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Introduction

The chalactelizati<ln of vegetable oils has been the

sub.iect of academic study fbr over 200 years. In the latter

half of last centur1,, and adclitional stimuius has been tire

growlh of chernistry and biochemisLry and the desilc to

understand the mechanisrns leacling to the wide variety

of natural products and their tunction.r

The ol ive oi l  is obtained t iorn the f iui t  of the ol ive

tree and the suntlower oil is obtained t'rorn the seed ol the

sunflower f lower. Both oi ls contain cl i f ferent fatty acid
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composition, olive oil presents a high proportion of oleic

acid i65-85 o/c) and sunflowel oil is rich in linoleic (48-

74 %) and oleic acids (14-39 %;).)

The leaction ol ozone r,vith these vegetable oils occurs

alnrost exclusivelv with the carbon-carbon double

Lronds present in unsaturated latty '  acicls.r This reaction

p r o d u c e s  s e v e r a l  o x y g e n a t e d  c o r n p o u n d s  s u c h  a s

h y d l o p e r o x i d e s .  r  z o n i d e s ,  a l d e h y d e s ,  p e r o x i d e s ,

d iperox ides  and po lyperox ides . : '  7  These oxygenated

cornpounds cou ld  be  a lso  respons ib le  fo r  the  w ide

bioiogical act ivi ty of ozonized vegetable oi ls. The yield

of oxygenated compounds from unsaturated oils depends

on reaction conditions necessary, as the iype of meclium
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Nes te  es tuc l o ,6 l eos  de  o l i va  e  g i r asso l  ozon i zac ios  f o ran . r  con tpa rac los  c l u im tca  e

microbilogicamente. llstes 6leos folam introduzidos em unr reator coni -rils ozdnio borbulhante,

em banho-maria a temperatura ambiente, ati solidificaqio. O teor de pr'rdxido, dc iodo c tt

grau de acidez foram deternrinados juntamcntc com a atiVicladc anlimiclobiana. Os cl'eitos da

ozonizaE6o na composiqlo dos {cidos graxos clesses irlco-s lirram analisados usando-sc a tdcnica

de Cromat"ogralia Gris-Liquido. Um atrmento nos valores de peroxiclaqio e de acidez lbi observitdo

ern anrbos os 6leos, mas lbrarn maiores no tileo de girassol ozonizado. O teor dc iodo obtider no

azcite de oliva ozonizado foi zero, enqlranto po 6lco de girassol ozonizaclo foi de 8.8 g de iodo

per 100 g. A atividade antimicrobiana foi sinrilar para os dois 6leos ozonizados. com exce5'i<r

dzr Concentrirglo Nllinima Birc:tericicla de PseLrclornona Aruginosa. A composiqiro dos {cidos

graxos nos dois dleos ozolizados Inostrou unr decriscimo gradual de Scidos graxos insaturados
(Cl8:1,  Cl8: l ) ,  com o aumcnto gradual  r la ozonizagi io.

In th is study the ozonized ol ive and sunf lower o i ls  are chernical  and microbio logical ly

compared. These oils rvere introduced inlo a leactor with bubbling ozone gas in a water bath at

room temperirture until they were solidified. The peroxicle, acidity irnd iodine values along with

antimicrobial activity rvere determinecl. Ozonization ell'ects on the fatty acid contposition ol

these t l i ls  were anir lyzed using Cas-Liquid Chrornatoglaphic 1 'echnrque.; \n i t tcrcrsc in

peroxidat ion and acic l i ty  values was observed in both oi ls  hnt  thev rvcrc h igher in ozt tn izcd

sunf'loi.ver oil. Iocline valuc wiis zcrt in ozonizcd olive oil whcrcas in ozonized sunllorver was

