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ABSTRACT

The main advaniages ol the fal,'ouid Zrpolrtira (NRRL Y-
17516) as well as some UV induced mutants tiom it were e\aluated

for thei ability to h)-drollze olive oil and E'oxidiTe the hydrolyzate ir
thc medium in absence ofco oxidants.

fhe promising motant No. 15. which overyielded its or;ginal
strain in hydrclizaiion of the oil, was xsed in protoplasl fusion uith
rhe parental strain aiming to isolatc high enzlme productilc fusants.

The culturing process takes place at n pH 6_7 and a temperature of
l7'C for 7 days and eventually gi'es,l-hrdroxfdodecanoic acid.

C]-cliration or lacbnization ofthe later by pollphosphoric acid ai pll
1.5 dnd at 90-100"C rcsults in the formation of ^/-dodecalactone.

which was identified by using GC / MS.

Ke1' worils: arand biotechnolog). biolrdnsfonQtion, lactdrct' oli'ie
oil . Yaftovia lipolflica.

1, FITRODUCTION

Due to thc gro\v;ng market share ofllavours in lhe $orld radc
and rhe sEong demand for natural products, including natural

flarours. it was nccessary to dcvclop a n umbcr ol biotechnol ogica I
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solutiots to compete \vith traditional synthelic chemisrry.'. fbr the

producrion of flavours. In addiiion to the label _nalural'

characterizing the fla,rours produced via nlcrobiological methods.
hiotechnological approach implies addirional adlantages. r.g..
chirality control on the end. product \rhich aflecis its sensDr]

properties. abilir-v Ibr scaled up production. clean and cheap

technolog,\', and the suitabiliry tbr the natural resources in developing
countries (Krings and Berger, 1998). Therc arc ltree possible

approachcs to obtain natu.al flavour chcmicals via biotechnological
Drethods or the use of so called biocatal)sis: plant cells and tissue

mutants. 1'ementation and biolranslonnatior. The latter approach can

be performcd cither \yith !\hole cells or crude / isolated / purified
en4me systems $ith thc addition of a main substralc $iich is

conlerred info the de(ired produc! lia enzlmalic caiallzed sicps
(\\'hitehead. 1998). TIre main ad\antase oi the bioranslbrmalion
technique is the using of iie\pensive, readil) available and rene*ablc
natural precursors, c.&, fatt] acids. $hich can be convc.ted into more

highly valued flavours, e.g., Iactones- ktro\ria lipolltjclt,is a ftiher
common fungus isolated fiom substrates containing lipids or proteins,

such as dair-r produots, and is abic to produce extacellular lipase. It
hes polential fbr utilizntion and ooNenion of industrial t''aslcs
containing lipids to lbod or flavours through providing tatt-v acids ro

be converted by nicrobial e zynes. Production of lipale liom
Ydrtuvia lipoltlica is enhanccd sig.nificanll) b) olile oil as a carbon

- source (Gorzo and Revah, 19991 Felicc cl a1.. 1997i No\otny er 41..

1988). Thc maximum activio was reached at pH 6-7 and ll'C
(Destain er .rl, 1997; Demncrova. 1994). Hadeball (1991) found .hal
lipases play an increarins role ln the con\ercion ol hldrophobic
oornpounds. esp.ciatly lipids and within the fungus genus ver]
diferenl lipases are produced conceming ih.ir substrate specificii.

Lactones e.8., T -decalactone and y-dodecalactorc contribute to
the flavour of many fruits such as sfawber.ies, peaches and ap.i.ots,
and also in milk products ar well as some fermented foods (Gatficld,
1996). lt{icroorganisms Iorm thesc laclones b} t\ro possible path\rays:

