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Suecheromyces cerevisine and the-o.amotolaraxiit yeasts S,
rouxii and Qgpgzyomzcéﬂ hansenii were aerobicelly
and aneercbicelly grown in presence of inecrepsing
concentrations of sodium chloride from zero to 15%
(w/v). Levels of both saturated and unseturated
fatty secids in the yéast cells ware estimated using
gaa liguid chromatograpny, Palmitic end stear;c
acid constitated the major cohponent of saturated
AEt*y acids in the tbhres test organisms: however,
pe1w1toleic, oleic and etmidlc wers the major comp-

onpnts ¢f ungaturated fstty aclda.

o linear correlation waa found belween levels
of sodium chloride in the culture medium and lgyels
of either saturated or unsaturafed acids 4n the yeast

célls. Levels of totsl unsaturated felty 'rcids vere

higher in aerobically grown cells of §.rouxii end

- 247 —

s



— 248 —

D. hansgenii thaﬁithose grovy:. enserobically, altheugh
their levels were indifferent in S,cerevipise, Also,
levels of total saturated fatiy eciés in S._rouxii

were lower then their levels in both D. hansenii and

S. cerevisisme. However, levels of unsaturnted feity
acids in §, rouxil were higher then those of Q,hansenii
or -§, cerévisige,

INTRODUCTION

The 1ipid_compositidn of yeests is very respon-
give to changes in the chemical end physiecgl properties
of the enviroament, White end Verkmen (1948) reported

an increase in the 1lipid conitent of Ssccreramyces cere-

vigiae following the growth in presence of scdium
chloride, Combs end Plsano (1968) found that on
ineremsing the concentration of sodium chloride from
zero o 10%, the lipid content as well as levels of
the unsstursted palmitoleic fatty acld in Gandidp
glbicena increased. Mahmoud et al (1981) found that
levelg of both totel lipids and‘ﬁhOSpholipids in
5. rduxﬁi,'ééberxogxces hensenii end §, cerevipiae
dectensed vith the incresse of sodium

chloride concentration,
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The aim o0f the prement study was to show the effect
of sodium chlioride on the levels of toth saturated and

unsatuarated fatty acldes in the osmotolerant yeanis

8. rouxii end D. hensenii in comparison with those of

S. cerevisine.

MATERIALS AND ¥ETHODS

Taast Orzenlsms
Saccmromyces rouxii was isoleted from a aample of

&risd Exyptian datea, while Debaryomyces hansenil waa
imolated from m sample of an Egyptlan cheese brine commonly

called (l'innh). Hoth organisms wers lmolated and ldentificd

by Mahmoud {1978). S. cereviplse, however, was imolated from
a psmple of commercial compressed yeast, & local product of

the Egyptian " Etaroh Products and Yesst Co.".

Growih Mcdium
The tast organisms wers grown im 100 pl fracticme of -
a mediux;l containing tim desired concentration of aoi;iu:_n
- chlorids, apd dispensed in 250 ml capacity Erlenmeyer n;s_i‘::g.
The glucoms-yeast extrect broth aedium of Crabtree snd mi-'tiu
{1974) wes used .-';.tn slight modifications, It has the tollov;ins
composition (g. %): 0.5 peptone,~0.3 yesst axtruct, 1.0 glucoss,

0.2 KRP0, sad 0.05 Mg90,.7.H,0 {initial pi 6.5).



— 250 —

Sodium chlcride wee aléed as grem per cent (w/ V),
lovever, the finel readin.s of the weter éctivity of
the growth mediur; vere meesured using a BecKmen Eyg-
roline recorder, model SMT. , Eack neasurement ViaS
teken unfil the recorder ves stable for 30 minutes

to one hour.

Inoculeted flasks were sheken et 30°C us=ing a
rotery shaker, For eneerobic growth, however ecech
flaek pseptically received 10 ml of sterile pereffin
0il, and incubteted (unsheken) at 30°C. The incubation
period varied between 2-15 days for resching the
eerly stetionery phese of growth,  This depended uzon
the. test orgeniss es well es the concentretion of

sodium chlerice.

Vizshing of cella:

After the proper incubstion pericd, the yecst
cells werc hervested end weshed three times using
distilled waier by centrifugetlcn et 2400 r,p.m.

