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An apparatus for the iletermination of iniluction perioils of fat anil oil
oxidation

PETER STMON - STPTAX SCH},iIDT - VACLAV I(OMAN

Summary. A home-made velsion of the apparatus for tho determination of
induction periods of fat and oil oxidation has been described, Great attention hae
been paid to the choice of experimental conditions that eombine good reproducibi-
lity of measurements and. reasonable consumption of tirne. The standard deviation
of the induction poriod determination never exceeds 0.I h and the coeficient of
variability reaches l0 o/o only in the caso of extromoly labile samples. Examples of
tho apparatus employmont havo been domonstrated on the studies of the effects of
interostorification and antioxidants on oil stability.

Introiluction

X'ats and oils are ossentia,l parts of human food. In order to preserve and
improve their quality in the continuously incroasing prod.uction, a, method for
the determination of their oxidation stability is needed. Several of these mot-
hods exist, a great effort has been dovoted in recent yoars to the automated
version of the Swift stability test (active oxygen method, AOM) lI, 2).ft has

boon shown in the quoted papers that tho induction period of oxidation is the
most reliable quantity characterizing the oxidation stability of fats. Mechanism
ofthe oxidation has boen described by Loury l3l. Volatile products ofthe reac-
tion aro ca,pable to increaso tho conductivity of rvater. Hadorn andZircher f2l
rnade use of this fact' and proposed the conductometric indication of the AOM
endpoint.

In our laboratory wo study tho influence of fats and oils processing on their
oxidation stability. Accordingl;,-, out aim has been to construct an apparatus
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for thc determination of the incluction periods and to fincl such experimental
conditions that combine good reproducibility and reasonable consumption
of time.

Ei,perimental rnethod

'Jlhe pliuciple of AOII tcst is r-i'r'v sintple. Ail is coutitrtiortsll'bubblecl tluoirgll
a therincsiiitterl sanrple tif'oil oi' fr.t. \-olatile ploclucts of oxidation tr,re cilllic':l
to the concluctomer.r'ic cell. 'niele thet' ale absorbed in distilled lvatel tilc
conciur-'tir-itv of u-hich is follorved.

TIie clettrilecl scheme of thc apparatus is rihou'n in Fig. L The air suppl.r' i-"

pror-iciecl b1- a, diaplir&gm pump -Z (Rena 101, France). Thc air is ptii'ified b1'

its bubbling in a u'ashing bottle tirrough a solution of 50 g/l potassium dichro-
nrate ancl 25 g/l sulphuric acid 2,Lhen it passes through a, clroplets trap,3 alrcl

tlaces of car:bon dioxicio alrl moisture are remo\recl or-er potassilrm hydroxide 4.

l'hc {1ow of air is mei}s'rre'-l by a capiilary florv-meter 5 anrl the air enters tlic
oxiiia,tion cell 6.

I'ire oxielation cell is lracle of SI]{AX glass and consists of a jtr,cket, a ics''"

tube ancl a male grouncl joint with an inlet anC outlet of the air (see cletilj.l in
Fig. 1). This arrangement allows perfect clci'r,ning of the cell, perfect hcrltiiig
of the sample and visible contact with the satnple, as well. The diameter of the
test tube is 20 mm. At the top of the tube thele are two ground joints 

- male

and female ones. The male joint joins the femaie joint of the jacket. The sarnple

is at the bottom of the test tube anti i3 heir,ted bJ' silicon oil that flol';s trc,'ugh

the jachet from the 't,liermostat 7. The temperature of the heating mediunr va-
ries.rvi'uhin +0.2 "C. The test tube is connected v-ith the jacket and tlie inlct
of the air at the start of tire experiment.

