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a^ned by the composition

using a very sim-
nul e .

&. Past DSC studies (ScUb'ch-
V .  W t i

1̂ on Q Ĉ ern̂ cal structure and com- 

Phase transit ions in t r i -

et al ) concerning the

glycerides have been published. I t  has 

been shown that thermal methods can be 

applied very effectively in estimating 

the extent and mechanism of a polymor

phic transformation which is  strongly 

dependent on thermal h istory and rate 

of scanning.

The polymorphic and thermal behaviour 

of l ip id s  varies according to the che

mical structure of the key components 

present in l ip id s  ( t r ig lyce r id e s) and 

the presence of other compounds (hydro

carbons, di- and monoglycerides, choles

terol and it s  derivatives, free fatty 

acids) as constituents of neutral l ip id s ,

as well as on the quantity of g luco lip i-
2 5 6ds and phospholipids ’ ’ . From such a 

point of view, l ip id s  or ig inating from 

different animal tissues (muscle, l ive r ,  

fatty tissue, brain and spinal cord) is  

very interesting as a sample with quite 

d ifferent compositions and weight percen

tages of neutral l ip id s ,  glucolip ids and 

phospholipids. While heat effects, du

ring the heating of l ip id  samples, is  

the consequence of a polymorphic trans

formation from the metastable toward the 

stable form followed by the melting p r i 

marily of tri glyceri des, the heat ef

fects during the heating of pure phos

pholipids or glucolip ids can be neglec

ted1.Thus, such a constituent of the 

total l ip id s  extracted from different 

hog and cattle tissues can be treated
9  . .

as an inert , or as inh ib it ing  agent 

which can considerably a lter the cryst

a ll iza t ion  of different structural aran- 

gements of trig lycerides (a, B'and B 

forms) as was shown in the case of pure
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sample weights were always 

(s.s. pan and an empty Pan 

rence).

app

as a

Following the investigation we started 

a few years ago on thermal behaviour of 

intramuscular l ip id s  by DSC analysis, 

in the present study the goal was to 

show the difference in the total heat 

effects during the heating of different 

l ip id  samples and to correlate i t  with 

their composition.

EXPERIMENTAL

Materials and methods

The preparation of samples of total l i 

pids from different hog and cattle t i s 

sue is  given in detail elsewere^. DSC 

analysis was performed using samples 

held at +4°C for 1 and 2 years after 

their preparation. The total l ip id s  

from muscle and fatty tissues (held at 

+4°C for 18 months) were fractionated 

on a S i l ic a  Gel 60 (70-230 mesh) column 

to neutral l ip id s ,  glucolip ids and pho

spholipids according to the procedureO
described by Johnston . The neutral l i 

pid fractions were used for DSC analy

s i s  and for further processing by col

umn chromatography ( F lo r is i l  100-200O
mesh) with the aim of only separating 

tr ig lyceride fractions which were fur

ther analysed by DSC.

DSC experimental investigations were 

performed using a PERKIN ELMER DSC-2 

unit. The heating rate was always 5°/ 

min in the temperature range 233-363 K, 

with a 25 ccm/min flow of dry nitrogen 

through the DSC sample holder. The

RESULTS AND DISCUSSION
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The obtained typical poly1110 ' , t1’
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for five d ifferent hog ana i
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• +■ Vs U ̂ c
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in which t r i -  and diunsatur9
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rture- /much more complex struct ^
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in

^ries °f samples (total l ip id s -  

^ Cc(fi.11^ l̂ s~'tr ig lyce r id e s) from hogHr L̂ le
ir>$ a« dtty tissue was analysed by

^ °f DSr
hm„. anc* the results presented9iih6 2 .

240 260

cle tissue (M. Longissimus d o r s i); B - l i -  

d E-spinal cord

Very sim ilar polymorphic effects were 

registered in the case of total l ip id  

(TL), neutral l ip id  (NL) and tr ig lyce r

ide (TGL) samples from hog and cattle 

tissue. That could have been expected 

on the basis of the fraction of neutral 

l ip id s  in total l ip id s  (99.6%) and

/
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j
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because the heat effects in the case of 

neutral lipids are exclusively the con

sequence of the corresponding polymor

phic transformations of triglycerides. 