Extraction of Lipids

Free lipide were extracted from the yeast eells
eccording tc¢ the method presented RJy Letters (1968)
with alight rodlficetions, Yeest cells were disintegrate

by mechanicel sheXing mith glass beeds, end the broken
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cell preperation was extrected with neatrsl end

acié solvenis es follows: 20 ml portions of ecd (v/v)
equeous ethencl et 80°C were gdded to savpleg of brokern
cellp, each corresponding to 100-13C mg dried yeast
cellg, The suspension wes meintelned et BOeC for

15 minutes, then filtered through Wnetnen No. 44 paper.
Tne extract together witk other 4+vo ethanol washings
were combired, and the entioxident (BET) wes sdded ab
a final concentretion of 0,005%. Sanples were then
giored st - 26°C, The residue serples ware elglen .
vith 50 ml of S$5% ethancl-ethyl ether (1:1 v/v) for

24 hrs at 30eC, The solvent phase wes sepereted by
filtretion and added to the ethanol extrect, The
residue wes reextracted ivice with chloroform, Bound
lipids were extracted sccording to Letters (1S66) by
gubjecting the residue from othanol-etkylether and
chloroform treotments to digestion in gcidic mixture’
(chloroform-methanol—hydrochloric mcid 124:65 : 1
(v/v/v) for 5 hrs. at 50°C . The extract ves then
nevirelized using 2 Fe OH, Tvo exirections were
done, ke first wes with 95% ethanol-ethyletner 1: 9
(v/v), and the second with chloroform. Eech extrection
rested for 24 hre, Flnelly, all extracts were combined

and the solvents were ronoved in vecuum. -

4

1
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feperation of Weutrel Lipilds

The solvent pﬁftifio& gyeten deseribed by Galencs
ond Kapoules (1962} wes sdepted,
The lipiq extrecis dissclved in 15 ml of petrolehm ether
were transferred to a seperatory funnel centeining ~
45 ml of both petroleum ether and 95% aegqueous ethsnol,
ATter sheking and seperation of leyers, the lower loyer
thich conteins the pkosphiipids wes transfe;%d to & gecond
funnel, The neutrsl lipids in the firgt funnel were theu
washed twice by sheking with 12 ml portions of 954 a@?cus

ethenel to ensure compiete seperation of phospholipids,

JtGas liguid chromstogrenhy

Anglysia of free fatty scids wes done usinézgas~
Iiquid-chrometography according to Lipsky et al (1555)
and Hunter and Roge (1971}, A1l saxples of neutrel
lipids were analyzed usicg e Perkin—ﬁlmer 910 GLC-type

Fleme lonizgtion detector efter complete estrificegtion
of fotiy acids, The feity acid-methylesters were sepe-
reted on 10% diethylglyeol edirete (BEGA) supported on
35-8C mesh chromosorbt w, end packed in a stalnleass steel

column of € £t G.29 inch,
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The (D‘éGA) Column vas maintained et 195°C with
nitrogen flow rete of S50 ml/min and the detector at
1959C, All szmples injected to the column (1,5 ul)
vere dissolved in 1 ul dimethylether, For statise-
tical analysis of data, the paired-sample t-teést wos

used according to Campbell {1974).

RESULTS AXD DISCUSSION

Tables 1, 2 and 3 répgesent levela of fatty
aclid esters of the three test orgenisms, serobfcally
end aneérobically grown in the p;eSence of incres;ing
concentrstions of sodiun chloride. 1In case of sero-

bically growa cells of Saccheromyces rouxii palmitic

ecid (16 : O ) and steeric ecid (1B: 0) were the mdjor -
components of the saturd%ed fatty acids, In énaér61‘
bically grown cells, the fatty ecids F-nonoic (9:0);
cepric (10: 0); undecancic (11: ©) ms woll as pente-
decanoic (15:0) practiéelly di seppeared. ¥hile . Btearic
acid diaappeare&ii% pre;ence of sodium chloride, where
palmitic acid (16:6) beceme the mejor compenent and 1fs
levels were significantly higher than thoss under

gerobic conditiona.
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In Deberyomyces hanserdi , levels of sieeric

acid in enserobicelly grovm celle were higher then
those grown aserobiceliy, in contrest to palmitie,

nyristic (14:0) end tridecenoic (13:C), since their

levels did no* show any atatistically significant P

—
' difference in the azrodically end anmercbically grown celle,

-

In 8, cerevisiae, levels of the fetty acidm_
leuric (12:0) iﬁgﬁerobicelly grown cells were higher

thaﬁ:those aneerobicelly grovm, contrery io steeric _

eclid, However, levels oi the rest’o’f//gazara'@‘ty’.

ecids did net show any sisnffiéént difference in the
eerobically and enserobicaelly grown cells., In both

5+ rouxii and D, hensenii pelmitic ecid constituted

the major component of saturated fatty acids, while

acids
relmitic and etearicxwere dominant in 8, cerevigise.

