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Abstract

The objective of this research is to improve the odor of noni juice by
Galactomyces geotrichum fermentation, and to increase the
2-phenylethanol (2-PE) production by modifying fermentation media. A
Gal. geotrichum w-5 strain was selected according to noni juice tolerance
and 2-PE productivity. This strain can tolerate 32.5% small noni fruit
juice and 40% large noni fruit juice, and was able to degrade 30% butyric
acid and 95% 2-methylbutyric acid. The unpleasant scent of fermented
noni juice was significantly reduced and the 2-PE was detected in
fermented noni juice. Improvement of 2-PE fermentation, a
Plackett-Burman experimental design of seven factors was used to decide
the main ingredients for 2-PE production. The result revealed tryptone
and NaCl was significant effective ingredients. Then, a 2° full factorial
experimental design for assessment of ingredients effects, the data
showed that NaCl was not a significant ingredient for 2-PE production.
Furthermore, optimal concentrations of tryptone and NaCl were
determined as 2.25% tryptone and 1.0% NaCl, respectively. The
production of 2-PE was 33.23 + 0.14 pug/mL, approximately 21.26 folds
higher than that in conventional Potato Dextrose Broth. The medium
study has showed that to augment the aroma of fermented noni juice by

adding more nitrogenous source is feasible.
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- ~ Galactomyces geotrichum z & |+
(- ) Fths 4
Gal. geotrichum = @& » f¥* $& (yeast-like) 2 -] 4] 3%
MEF - aF I F@HeS T ASEEFEEY § 2
2 SRS
A 2007 # Yan £ 4 d P Fuw TE T2 3ER T
&3 4 A lipase B2 FRR 5 2013 & Zhang % 4 d ¢
RjF Vg &2 FR4e 1 R 'fiT 2 ¢ 2 Potato Dextrose agar
(PDA) 7 At @a KB F > ¥ fI* REFFd4F &
/% (Polymerase Chain Reaction » PCR) #§3 26S rDNA £ 7]
B3> &d A8 GenBank &7t ¥ H P - fRET A
Gal. geotrichum #4p i & 5 100% ¥ 2 5 "% fZ 2 fg2 /&L o
¥ ¢b & 2005 # p¥ Lacerda ¥ A k@ = @ § # = f& Sour
cassava starch #¥ fi% & %~ Yeast extract-Malt extract (YM) 32
AL 16 RE F o T 1* PCR#H DI/D2 A 715 7] >
Zd B {0 GenBank it 40 H P oA dkEme i Gal
geotrichum & ® % st ¥ ¥ & & ¢ % /4, » Osorio-Cadavid

A (2008) &~ 478 G I g = 3K 240 % (Champds )



YRR B R 0 YPD B & AT A gk 17 235 thpx#
B i # 12 PCR #3 1TS1-5.85 IDNA-ITS2 4 % 5 71 5 d
TR {4 # 2 40 9 $k Gal. geotrichum -

@ Chebenova-Turcovska % 4 # 2011 & pF>t 272 & 50 &
¥_% ¥ Bryndza cheese §|* PCR #%3 +:p=4%8 DNA ¢ ITS
(Internal Transcribed Spacer ) 5 7] » ¥ #==z_1! Gal. geotrichum
TRLA A RAT ¢ Ry KRR R AR AL
it 5 ¥ b Majcher & 4 (2014) o 7 % ¥ Fried cottage
cheese ¥ 4] * PCR #% 3 +>pE% DNA ¥ ITS & 7> &= 4 Gal.
geotrichum » & 2 F R AR 5 4 2 2-PE 2 ;2B i= 4 § it
4 o

2004 & Giannoutsou ¥ 4 % alpeorujo( #{f t¢ i {5 % /&)
AN E R G A A fRpr 2 S ¥ o Baffi & 4 (2012)
AT E IiT g e Ef e LAY BB S R 5d PDA &
49 53 thE Hx l* PCR ## ITS A 7] » 2 A (5.4
GenBank ¥t #%_:1 5 & Gal. geotrichum #p i & 3 ** 98%H
AR (1 ¥R) 2 %8 (4 tk)° £ 3 B-glucosidase
carboxymethylcellulase ~ polygalacturonase ¥ lipase % fi% % /&

Mom 2012 phd B B2 P 00 YPD 32 % A&t A drts @
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Hoog and Smith, 2011) -

(2)% &A1

hEd-k v &4l b (4ok - ) Gal. geotrichum ¥ 41 #

CE T AR F T NUET RN Y 2t LR TR s
H - E/RELHME T R L RFRE
WL ¥ A4 4 £ pF Gal. geotrichum 7 Z 1 4 2 i
/7 (de Hoog and Smith, 2011) -

() &iEe

Ay & iEit = 5 Gal. geotrichum » YPD /& fh 3 % A ¢

(Psychrotroph) - @ ¥ 2 £ pH & #F9 & 3-10 & deif 2
EpH®E:Z 7-8- iquFﬂZ %%+ 4 Em 8% icd 4
£9% 2 10% Pz >&24 £ (o> 2012)



Bl- -~ Galactomyces geotrichum g5 2 + 4 %o +

Fig.1 Galactomyces geotrichum of fertile hyphae and ascospores
(de Hoog and Gerrits van den Ende, 1998)



#. — ~ Galactomyces geotrichum % % %

Tabel 1. Galactomyces geotrichum growth conditions

Growth (in Liquid Media)

Glucose + o-Ribose -
Inulin - Methanol -
Sucrose - Ethanol +
Raffinose - Glycerol +
Melibiose - Erythritol -
Galactose + Ribitol -
Lactose - Galactitol -
Trehalose - p-Mannitol +/w
Maltose - o-Glucitol -
Melezitose - myo-Inositol +
Methyl-a-p-glucoside - pL-Lactate \Y;
Soluble starch - Succinate -
Cellobiose - Citrate \Y;
Salicin - o-Gluconate -
L-Sorbose + o-Glucosamine -
_.-Rhamnose - N-Acetyl-p-glucosamine n
p-Xylose + Hexadecane n
L-Arabinose - Nitrate -
p-Arabinose - Vitamin-free +

(de Hoog and Smith, 2011)



= ~ Galactomyces geotrichum 4 %

EALE A~ ug BT Fungi E AR 0 Ascomycota + & F®
Saccharomycetes * + % f % - Saccharomycetales %+ p >
Dipodascaceae g & % #* > Galactomyces f - # 1972 & Butler &
Petersen % = Gal.geotrichum % Geotrichum candidum 3 23] fx ©
Rm oo f 1995 & > Smith & A 4% DNA/DNA € 2 Fjiv > ip] 2
41 tk Galactomyces Fjh2- DNA » G+C 7 & - 1235 DNA 4p 02
B#-H 4 Low ke 4w i R & Gal.geotrichum ~ Gal.geotrichum A
s ~ Gal.geotrichum B & %2 Gal.geotrichum C ‘& > e §_# & &3]

-

b e i s & Geo. candidum 0 AR & b oM A2 G

Gal.geotrichum 4§ & %% ( Gal.geotrichum complex) 14 %2 & i & f&
Galactomyces citri-aurantii ¥2 Galactomyces reessii ° iT# X » 4
FAG AP PR gES 0 & 2004 £ 5 de Hoog £ Smith % 4
f1* PCR #3 +:pE%8 DNA ¢ ITS R 7| # = Gal.geotrichum

complex # f& » S X $ % ¥ 4F A S fEip 2 B (4

Mr
ETTRS

% - ) Rk &2 Galgeotrichum 5 4 ## 5 3] &
Gal.geotrichum = & 23] f& B = A & Geotrichum # & ; & J %
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|
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|
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candidus = & {+ 3] it 5 Geo. candidum > F]yt Gal.geotrichum ¥
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# = ~ Galactomyces 2 Geotrichum 4 #gz_# {3 13 iz

Table 2. Galactomyces and Geotrichum before and after taxonomic

revision.