8.8 g Iodine par 100 g. 
'Ihe 

antimicrobial activitl, rvirs sirnilar lor botl-r ozonized oils except lbr

N{ininrunr Bactericidal Concentrations o[ Pseutlomtno oerugirtosu. Composition of lattii acids

in both ozonized oi ls  showed gradual  decrease in unsaturzr t t -d t i r t t ; -  ac ids (C1,9:1,  C'18:?)  r i ' i th

grldurl incrcasc in ozonc doscs.
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where the reaction takes place, the presence ol addit ir  es,

the reaction tenrperature. the type of reactor. the a,uitlttiort

ofthe reaction nrirture. the applied ozone doses. etc. ' '

1'he knorileilgL' of the physicocl-remical propcrties of

ozon ized veceta l r le  o i l s  has  a  g rea t  impor tance l i r r  i t s

characterization and identi trcation. Anall"t ical rtethods

as pefoxide, acidity, and iodine values are used to tbl low

up the ozonization process and 1br deterrnining the quali ty

of ozonized r,'egetable oils.rr '5 The r.t.tost routiue approach

to the analvsis of lany acids in the organic contpounds is

Gas-Liquid Chronratographv (GLC). which has been used

t-ol anal-vsis of saturated and unsatulated fatt l  acids in

vecetab le  o i l s . 'o - ' '

A s  a  n a t u r a l  p r e p a r a t i o n ,  t l z o t r i z e c l  o i l  i :  n o r , i '

ava i lab le  in  severa l  count r ies ,  bu t  in fc r ' rna t ion  rv i th

regalt ls to the chemical data, standard pfeparations and

a l t r in t i c rob ia l  ac t i v i t y  i s  l im i ted .  Ho$ 'eVer .  ozr>n ized

suntlorver oi l  (OLEOZON@) l iour Cuba has been lested

and i t  found to  havc  va luab le  an t in . r i c rob ia l  i r c t i v i t l '

aga ins t  bac ter ia .  v i rus  anc l  fung i . r ' ' r r  A t  the  Un ivc- rs i ty

Hosp i ta l  pha l rnacy  o f  S iena,  thev  make vour  o \ .v r l

preparation by bubbling ozone in i lure ol ive oi l  fbr at

leas t  30  min  in  a  coo led  ba th .  In  o ther  count r ies  the

p u r e  o l i v e  o i 1  i s  o z o n i z e d  b ; , ' t r , ' ' o  c l a l ' s  u n t i l  i t

s o l i d i f i e s . r r  B o t h  o i l s  a r e  w i d e l y  u s e d  f o r  t h e i r '

therapeutic ef l 'ects. For this reason i t  is the objectire in

t h i s  w o r k  t o  c o n l p a r e  c h e m i c a l  c o m p o s i t i o n  a n d

m i c r o b i o l o g i c a l  a c t i v i t y  o f  t h e  o z o n i z e d  o l i v e  a r t d

sunflower oi ls using dif fercnt volutnetr ic assays. Gas-

L iqu id  Chromatograph ic  
' l ' echn ique (GLC)  and agar

d i lu t ion  and nracro  d i lu t ion  nre thods  lv i th  d i f fe len t

ln ic roorganisnr s.

Experimental

SoLv'ent:; tutd reogents

Glacial acctic acid, chloro{brn.r,  pot:rssiuln iodicle,

sod ium,  th iosu l fa te ,  s ta rch ,  e thano l ,  e ther ,  po tass i r rm

h1,'droxide, phenolphthalein. iodine bronticle, toluene,

d imetox ip ropane l rom MERCK (Germany) .  Ed ib le

sunf lower  and o l i ve  o i l s  were  ob ta ined f rom ldea l

registered traclerrark, Argelltina ancl Boi-ges Oils registered

traderrark^ Spain, respectively.

