERF = AIES oW, control¥ WALl BHWH E
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= EO:]"I‘AAE]'
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Table 2-14. Bioconversion products of E. coli EC4 at 28TC.

Peak area(mVx*s)

Compounds
lday 2day 3day 4day
Limonene 454 832 - 123
v—terpinene - - 80 125
Acetic acid 403 2395 12241 44487
Linalool 85 3048 454 -
Otanol - 19298 2053 72049
a-terpineol 53 80112 461 -
ethyl maltol 177773 214411 3640 21469
Table 2-15. Amount of bioconversion products.
Limonene y-terpinene Linalool
conc. (mg/L) conc.(mg/L) conc.(mg/L)
pUCI8 EC4 EC4 EC4
1 day 10.1 - 18
2 day 1169 2.3 - 54
3 day - 9.5 540
4 day 38 4.7 -
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Table 2-16. Limonene concentration of control(no inoculation) in
broth.

Flow rate(vvm) Limonene concentration(mg/L)
1 1329
2 1710
3 2684

Table 2-17. Limonene concentration of E. coli TG1(pUC18) and
E. coli TG1(pEC4) in culture broth of 1vvm air supply.

Limonene concentraion(mg/L)

Fermentation
days(1vvm) E. coli E. coli Bioconversion
TG1(pUCI18) TG1(pEC4) yield(%)
lday 10.1 99
2day 2.3 89
1169

3day - 99
4day 38 99

3) Bioessential oil2] & HiH

7}. Bioessential oil¢] 3|4 W 3y

E At air FEE Wow voA Hed ol oA He AdE | F
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EtOHZol| A+ ¥-terpinene¥ limonene, n-terpineol®] 7% % 1 tH(Table 2-18).

EtOH%Z 2 linalool® a-terpineols & 4 AR Th linalool2 ®I %Y H Aol A

AMA 7R AEE o™ linaloo#} a-terpineolS 3#4d Z+zZb 1259 260 peak

area(mV=s)= 7}4 = tH(Table 2-19). T #F T 3°llA+ linalool 3&Fe] 3 ®

G HIE 145979 peak area® 7FHF =9kow, EtOHZ A & 4 AAd v
E

o}

~terpinene™= A &% A &%, oactanale] A WA wjdd &

i
32,
32

(Table 2-20). WSl A += v-terpinene, a-terpineol, vallerolatone, nerol,
4-terpineol Fo] AAAE oW wjFAFTol AHIEo] Hol HEHASY
Hj e nt 3d A9Rte 7ZF FollA BAE HEEo 34E Qlste] WA

A Fres B F d& AR AR EtH(Table 2-21).

Table 2-18. Analysis of bioconversed compounds which was captured
in ethanol at -70TC.

Peak area(mVs)

Compounds
lday 2day 3day 4day
Limonene 158 - 2.3 3.3
y—terpinene 7.23 9.77 - -
Linalool - - - -
a-terpineol 50 2.6 3.1 3.6
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Table 2-19.

Analysis of bioconversed compounds in

ethanol layer

at -0TC.
Peak area(mVx*s)
Compounds
lday 2day 3day 4day

Limonene - - - -
y—terpinene - - - -
Linalool 120 60 125 -
a-terpineol 16 - 260 -

Table 2-20. Analysis of bioconversed compounds in
at -0TC.

cold water layer

Peak area(mVs)

Compounds
lday 2day 3day 4day
Limonene - 33 17 -
y—terpinene - - - -
Linalool 87 - - -
a-terpineol 14.6 6.4 406 972
Table 2-21. Analysis of bioconversed compounds in culture
supernatant.
Peak area(mV*s)
Compounds
lday 2day 3day 4day
Limonene 148 102 - -
y—terpinene - 102 - 73
Linalool 870 4508 278 -
4-terpineol - 660 - -
vallero lactone - 1620 - -
a-terpineol - 179 771 -
neryl isobutyrate - 9939 - -
nerol 202 597 - -
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Al kAol = linalool oxide™= & < AUATH el Ivvmeoll A= v g 484 7Fo]
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linalool oxide, linalool, 4-terpineol “12]i a-terpineolel] W3}l FZo] o3t
peakgt o= 7Y HPFHS 2 Aowfy FEFEA S 3T Limonene o

2RE A 29 %42 1 vwme ZALE feedingdtS wi7F 0.25, 0.5

- 141 -



vvm® ZHET o Bo] AAEJoH wkE 84A 7 Ivvmel A= trans
linalool oxide= 72.489 mg/L, linalool 104 mg/L, 4-terpineols 87 mg/L %}
t}. 9k 025 vvme trans linalool oxide:® 15 mg/L, 4-terpineols 48 mg/L
gdom 05 vvmelA+E trans linalool oxidex 35 mg/L, 4-terpineol2 37

mg/LE A=Ak o] A3tz e spghE o] ol lvvme] 2ol ¢ &

Nv

i

° PN
o]l AEEE & T I

contol 0,25 wm

0.5 1w

Figure 2-13. GC chromatograms of bioconversion products from
limonene oil by limonene feeding at 0.25, 0.5 and 1vvm air supply.

1 : limonene, 2 : 1, 8-cineole, 3 : Trans linalool oxide, 4 : Fenchone, 5 : Linalool, 6 : 4,
5-Octanedion, 7 : 4-terpineol, 8 : Internal standard(ethyl maltol)
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19

HS-A ko] Aol whet AL F7helgda, 108 A ZEAYl A= trans linalool
oxide, linalool oxide, linalool, n-terpineol®] &7 o] 714 &5 & F AAh
adal ¥ 4N THA o= trans-p-Mentha-2, 8-dienol¥  trans-p-2,

8-Menthadien-1-ol <] peake] HEFH U™ 10847t = cis—-p-Mentha-2,

_4

8-dien-1-ol°] A=HUY. 281 HEH
Tob A Agsdm GC ZHEZE Fig. 16, 1791 eI 1084 1HA
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oft

TS Fig. 150 o=

trans linaool oxidex 145 mg/L, linalool> 86 mg/L, 4-terpineol> 102 mg/L,
a- terpineolS | ZHo| X9t 6 mg/LE 7}E =& S BT tiExTEE ¥4
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) Z o A+ trnas linalool oxide®} 4-terpineole] AEH oW o] Fr+=
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I %L 6.3 mg/LIYY. Limonene o ZH-8 A3 # 3138525 Fig. 189 E2
33t} 2 4-terpineol¥} trans linalool oxidet™ A A3 ¥Hg 244 7HA| H-E]
A E 7] Al FeSE o™ fenchoned 484 ZFAH-H, a-terpineol, linalool®} 1,
8-terpine WH-g 36AIHAIFE A= ATE 18] 3 linalool oxidew 844 7HA

2} 108A1 Ao A E o™ y-terpinenes Hj o = 84A1 7+ o], ether® 3}

EtOHZ A= g LB8AFH AAES B+ AAgrh =g
trans—p-Mentha-2, 8-dienol WHg 84A17F3} 108A1 Ao A £ 4= qlglom

trans—p-2, 8-Menthadien-1-ol> 84A]tA ol cis-p-Mentha-2, 8-dien—1-ol<

10841 A el B HS & 5 AT

Table 2-22. Analysis of bioconversion products in reactor, 1st

collector, EtOH part and 2nd collector ether part.

A. reactor
Component RT RI Peak area
Limonene 19.803 1019 9,516,187
1, 8-terpine 20.000 1022 912,613
Trans linalool oxide 23.087 1063 2,114,944
Fenchone 24.028 1076 3,629,566
Linalool 25.151 1091 2,281,149
1-decanol 25.501 1096 641,336
trans—p-Mentha-2,8-dienol 26.477 1109 692,902
cis—-p~Mentha—-2,8-dien—-1-ol 27571 1124 500,264
4-terpineol 30.444 1162 3,093,985
a-terpineol 31.479 1176 153,752
Ethyl maltol 32.090 1185 171,364,783
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B. EtOH part

Peak area(%)

Limonene y-terpinene
lday 208320589 38094
3day 303703797

C. ether part

Peak area(%)

Limonene y—terpinene
lday 110,095,186
2day 236,207,449 366,013
3day 201,894,694 81,584
4day 299,696,120 35,545
5day 239,186,545 32,392
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Figure 2-15. Comparison of bioconversed limonene products according
to the reaction time by bar chart.
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Figure 2-17. GC chromatograms of bioconversion products of
limonene. Limonene was fed with 1lvvm air supply in 5] jar reactor
filled with 3L of cell, E. coli EC4 suspension.