Before December 2004

Since December 2004

Galactomyces geotrichum

complex

Four separate species

Teleomorphic
state

Gal. geotrichum
sensu stricto

Gal. geotrichum
group A

Gal. geotrichum
group B

Gal. geotrichum
group C

Anamorphic
state

Geotrichum
candidum

Geo. candidum

Geo. candidum

Geo. candidum

Teleomorphic
state

Gal. geotrichum

Galactomyces
candidus
Galactomyces
pseudocandidus
Sp. nov.

Unknown

Anamorphic state

Unnamed
Geotrichum
species

Geo. candidum
Geotrichum
pseudocandidum

Geotrichum
europaeum sp.
nov.

-10 -

(Pottier et al., 2008)



Dipodascus aggregatus CBS 175.537 / AY788294

99
_I—:Geofrfchum restrictum CBS 1112347 | EF126738
Geotrichum klebahnii CBS 179.307 | AY788298

85 ————————— Dipodascus armillariae CBS 817.717 | AY788348

Dipodascus macrosporus CBS 259.827 | AY788310
Dipodascus albidus CBS 766.85 / AY788342

w Dipodascus geniculatus CBS 184.80" / AY788301
Dipodascus australiensis CBS 372.83 / AY788314

Geotrichum fermentans CBS 439.837/ AY788318

Galactomyces citri-aurantii CBS 175.897 / AY788295

— Galactomyces reessii CBS 179.607 / AY783299

Galactomyces pseudocandidus CBS 626.837 /| AY788334

8 Geotrichum europaeum CBS 866.687 /| AY788351
| 20 : Galactomyces geofrichum CBS 773.71 / AY788343
Galactomyces candidus CBS 178.71 / AY788297

0.05 substitutions/site

97

(Stamatakis et al., 2008)

Bl = ~ Galactomyces L% |+ B %

Fig 2. Phylogenetic tree showing the relationship of species of
Galactomyces and its anamorph genus Geotrichum to related taxa
as determined from maximum likelihood analysis of ITS sequences
using RaxML. Bootstrap values (>80%) are from 1000 replicates.
T=type strain. GenBank accession humbers follow strain numbers.

-11 -



= ~ Galactomyces geotrichum 3 #  #{4»
Mo & 4 (2003) d ;& ¥ 4~ &) o /£ Majcher & 4 (2014)
doAe & A3 dit B0 4p 0 Galogeotrichum £ 5 2 & 4 F 2 a0 4 o
%2012 & ophd B ¢ A et FE L GCIMS 4 45 H A F S
P (drd =) FE N7 Bfqsg s =% &4 o 2 7 Phenethyl
alcohol ¥z g~ i 2-PE> 3+ % 4 *% 3 &% #¢ (aromatic alcohols )
EFIRMTAR o AR R s 40k 2§ 5 ¢ (Hua et al,
2010) 5 3% 5 HPE S SAC ] ALT KA i enbl it § ok
( Etschmann et al., 2002)
A P 4 & 2-PE £.i%5:E Ehrlich pathway ~ #1% [ &pk
(L-phenylalanine) m = » R3S d Bl= #7571 » 2-PE 5 ¢ B &
o FP R AGEREIRIEA S TR MR
e F o ppaEF I * 2 4 peik R = F ¢ fE(Etschmann et al.,
2002; Wittmann et al., 2002) - iT7 & % % ® & & 4 4 L &
(USFDA) &g 3 4L p A B L5 jied 4 N pE 3 97
4 Ak vk & ARILT 5% 2% #R 1Y & F(Schrader, 2007 )-
% 2014 & pF>-Majcher & A d 4= 2 ¢ & 3 {F - $x Gal. geotrichum >

WHRAED G FP ARG A Y R T AP HiT SR A
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Camembert( Roger et al., 1988 )~ Swiss Gruyere( Rychlik et al., 2001 )

% Cheddar (Carunchiaetal.,2005) ¥ 7z 3 2-PE2 4 § # & 7 2

B+ (oo 20125 4 0 2013) o

-13-



% = -~ Gal.geotrichum 34 1+ 4 F = & &2

Table 3. Characteristics of identified volatile flavor compounds from
Gal.geotrichum

No. R.T.* Compound M.W Characteristics
1 8.05 Ethyl isobutyrate 116 sweet, etherial and f_rmty with
pungent, alcoholic odor
2 1057 Ethylisovalerate 130  S\eel sharp, fruity, pineapple,
apple odor
3 13.44 Isoamyl alcohol 88 fruity, banana, molasses,
cherry, plum, cocoa odor
4 1498  Ethyl tiglate 128 sweet, fruity, tropical berry,
floral, caramel odor
5 17.35 _Isopentyl 172 sweet fruity, green apple and
isopentanoate esteric odor
6 2127 2-Ethylhexanol 130 citrus, fresh floral, oily sweet
odor
7 28.09 Ethyl 164 sweet floral honey, rose
phenylacetate balsam, cocoa odor
8 2987 Phenethyl alcohol 122 sweet, floral, bready with

rosey honey odor

2 Retention time

-14 -

(M, 2012)



COOH COOH

phenylpyruvate
transaminase decarboxylase
2- keto- lutarate

L-phenylalanine phenylpyruvate phenylacetaldehyde
L- glutamate -
NADH+H" | &
<
(=N
]
0
[¢]
z
NAD" 7y ©
COOH CHO P
OH

dehydrogenase dehydrogenase -
VRN
NADH+H+ NAD" NADH+H®™ NAD" /
phenylacetate phenylacetaldehyde 2-phenylethanol

Bl= ~ ¥ p%=fki% § Ehrlich pathway # = F ¢ fig
Fig 3. Ehrlich pathway for 2-PE production from  -Phe.
(Hua & Xu, 2011)
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= ~ % Galactomyces geotrichum s 3% B % i+ # v&
(- )M % b ok
#% B % (Morinda citrifolia L.) - 44 % Noni » 4>+
# % #1 (Rubiaceae) » B iZ A # £ F 2 THAF 2 F - 5 F

2545 5 0 £ 4538 (grenade-like) £ ¥ 3-10 24 » 375 3 -
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Ebrgw ¢ AIEE N0 F PLEFEER
Zom 2R IR T g AT I s 2l 0T L2 Rk (Morton,
1992; Dixonetal., 1999 ) — 4 & ¥ 32 E R S BiFS 4 @
W& ARRRY o

EREFECAFEFLNZF 160 FHESFCF 2L
(phytochemical compounds) i & & 4 2 &gt &4 (4@
)~ G AP LG REAR S R g L R

F 04~ f 2 FEp e B ok % 34 onid (Chan-Blanco et al,

i
T

2006) > FlpHE R A Y LG FiEHokz 85 LA AR
29 L3 %A G ko i5d GCIMS & 47 e g L 51 /a4
PR LS (dodw ) B9 2047 LT BT T

