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SUMMARY

The ra t e  o f  v o l a t i l e  compounds f ormat i on from 
boar M . Semimembranosus t o t a l  int ramuscular  
l i p i d s  was i n v e s t i g a t e d  on the bas i s  o f  non i - 
sothermal  the rmograv i me t r i c  (TG) a na l y s i s .
The i n v e s t i g a t i o n  were per formed at  d i f f e r e n t  
heat ing  ra t e  ( q ,  K/min) in oxygen and n i t r o ­
gen atmosphere.  Comparat i ve ana l y s i s  in N̂  
and 0 „ was made in o rder  to compare the r a ­
tes o f  v o l a t i l e  compounds f ormat i on wi th and 
without'  the "chemical  r e ac t i on  o f  o x i d a t i o n .
TG a na l y s i s  was always done wi th the same 
i n i t i a l  sample mass and in the temperature  
i n t e r v a l  30-250°C.  The rat e  o f  f ormat i on o f  
v o l a t i l e  compounds was de r i v ed  onl y  f o r  tem­
peratures  g r e a t e r  than 1 30°, when s i g n i f i c a n t  
mass change occurs .

The r e s u l t s  o f  comparat i ve  DSC a n a l y s i s ,  
which was per formed in the same temperature 
i n t e r v a l  in i ne r t  atmosphere and in a i r , c o n ­
f i rmed the i nc r eas i ng  r a t e  o f  f ormat i on o f  
v o l a t i l e  compounds above 1 3 0 °  as we l l  as 
s t a r t i n g  po i n t  o f  o x i d a t i o n  in a i r .

The proposed method f o r  de t e rmi nat i on  o f  the 
ra t e  o f  v o l a t i l e  compounds f ormat i on using 
TG a na l y s i s  could s e r ve  as a standard p r o c e ­
dure in the q u a n t i t a t i v e  a na l y s i s  o f  the rat e  
o f  c r e a t i o n  o f  compounds most l y  r e spons i b l e  
f o r  odor  and f l a v o r s  from d i f f e r e n t  sources .

INTRO DUCT I ON

Thermal a na l y s i s  i s i n c r e a s i n g l y  used f o r  i n ­
v e s t i g a t i n g  the s t a b i l i t y  o f  var i ous  ma t e r i ­
a l s ,  not onl y  in r esearch l a b o r a t o r i e s ,  but 
a l s o  as a standard q u a l i t y  cont ro l  procedure  
f o r  raw ma t e r i a l s  and f i n a l  product s .  The r e ­
su l t s  o f  such an a na l y s i s  i n d i c a t e  the o p t i ­
mum s t o r age  and product i on means o f  var i ous  
pharmaceut i cal  products ,  as we l l  as f ood,  
most l y  products c ont a i n i ng  l i p i d s  ( C r o s s , 1 970 ; 
Mackenzie , 1979) • The a p p l i c a t i o n  o f  TG a n a l i -  
s i s  as an a l t e r n a t e  method f o r  measuring the 
s t a b i l i t y  o f  e d i b l e  o i l s  is presented in the 
work o f  Hassel  (1976)  which was r e c e n t l y  con­
f i rmed by Mikula and Khayat ( 1985) .  Problems 
concerning  the e s t i ma t i on  o f  e d i b l e  o i l  o x i ­
dat i on s t a b i l i t y  by TG a na l y s i s  were a l so  
s tudi ed in the works o f  Cross (1970)  and Bu- 
z5s e t  al  . (1979)  - Hagemann and Ro t h f us (1979)  
recommend TG a na l y s i s  as a conveni ent  method 
f o r  de t e rmining  o x i d a t i v e  changes in sperm 
whale o i l  and in the natural  and s y n t he t i c  
e s t e r s  o f  some waxes.

I n v e s t i g a t i o n  o f  the compos i t i on o f  whi te  
meaty hog M. Semimembranosus int ramuscular  
l i p i d s  ( Bas t i c  L jub i ca  , 1 986) as we l l  as l i t e ­
ra ture  data concerning  the d i r e c t  c o r r e l a t i o n  
between the amount o f  v o l a t i l e s  and the con­
t ent  o f  unsaturated compounds (Mottram et  a l .  
1982; S i n c l a i r  et  a 1 . , 1 9 8 2 ; Mottram and Ed­
w a r d s , 1 9 8 3 ) ,  i nd i ca t ed  the p o s s i b i l i t y  o f  
e f f i c i e n t l y  f o l l o w i n g  the rat es  o f  o x i da t i o n  
and v o l a t i l e s  f ormat i on dur ing the heat ing
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o f  i nt ramuscular  l i p i d s  in an oxygen stream 
by TG ana l y s i s .

