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Werte^ T a b e , .|e 7 werden nach d i e s e r  F or m el  r e c h n e r i s c h  e r m i t t e l t e  E i w e i ß g e h a l t e  
K j e ldah?e 9 e n u b e r 9 e s t e 1 1 1 ’ d i e  d u r c h  d i e  a n a l y t i s c h e  Best immung von E i w e i ß  nach  
nach Ki i ! u  l t e n  w u r d e n - Bei m V e r g l e i c h  d i e s e r  W e r t e  f ä l l t  z u n ä c h s t  a u f ,  daß d i e  

b e s t i m m t e n  W e r t e  b i s  a u f  2 h ö h e r  s i n d  a l s  d i e  nach d e r  F or me l  b e -  
h|6r  a en W e r t e -' Wenn man j e d o c h  b e r ü c k s i c h t i g t ,  daß d e r  F a k t o r  6 , 2 5 ,  d e r  auch  
^0 |b a r k 9? r a n d t  w u r d e ’ ln d e r  Re9 e l  e t wa s  zu hohe E i w e i ß w e r t e  e r g i b t  und d i e  W i e d e r -  
i w|schen !  d? r  Best immung nach K j e l d a h l  0 , 6 0  b e t r ä g t ,  i s t  d i e  Ü b e r e i n s t i m m u n g
*®nn H»n W e rt e n  In T a b e l l e  7 d ur c h a u s  a k z e p t a b e l ,  so daß man davon ausgehen  

«*...• vor9?scbl«9»n* Method* zur «ehn« I len Erml 11 lung der che mi sc he n Zu- 
*un9 von Blutplasma für die betriebliche Praxis ausreichend genaue Werte
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'ueraruel c e ° r t !  have been made l a t e l y  to I n v e s t i g a t e  and I d e n t i f y  components t h a t  I n ­
ti.6 °he o f® d e v e , ° P ment o f  mea t f l a v o u r  / 1 , 2 / .  The f l a v o u r  o f  meat  and meat p r o du ct s  
is Chem?" ?he most I m p o r t a n t  qua I  I t y  a 1 1 r I b u t e s , thus t he  s i g n i f i c a n c e  o f  s t u d y i n g  
Vo the ¡ n f .  n a t u r a  o f  s u b s t a n c e s  p a r t i c i p a t i n g  In t he  f o r m a t i o n  o f  f l a v o u r ,  as wel l  
c0br depenr|UenCe i n d i v i d u a ' f a c t o r s  on t h e i r  c ha nge s.  I t  is  c o n s i d e r e d  t h a t  f l a -  
Pr!P'°Un<js t ! "  3 a r ? 6 n “ mber o f  s u b s t a n c e s  b e l o n g i n g  to d i f f e r e n t  groups o f  o r g a n i c  

dUcts i , s s Pe c i a J i m p o r t a n c e  in f o r m i n g  the s p e c i f i c  f l a v o u r  o f  meat  and meat  
y 's p l a c e d  on l i p i d  c ompone nts .
^  ̂ e 5 j p
iehbe a e r e Chan-9 e ? in t be  f a v o u r ,  c o l o r  and n u t r i t i o n a l  v a l u e  o f  meat  a r e  c o n s i d e r e d  
f l, s - Th« t , . j  m 0 S t , r  , l p l d  ox 1d a 11 on and t h e i r  r e a c t i o n s  w i t h  o t h e r  meat  compo-  
Gi.^lce ' P ld c o m p o s i t i o n  o f  meat  has been s t u d i e d  e x t e n s i v e l y ,  as were t he  l n -