7%

Palmléoleic {16:1), oleic (lB-}). and. elaidig_,
(18-2) conatltuted the_unsat retegifatty acids In .
tha three test orgenisms, - Levels of oleic acid-dr
aercﬁlcelly Srown cel;s af S, rouxii vere higher then
in,ﬂnaerobically grovm cells contrary to levels of
both pelmitoleic end elaidic, Levels of elaldic ecid
viare higher ifﬁﬁerobically grown cells of D, hensgenii
then in those ansercbically grova end contrery to the

rest of other ecids, In £, cerevigiee. however, levels

et
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of pelmitoleic and oleic acids did not Ehow any
differenge in aepoblcelly over anmercbically growm
cells, Eunter and Roas (2971} found that levels

of palmitoleic acid were highe* then oleic in S,

ty

cerensiaa when the cells we*e grovm anaerobicelly
at 20eC, In the preser.t s..udy, 'levels of paim.- R
toleic were higher thu.n oleic in S. cerev:l.alae (aero~
h:.cally or anaerobically). , However,-:lavela ‘of oleic
acid both S, rouxiil and D, h.a.nsenil were -higher then -
levels of palmitoleic acld \’."nethEr the- ¢ells tiére Lrodvm-

ot >

aerobicaliy or- snaerobically S A PP B A o T

R : £
o EodvmostY >

A8 B responsa to +the presence of sodlum chioride "

3.¥. 2 @

in the medium. fo linear correlation dould-be Foufigd™ =-7

between TeveTe o1 Vipes fatty- aoid‘é’ &nd Edlt ‘concentral odrTud
tion, Howaver, Yeveld-oL tridecanoictadid rfl30)xdnr- Loasnl
5. cerévisiae serobically dmereased;end :anaenobl £813Y - p 00,03
1ta Yevela did, nct show any, signi:ﬁ,g:ant-.p;ffg_x;eqce_ i_n\_ﬂrm?‘;m‘e
D. hgngepily. ;Lavels of‘Pa.l-\itic acid showed a dacrease 7

.Ln..'l"’”.',' Ay, 3L

decregped in rTasponses 1o salt co&qe\gjz,‘a,fignw;q.}ﬁ{%gh.:

in e.erob:.cally groxn cells of 8. rouxii but not under
SO VLT S gt a0 Attty &0 TUA

u.naeroh:,c conditione. Also, its levelg were indifferent
g s i n e Gecad Ltoud Xrnprdnd o nm
in D, hsmsenii In §, cerevislae, how@ver, i¥g levels —
~E A TE JreeeR AL T ol TR a1ay siovel xiodd
increased aerc‘nically ené decreased anaerbblcally with .
,epfnlveney LB Yo alilss rwoery wilookid
the ingrease e of solute concenirasion.
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gcombs and Pigeno {1968} found ‘thai when

Candide mlblcens was grown in presence of zerc to

10% "sodium_ chloride, levels of palmitoleic

acld increased, while levels of oleic ecid decressed
wlth the increase of solute conceniraticn,

In the present atudy , levels of palmitoleic acid
ahcwad e gignificant inoreamse 1n regponse {0 sodiun
chlorida under eerobic and anseroble conditions, Levels
of oiaic gcid in S, rouxii decreesed in cells growm
-under.eithqr-conditions, although they decrecsed aero-
bically end incremsed enserobicslly in S. cerevisise,

However; 1ta levels were indifferent in D, hansenid,

_ ) generai procensen for the-formation'of unse-
%u;ated fatty acids heve been dipcussed by Erwln (1573).
‘Introduction of ungaturation into yeast fatty msclds

' eppeared to be restrloted to oxygan—dapendenf desaturase
.5?Stams. _Also,he postuleted the presence of an alternate
; anaerchic pathwey for the introduction of unsaturation,

In the present stuqﬂ y levels o?f tofg’ unsafhrated fatty

- écids were higher in aerobically grown cells of 8. rouxii

,_“and D hansenii tha&lﬁhose grown engerobically, However,
their Jdevels ware indifferent in gerobically and ansero-