More significant differences were found 

in the case of TL, NL and TGL samples of 

cattle fatty tissue. Even though the 

fraction of neutral in total lipids is 

also high (96.6%), not only are the g 
structural arrangements in the case of 

NL and TGL more clearly expressed at 
higher temperatures, but the total heat 

effects are disproportionately greater 

than those to be expected on the basis 
of the corresponding composition. These 

results are in contradiction with the 

assumption that the total lipid fusion 

enthalpy of each sample may be corre

lated by the additive rule on the basis 

of fractions and fusion enthalpies of 
the triglyceride fractions. An explana

tion for such a phenomena is partially 

given by the results of Garti et al^ 

which showed that very small amounts of 
added surfactants, in this case about 

3% phospholipids in the total lipids of 

cattle fatty tissue, may inhibit the 
formation of g structural arrangements

t i v e  anaiySFigure 3 shows the comparac1 ^

of hog and cattle fatty tri £WC
re r tain

from which one can note a  ̂
larity in the polymorphic beha ^  

except in the temperature ran9 ,• 

These are temperof ,*304 to 320 K.
w h i c h  s t r u c t u r a l  a r r a n g e m e n  ^

r 0 f
triglycerides with C 1 6°’ 
fatty acids are formed.

o f fa
ti55ifAnalysis of the composition 

acids of hog and cattle faff , et 

(V. Djordjevic et al10; ^
al'7) which, for the sake of ^ ^  

terpretation of heat effects’ ^  lf 

ted in TaDle 1, indicates tha ^ 5  

tion of monounsaturated

the case of hog fatty tissue
in that

u jf3
about 10% higher than in tlia  ̂ 1

for
0 d5lipids. The opposite hoids 

ent of polyunsaturated fatty jy 

(PUFA). Both facts also ^  /  
different values of heat e f  ^■tura
determined because g struc u ^  

ment is favoured by a hi9^e 
monounsaturated (M) fatty ^ ̂ ¡¡l

When the data p r e s e n t e d  i n ^ 

utilized for the analysis 0 pf
. /c r a t f ’

nee of AH. on the PUFA/j ,£$ 
t
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^ sue
Total heat effects determined by DSC analysis: HOG/(CATTLE)': 10 5 7

AH
t* J/g

Lipids % 

NL Phosph.
PUFA PUFA/S

?Al

in

109.2 74.9 24.4 47.3 15.4 37.1 0.79
82.2* 75. 1* 22.8* 45.1* 7.6* 31. 1* 0.68*

42.9 31.0 64.2 84.4 4.9 10.8 0. 13
43.3* 24.8* 72.0* 43.6* 6.8* 28.0* 0.64*

111.9 99.6 0. 3 34.5 53» 8. ' 0.8 0.02
6 4 .4 * 96.6* 3.0* 38.6* 44.2* 2.2* 0.05*

19.8 29.7 60.8 58.6 12.4 31.0 0.55
20.8* 34.5* 58.4* 17.2* 4.5* 15.8* 0.92*

24.6 39.0 56.6 35. 1 27.6 37.4 1.07
22.4* 21.0* 71.4* 30.2* 17.6* 39. 7* 1.31

^*9ure 4‘ 5 i t may be con cluded tissues (1 i ver, brain, spina

J9 *nd
9ardiess of the lipid origin

" Co^e Cat^ e tissue), there exists 

t̂We6n P°ndin9 exponential dependence 
Of fusion effects and the ra- 

t̂fy P° ^ Unsaturated and saturated 

v̂iie Q^ S (^UFA/S). The higher the 
PlJfrA/S, the lower the heat 

% 6ni ncl Vlce versa which is also in

Figure 5 presents the DSC curves of sam

ples of hog and cattle intramuscular li

pids ( M .  L o n g i s s i m u s  d o r s i ) , as well as 
the corresponding extracted fractions 

(neutral lipids from cattle tissue and 

triglycerides from hog muscle tissue).

417s
1 w ' 111 th the work of Perón who ̂d fk

th i 6 ^f luence of unsaturation
9l7ceri,

CATTLE

NL

liu J^ n de polymorphism.
'̂ ¡SUScul

^Pids ^  behaviour of intramuscular

^  j ^*"acted from the M .  L o n g i s s i -

TL

T,K

260

Hth i
y °f H°9 and cattle O 2™  t0

S|"ba) does not ff t fnt0 thepx
le$

280 300

HOG

320 340

Presented in Figure 4. These 

^ Of p re cbaracterized by a high va- 

f and a^so dy a content
^Pids. This indicates that

rHed

TGL

h
■ent fattv acids, mostly PUFA, the

the
main constituents of neu- 
and not phospholipids, as 

ase for total lipids of other

TL (heating- 
cool ing)I. -L

240 260 280 T,K 320 340

577
Figure 5. DSC anal, of intramuscular 1



Table 2. Total heat effects of fusion < 
and polymorphic transformation AHt,J/g

TISSUE DSC analysis AH
performed calculated

May 1988 April 1989

Muscle-HOG
TL 109.2 116.1 -

TGL - 158.2 145.8

Fatty-HOG
TL 111.9 131.2 -

NL - 140.2 112.3
TGL - 132.8 -

Muscl e-CATTLE
TL 82.2 - -

NL - 10.7 100.9

Fatty-CATTLE
TL 64.4 73.5 66.7
NL - 112.6 -

TGL - 112.0 -

Table 2 gives certain values of heat ef

fects in separated analysis performed in

an interval of one year. The results con-
2 9firm some previous ones ’ that the lar

ger storage of lipid samples at + 4°C 
enables more complete g'and g triglyce

ride arrangement.

