
INFLUENCE OF MUSCLE LOCATION ON FATTY ACID COMPOSITION IN

THE PIG

C h r is t in e  C a tchpo le , C h r is t in e  H o rs f le ld  & R .A .Law rie

in t ro d n c t io n

A h y p e rb o lic  re la t io n s h ip  between tbe  percentage o f  f a t  * 

a n le a l t is a n e s , and the  io d in e  number o f  tbe f a t ,  was deecrit>«d

C a llow  and S ea rle  ( 1 9 5 6 ) .  They e xp la in e d  i t  on the b a s is  tba*

s t r u c tu r a l  l i p i d  e le ue n ts  o f  the c e l l ,  which c o n ta in  a subst*® 

p ro p o r t io n  o f  f a t t y  a c id s  w ith  s e v e ra l double bonds, were d i l u*

h r

by s a tu ra te d  f a t t y  a c id s  -  m a in ly  syn th e s ize d  f ro a  d ie ta r y  °* 

h yd ra te  -  when in c re a s in g  q u a n t i t ie s  o f  f a t  were d e p o s ite d , 

o f  the mean io d in e  nunber a g a in s t the  percentage o f  in tra m u *ctf 

f a t  f o r  soae t h i r t y  samples o f  each o f  e ig h t  p o rc ine  muscle* 

(L a w rie , Pomeroy & C u thbe rtson , 1 9 6 3 ) in d ic a te d , however, tb**

th e re  were s u b s ta n t ia l d e v ia t io n s  f ro a  such a re la t io n s h ip «  * j
✓thus appeared th a t  d i f f e r e n t  muscles m ight w e ll have charact*

a l l y  d i f f e r e n t  f a t t y  a c id  and p h o s p h o lip id  components, r e f l * 1

tb **r

i  *

t h e i r  fu n c t io n a l s p e c ia l iz a t io n  in  v iv o ;  and r e f le c te d  by

n u t r i t io n a l  and o rg a n o le p tic  q u a l i t y  as fre s h  meat as we 11 * *

t h e i r  behav iou r in  s to ra g e . I t  a lso  seemed fe a s ib le  th a t  tb eI*  

m igh t be d if fe re n c e s  between muscles in  the d is t r ib u t io n  o*

l ip id s  between v a rio u s  functioned , d iv is io n s  -  the con trae t i l *
0*f r a c t io n  ( m y o f ib r i ls ) ,  tbe f r a c t io n  concerned w ith  l in k in g  

t lo n  to  energy p ro d u c tio n  (m ito c h o n d ria ) and the  re g u la to r /  

t lo n  (m icrosom es).

The p resen t paper re p o r ts  some p re lim in a ry  f in d in g s  i * 0
tf

in v e s t ig a t io n  in  which the e f fe c t  o f  anim al age and d ie t  ° °  j
ip

f a t t y  a c id  com pos ition  o f  n e u tra l l ip id s  and p h o sp h o lip id *  1
et)il

fe re n t  p o rc in e  muscles is  be ing  s tu d ie d . The da ta  here p r**
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r«ter

*ht

°® ly to  the  t o t a l  l i p id s  f r o »  n in e  lo c a tio n s  in  an a d u lt

lx  i® c le a r ,  however, th a t  even when d ie d  and age are  c o n s t-  

116 anatom ica l lo c a t io n  In flu e n c e s  the  p a tte rn  o f  f a t t y

°® porc ine  m uscle.
“ss&aa,.
" “ u . a

• it;rane
«1Pped

The

The muscles chosen f o r  exam ina tion  were remored from  the 

carcase w ith in  2k h r .  o f  dea th . Each muscle was fre e d  from
'Otifi  ̂ .

xa t and connec tive  t is s u e ,  wrapped in  a lum inium  f o i l ,  

l iq u id  n itro g e n  and s to re d  in  vacuo a t  -20*C .