The purpose o f  th i s  paper was to g i v e  more 
complete  i n f o rmat i on on the v o l a t i l e  forma'  
t ion rat e  o f  boar M. Semimembranosus i n t r a ­
muscular l i p i d s .

MATERIALS AND METHODS

Boar M. Semimembranosus int ramuscular  l i p i ds^  
o f  whi t e  meaty hogs ( 6*7 months old, 95-105 
were e x t r a c t e d  accord ing  to Folch e t  a 1 . (1957 !• 
The muscle was removed 24 h upon s 1aughter in9 
and coo l ed  in the carcass  at +4°C;  be f o re  
e x t r a c t i o n  i t  was c l eaned o f  f a t t y  and con­
n e c t i v e  t i s s u e .

Thermograv imet r i c  Ana l ys i s

A l l  the i n v e s t i g a t i o n s  were per formed on a 
Perkin Elmer TGS-2 inst rument .  The sample 
was heated from 30° to 280°C a t heat ing  ra"._ 
tes o f  2.5, 5 and 10°/min. under c o n t r o l l e d  okf 
gen or n i t r ogen  f l ow (15 cm3/min) .  A l l  the 
i n v e s t i g a t i o n s  were per formed wi th approxi ­
mate l y  the same i n i t i a l  sample mass ( 1 0  mg/'

DSC Ana l ys i s
_ r lx i 0

The exper iments  were per formed using a Per* 
Elmer DSC-2 instrument  in order  to i n d i c a t e ^  
the e f f e c t s  o f  o x i d a t i o n  and evapora t i on  du 
r ing the heat i ng  o f  the sample o f  intramus­
cu l a r  l i p i d s  in an oxygen or n i t r ogen  strea 
DSC a na l y s i s  was per f ormed wi th about 50 mg 
o f  substance at  a hea t i ng  rat e  o f  5 °/min 
and a gas (N^ or 0^) f l ow erf 33 enr/m i n .

RESULTS AND DISCUSSION

K i ne t i c s  o f  the Ox idat i on Process

Fi gures  1 and 2 present  the cumulat i ve  mas5 
changes o f  boar int ramuscular  l i p i d s  durinS 
heat i ng  up to 250°C at var i ous  heat ing  r a t e 5'

Fi g . 1 • Cumulative ma5*
changes obt»'" 
ed by TG an» Y. 
sis of boar ^
tramuscular
pids at van ^  
heating rate 

stream-in N,

Fi g . 2 Cumulative rnf , 
changes obta 
ned by TG 3 
l y s i s  of  bo |_
intram uscu

l i p i d s  at y 
n o u s  heat' 
rates in 
stream.
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The r e s u l t s  i nd i c a t e  that  the process  o f  ther­
mal decompos i t i on is c ons i de r ab l e  at t empera­
tures above 170°C. The temperature  i n t e r v a l  
UP to 130°C is a l so  i n t e r e s t i n g  when, at low 
heat ing r a t e s ,  o x i d a t i o n  can be observed .  In­
crease  in the sample mass i nd i c a t e s  f ormat i on 
° f  the cor r esponding  pe rox i des  which are the 
basic cause o f  the f ormat i on o f  1 a r ge r  amounts 
o f v o l a t i l e s  at h i gher  t emperatures .  Figure 3 
Presents  the cor r esponding  DTG curves or r a ­
tes o f  v o l a t i l e s  f ormat i on ( r  ) at  var i ous  
b a t i n g  r a t e s .  VC

pig. 3i DTG curves obtained by analysis o f boar intra­
muscular l ipids at various heating rates in 

and streams.

The e f f e c t  o f  hydrogen bonding is c l e a r l y  no­
ted in the f i r s t  phase onl y  at heat i ng  rat es  
which at temperatures  hi gher  than 160°C leads 
to a c c e l e r a t e d  thermal decomposition ( F i g . 2 and 3A)

As can be seen from the exper imenta l  data,  
the thermal  decompos i t i on o f  boar intramuscu­
lar l i p i d s  is a two- s t ep  complex mechanism. 
C h a r a c t e r i s t i c  mass changes up to the beg in-  
ning o f  i n t e ns i v e  decompos i t i on,  i . e . t h e  s e ­
cond s t ep ,  can best  be noted from the c o r r e s ­
ponding TG and DTG curves  ( F i g . 2 and 3 ) .