1 : Limonene, 2 : 1, 8 —cineole, 3 : Trans linalool oxide, 4 : Fenchone 5 : Linalool oxide 6 :
Linalool 7 : 3-Cyclopentene-1-acetaldehyde, 8 : Trans-p-Mentha-2,8-dienol, 9
Trans-p-2,8-Nentandien-1-ol, 10 : Cis-p-Mentha-2.8-dien-1-ol 11 : 4-terpineol, 12 : =&
~terpineol 13 : Ethyl maltol
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FAARFe F2318gE<l limonene ¥ 1519 terpene 3} EZHE A S
AZL AR S 28] §1ske] wEE ATl wE GC/MS EAAAE H L
B243to] Table 2-23°1 AlstAdth w3 %7] 24X kAo A& trans linalool
oxide, Linalool oxide, 2, 6-octadien—1-ol, n—terpineole] A = AL 3641 7HA
ol = 2, 6-octadien-1-olth Al 4-terpineol®] FAZEE At} HWESA|7lo] X I 2
trans linalool oxide, Linalool oxide, 4-terpineol, a-terpineol®] # < =o}% il
9AIZEA S A e FES HAFAU(Fig. 2-20). I 9=

ciscyclohexanol, Bicyclo[2.2.1]heptan-2-one 12|l [i—terpineol= AEHS =&

i
oL
é |
lo
ol
ol

F Attt doj A peak areagkel A=A Yt WEEEE

o

A S st Fig. 2-219 UERAT AHFEAd 9 Ao e AdE @ g
dES5o] 96AIIH HoiES ®tTh Trans linalool oxide® 128 mg/L,
linalool oxidex 116 mg/L, 4-terpineol 298 mg/L°o] 1 2™ a-terpineols 273

mg/Le] #s HolF3lth

Aozl EZS v WA THFig. 2-22). Limonenes feedingdle] A3k A|A
Aojzl 4 F A3 w5 1084 7H4 trans linalool oxide”’} 145 mg/LE 7}

2 wo]l HEFo] HASW 4-terpineols 108 mg/L, linalool 86 mg/L,
linalool oxide™= 89 mg/L 183l A 79| a-terpineol 6 mg/LATt WA
ARdF2EEH AAsE] Ao EZAS EW limonene feeding?l Al 6 mg/L
2 Aoz a-terpineole FAAFlME 273 mg/LE =4 U9t AolE HY

o™ 1 9 trans linalool oxidei= 128 mg/L, linalool oxidei: 116 mg/L 12
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™ 4-terpineole limonene feedingolA] 2oz ABT 3uiAE ¢ 2L 298
mg/LE =}o]7} yth o] AxE ¥ limonene AHAE A A3 33tES

[e]
P’
ol Qe Amtke f4gRERE AR SFPES fESUS 9 o
=]
=4

o] 29% A E=E AAsFi= HFH 4-terpineol®} a-terpineol®] area(%)E 44
0.01, 0.09% = limonene®| Y3 & EAL JUldoz ol ATo] TH5
AtH(Fig. 2-19). olo 7] AT T A A7 &S Hlusto] 2

Fol= o] AHE E Ao limonene YH U 4-terpineole <F 34j,

a-terpineol> ¢F 25W A= o] ®o] Ao S & = JAH(Fig. 2-21).
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150 200 250 300 350

Component RT RI Peak area Peak area(%)
Limonene 20.713 1031 346,370,073 25.94

Trans linalool oxide 25.712 1098 14,269,206 1.22
4—terpineol 31.187 1172 1,113,460 0.01
a—terpineol 32.220 1186 1,263,951 0.09

Figure 2-19. GC chromatogram and major

1 : Limonene, 2 : Linalool, 3 : 4-terpineol, 4 : n-terpineol
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compounds of citrus oil.




Table 2-23. Major bioconversion products of Citrus oil by E. coli
EC4 after 96-hour reaction.

Component RT RI Peak area
Limonene 20.106 1023 36,778,942
Trans linalool oxide 23.519 1069 16,166,133
Linalool oxide 24.71 1085 15,651,914
Pinocaveol 25.63 1097 169,957,384
Cyclohexanol 28.466 1136 2,056,716
Bicyclo[2.2.1]heptan—2-one 28.947 1139 920,196

[i-Terpineol 28.836 1141 6,504,632
4-terpineol 31.14 1172 82,872,441
n-terpineol 32.186 1186 61,642,234
Ethyl maltol 32.767 1194 156,769,210
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Figure 2-20. GC chromatograms of bioconversion products of Citrus

oil by E. coli EC4 at 1vvm air supply.

1 : Limonene, 2 : Trans linalool oxide, 3 : Linalool oxide, 4 : Pinocaveol, 5 : [sterpineol, 6 :
4-terpineol, 7 : n—terpineol, 8 : Ethyl maltol
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Figure 2-21. Change of bioconversion products of Citrus oil
according to the reaction time.
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Bioconversion products

Figure 2-22. Comparison of major bioconversion products between
limonene and Citrus oil.
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Figure 2-23. Photogram of antimicrobial activity of bioconversed
products from citrus oil and limonene.

A : E. coli, B : Bacillus subtilis, C : Micrococcus luteus, D : Salmonella
typhimurium.

D,@,® is original citrus oil, 10-fold diluent and 100-fold diluent tcitrus oil, repectively. @ is
limonene, ® and ® is reaction extract of citrus oil and limonene @ and is ethanol fraction
of citrus oil and limonene. @ and @ is ether fraction of citrus oil and limonene. @ is ether
as a control.

One 0 of oil was used for antimicrobial activity test.
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of

Table 2-24. Qualitative analysis of antimicrobial activity
bioconversed products from citrus oil and limonene against test
strains.
) Bacillus Monococcus  Salmonella
E. coli . . .
subtilis luteus typhimurium
Citrus oil +++  4mm + 2mm - -
Ether
part
Citrus| EtOH
. + 0.5mm - -
oil part
Broth
++ 15mm +++ 4mm - -
part
Ether
part
Limon| EtOH
ene part
Broth
+++  5mm + 1mm - -
part
Limonene - - - -
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(1) 20029 5¢ sample : GC-MS, GC-O o] &
— GC-MS condition
HP 5890 GC/5972 MSD system
Column : DB-5ms(30m x 0.25mm id x 0.25 pm film thickness)
temp program : 40C(1min) — 5C/min — 2007C (3min)
injector temp : 250°C

detector temp : 280TC

— GC-0 condition

varian 3800 GC equipped with a sniffing port

Column : DB-5ms(30m x 0.25mm id x 0.25 pm film thickness)

temp program : 40C(1min) — 6C/min — 2007C (3min)

injector temp : 230C

detector temp : 250C

split ratio : splitless

GC-0O sniffing test sample : 6h control, 6h ECC3, 6h ECC4, 6h ECC6
48h control, 48h 3ECC3
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2) HYUozE FEHEH MH

o
o

I NEe EF Y Hu

7F) GC, GC-MS, GC-olfactometry 5ol &3 A} njde] Ar|dES &
A, B3R oju] AFEE GC-MSe] x£31& B, HP 5800 GC/5972
MSD system ©]2lil, HP-innowax column< €29, split ration 1:20
o5 353

1) 1000ppmlin  diethyl ether] ethyl maltol W 3% +% 4 (Internal
standard)®  ©]-§3}o] ethanol, limonene, %-terpinene, linalool,
4-terpineol, alpha-terpineol %9 FAjEAe] Fe FUHES
normalizationH o2 A#sluxl stlor, AFS s A& +2

o thgw st

normalized peak

. Peak area of component
area(%)= Peak area of ethyl maltol (internal standard) *100

t}) Silica gel column chromatography 2 ©]&3le] &9 F7|HdES v =
Aol pentane fraction®} =4A<] ether fractione® ®E3 F 2z}
fractiong 0.1ml E=A#AH 3F7)8FES GC-MSE o]&3] =AY
olwj, AF8-3 GC-MS9] =& BwW, HP 5890 GC/5972 MSD system®©]

32, HP-Innowax column©] %l o™, splitless® 43 3} 4

7F. GC, GC-MSol| 9]3t g7 & 4 2 YR F+EZ (Internal standard)
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(D) A=
Control 6h / 12h / 24h / 48h
Ecc3  6h / 12h / 24h / 48h
Eccd 6h / 12h / 24h / 48h
Ecc6 6h / 12h / 24h / 48h

(2) FNEE #= 2 55

a. Sample 100 m¢, & (A=F diethyl ether) 100m¢, Internal standard
[1000ppm nonane in diethyl ether, 1000ppm ethyl maltol in diethyl

ether (w/w)]0.1m¢® o] 1A} stirring

rlo

b. 2HEZW/Z ethers& wEd F, FF(ethers)e] o2 F&
sodium sulfate® #| #

c. Ny gas® F=9% 0.1n7HA 55

(3) GC/MSEA

(7h 0Im = FFAZ FEHE GC/MSE &4
— GC/MS condition
HP 5890 GC/5972 MSD system
Column : HP-Innowax (50mx>0.2mm i.d.x0.4gmfilm thickness)
Temp program : 50T (Imin)— 8C/min— 220 (25min)
Injector temp : 250C
Detector temp : 280T