de novo synthesis and the hldrox)lation of tatty acids foliowing Jl-
oxidarion (Catfield. 1985: Hagedom and Kaphanrmer, 19941 Imai ,/
,1 l99l and Janssens r/ ,/ 1992) Wirh rcspecl !o the laner
u saturated fatl"v acids such as palmitoleic and oleic acidc werc
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expccted to form ]-decalactone and y-dodecajactone respectively.
through hydroxylation foilowed b) B-oxidation of the h)drox) iafl).
acid (Wanika*.a e/ al, 2000). Industrialll,. thc use ofunsaturated fatt!
acid:. h)dro\) far! actd\ e,pecialll ricrnoleir arid as oell ,. coror
oll to produce T-decalactone is well knorvn. I]owever, nothing Nas
reporied conceming the prcscnce of suitable and cheap subsrrate e.g.
cssenlial oil. fbr the production of T-dodecalactone. 'the mai
objectivc of this stud) \\as to convc unsaturated fatty acids of ihe
oli\,e oil to lactone precursors follo$ed by lactonization using a
!uitable mincral acid. in order to obtain ydodecalactone ,id a
commercial source. Bioconversion in rhis study depends on the
mulalion breediog or protoplast flsion technique to induce high
productive ;solates of lipase. nhich are obtained through different
geno|ipes of htfto\tia lipolyticd-

2. MATERIALS AN-D MITHODS

2.1. Orgaoismr yaffottia lipolyticaNRRl 17516. kindlt'. prc\,ided b)
Northem Regional Research Lab., Department of Agrimr,tant,
lllinois, USA. was used in this investigarion.

2.2. Media and Solution
2.2.1. Minimal medium (MM): was used lor murant isolaiion aud ir

has the following composilion: veast €xiracl I g., malt exhact
I 9., peptone 5 g, glroose 10 g. and 1000 ml distilled ware..
(Ogr],dziak et rl, I97E).

2.2.2. Complete nedium (ClV): was uscd lor mulant isolation and it
conlaiDs: veast nirosen bese rliihout amino acids (Dilco) as
0.67% and glucose as I9lo at pH {.5. (Ogl-ldziak et al., 19l8).

2,2.3. Fermenialion medium for lipase produciion (FM): Thc mediDm
contai.s the lollo\\ing composirion: glucose 20 g_, urea 2 g.
olive oll 10 g. KH:PO1 I g. MBSO+ 0.5 G., CaCI, 0.1 g, NaCt
0.1 g, H.BO] 0.5 mg. KI 0.1 mg. FeCI.0.2 mg. CuSOa 0.04
mg. ZISOI 0.,1 mg. MnSOr 0.1 m& m),oinositol 4 pg. biotin
8pg. rhiamin 200 pg and 1000 mt. ol disril,ed warer at pl I 4.0.
(Gorm and Revah. 1999).
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2.2.4. Regeneralion medium It consists oa veast exnact 0.5 g,
peptone 0.59, glucose l0g. KH:PO1 0.75 g. (NFir)rSOr 0.75 g.
MgSOa . lH)O 0 5 g. sorbitol 5 g and 500 ml. dislilled *aler
(Takagi eIal, 1983).

2.2.5. Protoplast fusion buffers: pretreatment solution (Spencer ,?, d/.,
I 98 0)rprotoplasting buffer(Spencer €t dl,1980); pol,ethllene
gl,vcol solulion(Farahanal el dI,1986) and potassium phosphale
buffe( l0 mM K:HPOI. 10 ntr4 KH,POa, 150 mM NaCl) ar pH 7.0.

2.J. tN light mutagenicirr": A Philips I- IIV l0 W lamp (t-vpe no.
57J11P1,10) \!as used as a source of LIV- inadiation in dark at
a distance ol l0 cm. Cells of thc organism !\ere irradiated in
open {ishes Rith agitation for 0. :. l0 and l5 minutcs. For
a\oiding photoreactivation. treated cells $ere kept in dark lor
about 2 hours after \}hich appropriate dilurions \\e.e inoculatcd
on Clt{ plales. The grolving colonies \rere counred agaiisr rhe
coDtrol plates of thc same dilution. Colonies. Fhich gavc
gronth on CM but nol on MN{ plates, \rere considered
auxohophs. ln addition, some morphological mutants wer€
isolated to be tested for lactone formation.