•O htom ica l areas examined were as fo llo w s
(l) 1 do

le v e l ° *  -  6 th  lum bar v e r te b ra e , ( i i ) l . d o r s l :

8th 13th ~ 15th  th o ra c ic  v e rte b ra e , ( h i ) l . d o r s l  : le v e l o f 

W  th o ra c ic  v e r te b ra e , ( i y )  l . d o r s l : le v e l o f  5 th  -  7 th

Q j. ® rtebrae , (y )  semimembranosus: e n t i r e ,  ( v i )  re c tu s  femo-
®nti

'* * '  ( V l l )  psoas: e n t i r e ,  ( y i n )  d iaphragm ; e n t i r e ,  ( u )
Bi& at

en* * r # * muscles chosen were regarded as re p re -  

'  o i  » s u b s ta n t ia l,  and com m erc ia lly  Im p o rta n t, p o r t io n  

* P i*  carcase.

f ill (h
* •« thod  used f o r  e x tra c t in g  t o t a l  l i p id s  fo llo w e d  th a t  o f

* r  ^ 9 5 9 ) .  M ethy l e s te rs  o f  the f a t t y  a c id s  in  the l i p i d  
*°t® Were

^*t»  Prepared by the  procedure o f  the  American O il Che-

* ° c ia t io n  (A non ., 1 9 6 6 ) .  The s o l id i f ie d  e s te rs  were d is -
1 in  •> .« . .  .

'«d

To

2 , 2 :% -tr im e th y lp e n ta n e  a t  a cone, o f  iOO m g/m l; and 

° * c P r io r  to  gas l iq u id  chrom atography.

. t f t ln  th ® d i f f e r e n t  fu n c t io n a l f r a c t io n s ,  iOO g muscle 

1<lin6 * 6d ia  h To1* ic e -c o ld  0 . 1M K C l, c o n ta in in g  5* m h is -
pg _

^ 7 ' 8 ' ,or 2 m in. and c e n tr ifu g e d  (M artonos l & ye re to e ,
0«c *® fo llo w s  : -
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Fraction Centrifuging Conditions

m y o f ib r i ls

m ito c h o n d ria

Grana I  (heavy m icrosom al f r a c t io n )

£
1,000

8 , 0 0 0

30,000

Grana I I  ( l i g h t  m icrosom al f r a c t io n )  60,000

«in

20

60

60

60

The fractions were suspended in 200 m l. 0.1M K C l: 5®*’

d ine  and s to re d  a t  0*C p r io r  to  l i p i d  e x tra c t io n  and methyl* 

as above.

i i*

GLC o f the  f a t t y  a c id s  prepared from  the l ip id s  o f pol*

muscle, and from the various fractions, was carried out 
Aerograph Hy-Fi 600C machine. Columns of polyethylene glfc° 
pate and diethylene glycol succinate were employed. The 1* 
gave better resolution of closely related species (e.g. P*

i  fit

tt»'

and palmitoleic). Fatty acid esters were injected into tb®

ii‘ ‘‘

< /

1*

in 2 : 2 :*» - tr im e th y l pentane, ( l 00m g/m l). GLC runs were c a r f  

is o th e rm a lly  a t 1 7 5 », 185* and 190*C. Peak id e n t i f ic a t io ®

jed

made by reference to mixtures of pure fatty acid methyl ®* 
Results

The percentage of total lipid, and of triglycerides 
lipids, together with the relative concentrations of th® 
acid constituents detected in the total lipids at the 9 
al sites examined, are represented in Table i. Apart fro*

f®

ad*

e*f‘

table variabtllties in fat content between the sites, i* i*

of i f i¡evident that there is some variation in the percentage jt

, yceride present. The low values of the latter in diaphraSB’
411111 l.dorsi (thoracic 8-1 2) connotate a correspondingly 
content of phospholipid than is present elsewhere. It is 
that the general pattern of fatty acids at all sites ®tu

h i«1h«1

/
d i*
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' M i
M m  * na,,lelîr, in  d®c r® asing o rd e r o f  abondance, o le ic  ( C l8 : l ) ,  

l °  (C16 :0 ) ,  l ln o le lc  ( c l8 : ) ,  s te a r ic  (C18:0> and p a lm ito le ic

^’ Tl*ere a re , however, some no tew orthy  v a r ia t io n s in  d e t a i l ,
( c u .

Th6 l a t e n t  *
8 ° f  p a lB i t ic  18 h ig h  l . d o r s i  ( th o ra c ic

**** ° f  l i n o le ic  in  psoas and re c tu s  fem orls  and th a t  o f

“M s ,

( l* ) ) .