Split ratio @ 1:20
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(W) FAul el Fast &&nAd Q0 ethanol, limonene, ¥-terpinene,

linanool, 4-terpineol, a-terpineol, thymol®] peak area® normalized

peak area(%)® A4t (internal standard¢]l ethyl maltol®] peak areaZ
100% = gh)

normalized peak area(%)=

Peak area of component
Peak area of ethyl maltol(internal standard) *100

1}, Silica Gel Column chromatography2 ©]-& 3}

F&, 239 AR
4
(1) A&

Control, Ecc 3 12h, Ecc 4 12h, Ecc 6 24h, Ecc 3+4+6 48h

2 FNEE 5 2 55

a. Sample 100m¢ , &} (A=F diethyl ether ) 100m¢ ¥ o] 1A} stirring

d
b. THZY 72 etherd S w3 F, FZ=(ethers)d o9 FE2

sodium sulfate® A A

c. Ny gas® F=9L 01nl7HA 53

(3) Silica Gel Column chromatography & ©]-&3F 7] A £ 9]

=

S
Sh

a. Wako gel Q-23 (Wako Pure Chemical Industries, Osaka, Japan)® =

Column< packing (o], AF-&3+ &m= n-pentane)
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b. 0.1m e F=9L columnol HH3] loading 3, 30¥%5<t conditioning
c. n—pentane 50ml ¢} diethyl ether 50ml S Al-&3}o] 534S hydrocarbon
7} oxygenated compound fraction® 2 Z+7Z} eluting

d. & fractionS N, gas® F& 9SS 0.1m7tA 5=

(4) GC/MSE4]
0.1m= 534S GC/MS=E £4
— GC/MS condition
HP 5890 GC/5972 MSD system
Column : HP-Innowax (50mx0.2mn i.d.x0.4umfilm thickness)
Temp program : 50C (1min)— 8C/min— 220°C (25min)
Injector temp : 250C
Detector temp : 280C

Splitless

. linalool oxide, terpinen—4-ol, thymol(Fluka Fine Chemicals, Switzerland)
limonene oxide, geraniol, nerol (Aldrich Chemical Co., USA)

linalool, a-terpineol (Wako Pure Chemical Industries, Osaka, Japan)

1}, Authentic flavor standards
99l 87FA compounds

cis—& trans-dihydrocarvone, cis-& trans—carveol, citral (Aldrich
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Chemical, Milwaukee, WI, USA).

o} FZ 4

ethanol, propylene glycol, glycerol (Aldrich Chemical Co., USA)

a. 7t7tel gl 87}A] chemicals 1250ppm(w/w)°] ==&

o

=3
b. 1g® wvialell ©o} 25C, 45C incubatorol A A &3stA A wjEuich &
vial& 7AW o] pentane:water=7:2Z 3] 4] (125ppm, w/w)st &4 A1ul.

c. 7} samplevttt 3914 GCeoF GC/MSZE HH&E 24 gk,

GC & GC/MS conditions

GC (HP 5890 Series II)

GC-MS (HP 5890 GC-HP 5972A MSD)

DB-5 column (30 m x 0.25 mm id. x 0.25um film thickness)

Oven temp. 50C (1min)—8C/min—120C—3C/min—170 C—20 T /min—220
(3min)

Injector temp. 250C

Detector temp. 280°C

splitless mode

Carrier gas (He, 0.8 ml/m)
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o 54
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LN

jud

FE3
Ak &3
At

s

32, GC-MSZHE AH 9 total ion chromatograms &

1, Wiley library®] A& = E34e] 2z eof vju

K

A9l Retention indices(RIs)et &% 2] n-alkane(C7-C22)o| <3+ RI9+

=<

’

1ol shelal

{0

o

o] A& %7] peak aread] Wdt A& I peak areal %= o}

3. AAE g7 AR £

- HAES o]&ste] A ¥ FV] ABS B Ay, T8 dReEE
limonene, terpinen-4-ol, n-terpineol 52| terpene A% 3gE U 1E59
Absl FEAZE Fo ARoE AN ey, dF FEPAAEE

EAo] o] Fo|x X ¢ketrt Ela, A A O Z citrus, fruity, yuzu-like 2

E4E AR g JREC F8 oFoh, 9% YU gy

adl)

Ae AR WA, dEed WA, @t WAl 5o o3

(off-flavor) HEE5E WAL} webd, Wz 2 7zke] e AAH
g7 el Aolt oled e ¥y RS A4 % A ol

o8l AR Ao oA
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Table 3-1. Volatile compounds in 6hr cultures.

a b volatile . peak area(%)¢
RT" RI compounds  °040T description prra T EECs ECCh
727-729 citrus,grass * * *
747 fresh
782 SOy sauce *
4.33 813 unknown 1.24
457 823 unknown woody 19.78(x)
4.66 827 unknown grass,fresh 3.79(%)  37.76(x)
4.71 830 unknown 38.59
918-925 25 FFAA worx! o
939 solvent
8.63 982 unknown chemical,pungent 0.6(x)
8.86 990 1-decene 2.77 2.81 2.29
8.94 993 5-decene 0.65
9.26 1004 unknown citrus 1.41(%)  2.65(x*)
9.65 1018 unknown 0.96 2.05
9.82 1024 p-cymene 1.82
991 1027 limonene fruity-sour 2.05(%) 2.86(x)  1.87(%)
10 1030 unknown 1.42
10.8 1057 ¥-terpinene
12 1098 linalool fruity-sweet 434  327(xx)  5.88(*)
14.2 1175 terpinen—4-ol 0.63 0.87
14.6 1188 a-terpineol 1.09
14.7 1191 1-dodecene 794 7.84 6.75
1194 Skebd Al woody &
149 1199 dodecane 1.03 1.05 0.9
16.4 1254 unknown
174 1289 thymol chemical,woody
20.1 1392 1-tetradecene 11.79 12.28 10.03
20.3 1400 tetradecene 1.52 1.62 1.32
1534 gkof, 3 3 g+ * o
24.9 1593 1-hexadecene (RS SRR 11.69 13.39(#x*) 11.31(k*x)
25.1 1600 hexadecane 1.95 2.03 1.52
29.2 >1700 1-octadecene 4.46 6.95 8.99
294 >1700 octadecane 1.28
30.3 >1700 eicosane 0.67 0.93
314 >1700 unknown
33.2 >1700 unknown 1.1 4.08
35.6 >1700 tetracosane 2.24

? Retention timea

P Retention indices were determineed using n-paraffins C7-C22

¢ Peak area in total ion chromatogram of MS

def

) )

¢ odorants detected by GC/O

relative intensity : *(weak), **(medium), ***(strong)
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Table 3-2. Volatile compounds in 12hr cultures.

peak area(%)°

RT? RI® volatile compounds
ECC3 ECC4 ECC6
3.85 <800 unknown 1.25
4.02 <800 unknown 0.93
4.36 814 unknown 6.99
4.44 818 unknown 21.62 2397 23.88
451 821 unknown
5.15 849 trans-2-hexenal
6.09 890 unknown 1.07
8.54 979 phenol 1.68 152
8.85 990 1-decene 2.01 1.45
9.57 1015 a-terpinene 1.24 1.6
9.76 1022 p-cymene 0.93
9.9 1026 limonene 1038 11.59 11.32
10.5 1047 unknown 0.99
10.79 1057 ¥-terpinene 2.75 2.52 2.39
11.66 1087 a-terpinolene 1.33 2.04 1.31
12 1098 linalool 30.63  30.76 41.64
12.1 1102 unknown 1.13
14.2 1175 terpinen—4-ol 2.93 3.08 4.38
14.59 1188 a-terpineol 3.16 4.88 6.75
14.64 1190 1-dodecene 2.7
17.41 1291 thymol 1.09 0.94
18.02 1314 unknown
20.03 1391 unknown 1.39
24.87 1591 unknown 0.97
29.21 >1700 1-octadecene
29.87 >1700 unknown 1.68
33.17 >1700 unknown 2.14 0.98

“ Retention timea

b Retention indices were determineed using n-paraffins C7-C22 as external references
¢ Peak area in total ion chromatogram of MS
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Table 3-3. Volatile compounds in 24hr cultures.