The air co:itaining thc volatile proilucts of oxidation exits througir the c'utlet
of the oxidation cell and bubbles through 85 ml of distillecl N'ater in the con-

cluctometric cell 8. The water is stirred with a magnetic stirrer and its iempe-
rature is kepi at 9.5f 0.2 oC. The conductivity cell has a diameter of 45 mrn
and holds a conductivity electrode. The conductivity meter employed is Ra-
delkis OK 102/l (Hungary) 9 and the conductivity of the water is recorded wi'th
the line recorder 10 (TZ 4100, Czechoslovakia). In order to interconnect, the
conductir-ity meter and the line recorder, a simple interface has been cle'i'elo-

ped.

Great attention is paid to the cleaning of the air inlet ground joint and the
test tube of the oxidation cell. To avoid affecting the experimental result by
metal iorrs [4], the glassware is cleaned by detergent and hot lvaiel using a brush-
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Fig. 1.: Scheme of t'he apparatus for the detomination of induction periods. Description
in text.
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Then, one hour's troatment with hot ethanolic solution of potassium hydroxide
follows to saponify the last traces of oils and tho glassware is rinsed. with hot
water again and threo times rinsed with distillod rvater. n'inally, it is dried
at 100'C in an oven overnight.

lLu=l

1,.

o 1 8 6 z 
-t[niFig. 2.: Influonco of tomperature on tho induction poriods of rapo seed oil. Tempora-

turos: 1-100'C, 2-105 oC, 3-110 'C, 4-115 oC, 5-120 'C

Tho induction period (i. o., tho endpoint of AOM test) is detorminod by extra-
polation of the steeper part of the water conductivity-versus-time curve to the
time axis. The intersection of these straight lines is considered as the endpoint.

Choiee of experimental eonilitions

Temperature of oxitlation

In the classical Swift stability test, the t'emperature of 97,8 oC is used [5],
but, at this temperatute, tho detormination of induction periods is rather time-
-consuming. In order to choose another temperatwe with lower consumption
of time, we followed the temperature dependences of induction periods for
several oils; a typical one is shown in X'ig. 2. Comparing the results we have
concludod. that the temperature range between 105 and 110'C represents the
best compromise because the experiments take reasonablo time (less than
I rvorking day) and, the distinction between oils is good (differences between
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incluction periods of differont oils are greater tharr ellors of the determination).
We have chosen Il0'C as the temperature of oxidation.

Sample sizo

Hadorn and Ziircher [2] investigated the effect of sample size and have found
that the curvos of conductivity of the water vorsus time show a more distinct
endpoint when a smaller volume of oil is used. Our results completely agree
with their observations. The sample size we have used. is 2.5 g; this is the least
quantity socuring perfect contact betwoen the oil and tho air.

Air flow

The effect of the air flow is shown in n'ig. 3. Tho induction poriod (IP)remains
the same, but,, the curves become steoper and, consequently, the dotermination
of endpoints is easier with increasing air flow. The valuo of 200 cma min-1 is
a limit, further increase of the air flow has no offect on tho shapo of curvos.
Thoroforo, we have usod this flow rate in the exporiments. A considerably smal-
ler limit value, less than 40 cm8 min-l, was found. in [2].

r iusl
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I
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Fig.3.: Influence cf bhe air flow rate on
rabes: I--100 crsa loin-r, 2-150

s.0 z.b *tLhl
t'he ind,,ri-,lirrr ireliod d+telminat.ion. Florr'

cm3, rnin-1, 3-200 cnrr min-1.

Reproilueibiliiy

Fig. a shows 7 runs of AOM endpoirrts cletennination for a partly refined
sunflov'er oil. The differences between cur\-es -qeeut to be great,, but, the disper-
sion of induction periods is small. Our furtlr.er relrlts. ancl also the data publis-

rl
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hed in [6], resemble x'ig. 4. The range of induction periods and standard devia-
tions for five oil sarnples are listecl in Table l. The value of standard deviatior-r
neyer exceeds 0.l h-1(stanclard deviation is calculated as 12nll(n- l)ll rvher.e
y', is the difference betlr'een the mean ald actual values of IP and n is the

0.:..5 o.; O.?5 =* t [n.i
1,'ig. 4.: lieirrcducib;li1,r7 tc-rt, oi AOXI rlrter'minat,ion for'partlv lcfined srurflorver oil.

number of runs). Thcrcfore, the coeiTicient of variability is greater for samples
rvith a short induction period, but only in the case of extremely labile oils it
reaches l0 ord.