2.4. Fermentation and BiocoIlversion-fhe 
mutants \\'ere carried out in i0 ml of FM in 250 ml

F-rlcnmyer flasks for 7 dats *ith agitation ai 200 rpm. 15 "C and pH
7.0. ConoeDtrations oiTrveen 80 betBeen 0.5 and 2 gl \\ere added to
acrivate tllc cxtracellular lipase production. Oli\e oil, oleic acid or
linolenic acid \rere irdividually added as subsraies at a l:aie of l0 g/l
ir the femrentation media-

2.5. Protoplast fusiol and isolation offutrgus {usants
. Protoplast formation \\as carried out according to thc method

described b| Spcncer el d/., (19E0). Thc induced mutanr no. 15. which
proled to be rhe highest lactone preoursor fbrmation as fould in this
study. l\,as chosen to be used in protoplast fusion with the original
st ain. These h1o isolales were subjected to dirIercnl aniibiotic sress
to determine their resistance or sensitivity to eacL aniibiotic.
Strepl,Jmloin showcd iniibition effect against the murant strain(no.l5j
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bur not r the W.T., while ox,vtetracycline inhibited lhe gro\tth ofthe

W.T. bui did not al]'ecl mutant no-i5. Protoplasts fiom each ofthe

W.T. (no.25) and $e mutant no'15 \vere mixed and cenlriluged at

'lrn,l, mm rJr'min dnd Il,e'Llefllalant $a\ remu\ed PolleLh]lene

rh..ti: mlr "a. 
raa.o JnJ n i\cd gcnll) srth proluplc\r' trnrrl lhe)

.1,.,..r,p.na.1 lhemr\rure.rl lhc pror.rpla'L *d' in'ubarcd up^ro

l0 00 mi" al I0.(. dno rhcr dilul<d \!irh rr6i \4 K(r lo '0
Samples of0.2 ml rvere plated on 20 ml ol 

'egeneration 
medium and

incubated at 30"C lir 2 da,'--s. The obtained regenerated colonies'

"l"i "Lt"o 
to oe rc.i'lot,t lo bolh dnlibroli"' *cre c'n ioe'eJ

,u,r,1,.'t ir".,"rrf" lusa,rl' $er. 'el.c 
ed and rc'tcd on lLnnenlalion

media r-ortailing olive oi1 for their lactone plccursor lormallon'

2.6. Isolation sDd Lactonization-- - 
,ti in. 

"nA 
ol the ierrneolalion period' cells were retroved by

centrifusation and the pH of the medium was adjusted to l'5 by the

,iarii"ii.r mi,eral aiid (pol)phosphoric acid' Merck Darmstadl'

i,.r*rnl una'r,".,",rr!;as hLareJ to 100 C lor 5 l0 rnin rrr ord<r

" ,,,.nt.r. the laclolli/a' on I xllacLlon ol llrc I dode'alactotre

;".;:J"'"t -anio oui tr'iflg:0 ml or dicrh\l crher rVercl'

Darmstadt. Germany). The organic 1a1er *as separated' dried.over

anhvdroLrs sorlium ;ulfatc and coocentrated to about 0'5 ml using a

v-igi.r. *forn (50 cm r 1 cm) and the sample was examiued by

CCI rS analYsis.

2.7. Scnson Etaluation-- - 
il,; -..."'l anull'r' ua' .an:ed oLl under lhe conJition'

.*.,,n"J tt,f . inter"rarror'al narldard' (lnler.1ali''rrdl 5landardi23rion

ri'","i,,,i."- fSO,. eencrnl !t,r,l(line' ah'r l\() obs8 lqSi: in a le'r

.*r. "i"ti*u ",rn .rrndirJ lcir booLrr' (lsU 8)8q Iq88r: lhe

;...'.,:. ;.t. '<lecled. lrJinsJ cnd m"niror<d alier tne -"nerrl

"r,'""iJ,faO 
8580-r488). un\lrr(Iureo erdprrrcal \dle' rlsO 4l:1.-

gxhr*e(e nre\enlco a' -rraighr line' 100 rnm lonP pn\rd<Ll \rlh
,1".;1".r';, eirher crrJ ioo'iur irrten'in' r' mm !er\ scak' '00

r. 
"..., 

,rung, od.'"r ac.cplabillrl 0 mrn !e] linlt acrceablc'

,00,"" '..+ a3rccaot. '. ll'c rerrsnn pn'filr ua' ba'eo,on ftee

cnoite orofil'ne. a'n,l ll,. rotlosing at'"rrptur) $e-< retzined {our o

i:.-il*,.a a.I.r'p'"':7: i i'a';t''l br(iJ jii'l r'r'lcd perrruL:"
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r-nccr br(adr ) i$eel. cdramcl bitrer: I pasl) fl1:n; o*ul

ii:il: r pi ;l,jl;tirfg: $:ii ";,:il ;' ;;.Ii""fi;
","';Xlj;X"H:;:il ;;; ""''''ong 

odour pronre'

i'iij,",,.6 6' ..'mr" r r^m erorrnd * rdc-nerk gla's bottle'