RT® R’ volatile peak area(%)°
compounds ECC3 ECC4 ECC6
3.87 <800 unknown 0.44
4.04 800 1-octene 0.36
4.14 805 hexanal
4.37 815 unknown 0.51 0.96
451 821 unknown 24.33 0.46
454 822 unknown 1
4.7 829 unknown
4.76 832 unknown 33.39
5.23 852 trans—2-hexenal
7.2 931 unknown 0.35 0.51
7.46 940 unknown 241
7.79 952 unknown 1.18
8.27 969 unknown 0.44
8.55 979 phenol 1.23
8.61 981 (z)-4-decene 1.06 0.55
8.85 990 myrcene 2.72 2.19 4.21
8.94 993 4-decene 0.49 0.76
9.11 999 decane 04 0.68
9.19 1002 unknown 1.24 1.18
9.27 1005 unknown 1.73
9.55 1014 a-terpinene 1.03
9.65 1018 unknown 1.32
9.76 1022 p-cymene 0.73
9.81 1023 unknown 0.81
9.91 1027 limonene 4.93 3.74 6.57
10 1030 unknown 1.09
10.11 1034 unknown 0.85
10.19 1036 unknown 1.52
10.48 1046 trans—fi—ocimene 0.83
10.79 1057 ¥-terpinene 1.08 0.71 1.49
11.64 1086 terpinolene 0.64 1.04
12 1098 linalool 10.91 9.84 9.39
13.28 1143 unknown 0.49 0.34
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RT® RI® volatile peak area(%)°
compounds ECC3 ECC4 ECC6

14.2 1175 terpinen-4-ol 1.31 1.06 1.54
14.58 1188 z-terpineol 1.14 2.15
14.66 1191 1-dodecene 9.39 6.16 8.95
14.89 1199 dodecane 1.09 0.79 1.13
15.39 1217 unknown 0.69

16.2 1247 unknown 04
16.92 1273 unknown 1.59
17.39 1290 thymol 0.66
19.03 1353 unknown 9.85

19.45 1369 unknown 0.49
20.05 1392 1-tetradecene 1112 7.26 10.69
20.24 1399 tetradecane 1.46 0.93 1.44
22.31 1483 unknown 2.43
24.87 1592 1-hexadecene 7.65 718 9.6
25.04 1599 hexadecane 0.87 0.98 111
25.85 1634 unknown 0.68
28.67 >1700 unknown 0.82
29.22 >1700 1-octadecene 1.54 421 6.04
29.37 >1700 octadecane 0.6
29.9 >1700 1-nonadecene 5.78
30.27 >1700 unknown 0.35
30.72 >1700 unknown 0.49
32.59 >1700 unknown 0.53
33.17 >1700 unknown 3.73 3.18
35.19 >1700 unknown 0.47

? Retention time

b Retention indices were determineed using n-paraffins C7-C22 as external references
¢ Peak area in total ion chromatogram of MS
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Table 3-4. Volatile compounds in 48hr cultures.

peak area(%)°

RT? R volatile odor description
compounds ECC3 ECC4 ECC6
4 <800 hexanal grass,fresh
<800 citrus,sour %
4.39 816 unknown 9.41 14.08 7.03
4.55 823 unknown 1.98
830 fresh *
953 grass,woody *
8.58 980 phenol 1.82
8.83 989 [f-myrcene 2.99
9.89 1026 limonene fruity,sour 17'?5<* 10.13 12.52
10.78 1057 ¥-terpinene 3.66 2.15 2.46
12.02 1099 linalool fruity,sweet 55'7)2(* 58.58 54.23
14.2 1175 terpinen—4-ol 4.78 5.56 5
14.57 1188 u-terpineol 6.51 7.62 7.23
1194 gkl A woody *
1210 citrus,sweet
1245 grass *
17.32 1288 1H-indole 2.08 1.89 1.74
1324-1333 chemical,woody *
32.1 >1700 1-octadecene 3
33.5 >1700 1-octadecanol

? Retention timea

P Retention indices were determineed using n-paraffins C7-C22

¢ Peak area in total ion chromatogram of MS
4 %t odorants detected by GC/O
relative intensity : *(weak)
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4. GC, GC-MS <3 ZFriZd4Ee 4 9 UiEx
(Internal standard)S o] &3 AF A F

7w AEe] ofg fAe] AR ¥ ] S A A, 8 ] A4
o2+ ethanol ¥ limonene, ¥-terpinene 52| terpene A% 33HE
linalool, 4-terpineol, a-terpineol &< AFstH terpene F=#7F 2 AE S
2 ALY 549 FFEES A Z R citrus, fruity, yuzu-like 2
sweetd & EAS 7HA 2 Y= AEEZA, internal standard [1000ppm ethyl
maltol in diethyl ether(w/w)]E °l-&3dto] AFEA e A, vz 2 Y
Z1Zbe] wet g @ AR s A4 R A"A Zolrt At MAE
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1. Figure 1S XMW, ethanol®] 7% Ecc4d 24h, Eccd 48h7} & A& Eof H]
3] ethanol®] & &Fo] AUlHoz WSS B F o, Eccddls L3 <t
A B 24hd W ethanol®] ko] 7 #31, Agbe] B EFE 1§

Fol FolEt AT B & AT e w59 49 ethanole] Tl 9l
=

——ieA
—w—prcd

. i £ A

t}. Figure 25 XW, limonene® FA <0 &2 control, Eccd, Eccboll A=
B, vk
W, Ecc69] Z-5-oll= wlFAIzte] AoJA WA limonene®] ko] =LA F7he}

E FAg B

Sk

wj FAl ko] Ao el meh 1 grefo]l dA Mo Hast 3
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o
tlo

- 177 —

i ol



Flnire 3. Germimes- beipendrns

2}, Figure 39| w-terpinene< Ecc39] 49, #lAE wjFA|zte] dojo et
v-terpinene®] Gl FFe AAF R FrieteE FAE EAon,
control, Ecc4, Ecc62 vl A 7te] AoAAd 45 st 4SS BAY. Figure
29] limonene®] Al&ol W& FehAQl FF WstE vE

& v Figure 39| v—terpinene ZZj Z ¢} 28 T o] FALSE A w

=
i
I
&
It
S
=
El
2
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v}l Figure 49| linaloold X, control, Ecc3, Ecc4, Ecc62 =5 8] %At 6h
of wvlal] 48h¥ ™ linalool®] “FthA <l dh&Fo] F7het o}, Eccd7b vl Al zH

o] dojxel uwte} linalool e F7H+A7F &3] B AT)

Fiekelr gl v i

Fagure . Adphas b pirse ol

vl Figure 5, 62 4-terpineol® a-terpineol®] 74-%-ol&= F 7Fx2] AthA<l

o W37l FAREE 2E 2kS afong ARE9 Wiz 9 Az
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w2} 4-terpineol®} a-terpineol I W37} HUd AgFow YIS o

AT

Fgnam 7. Tenwennl

P ot peail

AL, Figure 79] thymolS R, Eccd:s WA 7+o] 48hY W, thymol®] 3ol
A F7ete AES Both

o 1A% AFolA FAHA K3 oxidized terpenelE FFEELS bl
A fruity, yuzu-like, fragrant, citruset & 5A4& T+ T8 sIFEZA 4

AR, ekl o sFEEe AT FAS AdAM 23 dE=l= silica

N AEES 259 A (polarity)ol] whet £ &
U, A5 stgEEe] E9o] 2H9 ot S wel $HsHA o] FolA
A 23t} Silica gel column chromatographyS %3 Ao w2 terpene Al
sp=Ee] wdE ¥ aedew 78 §iel F5, &l elution &
se A5 Fart drh

of

i
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2}, t}&9] Table 1 ~Table 4= Z2be] w 9%k% A (Control, Ecc3, Ecc4, Eccbh)
o Al vl Azl mE I et E ] Aol S HolFEth Table 1 ~

Table 4914 AAE 307FK1¢] 3JTAd 3}3HE o, ethanol, limonene, ¥

[e)

R

—terpinene, linalool, 4-terpineol, a—terpineol, thymol®] 77}# 3|9A 3135

€] Figure 1~75 &3 =l ko] Wty = &S 2=z BA
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Table 3-5. Volatile compounds in Control cultures.