Examples of the apparatus employmont

Effcot of intercsterificotion on the oxiilative stability of oils

fn recent years, the modification of fats and oils by the process of interes-
terification has been commercialized in many countries. Contradictory results
har-e been reported in the field of the influence of interesterification on the
rrtttooxidative stability of vegetable oils [7, 8]. In our .lvork, sodium nethoxide
in trro concentrations was applied as the catalyst. The experimental proceclure

tjrI

I Lssl
l
Ilrz
I

1{.

.:i

6

4

I

rlLrf c s I

i st7,1,2 // €- i' li/t// / i

i//,/t/ / i
i, /iiiti / l| /i//// 

it /'//(/ ii ,r''{/ i



I
j

I

6

al..i:ircl devia-
i,:'i cleriation
:-lrll\yhere
' :.:-,i 11 is the

.t F'

, - .:-:-J\\'ef oil.

?: t,_,r ianples
; l,-.1,'ile oils it

--. of interes-
iii'tor\. results
r-ation on the
i-ni nrethoxide
.:al procedure

was doscribed previously [9]. Our results show that the mixture of lard and
rapeseed oil in the mass ratio 9 : I was more stable - IP : 6, I h, than the
interesterified blend -- IP approx. 3,5 h. Influence of the eatalyst concentra-
tion - 0.2 % and 0.5 o/o by mass of the oil hatl only a negligible effect on the
induction period, fP : 3,6 versus 3,4 houls. The lower stability of the interes-
terified blend could be due to residual soaps and methyl esters formed durirrg
randomization. Thus, subsequent chemical or physical refining and especiall5'

deoclorizing process is necessary for increasing the quali+,y characteristics of
edible oils.

Tab. l. Inclrrcti,rn periods and standard deviations fol different' oil samplcs

Tab, 2. IndLrction perio<ls (IP) of bleached r.r,ircseed oil n'ith aclrl -tl commercial sunflower lecithin

Iiftcct of antioxirtrants on the oil stability

Automated AOII test is very suitable for the study of antioxidant opeltrtion
in oils. Sherv'in [0] reviewed the roles of oxidation ancl antioxicli-L,uts in the
r.arious major processirlg steps in producing eclilrle fats rurd oils. i'hospholipids
as antioxidant synergists in the fat autoxiclation irre rvell knon'n. l.lut, the me-
chanism by which phospholipids exelt slnergistic irctiritl-, is still a rnatter of
speculation. The results presented here (Table 2) demonstrate cler-r,rly that the
aclded commercial sunflower lecitlrjn increasecl the bleached rapeseed oil sta-
bility.

6l

Prrtly refined
sunflower oil
Sunflower oil
II;rdrogenated
sun florvor oil
Linseocl oil
Lard

7
4

3

Standald I Coefficicnt
deviation/h l of variab./o/o

0,50-0,64
0,86-0,88

3,70-3,92
0,85-0,96
0,86-0.88

0.87 I rl,0l

3.8r I 0.10

0,37 I 0,01

Jlcan i ir

fjoncentration of lecithin (o,A) IPih

0.1
{) ')

o,5
1,0

2,i5
3,25
3,50
4,00
4.25



Discussion

The apparatus described here enables the determination of induction periods
of fats and oils oxidation. The temperature of carrying out the measurements is
II0 oC. All analytical methods have their woak points and the results of accele-
rated tosts do not always correlate with the outcome of commercial storago
tests. The higher the temperature of oil samples, the greater discrepancies can
occlr. But, for the study of t'he influence of processing on the oxidation stability
it is sufficient to knou'horv a process affects this oil property. For this purpose,
the use of the higher temperature is utterly satisfactory for orientation in expe-
rimonts. Additionalli, the very good reproducibility and small error of the
measluements make possible to indicate unabiguously the improvement or de-
terioration of oils. Standard deviat'ion of the measruements is generally less
than of those carriecl out rvith tlr.e instrument nade cornrnercially [I2], but, it
can be iL consequence of diffcrent temperaturos of oil oxidation.