° ns £ e e d i n 9> b r e e d ,  s e x ,  and p a r t i a l l y  p r o c e s s i n g  and s t o r a g e  c on -
lĴf 'A»*,5,6,7,8/.
^th^*"funar l
I, in a , b?sid? many publications, the Importance of individual lipid compo- 
is StM |  ev eloping favorable meat flavour, as well as Its deterioration,

to W h l rK 1 sufficlent,y known.  T h e r e  a r e  s t i l l  no d a t a  ln the a v a i l a b l e  l i t e r a t u r e
h compounds for m d u r i n g  t he  v a r i o u s  s t a g e s  o f  l i p i d  ox I d a 11 on and the extent I m



first
of their contribution to flavour I .e. their changes. Thus we have, In the r rmp0si" 
se of our Investigations, set t fie a I in of Investigating in detail the lipid c° paper 
tlon of hog Intramuscular lipids by applying latest instrumental methods. Th * 
gives a review of the results of Investigating neutral lipids.

MATERIALS AND METHODS

Sample preparation ^

In the Investigations M. Semimembranosus from 6 white meaty hogs - castrates, mus C \e 
months old, of mass 95~ 105 kg, was used. The carcass was cooled to 4°C and t tjs5i)& 
removed 24h upon slaughtering. Each muscle was trimmed of fatty and connectiv

Lipid analysis

The extraction of total lipids was performed according to Folch /9/- The ne”
tract was f ract i ona ted by column chromatography - Silica gel 60 (70-230 mes*1'.peCj by 
utral 1 IpIds,phospho1 IpIds and g 1ucolipids,accord Ing to the procedure desert a f t e r 
Johns ton /10/. The quantity of these fractions was determined gravimetrical Y 
evaporating the solvent In a stream of and expressed in * of total 1 i p Id s. ^

The further fractionation of neutral lipids by column chromatography 
200 mesh), according to the procedure applied In the paper of Johnston et a .‘,yCer' 
the following fractions were obtained: hydrocarbons, cholesterol esters, t r ^ e n t of 
des, cholesterol, d I g Iycerides , monoglycerides and free fatty acids. The con  ̂
each fraction was determined g ravI m e tric a 11 y after evaporating the solvent 1" aPd 
stream of N and expressed as % of total lipids, I.e. of the muscle. The a ge'
identity of each fraction was determined by thin layer chromatography on Si the
r  L .1 r  i  n n  f  U a  n  k  t  a  ! n  o  rl D t o  1 H O C  t. l  2 f  h  c f a n r l a r H c  f h a f  U P  T P  H p V P  1 O D 6 ( i

rl'

G, by comparing the obtained Rf values with standards that were deve loped 
same conditions /10/.

red W ^ fThe methyl esters of fatty acids of the neutral lipids fraction were P rePareters 
diazomethane (4). The qualitative and quantitative compositions of methyl at|ohn.‘j 
fatty acids, hydrocarbons and cholesterol were determined by a GC-MS-C comb j 11 
A capillary column with fused Silica SB-1, 30 m, of Inner diameter 0.32 mm anaiy 
phase film of 1001 dimethyl polysiloxane and width of 0.10 /im was used In a w e afl 
ses. The carrier gas was He ^pressure 0.8 bar). The analyses were performed 
of a program from 100°C at 6 C/mln.

,e used the following standards to Identify individual 

c2 o > C22 and C2i( acids, as well as unsaturated C lfi, C 

Normal C.Q to C  ̂ paraffins and squalene were used as 
ponents In the ^hydrocarbon fraction, while cholesterol 
an authentic sample.

fatty acids: saturated 1 0

I 8 ’ C 1 8 ’ C 18 and C z 2  f 3 % g  ‘ 0 *'t 
standards for Identify'"“ ,, o' 
«as Identified on the

RESULTS AND DISCUSSION

The results present a mean value of the analysis of 6 
Individual muscle samples. The content of total Intra­
muscular lipids is approximately 4.0*. The relative 
mass percentages of the three major lipid classes iso­
lated by column chromatography are given In Table 1. 
Neutral lipids eluted with chloroform present app. 
87.2*. glucollplds separated by acetone app. 1.4* and 
phospholipids eluted with methanol present app.11.4* 
of the total lipids. The obtained results generally 
agree with the results of Luddy et al./3/> except that 
the denoted authors did not present the glucolipld 
content In the muscle.