In the case o f  f r e s h l y  e x t r a c t e d  intramuscu­
lar l i p i d s ,  the mass change In the f i r s t  
Phase,  r e ga r d l e s s  o f  heat ing  in 0^ or  N^, is 
Very smal l  (about  1%). In order  to determine 
the k i n e t i c  equat i ons  o f  the i n t e n s i v e  pro-  
Cess o f  thermal  decompos i t i on ,  i t  Is ne c e s ­
sary,  among o the r  t h i n g s , t o  d e f i n e  i t s  beg in-  
ning on the bas i s  o f  co r r esponding  TG and DTG 
Curves ( F i g .  ] ,  2 and 3 ) .  These r e su l t s  are 
Presented in t ab l e  I .

^able 1 . Analysis o f the beginning o f intensive 
thermal decomposition

' /min)
Gas,15

( cm^/min)

Characteri sti c 
end temperature 
o f the f i  rst 
phase*, °C

Mass change at 
the end of the 
f i  rst phase, %

2.5 N? 140 1 . 12
5.0 160 1.15
0̂.0

• N2 180 1 .20

2.5 0, 110 0.66
5.0 °2 130 0.97

TO. 0 
^ __ °2 170 1 . 22

!h the characterist ic temperature region it  is noted 
that in a narrow temperature interval o f 10-20 
there is no relevant mass change.

Determinat i on o f  the K i n e t i c  Parameters o f  
the Rate o f  I n t ens i v e  Thermal Decomposi t i on

As mentioned e a r l i e r  t h i s  paper presents  a 
d e t a i l e d  ana l y s i s  o f  the thermal  decomposi ­
t i on o f  boar i nt ramuscular  l i p i d s  but onl y 
In the temperature range !30-250°C.

Al though a cor r esponding  mass decrease  is no­
ted in the temperature i n t e r va l  up to 1 3 0 ° ,  
i t  is l ess  i n t e ns i v e  ( t a b l e  I ) .  The rat e  o f  
o x i d a t i o n  and f ormat i on o f  v o l a t i l e s  at  h i g ­
her temperatures  is de f i ned  by the f o l l o w i n g  
equat i on:

vc oxld.
dm 
d t = DTG = k ( T ) . r ( 1 )

In analogy to homogeneous chemical  r eac t i ons  
in the gas and l i q u i d  phase which behave ac ­
cording  to the k i n e t i c  law o f  a f i r s t  order  
r e a c t i on .  In—thi s  equat i on k (T )  is the rate  
constant  o f  the f ormat i on o f  o x i d i z e d  p r o ­
ducts de f i ned by the Arrhenius equation, while 
m is the actual  sample mass at t emperature T 
Adonyi  and Va j t a  (1965)  and Adonyi  and Korosi  
( 1 9 7 2 ) anal ysed in the same way, by means o f  
TG, the evapo ra t i on  o f  pure l i qu i ds  and c o r ­
responding mi xtures .

The nature o f  the complex thermal  decomposi ­
t i on process  is denoted by the performed DSC 
a n a l y s i s .  Typ i ca l  exothermal  o x i d a t i v e  proces ­
ses are c l e a r l y  v i s i b l e  during heat ing in an 
oxygen stream. They are represented in the 
f i r s t  phase o f  the process .  In the reg i on o f  
i n t e n s i v e  thermal  decompos i t i on the e x o t h e r ­
mal process  o v e r l aps  wi th the endothermal  r e ­
ac t i ons  o f  decompos i t i on o f  the o x i d i z e d  p r o ­
ducts and e vapora t i on  o f  the formed v o l a t i l e s .

Fig. 4. DSC analys i s 
of boar in­
tramuscular 
l ipids at 
various he­
ating rates 
in 0  ̂ and N2 
streams.

60 80 Wl 120 «0 ISO 180 200
t.-C

When the ana l yses  are per formed In a N.stream 
onl y  the endothermal  processes  o f  thermal  de ­
compos i t i on o f  int ramuscular  l i p i d s  and e v a ­
pora t i on  o f  v o l a t i l e s  are r e g i s t e r e d .