The previously stated and discussed dis

agreement in terms of the measured heat 

effects of hog and cattle fatty tissue 

TL is also character!Stic of intramuscu

lar lipid samples. In both samples the 

fraction of NL is practically the same 
(Table 1). More clearly defined differe

nces in the composition of intramuscular 

lipids, which could serve as an explana

tion of the difference in heat effects, 
are registered in the fraction of mono- 

unsaturated fatty acids (palmitoleic and 

oleic). There are about 2.5 times more 

mono-unsaturated fatty acids in the sam_ 

pies of hog intramuscular lipids than in 

the case of cattle ones. The composition

of C .r and C
is

(S ,M) fatty acidsJthe
M-

sented in Table 3, where both 

tion of these acids in the hog■f
m e m b v a n o s u s  muscle NL and TGL 

12

cf0

is shown

itiön for
Table 3. Fatty acid composi 
muscle tissue (1-hog 2nd 2 -catt

L semim^ 
issue)

g i s s i m u s  d o r s i ;  3-hog M.

-— 32
Acids 1 2 3

C!61= 2.6 0.2 4.5

13.1

37.7

O cn o 27.0 24.2

o 00
II 8.0 4.0

o 00 o 15.7 17.6 6.6

The results lead to the cone
be^ethere is a great difference

fraction of PUFA and M in tiv iflf omuscular lipids which greacu j0h
red fu5 J

arld ' J

the heat effects and measure

enthalpies of total lipids
It s'1
in9the,

be emphasized that beside kn°^r a ̂

characteristic PUFA/S values

sample, in order to properly J\i
one 3

the sample heat of fusion»

know in which total lipid frac
ti°n

nina
or phospholipids) PUFA pred0lT1

the  ̂ (
Therefore, information on o111 p iu «c
behaviour of intramuscular $r ,

two different hog muscle (fuS
, • inQ 2M . L o n g ^ s s ^ m u s  a p v s ^  • if*»

H-
ĉ

d f ii-m e m b r a n o s u s  56 J/g11) is
f  M  a n  oanalysing the influence ot ^  \i 

on oxidation and the formal1 

tile compounds.

CONCLUSION

The fusion effect of total 

and cattle muscle, liver»

lipids

brain>

ft
o'
■J

s f
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C°M ând

th,
fatty ti s sue lies in the range 

t o  1 1 2  j / g  ancj was measured in
,f!0

^mperature interval 233 to 363 K 
a nee'•Orrei

thplii

-ati

ated
Of

n9 rate of 5°/min. It can be 
w1th the PUFA/S ratio regar-

"'Ts origin (hog or cattle).

Ĥcii CaSe Inver, brain and
C0),'c* tissue the phospholipidhOi] in

with • the total lipids increases

tile f nC|,'ease of PUFA/S, and therfore, •Us i r\n
R e^tect decreases. The con- 

y hoi ri
QS for muscle tissue lipids

i. J * "ighnot
1r) fho °̂Wed by an adequate increase 
S i / h°lipids, the neutral lipid and 

St ri'̂ e tractions are still domi-

value of the PUFA/S ratio

This •
S  g 1ndicates the complexity of 

c°mposition of intramuscular^dsOf andVoi Their role in the formation
Hi  ̂ 1
S* e compounds responsible for

V
Co

aro 
nhin(

rna and taste.

Ilpo».  ̂°n The complexity of the 
1«! H1<
lop

°n of fatty acids in some sam- 
T iS r\r\»* •. , . .
eff, Possible to relate the fus-

ĉ-tj °T Total lipids to the 

'■’'igiy anci heat effect of the present 
\ viou ^ es- The study of the thermal

1 °T total lipids arrd the corr- 

ab]6s ^Tractions of total lipids

%  ^  derivation of a simple cor- 
hßtween the total registered

an, 6 f f e C t s
Ss-u , an<T the composition. This 

comes significant when oxi- 

9es in total lipids are

Si
V$i
ve

be
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