£ % 2 83% > FRAT (L 5% Ak ik 3% 0 @ R AT N findE 2

|

2L b o T AR L g 1k BRE 85% 0 4w L % ik (58%)
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¢ f& (20% ) ~ 3-methyl-3-buten-1-0l (4% )~ K 27 % (2%)
Z e (1%) (Farineetal., 1996) - @ = fasgenz £ 5 1k 1%
T RBE G WEIERS S LiRA T2 - o RIEHERE S
AL AR AT > Fpee L H gk L2 £ R
—gi o
(= )3l * f i d

LES LS EE F

%"‘T

ek R e R S

FRES R AT F R R PR BAEEA
(frh 2FEEH %) a9up® (35>2010)° % 2012 # F
VISR FASTATE R R 0 5k BT S0 R % 2 0
2 FeJ2L 14 % 15011 GC/MS & 45 8 b vR & & 4 & 5 Ethanol-
Butanol ~ Isoamyl alcohol ~ Isoprenol -~ Hexanol - Octanol -
Hexanoic acid ~ Phenethyl alcohol - Octanoic acid - # %t &
TR F RS A FRY TR E -9 A R

Ay

-~

#RIR 02018 E 4P IT pE FASLACS B ORF R Y
BERES BB RMT AR FASL3 A B 2 T
BUOPEc e Z IET AL 00% P2 REAIE LR

FAEERAF RO LHR A A A BIZ
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Fig 4. Phenolic compounds in noni juice.

( Chan-Blanco et al., 2006 )
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Table 2. Identified violatile compounds from ripe fruits of Morinda citrifolia.

Identifcation”

compounds MW % ppm

Acids
Acetic 60 ab,c 0.04 0.02
2-methyl propanoic 88 a,b 0.11 0.05
Butanoic 88 ab,c 0.71 0.31
2-methylbutanoic 102 a,b 0.54 0.23
Hexanoic 116 ab,c 19.24 8.26
3-methylthiopropanoic 120 a,b 0.41 0.18
Benzoic 122 a,b,c 0.19 0.08
Heptanoic 130 a,b,c 0.09 0.04
Octanoic 144 ab,c 58 24.98
Hexanedioic 146 a,b 0.08 0.03
Nonanoic 158 a,b 0.03 0.01
Decanoic 172 ab,c 1.54 0.66
Undecanoic 186 ab,c 0.03 0.02
Lauric 200 ab,c 0.16 0.07
Myristic 228 a,b,c 0.14 0.06
Palmitic 256 a,b,c 0.49 0.21
Linoleic 280 a,b,c 0.05 0.02
Elaidic 282 a,b,c 0.29 0.12
Oleic 282 ab,c 0.06 0.03
(Z,2,2)-8,11,14-eicosatrienoic 306 a,b 0.68 0.3
Undecanoic 186 ab,c 0.03 0.02
Total 82.88 35.68

Alcohols
1-Butanol 72 a,b,c 0.07 0.03
3-methyl-3-buten-1-ol 86 a,b 4.13 1.78
3-methyl-2-buten-1-ol 86 a,b 0.3 0.13
1-Hexanol 102 a,b,c 0.11 0.05
Benzyl alcohol 108 a,b,c 0.05 0.02
Eugenol 164 a,b 0.03 0.01
(Z,2)-2,5-Undecadien-1-ol 168 a,b 0.41 0.18
Total 5.1 2.2
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Table 2.1dentified violatile compounds from ripe fruits of Morinda citrifolia(continud)

compounds MW ldentifcation* % ppm
Ketones
3-Hydroxy-2-butanone 88 a,b,c 0.06 0.03
2-Heptanone 114 a,b,c 0.35 0.15
Total 0.41 0.18
Esters
Methyl hexanoate 130 ab,c 0.37 0.16
Methyl 3-methylthio-propanoate 134 a,b 0.03 0.01
Ethyl hexanoate 144 a,b,c 0.12 0.05
Methyl octanoate 158 a,b,c 0.85 0.37
Ethyl octanoate 172 a,b,c 0.45 0.19
Methyl decanoate 186 a,b,c 0.57 0.25
Ethyl decanoate 200 a,b,c 0.19 0.08
Methyl palmitate 270 a,b,c 0.04 0.02
Ethyl palmitate 284 a,b,c 0.03 0.02
Methyl elaidate 296 a,b,c 0.05 0.02
Methyl oleate 296 a,b,c 0.03 0.01
Total 2.76 1.18
Lactones
(E)-6-Dodeceno-y-lactone 196 a,b 0.09 0.04
(2)-6-Dodeceno-y-lactone 196 a,b 0.09 0.04
Total 0.18 0.08
Miscellaneous compounds
Hexanamide 115 a,b 0.03 0.01
Limonene 136 a,b,c 0.39 0.17
(Ethylthiomethyl) benzene 152 a,b 0.07 0.03
Unknown 1 166 b 1.48 0.64
Unknown 2 168 b 0.56 0.25
Unknown 3 184 b 0.57 0.25
Scopoletin 192 a,b 1.97 0.85
VVomifoliol 206 a,b 0.95 0.40
Unknown 4 212 b 1.65 0.71
Total 7.67 3.31

" Chemical identifications were based on El mass spectra (a); Cl mass spectra (b);
and/or comparisons of their R,s with those of synthetic compounds (c).
(Farine et al., 1996 )
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3~ HHEa0E
- SRR
(=) Fi
Galactomyces geotrichum BCRC 920079 « ;& « & & 1|
Ak
(2 )R R
AFEHRTEY ZER S R ZHELEFERFE

CICEST-S ¥ 378 B LI S S R I CR B

(E)BAALFE
1. Potato Dextrose Broth (PDB) » Fp HIMEDIA, India
2. Agar powder > f£p HIMEDIA, India
3. NaCl, Peptone, Tryptone, Yeast Extract: F&p amersco, U.S.A.

4. 2-phenylethenol, NaH,PO, H3;PO,, sucrose » p-p ok g%,

Japan
5. Benzoic acid, butyric acid, Folin-Ciocalteu’s phenol reagent,

Gallic acid,  -Tyrsoine » f£p SIGMA, U.S.A.