2.8. Gas Chromatographr'- Mass SpcctroBetry AanrBsis (GC/

Ict) vr "nr't''' or tr'( clcli/cd or la'tonircd producr''atler

.,,*. i'"". ".1 o.n"^cd on d \'trian 
-ir.l,:lr,o;rlSfiil ;i';lt;:i

io r i,,,, pdn rse -000 m1': *"'"',:."::..:' ;#r.i"",,. rr,.., r,""
uara ,r.rcr ror vr idcntiti.aron orrne u( 

.:n,iii".. 1l"la r,*a
uied s.r: DB 5,r 1 

u-\l:il''::':l;l' ;"1 ,: , *"i"a "|lr,
."i,i'r"rn' ,'' 

"t,' ' 
(0'j!m fi m rnrikne"r lhe r\en Icmperaiurc

t-"' 
,i"*rr-* n"" 'g1 16r r rnrn ''^rhcrm"l' 

Iher hehling h\

"'l 
t'-'.-^-;^ '<n { '!nd Lolhermall) rur '0 ,.n:rr ar 150'( ' lnl(c'or

,;;,,.::ll:;'r;, i lni 
'r" 'otu'" inte'red *a' 'r-r rran'ition

:-^ ^_'r i 'n c''rrce temDeralure' ucre 2jU'C anJ 50'C'

,.J'J.:,.I; i ;" ;:''p";' J;"'"' 
"11t i,:il,,I )i'; :: ;T l,l:

:\oid the sol!€nt peal and then 'canne
i:;i;,l;;:;;;; 'l;. 'cr xr -0<v 

,rdcnxird;oT T'fi:::1,::"X:
c^rnDJri.or $irh lhe \45.olnpurcr lrbra'],',r' ';.... ii.-*p",","0
linrritra'r) 3no on rhc re'p<crite t:t:"';;",h";',,i,,, ;. .\",,,,"1
.',.pon.no \rere idenrilled o) T"'"'^',ji; ;;. .p.,,,,, . "r",'lnrriiute ol st ndard* and.l <chn''lo!)r I 

e-,i i,.,.,. .. 
- 
r,,,,r*,i.

.lata. ljomparis"n of the Ko\al s rrror(

.i,lp"*"i' 
""J " 'tr' 

p'bri'hcd dara ' \r"m ' )J'

3. RI]SULTS -4\D DI'SCLSSIO\

UPon !.earmcn! of lir,''*' :':";l::\\ . -tl;t:\::r:chl r,o,tle-.nl -\c ..1. :-. - . -_,' -, . _ ."..,r m,l.
.i. ..n..., ..' .:. r'- .:'.-' ._ ..
ino-Fl- l." :_'1 ''::''

ihese mutani:. r -, r::..,i:a -t eir \\'.L
I't''r "r :i_' _

' -: ':" rLo'lon'
Jr- ni'\e <:-'ll: l: - i
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precursor using olive oil, oleic acid and linolenic acid as substrates.
After i68 hours of fermentation, the mutant broth was taken and
sub.jected to r'r-rr? lactonization followed by s€nsory evaluation. The
promising products were analyzed ri? GC and GC / MS.

3.1. Sensory Properties
Table ( l) demonstmtes the sensory profile of rhe concenrrales

formed affer lacronizatron ofdifferenr muranl broth. A nained panel
using a scaling procedure quantified the whole flavor as weli as the
intensiD of erght parl qualilies tsensor) noles). Three_fold repelirron
and use of slandard ga\e reproducibilrr) of the tesls. I he muEnr t) pe
as^well as the substrate used, as shown io Table (i), significantly
affect€d the odor acceptability, e.g, rnutant no. i5 using oli;e oit as;
substrate showed the highest record, however the sarni mutant using
oleic or linolenic a€ids as substrates gave a lower acceptable recordsi
Gorzo and Revah (1999) reported the inhibitory effect ofoleic acid on
the lipol),tic action of yaro )ia tipotytica fungrs, but surprisingly we
detected thr: same effect using linolenic acid as a substiate fii this
organism. The same phenomenon was observed for the concentrates
preparcd yt, mutanl no, c. Among the numerous concenrrates
obrained and examined. lhor of murani no. l6 using oleic acid and
linolenic acid were recorded the lowest acceptable records.