G ene ral ot.cr tt i:,a t i o n p roc e dure

A r.nixture of 80 mL of sunllolver oil and 8 nll- of r.vater

was introduced into a bubbiing reactor where ozone reactiolr

took place in watel bath ai room tenrperature 25 "Cl. The

ozonization was allowed to conlirtue tbr 8.05 hours and 2

J. IJnq. Chem. Sttt'.

samples were taken at dif{erent applied ozone doses (5;i.6

and 246..3 rng g'1) The sanre ozolt izat ion Ieactions were

obtainecl usring a 11|ixture o1'80 rnlL of olive oil and 8 rnl., of

water, which rvas c:ontinued for -5.73 hours ancl 2 samples

were taken at diflerent appliecl ozone doses (34.9 and 177.0

mg g-1). 
-l'he 

ozone doses rvere chosen to achieve peroxide

values ranged between 700 and 800 mmol-equiv. kgr

(san.rple 1.) and up to solidillcatioll conlplele (sarnple 2).

Ozone generatiort

Ozone was generated b1, passing oxvgen through a

Trai l igaz I-abo n.roclel l2-02 ozrtne generator at a t lxed

voltage (170 V), and a constant [- loi .v rate of 30 L h' ' . ' Ihe

ozone init ial  concentrat ion i75.2 mg L r) u'as cletern.r inecl

l ry  Anseros  Ozor tu r l  equ ip t11g111.

Peroriclt: va.lue

Perox ide  va lue  is  the  number  tha t  exp t -esses ,  in

nri l iequivalents of act ive oxygen, the quanti ty cl f  peroxir le

contained in I  000 g of the sttbstat lce. i l

At id t 'alua

Acid value is the nunrtrer of rng of potassium hydroxide

r e c l u i r e d  t o  r r e u t t ' a l  i z e  t h e  f r e e  a c i d s  i n  l � 0  g  o f  t h e

subs tance. r r

Iotline value

Iocl ine value of a substance is the weight of iodine

absorbed by 100 parts by weighl of t i te substance.r '

Ga s -Li Eti tl C hronn to g rctp | 4, ( G LC )

Unsaturatetl arld saturated f-atty acids of untreated and

ozonizecl sunflorver and olive oils samples lvere analyzed.

For GLC analysis of fatty acitls esterified, rnethyl ester

clerivatives were first preparecl by transesterification as

described by Garcds and Mancha.r*

Ana lys is  wet 'e  pe t ' fo rn red  in  a  tJB-17HT cap i l la ry

colunn (15 nr x 0.25 mm lD, l l ln-r t i r ickness 0. l-5 pm),

with i i  l larne ionization detector at 280 "C. The curr ier '

gas was hydrogen at I ntl- min I turd a pressure of 50 kPa.

The column temperatLlre was programnred fronr 100 to

200 "C at 8 "C nrinr. lnject ion volume was 5 pr[, .  A model

He.,vlctt Packard 5890 chrornato-uraphic systern r.vas used

1or the analysis. External fatty acid stanclards (Sigrna-

A lc l i i ch  Chern ica l  Compar . ry )  were  used lo  ident i f v

comDonents.
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Conrpara t i le  S t i rc l l  o l  Ozo l izc t i  OI i re  O i i  rn t l  Ozot t i z -cd  Sun i lo r i 'e r  O i l

T h e  a n t i n r i c r o b i a l  a c t i v i l i e s  f r o n r  t h e  o z - o n i z e c l

sunl lorler oi l  r .vi th dif l -erent peroxicles values on bacterial

and yeast strains were detem-rined. Staphtlococttrs oureus

ATCC 6538. Eschericlia collA]-CC I0536, P.serrrlonnncrs

ue ntgjnosa ATCC 27853 and Bacillu,s subtili,s ATCC 6633

u ere choseu. Mininunr Inhibitory Concentrat iorrs (N{lCs.1

and Nlininrum I lactericidal Concentrat ions (\{BCs) by

agar di lut ion and macr'o di lut ion lnethods lvere based on

\ational Conrmittee tor Cl inical Labolatory Slandarc1s.25'16

Sttrt i,; tic u I u n u 11' 5i,1

Three experiences were carr ied oLrt.  Al l  data rvere

expressed as rnean and standard deviation.