6.Na,CO; Fp mi1 (L5 » 54
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(z)&REXA

1L.EP 3 &% (YANG TAMIN INSTRUMENT CO,,
LTD. Model : YMT)

2. 178 BT ¥ %4 (TKS ORBITAL SHARKING
INCUBATOR Model : OSI 500R)

3. & F#k 17 5 (TH320, Taiwan)

4. 3t 4% (HITACHI HIMAC CR22G, Japan)
5. & FAlgc % (Hettich MIKRO 22R, Germany)
6.7 5 4| B #c4r. (OLYMPUS BX50, Japan)

7% eb ke Bk e Sk Sk B 2 (Shimadzu UV Mini 1240,

Japan)
8. pH meter (EUTECH Instrument, Cyberscan 510, Singaproe)

9. % »xik 4p k& +7 & HPLC
(1)FF (HITACHI L-6200A Intelligent Pump, Japan)
(2@ % (HITACHI L-4200 UV/VIS Detector, Japan)

(3)#% # & (HITACH D-2500 Chromato Integrator, Japan)
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1. Potato Dextrose Broth (PDB) = 4

Ingredients Gms / Litre
Potatoes, infusion from 200.000
Dextrose 20.000

Final pH ( at 25°C) 5.1+0.2

2.8 % & A
F5ii £ PDB ¥ 24g/L > & e » 5 5 15g/L > e
BfEPI0mML A FATIEEZFE Y 0 R fﬁ (121°C, 15
min) {5 #38 g Al e FRESHE T o
TR EA
FB~if £ PDB ¥ 24g/L » ¥ 4e » EF ¥ 15g/L s F
¥PP 0 (121°C, 15min) #4403 g 45°C - £ &)~ &
FRhm P oo FAATRES G o
(Z )i % 7
1 #FTEHE R EAEZE TR TRIZERAA X o
2. h FeR NSRS FRARE S RS R F-20C -
3.4k ® & pEa-2 iR 15 2 13000 rpm 3 30 min > 2
40 kg 2 045 pm i/,%,’-‘s‘?s‘@j},@‘ff B oHH S 4

TH* -
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(Z)FEFCemA AR
1.2~ 1mL 2k # -] g ¢ FHk Gal.geotrichum ik > i i 3%
3 50mLPDB# & A% > &£20CT 2 100rpm 2T %

E

i

2.5 PDA THE E AP U BRHMZNGHPED 20 B H -
AT PDAAG B E A > &4 1loop 2 FE
5 10mLPDB st % 7 » 2200 %7 % o

3.5 % = % 155~ LmL i 12 0.45um 8 5 > 1 HPLC

Il

AHTFL G REPEN T MARRE 2 Ftk -
COLEES BRI

Gd P AHBMEEN 6 HREAKR AN pAREALY L

L
loop >t PDB & * T34 % A fB% %+ ¢ & 10mL> 2k &
Auli 51015 2 17.5%% 4 ¢ (%7 : & FKk) * 20C

-

TAERTHEE TSR AG 2 A0 F A G AR+

~=h

T BRI oA R o Mgt BEE N - KRS LS

_—

Gal.geotrichumw-5 > # i% 53> PDB £ & & &L + o
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(7 ) F kA
1. #- Gal.geotrichum w-5 jftk3s %3t 20C 2 30°C ™ L% 5%
50 2 Bk o
2. Gal.geotrichum w-5 F#c 4% 48> 50 mL PDB % 20°C ™ ™ 100
PMAFR %> = PR FE: FemAE -
(2 )R % b okic §
1. i
Gal.geotrichum w-5 42 4= ¥ 4 £ 3 20%E B %+ ¢ (%
R DRFK) B EHRIFRETRA S EIAM
LB ERTHEESY AL o
20%%% J % 7+ 4 » 5 mL Gal.geotrichum w-5 PDB 7% -
BAEFE a4F 50mL > T 20°C, 100 rppm R F A 0 B P %
oA4+ B0 ¢ Fiiesd 4L < £ 10 mL ¥R

GERAAE T EERE FeBARE R}

Fﬂ
(S
=
)‘m
e
Ar'S
B

WS R B~ 5 mL b Bk
S 2.5%% kR T EAF I

AE A0 FED S FHULERF BB5mL

7 PDBRAAYBRARFHAM A E2 L L2 5mL R

RArERFSLEFR S F A 20 FLAHEA
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2.5%% Fugmit R o RAL D I FURIEAFL IR
RAREAD DS RSP I B BER -
2.7 FETE fR A A
P p% 18 % 7+ 10 mL w2 4°C ~ 6000 rpm &< 15 min >

P~ i 2 045 pm R iR 0 L HPLC A4 w i £

/}Efi#\’?ﬁ?w% oz 3 ﬁ;g-& ’;»J.;g_’: .

ROk E
1- ,ﬁj, A2 % )100=- pas faa 4 %
TR ORKZE

TP AT ORRE R
B3 %15 % 7+ 10 mL 12 4°C ~ 6000 rpm &< 15 min
P~ i 2 045 pm R iR 0 4 HPLC A 454 = 7 A=

R EINRERAFET R A2 Ao R

ELN

BRI P AT E
(1_’%ﬁ:?: AT ZZEJXlOO:_— TART MR %

v s (2-PE) kR
PgF fE {8 % 7+ 10 mL 2 4°C ~ 6000 rpm &< 15 min >
Bt it 0.45 pm g "B g 0 4 HPLC &+ 478 F 2 Atk

B oo

-27-



PR

%% JulKunen-Titto (1985) z HRIE S AR
fiz 224 (Folin-Ciocalteu’s phenol reagent) £2fis#g it & 47 2
s eFRRF R A MR BB LA T
FEH T AP RBETRR I ERES TS R E 760

nm ™ 5 & < Bfgsk o B05mL B %74 » 25mL02N

L\J

ABHREA TR 0 £ 4~ T5%BKEL G 43R 2 S mL kiR £
JiE3 3R ES Lhrou s kg2t £ 760 nm ™ | H
Bk B oo Ul 8 5 pe (Gallic acid) s 58 &0 gl TR
AR (M- ) TR R AR R R it 3
o SRRSO BA G2 7 B SRR AR
B8 F 2 7 £ 0 11 pg gallic acid equivalent/mL ( pug

gae/mL) %7 o T M ER AFFED & 1258 ﬁ”\gﬁiﬂ-

jX100: BRI X%
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(< )HPLC A4 47
1. A 4 15

A 5 ¥ ¢ Agilent Zorbax SB-Aq 150mm x 4.6mm, Sum
#% ® 4p @ Acetonitrile : 20 mM NaH,PO, pH 2.0 (20:80)
i i# 1 1.0 mL/min

% 4L F & 135C

UV #% Bl %E 210 nm

A & £ 1 10puL

o~ P AT R T iR IT R s
o S WERZ 2 ek ) B ERIE e A - Y AP

FEE kR 0 pg/mL AT
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P FRT B A LR AR
(-)AF=F N4 PDB A2 idios s » 3 2407
1. Plackett-Burman (PB) &5k 3+ & :E o= &
N ipB B - F]F (7 factors)~ = Fg & (2 levels)z PB i#2%&
K 3E = B F]F 4 5] 5 Benzoic acid ~ Sucrose ~ Vegetable
juice ~ NaCl ~ Tryptone ~ Tyrosine % Yeast extract » I #-%
BFF RN FLfo—12 B KPFR L F o pRER 7
v J& ® (Response) > & F]+ kK& § Fldcdk T 41T e
2. > F]+ (Full factorial experimental design) &5 & 3+ 2| %t
R4 fe = &
A% - )+ (2 factors) ~ = FE & (2 levels)z x> F]+
HEHE o - F1F & 4] 5 Tryptone 2 NaCl > & #-% B 7]+
TR+ 1fe—12 F MLFFR T H 4 37 < Z(central
point) 3 e 3R B Bt > W F e BERFLIT RE
(Response) » & F]+ k& = Fldrk = ~ = 2 A 9755 o
3.#3821 NaCl & 7]5 & &k B
%1 % NaCl jE A& § §) - % Tryptone Jk & H % % 1.25% -
4. ¥ 3¢ Tryptone ¥ 7|3 & i k&
%+ 5 Tryptone Jk & % - #NaCl k& H 25 1% -
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5. 4724 PDB i3 4% {4 2. & %
Tryptone ;& & % 2.25% NaCl k& 7 1%- 12 i& %2 PDB