The odor intensity was higher in most concentrates. whereas
lowcr rnrensities uere observed in rhe concenrrates obta;ned through
mutants no. 7, 9 and 23 using linolenic acid as a substrate; this may f,e
due to the lower activity of such mutants towards the formation of
arcma precursors_

More pronounced differences were observ€d in the odor profile.
lntensity ofthe sweet - fruit flavor notes recorded the highest'grades
in the concentrate obtained yia mutant no. 15 using ol"ive oii as a
substrate, apparently, due to the formation of 1_dodecaiactone. Ingeneral, fruiry, fatty and sweet notes were iound stronger in
concentralfs prepared vra murants brolh. which depend on th; olive
orl a5 a substrate. Howerer. the saJne notes were weaker in those
obrained lhrough muknts depending on oleic and linolenic acid as
sublrmles. This seems to be reasonable. since both oleic acid as well
as linolenic acid inhibited rhe organism acri\ity. and only esters were
lormed due ro acidificalion during fie lacronization srep. Other

I
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:ifi :EI;I,:ffi i*H"r.'ri5.#ilJ##3lJ*
muntant No. 15).

Figure (2) : Colnies of five chosen tusants



along with the W.T. (No, 25) usitrg olive oil as a substrate (Resutts
in p.c. of th€

Characterisric Nc. l5 No.25 No. 9 No.23 No. 7 No. 1"4

Odour intensity
Odour acceptability
OdoLrl profile:
Roasted, b.ead cmst
Sweet, caramel
Iiruity
Pasty, bread cromb
Fatty, buttery
Eanhy. mouldv

88.6
93.1

i.l
80.4
90.2
1.0

26.6
t.2

72.3
85.7

2.4
29.5
66.1
1.2

48.8
3.9

'/ 4.s
90.1

1.',7

3',l.3

60.8
l.l

38.5
2.5

65.4

1.9

21.1
62.4
t.0

45.4

70.3
88.2

2.2
20.5
59.6
t.'7

44.8
2.4

69.8
89.0

1.4
119
68.4
t.2

40.1
I.9
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descriptors gave insignificant resulis. as the ralingi !rer. 1oc lo\
therelbre rheY are not inc,uded in Tabk ( t).

Lipor ptuloplast fusion technrouc ilri.su.e 3) be!$eerr rfc t!jtC
t\pe slrarn rro. :51 anC thc pronis,ng mutan: fnc :5) 4l differen:
luiarrs $ere obtaincd an.i resred fir: dre formatror.rl oodecataclon.
precrrso. ir the suDernarant oi the ramrcntauor medrum Ih. mos:
productr\e fi\e fusanrs *ere chosci alierrre:l lablei2 r dcmonst:are:
thi: ren\on profile of rhe concentraies lorr,ed after lacloniTatror o
ihes€ 1l\. mutanis brorh using ol,r'e oil es a substra..

'I abl( (11: Seosor] evaluation of the concentr:rto samptes of ! -.elected muta,rl!

3.2. Compositiotr ofvolatiles alrd their precursors
A, mentioned abo.,e. onl) lhe promjsing concenlrates.

according to the sensory evaluation, werc sl,bjected to CC and
GC/MS analyses. The concentrate formed through mutant no. l5
using olive oil, as a substrate was the most promising one. According
to lhe GC and CC / MS aralyses. rwo main componenls wer;
identified in this concentBte; the first showed the following apparent
fragments:
m/z 273 = M,256 (palmitic acid - OH goup), and m/z 213 which
represents the hydrocarbon moiety (Figure 4a). From these results, it
was evident that the product fomed by mutant no. 15 using olive oil
as a substrate was lo-hydroxypalmitic acid. In Figure a4b) mass
specrrum ofthc second componenl delecled in lhis concentrare wirh
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Figure (3): A: The lirlilri'r l!.)ilrkd before soail l-vtic cnryme

B: Th€ cells after enzlme'
C: Fusant cells'

j
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