'bicel]y grown cells of 8. ceraviaiae,
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Ag a responss {¢ inereasing concentration of
eodium cnloride, levels of totel saturated fatiy acids
decreased in S, rouxii (aerobically or aneerovically)
althougn fthey increased in 38, cerevisise grovn under
both conditions, 0©On the other hand, lsvels of unsa-
turated fatty scids increesed in 8. rouxii (eerobicelly
or anaerobically) bui decreased in aerobically growm
S. cerevisisae and inpreased under anserobic ccnditions,
In D, hansenii, however, levels of botin totel saturated
and unaalurated fetty scids dild not show gﬂ?iﬁ%gﬁﬁgfhant
difference in aerobicolly end aneerobicelly srown cells
a5 e resgon3de to increasing concentration of sodium

chlorida,

Jollow et el (1948), =nd Bulder asnd Reinink (1274)Y,
found that waen baker's yeast cells were grovm aneero-
bically, the content of unssiurated fetty ~cids decreased.
In the prasent studﬁ » in egbzencs of rodiur chloride,
levels of toiasl unsatursted fatty acidsz wera higher in
serchically rowm cells, dawaver, on Incressin,: the selt
conaeniratlon, taeir lavels decreazed in the nerobiecally

grovn cells arnd increased in the anz2eroblcally cultivated cella.

Demal et al {1367} end Koh (1975) vorkins on %ha
Tatty scid cooposition of en obligzete oamophilic mutant

or §. rouxii, raported trat the changes cf tiae ratios of

-—



— 258 —

geturated pelmitio and the unsatureted palmitoleic

and olefc?;%ﬁ'.ght ceuae changes in the cell membrene,

The incrsesase in the content of uvnosetureted fatty aclds
eould also resgult in increesing the fluldity of the yeas
¢all membrane, In the present study' y increesing the
conpentretion of sadium chleoride decrezssed the levels

cf palmitic and oleic in eerobically or anaerobically
grown cella of S, rouxii, however, levels of palmitol-
gic end elaidic deld= incremsed in the asrobleally cultivatsd

and decrzaged in the anasrvblcally grown cells,

Generally, levels of tatel saturated faity acide

in aerobicelly and enserobically grown cells of 8.

rouxil were lower them their corresponding levels iz

D. hangenii and 3, cerevialae, where their levels did
not show any differenca, However, levels of total
unsaturated fatty ecids in 8, rouxii were higher than
those of D. hansenii end S, cerevisise, where thelr

tlovels were indifferant.
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Table 1
Lovels of Patty acids in Saccharomyces rouxil (mg/g neutral lipida)

‘Sodium Chloride#{w/v) || 0% 1.7 3.4 6.5 9.8  15.3 0 1,7 3.4 6.5 9,8 15,3
Final water activity || 0,998 0.992 0,98 0.96 0.932 0.8 /0,998 ©0.992 0,98 0.96 0.932 0,89
- i Aerobic Orowth Anaerobig @rowth

li-Honoie 9:0 - 3,0 1,5 0.5 trucea 3.4 - - - - - -
Capric 10:0 2.2 2.2 4.5 1.8 -- - - - 0.6 . - - -
Undecanoic 11:0 - - 5.0 1.8 1.3 0,8 - - - - - -
Louric lz2:0 0,2 0.2 2,0 1,1 1.3 2.1 0.7 0.2 0.5 - - -
hyristic 14:0 4.5 4.0 3.0 3.8 4.0 4.7 2.7 - 8.6 = = A
Pentodecanoic 15:0 0.3 9.8 1.5 1,1 1.9 2,6 - = 0.6 - - -
Palmitie 16:0 133,9 123.9 124 03,7 87 81,3 Jl283.3 241.,8 186,7 187.,9 151,8 111.9
Pelmitoleic  16:1 105.9 190.4 216,5 212.2 180.1 142.2 |145.5 121,7 232,2- 257.2 300.3 382.8
Heptodecanoic 17:0 0.8 - - - - - - = = = o ~
Steoric 18:0 21.4 11,1 12,1 13,1 33,0 40, {74.0 - — — - -
Oleje 18:1 614.0 530,2 542.,1 575.6 564.6 582,7 [[510.8 489.8 431.3 405.2 396,9 378.4
Elaidic 16:2 07,0 119,5 72.3 82,1 127,12 135.4 169.2 136.5 121,5 112.6 89,7 65.7
Satursted (Total) . 163.3. 154,2 164.6 126,9 125,5 135 ||260.7 242.0 198  187,9 151,8 111,9