e mean composition of i'P1 

slated from M .S emimembr* n

T a b l e  >•

C l a s s
Ma

T o t a l  1 i p i d s *  *
i *. c 

87 •5
N e u t r a l  l i p i d s

G1 y c o l i p i d s

P h o s p h o l i  p i  ds

. 23+ *•

t h e  t o t a l  l i p i d s  b a s i s  

n t h e  w h o l e  m u s c l e  b a s ' *

For separating the neutral lipid fraction, Florlsll fr,cti°"*
was used In column chromatography because the m e  c o m p o s i t i o n  o f  n . u . r . i  u p

separation of mono- and dlglycerldes Is much ( m a s s * )  m ,

better than when using Silica gel /1 0/. TLC II!-—
analysis of the neutral lipid fractions s e p a - ------------ ----------------- r o t a T T i p ^

rated by column chromatography yielded a clean Lf̂ ^ |ons n p i V ' f r a c t i o n

band for each fraction. --------

Table 2 presents the mass percentages of indl- 
vldual fractions of neutral lipids. c i »  e s te r o

The results Indicate that the major fraction 
Is the triglyceride one which presents more 
than 70* of the neutral lipids. Their frac­
tion in the investiaated muscle Is about 3%,

Hydrocarbons 0.57

C h o le s te r o l  e s t e r s 9.08

T r i g l y c e r i d e s 76.60

C h o le s te ro l 6.20

D lg l y c e r l d e s 4.20

Mon ogly cer ides 1.00

Free f a t t y  ac id s 1.40
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Dn1 cb ̂ den r S 'n the 9aS chromatogram 
P° N t0 "°te Part|cular peaks corres-
> , . n #,e " the Ie9e n d - Seventeen
J  Whlch ? Were found in this f a c t i o n  
t,® 27 Were not ldentified. There 
o fated a,-aturated l c,ds- . $ %  unsa- 
ha."iOre Wlth 1 and 0.6* with 2
«iiJ°r com Ub 6 bonds> among these the 
:*«e ac?S°ne" ts are oleic acid, pal­
ls Po>yun. !nd stearic acid. The ratio 

0. 02 _n Sa tu ra ted to saturated acids

C?rfiSi!!i.lic ac|ds (Methylesters ] of HOLESTEROL ESTERS 
fraction

V c

( i act ° o n a r l 1 9 t he  comPos I t i o n  o f  t h i s  
th b I e 3 a " d t h f  t r i g l y c e r i d e  f r a c t i o n  
c.* Sam ’ ' ? - 2 '  ' *  may be s t a t e d  t h a t
r2Pt t h ar  a r b o n i c  a c i d s  a r e  formed e x -  
C’ 8( , * )  o"  t he  t 1r 1 9 1 y c e r  I de f r a c t i o n  
Ces ’ *"21 and *-oi were found in t i  
f aces 1 e in c h o l e s t e r o l  e s t e r s  c ' “ 
h0^nd ¡n ^ f H t e e n  c a r b o n i c  a c i d s  wi?e  
Of
11, ffl.u ■■■*'". I ne Traction consists i.'IJ:---traction «  nntr' 0 r a ' 5 * saturated a c i d s cR e» fused capiiiery column) fro» iooo/r"/mi„.
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tified in Intramuscular lipids or in meat lipids /12, 13, 1k , 15/. Their ldent!ljr 
tlon in intramuscular lipids i< not insignificant especially keeping in mind,i |nv . wi .  i n  v vi v i  QMiuaVfU i o i i i p i u s  i •  n u t  i n s i y n  i r  i c a n  i  e s p e c i a l l y  K e e p i n g  i n  (n
determined existence in lipids. Sterculic acid, found in an amount of 0.7" ' • | mo0g*

