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The total heat effects of the oxidation and pyrolysimd
11ipids extracted from varlous hog and cattle tissues (muscle 1-

fatty tissues, brain, spinal cord and liver) were studied bY
fferential scanning calorimetry (DSC Du Pont 9900).

he obtained results indicate that the endothermal effects Of{he
,otal lipids pyrolysis is 48 to 620 J/g which is comparable %0 A
determined values of 86 and 596 J/g for triolein and tvtsteartqme
as standards respectively. The exothermal oxidation effects ?;ﬂ!
from 930 J/ g (brain lipids) to 2400 to 2600 J/g (spinal coTf:t, 4«
and muscle tissue lipids), while the values for +triolein an 587
stearin are 3740 and 5420 J/g. The obtained results were SuCCla
interpreted on the basis of the content of polyunsatuf? (ol
) and monounsaturated (M) fatty acids in:the acid comp©®

ot :toetal 1ipidg.
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INTRODUCTION: In recent years the IC analysis of different ollS pot:

<N g : . ri
lipids was successfully applted for the determination of V2 ghe”
characteristics of natural substances. It has been shown th2

rmal methods can be applied in the determination of po]ymor‘}"i
transformations of 1ipids which strongly depend on the (:hfunto;
structure of the key components present in.lipids and on otheé ob
compounds constituents of neutral lipids mostly on the conten”

] oliptds and glucolipids (1-4).

®)

gt1¥
nvestigation of the thermal oxidation of 1lipids and oils MmO’ me”

involved the analysis of oxtdation rates, formed products &P
chanisms of complex oxidative reactions in bulk lipids. How®
there are no published data on the total heat effects of 11ptnwj
oxidation determlned by DSC methods. Several data were PTC”C
in literature related to the oxidation of different substance

- 1

(crude oil, heavy oll, coal, oil shale, tar sand, etec) (5>'

v
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3}attemp was made in the past to broaden the potential of uhi_
€rma] method for the study of oils and oil product compos
ron b, analysis of the shapes of DSC curves (6). Recently, ge
staI‘ted to i‘nv»asiﬂ;tafe the total heat effets of pyrolysis anl
tfdatiON brocesses of different lipids extracted from animaOSi_
{Ssues using DSC techniques. In spite of the different ioTﬁflu—
§ 1 of the analysed lipids (7,8) one can expect a grea i
é&e of the content of phospholipids, free fatty acids, ?0 the
oﬁuycerides on the total heat effect of oxidation. Fina yﬁ .
uﬁeetiveﬂ of the present work were, on the one hand, to 2 Otif
3% Dsc techniques can be used as a suitable method to ﬁ eg y
¢ 11p1d composition (5) by using only the tOtalh eather
of the oxidaion and pyrolysis process and, on gieig - o
gina£1t° compare the heat effects of the oxidation of 1ip :

Ng from tissues of different animals (cattle and hog).

> AND METHODS: The preparation of samples of to§a11;;£;i§
(8) A1fferent hog and cattle tissues 1s given in detal :rkérmed
8 1S analysis 1in oxidizing and inert atmosphere Wisip s bt
hong lip1g samples held at + 4°C for 2 years after their pfracti—
mmz' The total lipids from muscle and fatty tissues g?rz Sopasten,
Prg °d to neutral 1liptds, glucolipids and phOSph01ipibb glumn
Cmfedure (9). Trigliceride fractions were separate§ gigh ol
mn@?atography from the corresponding neutral lipids w

'®r also analysed by DSC.
03 ; ;
%gfeXDerimental investigations of oxidation and py€01¥s;°hgzgfng
P&tormed Using a Du Pont DSC 9900 pressure cell unt A o A
°m§ Wasg always 1o K/min in the temperature range BOg 8°C &
hwr12 1€ atmosphere (atir, 5 bar, 5 cem/min) and 3o0- 2? n S
Ung £ a Mosphere (Argon, 1 bar, 5 cem/min). The _ailm evéporation
0f§ Pressure was to suprpess as much as possible t?s gy
assig Compounds (e.g. hydrocarbons, free fatty aCt jas o A
aM)ome Oxildation products. The initial sample weigh o e S
“tﬂ Mg, and after each experiment the residue mass b ety
Op € aim to determine the total quantity of samples py

oxidized during thermal treatment.

.

MﬁELTS AND DISCUSSION: Typical DSC curves for some of thihe£;;§
trgqqre hog and cattle tissues obtalned under the same hp
hv:tme“t are shown in Figure 1 ( spinal cord, fatty tis?gi poere
OH@r fotal I1plds), while,the corresponding DSC curvisin) S renn-
htedatton of standard substances (tristearin and triole

0 Plgure 2;
The

3 C curves for
thd:tained results show a similar shape Ofdi??egintc i bk
Mth orisinating from the same tissues of s 4ot LB TEN
! Pg&er total heat effects of oxidation in the case
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Such a shape of the DSC cu-
rves could be explained by
DSC  fie & msicamo using the results of oxidati-
R e on of saturated and monounsa-
: s = it e turated triglycerides (triste-
arin and triolein) where the
maximum heat flow or DSC-maxi-
ma were expressed at 257°C

(Figure 2).