As it has been aheady mentioned, the construction of the oxidation cell
enables a visible contact with the oil samples. This appeared to be vely impor-
tant, for example, in the study of the influence of phosphoric acid (common
degumming agent) on the oil stability. In this case, tho sample changed it's
colour before the endpoint had been indicated. Thus, the colour changel sho-
rved that other reactions took place in the system besides oxidation and that
another, & more appropriate method of the st'udy should be chosen.

The employment of AOM method is not limited only to tho examples descri-
bed above. For instance, the correlations between the degustation figure, pe-
roxido value and induction period were investigated recently [1I]. It was conclu-
ded that for most of the examined oils, the degustation figure could rather
safely be predicted after a certain storago period according to fP values. Also,
great usability of automated AOM method can be expected in all the fat and
oil technological processes, since there is no doubt that tho oxidative stability
of oils can be improved by an appropriate control of refining processes.
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.'\nnaparypa Anfl onpe4e,rerrrrff UHA]'rir{uoflfloro neprlo[a orrrcJre[ur ttnpoB rl Maoetr

It c a Ioue

ii pa6ore orrucaua urMcplre.-rrrrrarr alrJrirprrr'Ia Inrr orrpegeneiurrr rrujlyriqror{rrolo rrepno-
itir, fiaR Mepr,r orlenfirr crorII{ocrII rlltUcBLIr airrpoB 1r r{aceJ ri calroorix{,r;IeErrIo. Bnrrlrarure
yAeJeHo rJIaBlIr,li\r o6pitaor.t crarr,'(ill)Tr3lrtlrri alicilcpnr{cETaJrbsbrx I'c;ronrri, r'apilHTrrpvrc-
trIrrx xopom)'ro BocIIporr3Bo;urMocTb rt III)Ilc].Ir-IeMoe Bpcrlrr rr3liepcsrril rrri;Il'riqrroltrrTnx neplro-
pon. Cran4apruoe orli..rofieErre )'crarroB.-IeHELIT IrnAyriqlosrrbrx neprro;loD lrrr B riaF.:orr c:rytlng
Ee up{-rBr,rurairo 3HarrcErre 0,1 uaca. Ilprrne;Icur,r npuMepr,r ilprnresc ErrtrrlSrrcprrrc.-rbuoro
ycrpoiitrna 

^Jrrr 
rr3),rreurrr BJrrrEEirrr \{etr{MoJreri\rJrapnofi ncpeerepnrpnxarluu TAI uo;reny;r

II Ao6aBfilr cuueplclrroB Ea croftxoctr li onrrcJrcrrrlD [rqeBLrx )xnpoB rr MaceJr.

A;;ar*tfira ua stanovenie iudtkinej periddy oxiilfcie tukov a, olcjov

S tih rn

V praci sa opisuie n-ieraciti ilpara.tirral na st,anovenie indukdnej peri6d;r, ako miery odha-
du st'abilitl' jedl;''ch tukov a, olejor' 1-rot'i antooxidri,cii. Pozornost sa venuje najmii, Standar-
diz6"c1i expelirnont,dlnvch podm.ienok, ktord zarudujrl dobni reprcdukovatelnosd a prija-
telnf das nrera,ni indukdnfch peri6d. Srnercdajnd odchlilka stanovenSich indukdn;ich pe-
li6d ani v jednom pripade neprekroiila hotlnot'u 0,1 h, Uvddzajri sa prfklady pouZitia
rneracieho zariadenia pli itridiu tiinliu ruetlziurolekulovej preesteriflkricie TAG mcitdiirl
a, prfdavkrt svnorgentor. nrr oxicladnLr stabilitu jedlj.-ch tukov a olejov.
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