Normalized Peak area (%)” by GC-MS

a) .
RI volatile compounds oh oh 5Ah 18h
<700 3-Methylpentane 670.65 427.62 829.40 11.41
<700 2-Ethyl-1,1-dimethyl-hydrazine  606.53 1675.29 1998.88 821.96
709 2,3-Dimethyl-1-butene 222.94 611.46 21.55 1.44
728 Cyclohexane 59.67 124.57 173.33 73.83
927 Ethanol 56.75 89.65 194.69 49.76
996 Decane 21.27 35.13 67.20 10.87
1105 Hexanal 0.38 0.29 17.79 3.83
1127 2-Methyl-2-butenal 6.24 12.48 7.27 0.14
1197 Dodecane 37.77 54.18 108.28 14.85
1233 Limonene 20.05 184.42 170.38 171.39
1255 2-Hexenal 0.47 2.14 e 0.05
1280 w-Terpinene 3.60 38.95 33.22 32.53
1321 w-Terpinene 1.36 341 5.15 1.75
1358 Hexanol 2.09 4.03 4.36 2.68
1398 Tetradecane 24.93 39.48 123.52 16.78
1447 Cyclotetradecane 517 7.46 715 497
1451 1-tetradecene 10.11 15.05 22.16 _
1476 cis-Linalool oxide 2.02 3.58 32.53 4.04
1495 2-Ethyl-1-hexanol 6.58 8.08 6.07 _
1552 Linalool 213.65 647.98 823.55 674.72
1599 1-Terpineol 6.75 13.37 194.38 13.89
1650 4-Terpineol 25.24 65.74 96.23 98.73
1665 | Methyl-4-(Imethylethenyl= 7 1173 4805 1147
cyclohexanol
1736 u-Terpineol 31.46 81.44 107.71 72.42
1821 Nerol 3.23 2.84 2.95 0.24
1858 Hexanoic acid 14.47 30.84 17.52 27.64
1861 trans-Geraniol 0.18 0.09 0.49 0.19
2144 Globulol 3.87 7.49 9.22 5.65
2155 Viridiflorol 3.88 10.73 11.16 2.93
>2200 Thymol 16.78 43.44 21.81 20.13
¥ Retention indices were determineed using n-paraffins C7-C22 as external references
2 Normalized peak area (%)=

Peak area of component

Peak area of ethyl wmaltol(internal standard) <190
© not detected

- 1382 —



Table 3-6. Volatile compounds in ECC3 cultures.

Normalized Peak area (%)” by GC-MS

a) ot
RI volatile compounds oh °h 5Ah 18h
<700 3-Methylpentane 178.76 21.92 182.43 29.47
<700 2-Ethyl-1,1-dimethyl-hydrazine  1673.77 743.41 941.92 849.77
709 2,3-Dimethyl-1-butene 153.31 9 403.36 _
728 Cyclohexane 173.13 131.44 72.54 157.63
927 Ethanol 44.70 133.88 35.98 126.46
996 Decane 28.07 12.27 23.79 14.63
1105 Hexanal 9.40 10.37 16.80 22.55
1127 2-Methyl-2-butenal 10.60 0.23 6.89 0.14
1197 Dodecane 43.82 22.56 38.47 25.33
1233 Limonene 145.51 78.92 156.24 69.04
1255 2-Hexenal 6.08 6.98 11.86 17.59
1280 w-Terpinene 28.80 16.17 34.80 15.72
1321 a-Terpinene 3.05 0.69 3.44 2.22
1358 Hexanol 3.59 4.79 7.08 10.98
1398 Tetradecane 31.01 24.45 32.02 29.83
1447 Cyclotetradecane 4.70 6.05 5.92 5.93
1451 1-tetradecene 12.54 _ 10.25 _
1476 cis-Linalool oxide 1.88 3.70 447 5.27
1495 2-Ethyl-1-hexanol 6.71 1.39 5.43 _
1552 Linalool 350.16 477.24 112345  1214.57
1599 1-Terpineol 9.23 10.98 23.25 17.62
1650 4-Terpineol 37.93 46.16 127.01 114.33
1665 | Methvl-d-(methylethenyD= 50/ 709 9197 2120
cyclohexanol
1736 a-Terpineol 46.51 60.96 17551 154.63
1821 Nerol 1.16 2.67 7.10 _
1858 Hexanoic acid 0.81 0.90 1.23 1.54
1861 trans-Geraniol 14.21 11.74 28.23 2491
2144 Globulol 3.03 5.03 12.94 8.38
2155 Viridiflorol 3.00 4.86 13.06 9.49
>2200 Thymol 133.45 18.96 50.28 36.59

¥ Retention indices were determineed using n-paraffins C7-C22 as external references

b)

Normalized

peak

Peak area of component

area

Peak area of ethyl wmaltol(internal standard) 190
9 not detected
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Table 3-7. Volatile compounds in ECC4 cultures.

Normalized Peak area (%)” by GC-MS

a) :
RI volatile compounds oh °h 5ih 13h
<700 3-Methylpentane 4.03 _© _ _
<700 2-Ethyl-1,1-dimethyl-hydrazine 105.58 15.68 3.70 0.62
709 2,3-Dimethyl-1-butene _ 0.86 0.67 0.70
728 Cyclohexane 6.64 _ _ _
927 Ethanol 187.71 210.91 267.61 399.36
996 Decane _ 0.31 1.08 0.79
1105 Hexanal 8.09 0.19 1.16 3.02
1127 2-Methyl-2-butenal 3.02 0.16 0.77 0.27
1197 Dodecane 9.25 0.20 _ _
1233 Limonene 127.15 5.41 30.55 11.76
1255 2-Hexenal 0.55 _ 0.62 1.23
1280 %-Terpinene 24.35 0.36 1.26 3.44
1321 a-Terpinene 2.65 0.40 0.36 0.67
1358 Hexanol 2.44 1.14 0.20 1.05
1398 Tetradecane 9.12 1.34 _ _
1447 Cyclotetradecane 14.72 0.44 9.66 244.49
1451 1-Tetradecene 2.14 0.14 0.53 1.01
1476 cis-Linalool oxide 1.78 0.15 0.95 1.84
1495 2-Ethyl-1-hexanol 0.41 0.17 0.84 0.63
1552 Linalool 231.68 84.88 260.66 592.31
1599 1-Terpineol 23.67 0.07 5.70 1.78
1650 4-Terpineol 45.83 10.73 71.52 81.96
1665 1-Methyl-4-(1methylethenyl) 371 160 11.06 14.09
—cyclohexanol
1736 wo-Terpineol 39.23 12.87 53.19 131.23
1821 Nerol 0.67 _ _ 1.54
1858 Hexanoic acid 42.36 23.17 27.48 96.64
1861 trans—Geraniol 1.15 0.10 1.34 0.35
2144 Globulol 0.92 0.93 1.29 15.01
2155 Viridiflorol 1.43 0.95 0.90 0.69
>2200 Thymol 0.47 0.13 0.40 63.12

a)

Peak

Retention indices were determineed using n-paraffins C7-C22

area of component

as external references

b)

Normalized peak area (%0)= Pegk area of ethyl wmaltol(internal standard)

=11

 not detected
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Table 3-8. Volatile compounds in ECC6 cultures.

Normalized Peak area (%)” by GC-MS

RI¥ volatile compounds

6h 12h 24h 48h

<700 3-Methylpentane 17.81 Y _ _
<700 2 By L1dimethyl 137067 9259 12756 122

~hydrazine

709 2,3-Dimethyl-1-butene _ _ _ _
728 Cyclohexane _ 0.40 0.33 0.36
927 Ethanol 32.36 51.34 78.47 141.91

996 Decane 16.05 _ _ _
1105 Hexanal 0.09 0.18 0.58 0.39
1127 2-Methyl-2-butenal 0.17 0.56 0.64 0.44

1197 Dodecane 24.24 _ _ _
1233 Limonene 90.11 4.79 19.25 0.29
1255 2-Hexenal 0.11 0.25 0.75 0.26
1280 w-Terpinene 19.77 0.28 0.42 1.04
1321 w-Terpinene 0.98 1.32 0.34 0.73
1358 Hexanol 3.57 0.98 0.26 0.40

1398 Tetradecane 24.88 _ _ _
1447 Cyclotetradecane 8.84 116.97 91.05 372
1451 1-Tetradecene 0.09 0.66 0.26 0.42
1476 cis-Linalool oxide 3.29 1.74 0.44 0.33
1495 2-Ethyl-1-hexanol 0.27 0.66 0.84 0.43
1552 Linalool 522.70 163.37 91.89 274.59
1599 1-Terpineol 12.58 0.77 1.58 0.53
1650 4-Terpineol 59.27 24.84 25.34 26.59
1665 1-Methyl-4-(1methylethenyl)-cy 958 513 103 710

clohexanol

1736 u-Terpineol 70.03 38.61 14.06 41.54
1821 Nerol _ 1.04 0.38 1.10
1858 Hexanoic acid 48.10 43.99 29.88 20.29
1861 trans—Geraniol 0.09 0.19 0.32 0.23
2144 Globulol 9.72 0.64 1.14 0.28
2155 Viridiflorol 13.16 0.44 1.23 0.11
>2200 Thymol 26.95 0.61 1.60 2.37