According  to equat i on ( l ) ,  i t  is po s s i b l e  to 
determine the k i n e t i c  parameters o f  the o x i ­
dat i on process  (0 ^ ) and thermal  de c o mpo s i t i ­
on ( N2 ) accord ing  to the equat i on:

In ( DTG/m) = In (A/q)  - E/RT (2)

cons i de r i ng  that

k ( T )  -  (A/q)  exp ( -E/RT) ,  k ' 1 ( 3 )

The a na l y s i s  o f  equat i on (2)  is presented in 
F i g . 5 , wh i l e  the a na l y s i s  o f  the i n t e r c ep t s  
o f  the l i n e a r  f unc t i ons  and cor responding  
s l opes  is g i ven in t ab l e  I I .
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Fi g .  5. Graphic interpretation o f eq .(2 ) for the se­
cond step of mass loss process o f boar intra­
muscular l ipids

Table I I .  Analysis o f the intercept and slope o f 
eg . (2) wi th various q

Gas,15 Intercept,ln(A/q) A,i . “ 1 
T il n Slope 

E,kJ/mol
(cm /min) 2.5 5.0 10.0 2.5 5.0 10.0

N2 5.975 5.632 5.275 V
D O
O 1395 1953 57-9

°2 7-839 7.269 6.534 6340 7170 6880 61.5

Check o f  the K i n e t i c  Parameters

Accord ing  to the obta ined va lues  o f  the k i n e ­
t i c  parameters ,  the ra t e  o f  v o l a t i l e s  f orma­
t i on  a t ,  f o r  example,  q = 2.5°/min,  can be 
de f i ned  by the f o l l o w i n g  equa t i ons :

TG ana l y s i s  In a stream o f  n i t r o g e n :

r v c (N2 ) '  393 9 ( , 0 ° ' A m i )  exp ( -  6 960/T)
«  982 ( 1 00 - Ami )  exp ( -696Q/T)lmass/min

TG a na l y s i s  in a stream o f  oxygen:  

r v c ( 02) “  2 5 36 q (100 - A m i )  exp (-  7 400/T)
«  6 3^0 (100 - Am i) exp (-7^00/T) Imass/min

In order  to e va l ua t e  the determined k i n e t i c  
parameters and the t emperatures  o f  the be g i n ­
ning o f  the i n t e ns i v e  mass l oss process  (mass 
changes)  in the boar int ramuscular  l i p i d  sam­
p le  a t q ■ 2.5°/min in oxygen and n i t r ogen  
streams were c a l c u l a t e d  and the obta ined va ­
lues compared to exper imenta l  data (F i gure  6).  
The mass l oss  was c a l c u l a t e d  by the numeric 
i n t e g r a t i o n  o f  eq . (1)  . For t h i s  c a l c u l a t i o n  
the i n i t i a l  c ond i t i ons  d e f i n i n g  the beg inning 
o f  i n t e ns i v e  thermal  decompos i t i on ( Tabl e  I )  
were used.

Good agreement  between the c a l c u l a t e d  and e x ­
per imenta l  values o f A(Amn "Am ) was obta -

°2 N 2
ined.  This agreement  is opt imal  at  a heat ing  
ra t e  o f  5 /min. The determined a c t i v a t i o n  
energy ofe^60 kJ/mol is in agreement  wi th the 
a c t i v a t i o n  energy o f  the thermal  o x i d a t i o n  o f  
o i l s  (Mikula and Khayat ,  1985) .

Figure 6. Comparison of the calculated and experimen' 
tal l y determined di f ference in the amount 
o f the mass loss at q = 2.5°/min

The presented I n v e s t i g a t i o n s  and obtained 
r e su l t s  show that  by using TG a n a l y s i s ,  as 
we l l  as det e rmining  the k i n e t i c s  o f  o x i d a t i '  
on o f  i nt ramuscular  l i p i d s ,  an i n s i gh t  con­
cern ing  t h e i r  behav i our  dur ing thermal  t r e ­
atment,  can be obta ined which is a l so  o f  d« '  

ini  te p r a c t i c a l  i n t e r e s t .  The proposed met 
hod o f  de t e rmining  the ra t es  o f  v o l a t i l e s  
f ormat i on by TG a na l y s i s  can be used as a 
standard procedure  f o r  the q u a n t i t a t i v e  ana'
l y s i s  o f  the rat e  o f  f ormat i on o f  compounds 
which i n f l uence  the f ormat i on o f  aromas o f 
var i ous  ma t e r i a l s  ( l i p i d s  o f  animal and 
p l ant  o r i g i n ,  e t c ) .
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