Results and f)iscussion

ftible I shor.r's the peroxides. acid and iodine values

of the two untreated and ozonized oi ls stucl icd. I)uring

ozon iza t ion  reac t ion .  an  inc rease o f  pe lox ide  and ac jd

values ,"vas obtained, whereas a decrerrse of it-rciine valqgs

lvas observed.

The reaction of ozone with vegetable oil occurs alnrr>st

exclusively with the cartron-calbon double bonds present in

unsaturated tatty acids.r'1j Ozonized olive and sunflower oils
(sample l)  reached viscosity value o{ '  160 ancl 185 rrPas,

rcspectively, ivhile that the sample 2 reacl.rcd to solidification

conrplete. In both oil samples an increasc ol perclxide values

' l 'ablc 
l. Physicochcrnical prumeters oi th(r olivc rnd sunllower oils

Peroride Vahres (nrnrol-cquiv. kg'.;

Untreated oi l  Ozonizccl  o i l  Ozonizcd oi l
(sanrple l )  lsanrple J)

iVlcans t SD N{cans t SD iUeans t SI)

has beern observed ciuc to lorlretiort of pe()xidic substances

rvhen ozone reacts rvith unsaturated compounds through the

knon,n Criesee rnechanistn.rt ln sanrple 2, both ozoniz-ed

oils sholr,ed rnaximunr peloxitle values of 2,439 and 2,506

rnmol-equiv. kg'r. 
'l'his 

bel.ravior might be clue to lbrmation

of polyrneric peloxides rvhich iu'e responsible folu'iscot-ts

nrnss achieved in both ozonizeil oils.

An increase in peroxiclat ion encl acicl i ty values was

observed in both oils but it u'as higher in ozonized sunllower

oil. ln sanrple I (ozonized olivc and suni'lower oils). rvhere

an increase of peloxide valrres occurs lapicl ly up to 34.9

and 54.6 nrg g.r of appl ied ozone dt>sage. acid values have

a cl iscrete increirsc t l-om 0.l8 to 2.7 nrg KOH g'r and 0.12

to -5.3 mg KOII -s:,  respectivel l ' .  In the sarnple 2, acicls

val i-rcs incretse up to 17.3 and 86.9 nrg KOH g-r ferspectively,

r'r,h ich represent an i nc rease of (r.,1 and I 6.4 tbld r.vi th resards

to sanrple I acid valLres. These results can be explained by

tlre rlecomposition of al1 the pero.ridic contpounds presenl

in the dil'l'erent equilibriums, into the same reaction system. /

One exarnple of these is the lormation of carboxyl ic acid

lrom peroxidic c(nnpounds.r' Besicles, 5gpflsrver oil has a

hither ploportion r:rf unsatrlriited f-atty acid than olive oil,

led to ver1, conlplex ()zonize(l systelr where the peroxidic

compouncl deconposition to acid is very high.

Iodine value showed a dect'ease in relation to applied

ozone dosage {Table l) .  I t  is well  knor'r 'n that this value is

a measure of doubie bond cotrtent in oi ls.rs pr: incipal ly

oleic ancl l inoleic acids. Ozone reaction rvith the vegetable

oi ls rvhich hal 'e high levels of unsalurated latty acit ls, lecl

to rapid clccrease ol ' i txl ine valuc:s.:J lodine value was zero

in (sarrrple 21 ozon\z.ed ol ive oi l  whereas in (sample 2)

ozonized sunl lorver oi l  rvas 8.8 g iodine per 100 g, this is

indicative that l l l  unsaturaled groups in ol ive oi l  reactecl

r.r'ith ozone. but not in sunflower oil.