¥ Retention indices were determineed using n-paraffins C7-C22 as

P Normalized peak

Peak area of component

area

Peak area of ethyl wmaltol(internal standard) 190

? not detected
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5. Silica Gel Column chromatography & o] &3l F=,

T34 F714E9 T4

- 22 d % Silica gel Column ChromatogphyZ ©]-&3) fAke] F4 373}
F=5 40 wet £kl
Table 3-9914 & 4 <l%o], H =49 pentane fraction(100%)] A=
n-Tetradecane, n-Hexadecane, n-Octadecane %] hydrocarboni$ [
-Pinene, [-Myrcene, Limonene, Sabinene, %-Terpinene, p—Cymene % 2
terpeneT IFEEC] FAHAHULE FA2  ether fraction(100%) A=
Table 3-109] ¢ A= R} 2ol Linalool, a-Terpineol, [-Terpineol,
Linalool oxide, Epoxylinalool, Murolol, Carveol, Spathulenol, Thymol, n
-Cardinol, T-Murolol 59} oxidized terpene 7 3}3&0] =A% A},

Table 3-112 Ecc 6 24h®} Ecc 3+4+6 48h A& W3l pentane : ether =

—

D12 e 2 elutingdl A 22 fraction® ZA, ©] F AR YA
ol 1 AL ayste] ¥ ®we XS Fr|dEEe] FAHJNS Aoldt
I F =2 Control, Ecc 3 12h, Ecc 4 12h¢t= ¥ n-pentane™
ether?] 7t A4S AYi= fractions & W o S 1 A
100% pentane fraction® 100% ether fractionolA Z+Zt A E 3T E 0]
pentane + ether fractiono A Aol FAo] H7 = AR T EA A A
2 Ecc 3+4+6 48h<] pentane + ether fraction®l]A+= E-Citral, Geranial®]
dito]l 4ol HAUATH

- Column Chromatography& ©°]-&3to] fr2ke] @73 gtes £33 23 1
Az fFAe FUIEE T FAHol HA &Ad, Linalool oxide,

Epoxylinalool, Carveol, E-Citral, Geranial, a-Cardinol, 7-Murolol %< A
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[ Kex

TF7FA] isomere] EAE g3

=0l Akl Pl o= HEe
Fad o8 B}

T AR o Linalool oxide®} Carveol 2] A% cis, trans?]

& 2= 9l9it}. 1gldle] o] 3t isomer

Table 3-9. Major volatile compounds in pentane fraction(1009%) of

each culture.

Culture
R.T.Y Major volatile compounds Ecc 3 Ecc4 Ecc 6 Ecc 3+4+6
Control

12h 12h 24h 48h
12.47 1-fi-Pinene DT” ¢ _ _ _
12.91 [i-Myrcene DT DT _ _ _
13.17 n-Dodecane _ _ DT _ DT
13.71 Limonene DT DT DT DT DT
13.92 Sabinene DT _ _ _ _
13.94 [i-Phelladrene _ _ DT _ _
14.31 v—"Terpinene DT DT DT DT _
1456 bis[1-methylethyl] disulfide _ _ _ DT _
14.70 p—-Cymene DT DT _ DT _
15.74 n-Tetradecane DT DT DT DT DT
16.89 n-Pentadecane _ _ _ DT DT
18.72 1-Hexadecene _ _ _ DT _
18.01 n-Hexadecane _ _ _ DT DT
19.14 n-Heptadecane _ _ _ _ DT
20.31 n-Octadecane DT _

¥ Retention Time on GC chromatogram
Y Detected
9 Not Detected
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Table 3-10. Major volatile compounds in ether fraction(100%) of each

culture.
Culture
R.T.” Major volatile compounds Ecc3+4+6
Control Ecc3 12h Ecc4 12h Ecc6 24h 48h
591 2-Ethyl-Hexanal _ _ _ DT _
11.88 3-Pentanol _ DT _ _
12.81 3-Penten-2-ol _ DT _ _ _
12.89 Myrcene _ _ DT _ DT
13.16 Dodecane _ _ DT _ _
13.25 i-terpinene DT _© DT _ DT
13.49 u-Fenchen _ DT _ _ _
13.53 Limonene DT DT DT _ DT
13.74 i—Pinene DT _ _ _ _
13.78 [i-Phelladrene DT DT DT DT _
13.92 Sabinene _ _ _ _ DT
13.99 trans—[i-Ocimene DT DT DT _ DT
14.03 ii-3-Carene DT _ _ _ _
14.04 trans—fi-ocimene DT DT DT _ _
14.16 w—"Terpinene DT _ _ _ DT
1452 bis[1 r.neth’ylethyl] ) ) DT ) bT
disulfide

14.66 p-Cymene _ _ DT _ _
14.75 -"Terpinolene DT _ _ _ DT
15.75 n-"Tetradecane _ _ DT _ DT

¥ Retention Time on GC chromatogram

Y Detected

¢ Not Detected
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Table 3-11. Major volatile compounds in

fraction(50:50) of each culture.

pentane + ether

R.T.” Major volatile compounds Fee 6 24h Cultur;cc 37476 43n
5.70 Butanal _ DT
571 2-ethyl-Hexanal _ DT
12.95 Myrcene DT DT
13.73 Limonene DT DT
13.92 ti—4-Carene _ DT
13.93 v-Terpinene DT _
13.97 1,8-Cineole _ DT
14.16 trans—#-Ocimene _ DT
1455 bis[1-methylethyl]-disulfide DT DT
14.87 a-"Terpinolene _ DT
15.76 n-Tetradecane _ DT
17.18 trans—Limonene oxide _ DT
17.48 Linalool DT DT
18.00 n-Hexadecane _ DT
18.25 Camphor DT _
18.66 Terpinen—-4-ol DT DT
18.77 Pinocarvone DT _
Bicyclol3,1,1]Thept-2-ene—-2-carboxalde
19.49 DT _
hyde
19.58 E-Citral _ DT
19.58 Geranial _ DT
19.78 1,8-Menthadien-4-ol _ DT
20.31 n—-Octadecane DT DT
20.70 Carvone _ DT
2,6-di(t-butyl)-4-hydroxy-4-methyl-
25.21 2,5 _ DT
—-cyclohexadiene

27.17 Spathulenol DT DT
27.38 Thymol _ DT

¥ Retention Time on GC chromatogram

» Detected

? Not Detected

- A9 ZE citrus fruite] &2 EE terpene AlE IFEC| o8] 1 g

Jm

aldehyde, ketone, acid, ester® TA%

Aol EA YRt} 53|, oxygenated terpenefr

2hatke

stEEe FARlA

hydrocarbon®| 1} terpeneZ 3}ghzol wls) Fhd o 2L e AA s,
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6. BAE F7 YE A

1

1

relative peak area %

trans -Linalool oxide

50

00

50

initial 1 2 3 5 6 8 10 12 16

storage period (week)

—e— EtOH,25
—m— EtOH 45
—a— Propylene,25
—m— Propylene 45
—%— Glycerol,25
—e— Glycerol 45

Figure 3-8. Changes of trans-linalool oxide during storage.

200

150

100

50

relative peak area %

cis -Linalool oxide

—e— EtOH,25
—m— EtOH,45
—a— Propylene,25
—m— Propylene 45
—%— Glycerol,25
—e— Glycerol 45

initial 1 2 3 5 6 8 10 12 16

storage period (w eek)

Figure 3-9. Changes of cis-linalool oxide during storage.

1) Fig.

3-87} 3-9o 4] H 0], linalool oxider w9 ©&Fe 7pAH, FE ALY

oA wj$- Fagk JEolg, B AFA cis- and trans-linalool furanoxidet
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165 ethanol, pr-pylene glycol®] BE 2% ZHo|A ulzZ A3 Al dol| H]

af 20% ol F7Fakl o™, glycerololl A= 35% ol A% H

140
120
100
80
60
40
20

relative peak area %

Linalool

—e— EtOH,25
—m— EtOH 45

—a— Propylene,25
—m— Propylene 45
—x— Glycerol,25
—e— Glycerol 45

initial 1 2 3 5 6 8 10 12 16
storage period (week)

Figure 3-10. Changes of linalool during storage.

2) Fig. 3-10°]4 X.59], linalool & monoterpene alcohol®] ™, floral aromas

A, EVHE, £5 9 99l g3, AE oil, @9 oil, AT 57 e 4F

spolth. 7] AT Azte] ¢aHA linalool

rot

T8

A A AE = F<tell a-terpineol¥ 1,8-terpine, geraniol, and nerolS ¥ A %

kl

717

By

5

.
Lo

<.

glycolol Al H8lo] ©] <tA4a}t}.
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cis-Limonene oxide

—e— EtOH,25
—m— EtOH 45
—a— Propylene,25
—m— Propylene 45
—x— Glycerol,25
—e— Glycerol 45

initial 1 2 3 5 6 8 10 12 16

storage period (w eek)

Figure

3-11. Changes of cis-limonene oxide during storage.