BARTLIHRE

(=)@ * fcig .
i * #x48 = STATGRAPHICS Plus Version 15.1(StatPoint,
Inc., Virginia, U.S.A)) -
(2)F =% 3

1. 41% PB skt s 7l 0 F o R % 85 ~

STATGRAPHICS Plus # %8 & 47 12 & 3E 3 Boif 32 & AL =

A o
2.41% 2B S ATRIZ N F L RS
STATGRAPHICS Plus #: 48 4 47
B.HEMETFFEGERA -
4.5 EFF R GERREFT O MEGES -
(2 )ik a3z % pE~ 2
1.4 5 2.t STATGRAPHICS Plus #8834 3 ) & 7832 & 2L =

fa b 1'9']??]? 4 1 50 mL PDB 32 # # 18 12 121°C ~15 minj= 7 -
2.P~% 1 . Gal. geotrichum w-5 2 Fie i % &7

7 20°C ~100rpm & % 5 % -
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3.8 % = = {2 10 mL ik 2 4°C~6000 rpm ™ &< 15 min>

ety B8 HPLC ~ 7% ¢ fRiEAR ©
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% 7 ~ Plackett-Burman 3 % 3+

Table 5. Plackett-Burman experiment design.(A) Experimental worksheet
(B)Variable levels.

(A)Experimental worksheet

Benzoic \egetable Yeast

No. acid Sucrose NaCl Tryptone Tyrosine extract
1 -1 -1 -1 +1 +1 +1 -1
2 -1 -1 +1 +1 +1 -1 +1
3 -1 -1 -1 -1 -1 -1 -1
4 -1 +1 -1 -1 -1 +1 +1
5 -1 +1 +1 +1 -1 +1 +1
6 -1 +1 +1 -1 +1 -1 -1
7 +1 -1 +1 -1 -1 -1 +1
8 +1 -1 -1 -1 +1 +1 +1
9 +1 -1 +1 +1 -1 +1 -1
10 +1 +1 +1 -1 +1 +1 -1
11 +1 +1 -1 +1 +1 -1 +1
12 +1 +1 -1 +1 -1 -1 -1
(B)Variable levels

Ind_ependent Coded levels

variables

(%) +1 -1

Benzoic acid 0.1 0

Sucrose 0.2 0

Vegetable juice 10 0

NaCl 1.0 0

Tryptone 0.25 0

Tyrosine 0.5 0

Yeast extract 0.25 0
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Table 6. A 2* fractional factorial experiment design.(A) Experimental
worksheet(B)Variable levels.

(A)Experimental worksheet

No. Tryptone NaCl
1 -1 -1
2 -1 +1
3 +1 -1
4 +1 +1
5 0 0
6 0 0
7 0 0

(B) Variable levels

Ind_ependent Coded levels
variables

(%) +1 -1
Tryptone 1.25 0.05
NaCl 5.0 0.2
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Table 7. A modified 2° fractional factorial experiment design.
(A)Experimental worksheet(B)Variable levels.

(A)Experimental worksheet

No. Tryptone NaCl
1 -1 -1
2 -1 +1
3 +1 -1
4 +1 +1
5 0 0
6 0 0
7 0 0

(B) Variable levels

Independent Coded levels
variables

(%) +1 -1
Tryptone 2.0 3

NaCl 1.1 0.9
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Table 8. A modified 2° fractional factorial experiment design.(A)
Experimental worksheet(B)Variable levels.

(A)Experimental worksheet

No. Tryptone NaCl
1 -1 -1
2 -1 +1
3 +1 -1
4 +1 +1
5 0 0
6 0 0
7 0 0

(B) Variable levels

Independent Coded levels
variables

(%) +1 -1
Tryptone 2.0 2

NaCl 1.0 0.2
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# 1 ~ NaCl ¥ 7]+

Table 9. The singel variable experiment of NaCl.

Tryptone NaCl
No. (%) (%)
1 0.5
2 1.0
3 1.25 1.5
4

2.0
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# -+ ~ Tryptone ¥ 7]+

Table 10. The singel variable experiment of Tryptone.

Tryptone NaCl
No. (%) (%)

1.75
2.0
2.25
2.5
2.75
3.0

1.0

o Ol WDN -
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N Y L.

Gal.geotrichum it » f2zE g &4 ¢ " @z e fr ¥ v 44
Fomad f (M-2012) Ha %% 73 5 @drgs i
( Locher et al., 1995 ) Gal.geotrichum # % f2E 8 %+ ¢ 4 £
3 #& < Gal.geotrichum :c L B %+ 7 5 vhehar 4 > F|Q
TEAL A F RN TR IERFEL R DER -

H A R R A 0B FEF e BAL R
2 Ftke # S4BT i3 20 BREHRE C AR 4% 046+
0.02 pg/mL % 1.05 + 0.01 pg/mL 2_ & » T35 % 0.66 ug/mL -
He %8 1-4-5-6-10% 19> Fc g £RE » Fl peif
FPAREFEFT R -

Kb BT E D] R A SRR 2 RIERER
_gc;ié(.gp%—'—.-)aé_ZOOCi*‘ 7%T§V>m3];:],, =~ ]
Y At e

bl RAIRA A HREFR T T 2 L3 50%% 10% 9 15LE
BOEAKRT B 1I5%ERET 2 LB S ELRRA L RIRR LA
Fhe A ww L e ¢ Fska b 17.5%T v AR B 2
£ T A R AT d DR A RGBS o
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o % %4 P 9T EkE T4 5%2 10%T 4 Ko 4 15%
P 105 2 19 4 K a4 SEHRatiRE o & 17.5%

TE3 BRERT LS 4

[=X)

X e 4 e d

\“«»
T
-

FIO et ks R 5 LR A R o AL

B35 REHRE A B S AR ¢ T RERES > AP

¥ AT #-E & £ 5 Galgeotrichum w-5 238 B % 7 b ki
FRLFe ML ALY S AREE TR B YT

LHREARARNZ BF{ AT HBLAR -
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1.10 -
1.00 -
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20 -
0.10 -
0.00 -

2PE Concertration (ug/mL)

1 2 3 45 6 7 8 9 1011 12 13 14 1516 17 18 19 20
Strain No.

BlZ -~ Gal.geotrichum FAthz ¥ ¢ it 4 &

Fig 5. Amounts of 2-phenylethanol from Gal.geotrichum strains.
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Table 11. Screening of noni juice tolerance strains.

’J-‘at/‘l' J‘_\;t./ul.

% 5 10 15 17.5 5 10 15 17.5
Strain No.

1 + + W - + + + -
4 + + - - + + w -
5 + + + - + + + +
6 + W - - + + - -
10 + W - - + + - -
19 + + . 2 + + + -
+ AT G0 AMAR W AT F AL - AT EY F AL S
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(- )Gal.geotrichum w-5 3 4+ %5 3

% 0 BBETUA: AREZHMGE - J B2 TR
%3] Gal.geotrichum w-5 % PDA } F
i P R G RARY Gk L 5o B 20CAEE G
50mm @ 30CHFE /LG5 70mm &30C % ™ 7% 2
L Fpn 20CBRATVPREFINERRERF o

T 45 32 & #- Gal.geotrichum w-5 348> PDA 2 & 2 @
i fi ¥ % P % Gal.geotrichum w-5 #:44>* PDB /% fi 35 % A

NS

£ 100rpmiE TR & > 2 20CE 30CH &~ % (& A MKE

HASE:Esa THEEZ(AB) S nE e R
7 5 20Ck4% (A~C) Fux % 30Cxr 4% (B-D) %+
jRlEfRes 20Cx % (A~C) T & s

A5 30C % (B-D) &3+ % IFA & R -
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®l- ~ Gal.geotrichum w-5 fj5 “h L
(A) 20C (B) 30C
Fig 6. Colony of Gal.geotrichum w-5.