s °f
of the56

to now in lipids isolated from plants. C*133 0f
1 - 3 %» It has rarely been identified in HP' . gi

these fractions, was Identified up 
rlc acid was found in an amount of
plant origin and has, so far, been unidentified in meat. The identification - ■ ¡0„
acids was performed on the basis of obtained mass spectra. The diglycerlde frac 
among other substances, contains 
2.4% dicarbonic acids, 0.7% cyclo- 
pentene acid (sterculic acid) and 
1% cyclopropene acid (chau1moogric 
acid). Sixteen components were iden­
tified in this fraction, while lit 
remained unidentified.

Monoglycerides contain isovaleric 
acid in an amount of 0.6%, dicar­
bonic acids 6.6%, sterculic acid 
1.7% and chaulmoogric acid 1.8%.
An isomer of chaulmoogric acid 
containing a double bond in the 
ring at position 3 was also iden­
tified amounting to 2.0%. The 
structure od 17 acid* present 
was determined, while 9 remained 
unidentified, In the mene|lyeerl■ 
de and dlglycertdc fractions the 
presence of £* an d £*, acids was 
not determined although they are 
present In the triglyceride and 
cholesterol ester fractions.

^s Is denoted In Fig.5, free fat­
ty acids contain the greatest num­
ber of components, 29 were identi­
fied, while 11 remained unidenti­
fied. The major components, as in

other fractions,,were oleic, palmitic and stearic acid. Only in this 
the presence o f C , “ determined in an amount of 0.3%, It also contained

r f a c t i o n
6.5% dl
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Fj « * •  0- 8  ̂ s t e r c u l l c  a c i d s  and

• 3 . 4  and 5,  t he  I n v e s t i g a t e d  f r a c t i o n s  a l s o

«' ds (Methyl

“ »“C E

C*p̂ ll»  ̂®cid fraction of neutral lipid« on SB-1 (30 m fuseed silica
chromatogram of carboxylic acids (methylesters) from the

*** columnt from 100o/6o/mli,.
'• Únlaf1'3
*■ C'

» 4. CH3OOC-CH2-CH2-COOCH3» 5. CHjOOC-CH(CHj)COOCH3>
?* Ch-»OOC-CH,-CH(CH,)COOCH,» ft. CH-OOC (CH~) ,CH (CH, ) COOCH., ; i 1q3 lo J « i J J ¿ ¿ J i

U. cs • ^jOOC-CjHjj-CnOCHjl H. CHjOOCICHjIjCHICH^OOCHjI 12. Unldent. ,
le _À!' l4- CH-OOC(CH2)7COOCHj (Azelalnlc «old methylester)| 15.cj" I

I 20. c" > 21. Unldenti2?" CH3OOC(CH2)9COOCH3' 18‘ C15> - - -16- - - '16' — - ------
(8< 2 Uc3- C°7> C86, 25. cj-| 26. cjfi, 27. CH, (CH,) 7'g^(CH2) ,COOCH3
••ttiyi. *ctd "ethylesterl 28 .CS-CH (CH,), , COOCH, (ohalmooí)rlc «cid 

*•‘•*>1 29. e?-, -- 2 12 ‘IT.., 19*

3 %  chaulmoogric acid. As can be seen In Table 3 and 
contain acids with an odd number of 

C atoms. The obtained values for 
linear acids are In accordance wl tl| 
the available literature data,the 
references generally represent the 
lipid content of lean pork or the 
fatty acid content of glycerides 
mostly even acids / 3 ,k ,5,6,16,17/

Beside cholesterol as the major 
component In the fraction of the 
same name, the presence of A ,6,8 
(Ik) ch o1 es tatrIene and 3,5 choie- 
stadlene was noted.