tJnsaturated latty acicls in untreated olive oil are rich

irr oleic acid r.vhich present one unsatlrrated in C9, while

the sun{lorver oi l  has major couteut of l inoleic acicl u,hich

prcsent t \ . \ ,o uusaturated ir i  C9 and Cl2, re:spectivcl), .1' '  so

ol ive oi l  l ras less double bonci lor ozL)ne reaction

Ozonization cf '1bcts on the latty acids conlposit ion of

these o i l s  ' "vere  ana lyzed us ing  Gas- t . i c1u id  Chronrn-

toglaphic Technique (Gl.C) (Table 2). Coniposit ion oi '

fatty acids in both ozonizecl oils showecl gradual declease

in  unsatura tec l  fa t ty  ac ids  (C l8 :1 ,  C l8 :2 )  i v i th  g radua l

inclease in ozone doses. [n sunflorver clil the ozonization

reaction occurs through l incrleic acid r.vhi le in ol i i ,e oi l

occurs through oleic acid.
'I'hese 

rcsults are inclicative that there arc (buble bonds

lbl ozone reaction in each systenr. I t  does not coincicie

rv i th  resu l ts  ob ta ined by  (sample  2)  ozon i ted  o l i ve  o i l

Lising iodine value determination (Table l) .  l iecaLrse when

( l l  ive o i  I
Suntlou'er oil

l { . )  +  0 .  l l

7 . t l  +  ( ) . l l
7l-5 + i . l

,362 + 17.-1
2..1i9 r I3.3
2.-s06 :t 30.6

; \ c ic l i t -v *  lndcxes  ( rng  KOH g ' t

Llntrcatc.l oil Ozorrizcd uil OzoDizcd oil

( s a n i p l c  l r  l s u n r p l c 2 )
lVleans :- SD lVteans :t SI) N,leans t Sl)

Olivc oil

Suntlowel oil

0.28 + 0.02
0.12  +  0 .02

1.7 + 0_06 i7.-1 + 0.06
5 .3  +  0 .1 [ ]  86 .9  +  0 .7

lodine Indexes (g lodine 7r:r ' I 00 g)

t. lntreated oil Ozonized oil

(s : rmp le  l , t

lVleans ;t Sf) N{eans t SI)

Ozon ized o i l

l sanrp le  ? )

Means t Sl)

O l ive  o i l

Sunflower oil

8 1 . 8  t  l . l 8
I  3{ i . l  r  0. :4 8.8 + 0.2

SD: Stanciard f)cvirl ic)n

- 5 9 . 1  t  l . l

92 .0  +  1 . .1



J. Bru;.. Chent. Sot

t '
V

Diu:. et ul406

Table 2. Percenlage conrposition (t7c) 01'unsat[rated latty acids in both oils

Untlcateal sunilorvel oil Ozonize<l suntlou'cr oil
Sample I  Sample 2

Untrcated olive oil Ozonizcd olivc oil

Sr r rnp l . '  I  S ; rn rp le  2

C l 8 : i
C  l 8 : 2

)9 .2+0 .19
58 .3 *0 .34

28.-5+0. l2
42.8+0.24

26.3+0.9 |
6.8o0.0 '1

78.6t0.67
6 .7 *0 .13

69.0t0.22
5 . 1 + 0 . 1  I

37.8r0. l9
2..1i0.34

C l 8 : l : O l e i c  a c i d :  C l 8 : 2 :  L , i n o l e i c  a c i d :  P I :  P e r o r i d e  v a l u e s

Tablc -1, Antimicrobil.rl activity (nrg m[--'.1 of the oztxized sunflower and olive oils

O i l s

Peroxide Values (mmol-equir,. kg i.;

Ozoni zeti sr"rnllowr:r oi I Ozon izcd  o l i v t  o i l

862 2.506 7-15 2.43.r)

N{icroorganisms
S tttp I t1, kt<: oct: u.r rarrz:rrs ATCCI 65 38
Escheric'hio coli ATCC 10536
P studonron.o oe nt g i noxr ATCC 27853
BacilLus subtilis ATCC (i633