Unsatiurated (Total) 826.2 840,1 830,9 B869.9 B7l.8 B6C.3 ||T25.5 748 785 765 . 785.1 830.9
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Table 2
Levels of Patty mcids ip pebaryomyces hansenli (mg/g neutral 1ipids)

Sodium Chloride % {(w/v)] © 1.7 3.4 6.5 5.8 15.3. 0 1.7 3.4. b.5 9.8 15.3
Fingl water activity 0.998 0,992 0,98 0,96 0.932 0.89 0.998 0.992 0.98 0,96 0.932 0.89
Aerobic  Growth Angerobic OGrowth
Capric. 10:0 0.6 - - 0.3 ~ - - - 0.3 = = =
Undecanoic 11:0 0.9 - - 3,1 4,6 0.8 - - 1.5 - 2.0 2.5
Lauric 12:0 - - - - - - 2.4 0.2 0.3 0.3 3.2 3.0
Pridecenoic 14:0 4.6 11,2 14,7 1.5 traces treces|i1.8 1.8 2.0 1.7 5.9 5.9
uyristic. 14:0 2.7 16.4 14.7 6.7 2.2 1.1 1.2 1.5 4.2 5,1 5.5 4.8
Pentundecanoic 15:0 - - 0.7 4.9 3.3 1.1 - - 2.7 3.3 3.9 6.7
Poludtic 16:0 215.8 252.6 225.2 95.6 140,4 177.1 [{267.7 221.8 1B2,5 184.4 234,6 348.0
Prlmltoleic 16:1 46,1 91.8 83.7 98,3 148,9 218,9 || 36.4 83.9 107.6 87,6 80.9 71,2
Heptadecanoic 17:0 10,1 - - - - - - - - - - -
Stearie 18:0 10,4 15.5 1?0,7 17.0 61,7 62.9 {109,5 150,1 136.2 140,8 134.4 117.0
Oleic 16:1 520.7 502,4 486,3 463.8 298,3 275.2 |[481,5 469,0 496 412.4 442.9 349,7
Bladdic 18:2 152.2 00,1 84,9 258.6 230.9 185,49 }|72.8 31,7 48.3 30,8 22.1 17.3
Saturated (. Totsl) 244.1  295.7 216 129,1 212.4 243 382.6 372.1 1329.7 335.6 38B9.5 487.9
Unseturated ( Total) 719 654,3 654,9 B20,7 678,21 630 :mwo.q 587.9 651,9 550.8 545.9 434,




I
- Toble 3
" Levels of Fatty acida in Saccharomyces cereviniae (mg/g neutral lipida)

Sodiun Chloride % (w/v) 0 1.7 3.4 6.5 9,8 15.3% 0 1.7 3.4 6£.56 ¢.8 15.3
Finnl water activity 0.098 0.992 0.98 0.96 0,932 0.89 0.998 0.992 0.98 0,96 0.932 0.89
Aerobic  Growth i i Anaerobic Growth

Capic 10:0 - - - - - - 0.7 0.9 -
Undecanocic 11:0 2.2 - - 1.4 = 4.3 7.0 l.8 10.9
Lourice 12:0 2.4 2.9 J.2 B.2 1.4 23.3 30 40 70
fridecanoic 13:0 0.3 2.0 2.0 1.4 2.5 5.0 1.6 traces traces
lHyrigtic 14:0 1.3 - - = - o 26.5 24.6 21.8 61.3 = =
Pentadecanoio  15:0 0.5 = - - - © a4 35 30 27 T 7
Palmitic 16:0 71.8  133.1 163.9 203.3 214.9 _ [ 284.8 166.7 178.7 137.8 4
Palmitoleic 16:1 278.8 397.6 425.6 444.3 450.1 343.2 405.6 407.3 386.2 o
Heptadecanoic  17:0 10.4 18.4 16,3 2.2 traces o - - - = w ]
Stearic 18;:0 110.7 144 130 111,0 110 37.2 44.3 27.6 16.2
Oleic 18:1 480.0 211.6 215.2 201.7 1981.7 ° ) 273.6 313.0 300.3 298.5 o =
Blaidio 18:2 1.6 49.4 38.3 24.4 8.5 - - - - -
Saturated ( Total } 199.6 300.4 315.4 327.5 328.5 381.5 272.3 273.8 298.9
Uneaturated ( Totml) 760.4 658.6 679.1 670.4 670.3 616.8 7T1B.6 7T07.6 6B4.7

i b

L
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