In the hydrocarbon fraction, besi­
de squalene as the major .component 
and to C,j saturated paraffins!
the Cjg n-olefin was also Identi­
fied. There Is also a three mem­
ber homologous series which has 
not yet been identified In hydro­
carbons of meat origin /18,19/. 
They are probably acetylenes or 
hydrocarbons with a eye 1 opropene, 
cyclopentene or eyefohexene ring. 
The structure of 20 components In 
this fraction was determined, I.e. 
assumed, while one compound rema­
ined unidentified.

1 t>nl<w —  -19- 30- C2Ô' 31- C lo' 3J- “
nt-> 39. Cholest* -3,5-diene » 40. C

33. Cin> 34.C,„i 35. From
I 41. Unident.

Re f e
FENCES

1. ho
Mo 1 1 ranl D,S* Edwards R -A ¡ Mac F I e J.H - J. Scl. Food Agrie., 33 ( 1982) 9 3k.

t Luud r ° ‘S ’ Edwards R -A - * J- Scl. Food Agrie., 3k (19 83) 0-6udv r r n.«, - j. sci. rooa ngrtc., j h l 1 90 J 2 U-b
^esmn 1 , ’ Herb S -R ; Magldman P; Splnelli A . N ; Wasserman A . E - J.A.O.C.S,k7(1970)2,6£
Madrid 1 0  05 Donnart J > R°nneau M - 28th Eur.Meet. of Meat Res.Work, 9.27,k67,

5. 'Q»1982.
>• Sinr?m* r G ’ Girard J -p ! Denoyer C-29th Eur. Meet, of Meat Res.Work. 503 , Parma, 1983 
'■ Rhee v P A ‘J * s,attery J.Wj "0’0ea K - J.Scl. Food AgrIc. , 33 (1982) 771 .

,, K.S; Dutson R.T; Smith G.S. - J.of Fd.Science, k 7 (1982),1638.o’ M i n  ’ Dutson R-'J Smith G.S. - J.of Fd.Science, k 7 (1982),16 3 8 . 
n  Ro | r u *" G-Ji Maser M.Ls Riley M.L. - J.of Fd . Sc I en ce , k6 ( 1 98 1 ) 1 333 .
It John" J ‘Mj Lees M * Stan,ey G-H.S - J.BIol.Chem. 226 (1957), k9 7 .
,]• Boe.SÎ°n J -J: Ghanbarl H . A ; Wheeler W.B; Kirk J.R - J. of Fd.Science, k8(l 983) 33.

** i P i d "  ^ 9 Backer " Org.Syntheses 36 (1956) 16.
H  1 9 81 S 'n Foods, Chem. Bioch. and Techn. - F . D . G un s tone , F . A . Norri s,Pergamon Press, 

îhe p, ,
It H o n  nem,caI Constitution of Natural Fats-T.P .H I 1d Itch , P.N. Williams, Chap. £ 

Topi; London, 1 96k.
■ ' Lo vo t 'n Lipid Ch emlstry vol.l - F .D .Gunstone, Logos press llm. 1 970.
|, 1 0,i7 o?d P-Mi Pa w*owskI N.E; Llbbey L.M; Bailey G.S; Nl xon J . E  - J . A . O . C . S .60  ( I983)
I ' A 1] 'OD •
\l' Hau«0 C 'E; Eoegedlng A.E - Food Technology, 5 (19 81) 253.
• La2a® r E * Heinz H - 22th Eur. Meet, of Meat Res. Workers, A 5:3, Malmö 1976.

lo Eur uV E-N> Simonova V.N; Gerasimova V.A; Patrakova L.D; Antonov N.A. - 27th 
1 . • Meet, of Meat Res. Work. A:kg,l80, Wlen,1981.ricaL lies . WUIK. « ¡ 9 3 ,  IOU, Wi e n ,  I ^OI .
Meei.reV E * MI Gerasimova V.A; Patrakova L.D; Simonova V.N. Antonov N.A 

* °f Meat Res. Wo r k .,3.01,503, Madrid, 19 8 2.
2 8 t h  Eur