10

relative peak area %
(6]

cis -Dihydrocarvone

e LN,

initial 1 2 3 5 6 8 10 12 16

—e— EtOH,25
—m— EtOH 45
—a— Propylene,25
—m— Propylene 45
—x— Glycerol,25
—e— Glycerol,45

storage period (w eek)

Figure

3-12. Changes of cis-dihydrocarvone during storage.
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trans -Limonene oxide

o 140
w 120 | —e—EtOH,25
o
c 100} —w— EtOH 45
g ol P 25
2 60 —a— Propylene,
2 40 | —m— Propylene 45
% 20 —x— Glycerol,25
= 0 o o o o »: o

initial 1 2 3 5 6 8 10 12 16 |—®—GClycerol45

storage period (w eek)

Figure 3-13. Changes of trans-limonene oxide during storage.

trans -Dihydrocarvone

60 —e— EtOH,25
8 —m EtOH 45
S 40
s —a— Propylene,25
; 20 —m— Propylene 45
E —x— Glycerol,25
o 0 | | . g g g
L —e— Glycerol 45
mitial 1 2 3 5 6 8 10 12 16

storage period (week)

Fig 3-14. Changes of trans-dihydrocarvone during storage.
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trans -Carveol
X 60 —e—EtOH,25
o —m— EtOH 45
% 40 - —a— Propylene,25
g 20 | —m— Propylene 45
.2 —x— Glycerol,25
g 0 . l » l l - l l - l | - | | | m— Glycer0|,45
initial 1 2 3 5 6 8 10 12 16
storage period(week)
Figure 3-15. Changes of trans-carveol during storage.
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Geraniol
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Figure 3-16. Changes of geraniol during storage.
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Figure 3-17. Changes of thymol during storage.
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Nerol and Neral

> N 1 % 6 6 v Q O ©

storage period (week)

= 140

§ 120 |

o 100 |

§ 80

o

o 40 | N » =
= 20 |

5 o0 La . — e |

—e— EtOH,25 (nerol)

—m— BOH,45

—a&— Propylene,25

—m— Propylene,45

—%— Glycerol,25

—e— Glycerol,45

—e— EtOH,25 (neral)

—=— EtOH,45

—— Propylene,25
Propylene,45
Glycerol,25
Glycerol,45

Figure 3-18. Changes of nerol and neral during storage.
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Figure 3-19. Changes of terpinen-4-ol during storage.
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Figure 3-20. Changes of a-Terpineol during storage.
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Table 3-12~3-172 A= 9 &rjo we A7 ws A

T

Table 3-12. Compositional changes in citrus flavor

ethanol solvent stored at 25C for 16 weeks.

compounds in

, P.A(%)
No. RI'*  Possible compounds D°
initial 1 2 3 5 6 8 10 12 16

1 1073 trans-linalool oxide 100 89.38 104.42 104.42 100.00 9823 91.15 12832 9735 123.89 RI, MS, Co-injection
2 1087  cis-linalool oxide 100 9060 100.90 102.83 105.70 106.60 95.28 164.15 103.77 126.42 RI, MS, Co-injection
3 1097 linalool 100 89.10 9744 100.00 9744 9519 89.10 9519 91.99 12532 RI, MS, Co-injection
4 1137 cis-limonene oxide 100 8330 &80.85 5532 10745 5319 70.21 4043 4468 51.06 RI, MS, Co-injection
5 1142 trans-limonene oxide 100 122.07 7931 7034 9034 71.72 7517 6414 6276 79.31 RI, MS, Co-injection
6 1177 terpinen—4-ol 100 83.04 99.69 101.53 9540 9387 8834 9755 92.33 12730 RI, MS, Co-injection
7 1189 alpha-terpineol 100 8733 100 101.33 9233 91.33 89.33 91.33 90.33 117.67 RI, MS, Co-injection
8 1193 cis-dihydrocarvone -4 - - 13.83 - - - 532 957 1383 RI, MS, Co-injection
9 1201 trans—dihydrocarvone - - - 897 - 1241 759 1586 1310 21.38 RI, MS, Co-injection
10 1217 trans—carveol - - - 1793 552 1793 828 1586 1793 21.38 RI, MS, Co-injection
11 1230 nerol 100 91.73 9440 9892 10324 91.01 8597 83.09 8381 109.35 RI, MS, Co-injection
12 1238 neral - - - 6.83 - 396 1.08 647 576 899 RI, MS, Co-injection
13 1253 geraniol 100 9273 9818 101.82 101.09 8345 8582 8364 81.82 10836 RI, MS, Co-injection
14 1290 thymol 100 9299 103.05 10396 9665 94.82 9238 9543 9238 126.22 RI, MS, Co-injection

# Retention indices were determined using n-paraffins C7-C22 as external references.

b Average of relative peak area percentage about initial peak area in GC integration(n=3).
¢ Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical with that of
Wiley mass, Spectral(1995)(Hewlett Packard Cp.Polo Alto., CA, USA), and retention indices consistent with that of
the literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical with that of
Wiley mass spectral database. Identification based on co-injection with authentic compounds.
4 Not detected.
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Table 3-13. Compositional changes in citrus flavor compounds in
ethanol solvent stored at 45C for 16 weeks.

) . P.A(%)"
No. RI* Possible compounds D°
initial 1 2 3 5 6 8 10 12 16

1 1073 grans-linalool oxide 100 9550 10541 10541 91.89 9459 90.99 10450 9550 127.93 RI, MS, Co-injection
2 1087 cis-linalool oxide 100 9900 11100 108 102 108 93 107 102 144 RI MS, Co-injection
3 1097 linalool 100 9468 10266 101 9767 9568 9369 9834 9568 12392 RI, MS, Co-injection
4 1137  ¢is-limonene oxide 100 81.05 74.74 4947 60 40 3579 2632 5474 2316 RI, MS, Co-injection
5 1142 trans-limonene oxide 100 8714 9357 7714 8786 7357 50.71 6429 70 7429 RI, MS, Co-injection
6 1177 terpinen—4-ol 100 9619 10311 10554 9896 97.23 9516 10450 9896 129.07 RI, MS, Co-injection
7 1189 alpha-terpineol 100 9713 10573 10538 97.85 97.85 10108 100 9928 12473 RI MS, Co-injection
8 1193  ¢is-dihydrocarvone -d - - - - - - - 316 737 RI, MS, Co-injection
9 1201 frans-dihydrocarvone  — - 786 286 - 929 429 15 929 1929 RL MS, Co-injection
10 1217 trans—-carveol - - - - - 1143 - 78 500 857 RI, MS, Co-injection
11 1230 nerol 100 97.74 10528 10340 103.02 9849 9283 91.70 9585 11358 RI, MS, Co-injection
12 1238 neral - - - - -~~~ 604 340 679 RL MS, Co-injection
13 1253 geraniol 100 9665 10446 101.86 9851 9442 89.96 9033 9219 10892 RI, MS, Co-injection
14 1290 thymol 100 99.03 107.74 10742 9871 9871 9742 10097 9871 128.06 RI, MS, Co-injection

# Retention indices were determined using n-paraffins C7-C22 as external references.

b Average of relative peak area percentage about initial peak area in GC integration(n=3).

¢ Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical with that of
Wiley mass, Spectral(1995)(Hewlett Packard Cp.,Polo Alto., CA, USA), and retention indices consistent with that of the
literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical with that of Wiley
mass spectral database. Identification based on co-injection with authentic compounds.

4 Not detected.
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Table 3-14. Compositional changes in citrus flavor compounds in
propylene glycol solvent stored at 25C for 16 weeks.