NllCs

9 .5

I  I  ) i

N,IBCS

22.25
22.25
22.25
44.5

MICs
0.9-5
0.95
0.95
0.9-s

MIIC-s
l l . l 2
l  l . l 2
22 .25
22 .25

\,IICS

9. - i

1 4 . 2 5

lv{ BCs
I l..l,i
l l .2- i
J-1,5
.1.1. i

\llCs MBCs
0.9-5 i l  .  t2
0  9 5  1 L t 2
0 . 9 - 5  l l . i 2
0 9 5  l l 2 5

N,I ICs:N4inimrrnr lnhib i tor( ]once| ] t Iat i0nS:Ml]Cs:N4inin l r rn� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

an applied ozone dosage of 177.0 rng g I is achieved,

double bounds are not detected by this assay but gas

chromatography  quant i f ies  then i .  Th is  exper in renL

demonstrates that iodine value detelmination is not ex! 'rct

fo r  th is  measurement .  When app l ied  ozone dosage is

elevated, polyn.rerizations for conclensiltion of peroxides

that have been formed lor ozonization rcirction occurt and

the high viscosity ol.rselved in the systenr obstruct the

access to double bond of iodine bromicie feagent.

Data fbr antimicrobial activitl, of ozonized olive and

suntlower oils with different peroxide values are presented

in Ihble 3. T'he antimicrobial activity rvas similar for both

oz<>niz,ed oils except for Minimr:m Bactericidal Concen-

tfations of P.seudonnna aerugittcs,nr ATCC 27853. The

ozonized sunflower oil at k'rw peroxide value had better

antinricrobial acti vitl' agains t of P s e u d tt n n nlt ae n t pii r r o s u

while ozonized ol ive oi l  was better to ir igh pcr"oxide value.

This resealch inci icates that at higher peroxicle values,

higher ozonized ol ive and sunflower oi ls antir l icrobial

activity power. Also, ozonized olive and sunflower r:ils

present similar germicidal effect.

ln other studyrr the activity in vitro ol'ozonized sunflower

oil OLEOZONG) on Staphylococcus aw'eus AI'CC )5923

was studied. The value of Minimum lnhibitory Concen-

l ra t ions  was 9 .5  mg ml - ' '  and  the  va lue  o l 'M iu in rurn

Bactericiclal Concentrations was 356 mg ml--r. 
'Ihese 

results

wele better in this study ( ' l -able 3), which can be due to

changes in the anitlvzed AI'CC strain; dilferent peroxicle

values in the oils and other ozonization procedure were used.

Research effbrts in the held of ozonized ve_setable oil

chemistry over lhe years; have been concerned with the

oxygenized prociucts elucidation that coulcl be relatecl rvith

their:  gerrnicidal effect.rs2s These results taken together

demonstrate thirt  rvhen peroxide values have a notable
= inc rease the  produced oxygen izec l  compc lunc ls  a re

lesponsible fbl the gemricidal effect of these oils.

Conclusions

An increase in peroxicle and iicid values was obtained

hr both oils but they were highel in ozonizecl sr:nflower oil.

When peroxide values are elevated. the ozonized oi ls

have high viscosity that obsl.ructs the access to double

bond of iodine bromide reagent. For this reason the iodine

value determination is not exact lbr this measurement.
' l 'he 

ozonized ol ive and sunflower oi ls have similar

antinricrobial act ivi ty against Staphylocot:t :us aureus

ATCC 6538, Escherichh coli NICC 10536 ancl Bacillus

srb t i l i s  ATCC 6633,  except  aga ins t  Ps t :udont t tna

oerugitrtsu AfCC 278-53. rvhere sunflower oi l  at low

pe lox ide  va lue  hac l  be t te r  an t in r ic lob ia l  ac t i v i t y ,  wh i le

ozonized ol ive oi l  was better to high peroxide value.
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