However, the peak above 300°C
can be related to the oxtdati-
on of a more complex structure
of total 1lipids, namely 1its
constituents which contain to
a larger percent polyunsatura-
3y ted fatty acids. Such a conclu
T e ] - : sion is derived on the basis
e e W e W _af the Tuown fontent EREEE
acids in phospholipids and glu-
colipids which were extracted
PS50 Dea i from total lipids, indicating
g B NS WY St 1O et B, Oty an increased content of poly-

i

i -

|

5 195 79"

unsaturated fatty acids (7,8).
The complete results of DSC
RECATE: investigations of total lipids
oxidation are given in Table
1, while those corresponding
to the results of DSC pyroly-
sis are present in Table 2.

327. 45°C

Thus once again, now also in
the case of DSC results of

g total 1ipids oxidation this
i 4 5 study confirms the assumption
e, postulated in some of our pre-
e y**{véﬁ““ﬁhm“;a"*;%'"um vious papers, that the total
i Goerot ve.1n oo w0 @exothermal heat effect could
: be related to the composition

of total lipids.

8

8urg

2.DSC curves of the oxidation ef

Standard substances (30-400°C;
air 5 bar; 5 cem/min;heating
Nmnl rate lo K/min)
Qo LY
ﬁtgrm{nlg the case of total 1iptds oxidation from fatty tissue,the
hw atton oixothermal heat effect originated dominantly from the
1&2t ' whil neutral lipids or triglycerides as theilr major consti-
Dhele {88 e t?e more complex composition of total lipids from
3)8enee Oer gave an exothermal effect more influenced by the

. an increased content of phospho- and glucolipids (Figure
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rature of

b— e after oxi
c- 1 heat effect of oxidation, J/g
Table 2. DSC pyrolysis of different hog and cattle total lipids

. CATTLE HOG
tissue .

TATAT

SPINAL CORD MCT 89.8 286 MCT ag.9 200

MOT 86.6 -131 °  MCT 87.6 8

99.8 - 86

TRISTEARTN 73416 99.8 -596 g

\ /sl 1 3 o p on 1 (5157%’ 0’
a) temperature of DSC peak maxima, °C; b) restdue after 30-600°C pyro y;ﬂ,pW'
¢) endothemszl heat effect of pyrolysis, J/g; d) endothermal effect dur*’® 4.
lysis (possible formation of condensed products); MCT - multiple charadf

a+sn +om

o .
eratures of peak maxima.
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B 3 Comparative study of the oxidation of total lipids from
fatty tissue and muscle (Longisimus dorsi) and thelr ma-
JOr constituenrts - triglycertdes (3o0-400°C; air 5 bar;
5 cem/min; heating rate lo K/min).

h ot the results presented at Figures 1 and 3, the oxidation
0°g1s il I11ptlds extracted from the muscle tissue of cattle and
©%o4. € intermediate between the DSC results of the oxidation

t
i}mdsalﬁliplds characterlzed by a very large content of neutral
* L.e. also triglycerides (fatty tissue) and the DSC results

?mm‘eao¥id“t10n of total lipids with an increased content of pho-
ftt a:d #lucolipids (liver, brain and spinal cord?. Knowing the
W?ecan }d composition of total 1lipids from our earlier work (8),
(PPlthemucceSSFU17y correlate the total heat effect of oxidation
£ 1) p,Percentage ofmonounsaturated (M) and polyunsaturated
Qolfo atty actds (Figure 4). Such a correlation 1s a very useful
Dhlmﬁﬁ: the easy and fast identification of complex total 1ipids
o 6'L0n‘ Such a conclusion is derived on the fact that both
By 2nd glucolipids present a fraction with a larger content
Compared to the neutral lipids fraction.
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ure 4 £ rmal heat effect of total 1ipid oxidation Vpridﬁ
yt21 content of mono- and polyunsaturated fatty 2&°
-
USI results of NSC investigations performed in O?d
g ind inert atmosphere indicate that the exo-effect of fOtrver
Lds 1 tion increases in the series: brain (Qoo J/F>v 1 ),
1o0), cle (2300-2400), spinal cord (2500), fatt (“500’2§/ﬂ
e endo-effect of pyrolysils was much smaller (50-600 i‘”)d
wed by a very complex shape of the DSC curves Ohard‘f‘r{Ar
N, ult ‘naramherLstio temperatures where the mdximum()er
low occurred 1e endothermal heat effect of total 1ipids P
ysis ins~,a~r in the serles: fatty tissue (-48 J/g), liveT
-130), brain («219), spinal cord (-300) and muscle (-614)-

‘ . g 1 h
nly in the case of total 1liplds extracted from the 1liver, ;?OC)
idation process was observed at a lower temperature (110 ate
1th a small heat effect; in all other samples the maximal T

f oxidation was in the temperature range 245-360°C.

uite a good relation between the total exothermal effect OfO
iplds and theilr compositions was represented using valués
he total content of unsaturated fatty acids present in to?aes
ipids. In such a derived correlation, about 40% larger Vd*in
f the exothermal heat effect of oxidation were registered

he case of 1liplds extracted from cattle tissues.
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