(A) 20°C (B)30°C
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Bl - ~ Gal.geotrichum w-5 2_ 7% i

(A) 20CTH#% (B)30CTFur%

(C) 20Cix % (D) 30CR it %
Fig 7. Morphological observation of Gal.geotrichum w-5 by microscopy.

(A) 20°C Plate culture (B) 30°C Plate culture

(C) 20°C Liquid culture (D) 30°C Liquid culture
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2. FMA LB F L peng 4
Gal.geotrichum w-5 £:48 >+ PDB % 532 % &3t 20°C ~

100rpm T £ & % > & X plE 4 HEE 2-PEAE 0 #

M
7
rul

B 5 AeB A TT 0 FlcREY - ey b AR
i~ it L4 (logphase) &% - % P35 & % 7 1.88
x10° CFU/mL 2. 4 i& » 4& = ¥ (stationary phase) Fi £ » @
F X FEE AT T REARS o

% A

\““\3

X B AR PR T

**T
o
e

FEBARYLEpgML #PEFIES KRR AD A ¥
L EEETAE o F o d BIFTF OB ST A ¢
PRI AkL £ 0 7 2 F e i i Gal.geotrichum = =t i
#t4 (secondary metabolites ) » I 5 < }]‘;Jciﬁ 9B B AR

A R e N BPaE AR ¢ - = N A 4 ( Swiegers et

al., 2005) -
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7.00 -

6.00 -
5.00 -
4.00 -
3.00 -

Log cfu/mL

2.00 -
1.00 -

=i-2-Phenylethanol

0.00

B ~ ~ Gal.geotrichumw-5 4 £ & 512 ¥ ¢ g &2 &

6
Day

Fig 8. Amount of 2-phenylethanol and the growth curves of

Gal.geotrichum w-5.
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8 I

LE R F Rk B NE ST T B
ﬁi’ b ﬁé ~ - 8 H= ﬁg N

ERESRELG

ﬁ},ﬁ —:Fﬁ’;z (?,2010)7_‘&1‘6% 1"l

- Iﬁ/x; L S ]ﬁ’xi’; p;\ﬁ’&iﬂ- /i': %&I ° 1}4] L %ﬁ‘;} Gal geotrIChum m}T
Fert 2 A2 F F ISR % 07

L3

77“ V}\féif:fc%_{ o

5+ pH 5 7

N R R Sy
A 38 =+

» H %2 % 22 Chunhieng (2003) % 4§(2013)
Fp i e r&& -9 - &EI {'J‘%iiéﬁ?%*“"‘% SEEIMI N S

2|~ D ﬁ
2k — £ 4
oy ™

LSS R AL PR LANTL
2 (p>0.05)
Bl vR NS g st e 2ps d fusr %

SE RS SR a kR D (I LR

24 k%5
F %A o £ i&- 9 HPLC 4 #7554 Gal.geotrichum w-5 f g2
82 R F ;TR

<48 (4r@WL 2L - ) d HPLC
At T A FRRF S 341 min = 7 A7 f& 5 5.20 min
& 7.23min > 1

in m 2-PE
Bl R PERNA RGBT R B R
BTG MG R A AL 2-PE-
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Table 12. Comparison of compositions of two noni juice.

R S
pH 3.80 3.78
7 & (pg/mL) 3.19 + 0.04° 2.19 + 0.09°
=" A7 @ (pg/mL) 0.57 £ 0.01 0.18 £ 0.00°
¥ %Az £ (pggae/mL) 1633 + 64° 1608 + 37°

Each value is the mean + standard deviation (n = 3).
b Means in the same column with different lines are significantly
different (p<0.05).
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B4 ~ Gal.geotrichumw-5 &z K &+ 7 i 25

(A) 5ifes (B) 51 {5

Fig 9. Gal.geotrichum w-5 acclimate in noni juice.
(A) Before acclimation (B) after acclimation
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A
Butyric acid
= v
Vs 2-methylbutyric acid
i: P h\\‘/\”) L/\,/\\./\ ~
B f
s ! Butyric acid
222 v
\ 2-PE

Bl - ~ 25%:: B ) % it 5 Gal.geotrichum w-5 28 fi% o 14 2

(A) #rEw (B) ki

»
<%
.

N

Fig 10. HPLC profiles of 25% small noni juice fermented by

Gal.geotrichum w-5
(A) Before fermentation (B) after fermentation
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A ]
= Butyric acid
e N \\AA’JL‘ e A\ ~
= n
=% Butyric acid
‘l’ 2-PE
T

(A) #ps (B) sk

Fig 11. HPLC profiles of 25% large noni juice fermented by
Gal.geotrichum w-5
(A) Before fermentation (B) after fermentation
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Gal.geotrichum w-5 Az g & F 3 it 2 hrkez L B % ¥ 114
;65‘}1”557] }’3“'5"‘3]’:’&19@15%7—’%‘ ﬁgﬁ ‘Wﬁ,,z
A < 39

;ﬁﬁ FEES TR E AR Fo g A RAHETER SRR

e f i AR R RAEA BRI S LT R

% E A IR S e d L = 277 > 424~ Gal.geotrichum w-5
TAE20%% Y 5l R T E R 325% kR EF R
DR AT BV R R € B F B 4 o d 30%3)iE 32.5%FF F &

18 =4 ¥4 & dd & Fike- &% L gekt 5d Galgeotrichum

i<

WS BPES T Ry RO OME RS 0 T RS T,

36.14% > @ = 7 KT B AFFEL E S 95% b E RS > b oh g

~h’k

fris s € A2 Fe B vipliF 7.96+0.79 ug/mL > T35% 488
pg/mL o

< & EIR KA A L e A > Gal.geotrichum w-5 ¢ 20%
Bhem it BB ER S 40% % ERARG TS B IC PR L AR A
d 37.5%F1i 1 40%E PERF S 23 % > @ AT fRE R RIS

¥ BF R

S
d
=
[
0

~z=y

FiEF N5 2880% 0 - 7 AT RRF< &

N+

FEEEERT SRR FRESHET RN BAR
¥ Pl 6.67 £ 0.10 ug/mL > T35 % 3.88 ug/mL -
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AEEA R ARIB IR P ERT S ERF IR
AR @R 2 AR 0P S B 1Y & R DM AN B T £
FEEn RSB LFEREE B LG 90% b i
T o

& viatxgd Gal.geotrichum w-5 g2 B % s v A 4

"R
=
>
/El‘

#y

F R EE G R ERE R AR
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4.+ = ~ Gal.geotrichum w-5 »% |- &+ B it % | vkez X

Table 13. The result of improve flavor and acclimate in small noni juice by Gal.geotrichum w-5.