) ) P.A(%)
No. RI* Possible compounds D¢
initial 1 2 3 5 6 8 10 12 16

1 1073 trans-linalool oxide 100 9381 9735 9381 8319 90.27 8850 93.81 7522 12655 RI, MS, Co-injection
2 1037 cis-linalool oxide 100 9245 10283 10000 9811 10283 99.06 100.00 87.74 13208 RI, MS, Co-injection
3 1097 linalool 100 90.06 97.76 101.60 89.10 91.67 87.82 8942 82.05 12692 RI, MS, Co-injection
4 1137 ¢is-limonene oxide RI, MS, Co-injection
5 1142 ¢rans-limonene oxide 100 79.79 7660 5957 63.83 4149 3298 2872 2766 4362 RI, MS, Co-injection
6 1177 terpinen—4-ol 100 8828 8345 71.03 7862 6276 42.07 5517 4690 60.69 RI, MS, Co-injection
7 1189 alpha-terpineol 100 8926 9632 10061 8681 8926 8558 90.18 8436 12393 RL MS, Co-injection
8 1193  ¢is—dihydrocarvone 100 8967 96.00 101.33 87.33 83.00 92.33 86.67 79.33 12867 RI, MS, Co-injection
9 1201 frans-dihydrocarvone - - - 1% - 532 - - L06 745 RI, MS, Co-injection
10 1217 frans—carveol - -~ 621 621 1103 1517 1448 1448 1793 RL MS, Co-injection
111230 nerol - - - 1241 1103 1724 1517 1379 1103 1241 RL MS, Co-injection
12 1238 neral 100 9388 9353 97.84 9460 8957 80.58 82.73 7446 11906 RI, MS, Co-injection
13 1253 geraniol - - - - - 3.96 - 576 540 4.68 RI, MS, Co-injection
14 1290 thymol 100 9564 9782 99.27 92.00 8336 8400 8364 7564 121.09 RI, MS, Co-injection

# Retention indices were determined using n-paraffins C7-C22 as external references.

b Average of relative peak area percentage about initial peak area in GC integration(n=3).

¢ Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical with that of
Wiley mass, Spectral(1995)(Hewlett Packard Cp.,Polo Alto.,, CA, USA), and retention indices consistent with that of
the literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical with that of
Wiley mass spectral database. Identification based on co-injection with authentic compounds.

4 Not detected.
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Table 3-15. Compositional changes in citrus flavor compounds in

propylene glycol solvent stored at 45C for 16 weeks.

No. RI* Possible compounds PAGY D°
initial 1 2 3 5 6 8 10 12 16

1 1073 frans-linalool oxide 100 9279 97.30 10090 10000 100 93.75 11165 87.96 13810 RI, MS, Co-injection
2 1087 cis-linalool oxide 100 12100 11000 11300 10300 109 89.00 10900 9400 14600 RI, MS, Co-injection
3 1097 linalool 100 8073 10399 10532 9468 9535 95.35 9967 8439 12791 RI, MS, Co-injection
4 137 cis-limonene oxide 100 6632 5053 2526 1368 737 737 842 2842 -  RI MS, Co-injection
5 1142 trans-limonene oxide 100 6929 8643 7500 6714 6143 4357 60.71 5071 69.29 RI, MS, Co-injection
6 1177 terpinen—4-ol 100 9204 10484 11038 9550 97.92 94.46 10588 9273 131.83 RI, MS, Co-injection
7 1189 alpha-terpineol 100 9498 10645 111.83 9821 97.85 9892 10251 8961 13047 RI, MS, Co-injection
8 1193 (is-dihydrocarvone -4 - - - - - - - - - RI, MS, Co-injection
9 1201 ¢rans-dihydrocarvone — ~ - - - - - 1143 1429 857 1429 RI, MS, Co-injection
10 1217 trans-carveol - - - - - - - - - - RI, MS, Co-injection
11 1230 nerol 100 9547 10868 110.19 10340 99.25 9283 96.98 8377 12302 RI, MS, Co-injection
12 1238 neral - - - - - - - 49 - 491 RI, MS, Co-injection
13 1253 geraniol 100 954 107.06 10855 9665 9331 8322 9554 8253 119.33 RI, MS, Co-injection
14 1290 thymol 100 9581 11032 11355 9710 99.35 9839 10355 93.87 13065 RI, MS, Co-injection

“Retention indices were determined using n-paraffins C7-C22 as external references.

bAverage of relative peak area percentage about initial peak area in GC integration(n=3).
‘Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical with that of
Wiley mass, Spectral(1995)(Hewlett Packard Cp.,Polo Alto., CA, USA), and retention indices consistent with that of
the literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical with that of
Wiley mass spectral database. Identification based on co-injection with authentic compounds.
4 Not detected.
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Table 3-16. Compositional changes in citrus flavor compounds in
glycerol solvent stored at 25C for 16 weeks.
No. RI* Possible compounds P.AG" D¢
initial 1 2 3 5 6 8 10 12 16
1 1073  trans-linalool oxide 100 53.11 48.80 58.85 49.28 49.28 46.41 44.50 46.41 72.73 RI, MS, Co-injection
2 1087  cis-linalool oxide 100 5450 5661 6455 4921 5820 5873 49.74 5291 7196 RIL MS, Co-injection
3 1097 linalool 100 41.89 41.44 4880 39.79 3544 35.29 33.03 3559 4895 RI, MS, Co-injection
4 1137  cis-limonene oxide 100 195 - - - - - - - -~ RI, MS, Co-injection
5 1142 frans-limonene oxide 100 2261 1536 11.01 319 - - - - - RI, MS, Co-injection
6 1177 terpinen-4-ol 100 57.70 58.09 67.06 56.53 50.49 50.49 51.85 51.07 71.35 RI, MS, Co-injection
7 1189 alpha-terpineol 100 5756 5819 67.44 5714 5084 5147 5273 5042 7080 RIL MS, Co-injection
8 1193  ¢is-dihydrocarvone -d - - - - - - - - - RI, MS, Co-injection
9 1201 trans-dihydrocarvone  ~ - - - - - - - - = RI, MS, Co-injection
10 1217 trans—carveol - - - - - - - - - - RI, MS, Co-injection
11 1230 nerol 100 53.37 51.06 58.19 54.53 4528 42.58 42.20 40.85 56.84 RI, MS, Co-injection
12 1238 neral - - - - - - - - - - RI, MS, Co-injection
13 1253 geraniol 100 52.08 51.29 56.06 50.10 41.78 37.62 40.99 38.61 53.86 RI, MS, Co-injection
14 1290 thymol 100 54.55 53.87 57.58 52.19 4545 4512 48.99 44.78 63.80 RI, MS, Co-injection

“Retention indices were determined using n-paraffins C7-C22 as external references.

bAverage of relative peak area percentage about initial peak area in GC integration(n=3).
‘Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical
Wiley mass, Spectral(1995)(Hewlett Packard Cp.,Polo Alto., CA, USA), and retention indices consistent

the literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical
Wiley mass spectral database. Identification based on co-injection with authentic compounds.
4 Not detected.
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Table 3-17. Compositional changes in citrus flavor compounds in

glycerol solvent stored at 45C for 16 weeks.

P.A(%)"
No. RI* Possible compounds initia D°
) 2 3 5 6 8 10 12 16

1 1073  trans-linalool oxide 100 27.27 5263 42.11 46.89 53.59 47.37 51.67 43.54 58.37 RI, MS, Co-injection
2 1087  ¢is-linalool oxide 100 30.69 5873 49.21 43.92 6349 61.38 5450 5291 67.72 RI, MS, Co-injection
3 1097 linalool 100 18.32 43.69 28.23 37.54 43.84 39.94 36.79 33.18 39.49 RI, MS, Co-injection
4 1137 ¢is-limonene oxide 100 - - - - - - - - - RI, MS, Co-injection
5 1142 trans-limonene oxide 100 - - - - - - - - - RI, MS, Co-injection
6 1177 terpinen—4-ol 100 32.16 61.79 49.90 53.61 5945 5517 54.00 49.71 63.16 RI, MS, Co-injection
7 1189 alpha-terpineol 100 41.60 63.87 56.09 54.41 61.97 56.30 51.68 49.79 61.55 RI, MS, Co-injection
8 1193 ¢is-dihydrocarvone ¢ - - - - - - - - - RI, MS, Co-injection
9 1201 trans-dihydrocarvone - - - - - - - - - RI, MS, Co-injection
10 1217 trans-carveol - - - - - - - - - - RI, MS, Co-injection
11 1230 nerol 100 39.11 56.07 47.40 5241 56.65 47.40 4220 38.15 44.32 RI, MS, Co-injection
12 1238 neral - - - - - - - - - - RI, MS, Co-injection
13 1253 geraniol 100 41.19 56.63 45.15 47.92 53.07 43.37 47.33 36.63 42.97 RI, MS, Co-injection
14 1290 thymol 100 45.29 60.61 54.21 50.34 57.74 52.69 49.49 44.44 53.87 RI, MS, Co-injection

“Retention indices were determined using n-paraffins C7-C22 as external references.

bAverage of relative peak area percentage about initial peak area in GC integration(n=3).

‘Compounds were identified on the basis of the following criteria: MS/RI, mass spectrum was identical with that
of Wiley mass, Spectral(1995)(Hewlett Packard Cp.,Polo Alto., CA, USA), and retention indices consistent with that
of the literature[Konjoyan(1996), Adams(2002), Acree and Ahn(1997)], MS, mass spectrum was identical with that
of Wiley mass spectral database. Identification based on co-injection with authentic compounds.
4 Not detected.
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