Fiie @i TR GE PO CRME-DPATR $REY-F D9 A7 22PEAE BRI E FHEVAY B Ip
EE P (ugml) i E ) F® ATEIE BRMEF (uml) (uggae/ml) i E(ug wF X
(%)  (Days) (ug/mL) (ngml)  (ug/ml)  (%)° gae/mL)  (%)°

20 5 049+0.01 0.85%+0.03 4284 ND 0.11 £ 0.00 ND 470+070 352+11 354 + 20 99.28
22.5 6 0.60+0.02 0.95%+0.01 3648 0.01+0.00 0.12+0.00 9140 3.03+£0.31 348+19 367+9 94.71

25 9 061+001 106%+0.02 4286 0.01+0.00 0.14+£000 92.66 3.03+0.15 375+9 408 £ 11 91.84
27.5 10 085+0.01 1.16%0.01 26.88 0.008+0.00 0.15+0.00 94.06 4.45+0.34 400+11 417+ 9 96.06
30 15 0.84+0.00 1.27+0.02 3391 0.005+0.00 0.16+0.00 96.46 6.12+0.23 407+ 8 455+ 12 89.46

32.5 18 091+0.01 138+0.04 3387 0.001+0.00 018+0.00 9935 796+0.79 418*3 493 + 28 84.91

Each value is the mean + standard deviation (n = 3).

ND: no detection

Ao B o s £)x100

51— ’fﬁ".y: LI Sl E—f;w;a.a; v A7 A 7 #)x100
CI(FRELR I ReEET RSB 5 £)X100
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% L = - Gal.geotrichum w-5 3+ = %+ Bl i 2 j vk i

Table 14. The result of improve flavor and acclimate in large noni juice by Gal.geotrichum w-5.

B ik B FIEF TR E FETORE T RMRF 2-PE 2 & BIBIE  PEVLAIRT LI R
(%) (Days) (ug/mL) £ (ug/mL) (%)" (ug/mL) (nggae/mL) £ (uggae/ml) F F(%)°
20 4 0.38 £ 0.02 0.52 £ 0.02 27.03 291+£0.16 322+2 325+5 99.12
22.5 6 0.43 £ 0.00 0.59+0.01 27.26 3.03+0.13 324+ 9 352+7 92.26
25 7 0.45+0.01 0.65 + 0.00 30.05 3.12+0.24 380+ 4 402 + 13 94.50
27.5 8 0.57 + 0.00 0.72 + 0.04 21.46 3.75+0.79 405+ 10 430 + 35 94.22
30 10 0.56 £ 0.00 0.78 £ 0.01 28.54 3.81+0.11 435+ 21 469 + 10 92.82
32.5 13 0.61 £ 0.00 0.85+0.00 28.58 6.67 £ 0.10 469+ 5 508 +7 92.24
35 15 0.65+0.02 0.91 +£0.02 28.23 6.67 £ 0.42 481 + 11 547 + 27 87.97
37.5 18 0.65+ 0.01 0.98 + 0.06 33.36 6.33 + 0.35 532+ 3 586+ 9 90.78
40 23 0.68 + 0.01 1.04 £ 0.03 34.69 497+ 0.26 560 + 9 625+ 11 89.56

Each value is the mean + standard deviation (n = 3).

Al ’:bﬁT.é” s E—mﬁ*am it % £)x100

(Rt

PR R

T

RIPE

£ )x100
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Gal. geotrichum w-5 it sc L B & i eng vk > Ra ZE &7
FE RSP FeMAAE TP FEER R b
A SRR TR ARBEER S, S enikyy o E D P
s horR TR o
(- )i & A iE

4% Plackett-Burman 8 4 ]+ 2k 3+ 3 & > ¥ U0 F
BRI EiE G BT o kP PB #EkR R R LB

FRELBEFFH O BARVEF L BAE RS A LT

A

2Ev i

*}

-5 &7 5B 2-PEAE 5 580 pg/mL >
M E LB REFORIERMK039ug/mL B B LR AN
/7~ 4 Benzoic acid ~ Sucrose ~ Tryptone % Tyrosine » :&— # 14
Pareto chart » 472 2% % % (4cB -+ - ) Pareto chart 3 %

FlF oo B B R B 0 5d T s E (T-statistic) 3+ 5 2 4p

Ik
*“?3

$ocfl 0 & ERARE R4 0T34 2PE A2 BB PG o A

S Am R eonfeh FE R Lotk BY B AU HER
WiB PR AR FI T4 2-PE 4 A3 E A E ok o 2 o

Zs4e Tryptone ¥4t 2-PE & 3 ¥ d e 2 L7 ¢ 1.2
6~8-~102% 1l 5.:38% &> 5 3 & & Tryptone %] » 2-PE %,
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feA £ 5 1945 pg/mL; @ 3-4-5-7~9 % 12 % % & Tryptone
Ewl > 2-PE B4cA £ 5 575 pg/mL o ¢t B & Ao x4

Tryptone ¢ 3+« Gal. geotrichumw-5 # 2 2-PE 2. & £ -

=1
o

" ik (Benzoic acid) £ per=pc (Tyrosine) H 4:5 ¢ 7 3
L BETRE 2-PEAR 0 MU T pAL 4 & 2-PE 2 v md o e

BEETRAAFEF A 2 2PEAE T - A NaClij

W 2-PE4 23 P esifpled AE DB FE o
f R

2
4

‘;\\}

& F i 14 Pareto chart 4 47 ¢ & » 22 & F1+ 7 Tryptone
% NaCl; ¢ » »cJ& = Benzoic acid~ Sucrose ~ Vegetable juice -
Tyrosine % Yeast extract » sz 2_ {$ 7 4v Tryptone 2 NaCl :& =

K - =
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%+ 71 ~ 1% A w4 2 Plackett-Burman &5 % 3+

Table 15. The Plackett-Burman experimental design for screening
suitable medium ingredients.

Ben%mc Sucrose Ve.ge.table NaCl Tryptone Tyrosine veast 2-PE &2 &

No. acid juice extract
(%) (%) (%) (%) (%) (%) (%)  (ng/mL)

1 0 0 0 1.0 0.25 0.5 0 5.80x0.10
2 0 0 10 1.0 0.25 0 0.25 3.44+0.03
3 0 0 0 0 0 0 0 156+0.01
4 0 0.2 0 0 0 0.5 0.25 1.05+0.00
5 0 0.2 10 1.0 0 0.5 0.25 1.30+0.20
6 0 0.2 10 0 0.25 0 0 4.05+0.01
7 0.1 0 10 0 0 0 0.25 0.62+0.01
8 0.1 0 10 1.0 0.25 0.5 0 254+0.39
9 0.1 0 10 1.0 0 0.5 0 0.83x0.10
10 0.1 0.2 10 0 0.25 0.5 0 0.73+£0.01
11 0.1 0.2 0 1.0 0.25 0 0.25 2.89+0.25
12 0.1 0.2 0 1.0 0 0 0 0.39+0.00

Each value is the mean + standard deviation (n = 3).
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Standardized Pareto Chart for 2-Phenylethanol

E:Tryptone

A:Benzoic acid

B:Sucrose

D:NacCl

C:Vegetable juice

G:Yeast extract

F:Tyrosine

Standardized effect
Bl - ~ % A4 Plackett-Burman 323K 32 »a g% B A 37

Fig 12. Effects analysis of medium ingredients according to a
Plackett-Burman experimental design.
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(Z)2F]F Mate s 2 g

15 20 2T R R 2 B g 2
PR > D FF A RREAERRE R oL L2 T o
1295 Pareto chart # 7% % (4@ -+ = ) Tryptone 5 ¥ ¥
wrcfs®m NaCl &7 23 /% EMMF [ wocfpeod 2+
= ¥ B2 5| Tryptone (3| £ % (1+2)2-PE %,4r % 10.38 ug/mL
A % #E e (3+4)2-PE #4r% 41.04 pg/mL > F] Tryptone
Aot 2PE S A F R 2 ok % o & NaCl 384 il £ e

5] (1~3) 2-PE %45 31.73 ug/mL > & & # £ 2% (2~4)
PE 4fr 5 19.69 pg/mL ¢ 21940 NaCl 7 4ci § § i3 &
2-PEA & T "% - %7 =% NaCl ﬁkni,z"‘%c%lx] » F] 12 NaCl
Foe® R H - R 2PE AR 2ok Bhded L4t

7 NaCl i 4 £ 5 1%p5 2 § #.% 2-PE 4 #(18.14 pg/mL) »
P il AR 2 TS EER PR ANaCl g AR 54 2 5 1%

4

gz H Y ¥ E Tryptone )k B & (7383 o

i3

g AF S > F]F BB R R FRACR L S T 0 FORELRT

NaCl i< #| & 2% (1+4) 2-PE %4c % 48.92 ug/mL > @ & |
5] (2~3) 2-PE #4c 5 49.16 pg/mL > s 2 5% BT 113
A £ NaCl 82 ¢ 3 4v 2-PE 2 & e 52§ % ~ - 1335 Pareto chart
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A 150 % (4Bl - e ) Tryptone i & 5 B ¥ 1 v o2 F]F o
T NaCl A B2 »c R R 7 BE ¥ 7 F 504 4t o Tt
NaCl 7 4c#| £ 2 (7 2 47 @ Tryptone 7 4c £ 3 eyl in™ 45
i NaCl i+ 2 B ol » # S 4ok -~ 507 NaCl 3
¥ (2~3)2-PE %% 5 4338 pg/mL » “HE & (1-4)
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FE i GBS 4 NaCl e 128 % 8m ¢
*t Gal. geotrichum w-5 2 & 2-PE 2. B2 5524 % 7 B ¥ o 7]

S 16 HF SR #-r 3R 5E Tryptone 2 4 £ 3 2-PE A £ 5 % -
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Table 16. The 2° full factorial experimental design for estimating effects
of medium ingredients on 2-PE production.

Tryptone NaCl 2-PE 2 ¥
No.

(%) (%) (ng/mL)
1 0.05 0.2 5.06 + 0.31
2 0.05 5.0 5.32+0.16
3 1.25 0.2 26.67 + 3.16
4 1.25 5.0 14.37 £ 0.18
5 0.25 1.0 11.31 £ 0.29
6 0.25 1.0 11.85 + 0.31
7 0.25 1.0 12.17 £ 0.28

Each value is the mean + standard deviation (n = 3).
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A:Tryptone

AB

B:NaCl

Standardized Pareto Chart for 2-Phenylethanol

3 6

Standardized effect

9

12

Btz &AL A4 22275 k2 A

15

18

Fig 13. Analysis of medium ingredients effects according to measures of

2% full factorial experiments design.
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Table 17. The modified 22 full factorial experimental design for
estimating effects of medium ingredients on 2-PE production.

Tryptone NaCl 2-PE 2 &
No.

(%) (%) (ng/mL)
1 2.0 0.9 27.84 £ 0.13
2 2.0 1.1 28.05 £ 0.46
3 1.5 1.1 21.11+0.24
4 1.5 0.9 21.08 £ 0.34
5 1.75 1.0 25.16 £ 0.08
6 1.75 1.0 25.56 + 0.83
7 1.75 1.0 24.70 £ 0.32

Each value is the mean + standard deviation (n = 3).
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Standardized Pareto Chart for 2Phenylethanol

A:Tryptone

0 2 4 6 8 10 12
Standardized effect

Lo ~ 2RS0B3 2° 275 8% A4

Fig 14. Analysis of medium ingredients effects according to measures of
modified 22 full factorial experiments design.

- 66 -



LA AR i34 2% 2 )T mK R

Table 18. The modified 22 full factorial experimental design for
estimating effects of medium ingredients on 2-PE production.

Tryptone NaCl 2-PE 2 &
No.

(%) (%) (pg/mL)
1 2.0 0.2 24.29 £ 0.81
2 2.0 1.0 24.92 +1.02
3 1.5 1.0 18.46 £ 0.55
4 1.5 0.2 18.44 + 1.28
5 1.75 0.6 21.85 £ 0.47
6 1.75 0.6 21.77 £ 0.31
7 1.75 0.6 21.36 + 0.29

Each value is the mean + standard deviation (n = 3).
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Standardized Pareto Chart for 2PE

]

A:Tryptone

B:NacCl

AB

1 | 1 1 1
0 5 10 15 20 25 30
Standardized effect

BlL7 - R4%ASA8BaH 22273 2% A

Fig 15. Analysis of medium ingredients effects according to measures of
modified 22 full factorial experiments design.
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ES%dod = L 917 > § Tryptone 7 e g 5 2.25%pF 2-PE
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Table 19. Result of single variable experiment of NaCl.

Tryptone NaCl 2-PE 2 &
No.
(%) (%) (ng/mL)
1 0.5 13.52 £ 1.03
2 1.0 18.14+1.14
1.25
3 1.5 17.48 £ 1.28
4 2.0 1240+ 0.91

Each value is the mean + standard deviation (n = 3).
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Table 20. Result of single variable experiment of Tryptone.

Tryptone NaCl 2-PE 2 &
No.

(%) (%) (ng/mL)
1 1.75 26.50 + 1.06
2 2.0 29.57+1.11
3 2.25 33.23+0.14

1.0

4 2.5 30.55 + 0.92
5 2.75 28.88 £ 1.02
6 3.0 25.51+0.79

Each value is the mean + standard deviation (n = 3).
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(= )PDB % 47 & %
g4 - L - S5 @54 Gal geotrichum w-5 32 % {8
* i34 PDB 3 % A H 2-PE & T 5% 1.59 ug/mL # 13 4 4
PDB 5 % 2 2-PE T 352 £ 5 33.79 pg/mL - 4+t 2. 7 3%
teig&ris PDB 3 & A H &2 EH 4 2126 B > Ft g d e

Tryptone 2 NaCl z_ 1% &5 PDB 3 % A& A 20°C ~ 100 rpm T~ 32
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Table 21. Comparison of 2-phenylethanol productivity of PDB and

modified PDB.
No. 2-PE # € (ug/mL)
1 1.58 + 0.11
A 13 & 2 1.57+£0.13
3 1.62 +£0.18
1 33.84 £+ 0.51
3 A {5 2 33.65+ 0.81
3 33.87+0.55

Each value is the mean + standard deviation (n = 3).

A i3 4 : PDB 2 % &

i 4% {5 ¢ PDB 3 % 2 4c » 2.25% Tryptone 2 1.0% NaCl
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Appendix 1. Standard curve of gallic acid.
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Standard curve of 2-phenylethanol.
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