H î s j

t ^  (lu,

l *

lu p ra s p in e tu s  in  re sp e c t o f  m inor f a t t y  a c id  compo- 

e ve r» v a r ia t io n  between s ite s  is  «ore narked (Tab le  I

in 
how

aPP®rent absence of aracbidonic (C20:4) from supraspi- 
and it®

8 r e la t iv e ly  low  c o n c e n tra tio n  in  d ia p h ra g * and 1 .d o r -

*® tty  ac ids  having  uneven numbers o f  carbon atoms in  the

^C l5 :l .  C I7 : i  and C 1 3 :0 ).

M k  d i8 t r ib u t io n  o f  m a jo r f a t t y  a c id s  in  the  t o t a l  l i p id s  
*°ted f r«M g) *  ▼anious fu n c t io n a l f r a c t io n s  from  1 .d o rs i ( th o ra c ic

M h ^S & ^ fe m o rls  and sup rasp ina tus  is  shown in  Table 2 . The

®*e t o t a l  l i p i d  in  the  two m icrosom al f r a c t io n s  
6c*® lly  t

M  the  heavy m icrosom al f r a c t io n ,  grana I ,  which has
„ € i®*ter  C-++
Me* ~ a c c re tin g  a b i l i t y  o f  the tw o: M artonos i &

and i t s  a p p a re n tly  predom inant p h o s p h o lip id  cha- 

°T id « n t.  i t  may be observed, a ls o ,  th a t  v a r i a b i l i t y  in

it «h
M t vy ®eid
*“U i

P s tte m  between the  muscles is  more marked in  m ito -

M t ,  4,10 ■ lcrosom a l f r a c t io n s  than in  the m y o f ib r i ls .  (The 
fo r  *»,

M  p* ® l a t t e r  would be a n t ic ip a te d  to  ressemble th a t  o f
r ® c t i ,

*0: onated muscle (Tab le  l )  by v i r t u e  o f  the  predom iant

° f  the m y o f ib r i ls  to  the  b u lk  o f  the  whole m u sc le ).A Ik .  t tU °P
V « W .

K
^  low ° e * l t o c l |ondr i a l  p a tte rn s  from  the  th re e  m uscles,

/  ***** o f  p a lm it ic  a c id , and the  h ig h  c o n te n t o f  l i n o le ic

H i ^  t)
ip

®PVy
'b o te i r o a  f e t u s  fe m o ris  may be n o te d . W hile  Grana I I  -

Cr° 8° B® f r a c t io n s  -  have a more u n ifo rm  p a tte rn  b e t -
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ween the three sites (notwithstanding the relatively high co»te«'

o f  o le ic ,  and the  low  co n te n t o f  l i n o lo ic ,  in  supra s p in a tos ) \v

te rm u s c u la r v a r i a b i l i t y  is  p a r t i c u la r ly  s t r ik in g  in  respect of

all five major fatty acid components of the total lipids extf#c 
ed from the microsomal fractions.
Discussion

The g en e ra l p a tte rn  f o r  the r e la t iv e  percentage o f  tb« g i f

f a t t y  a c id s  in  the l ip id s  o f  p o rc in e  muscles p re s e n t ly  repo

nam ely, o le ic ,  p a lm it ic ,  l i n o le lc ,  s te a r ic  and p a lm ito le lc . i»

descending order - accords with the findings of Allen, Bray 5V

a 0*Cas sens ( 1 9 6 7 ) .  These workers studied l.dorsi only (at the *
o f the  2 th  -  5 th  lum bar v e rte b ra e ) in  Duroc hoa rs , g i l t s  

row s: t h e i r  da ta  f o r  the  n e u tra l l i p i d  f r a c t io n  o f  t h is  mus  ̂

correspond v e ry  c lo s e ly  w ith  those f o r  l . d o r s i  (lum ba r) io  *

1 ( b ) .  On the  o th e r  hand, Mason & S ew ell ( 1 9 6 7 ) found th a t s*
* piand p a lm ito le lc  were re s p e c t iv e ly  the second and t h i r d  mo**

I
v a le n t  f a t t y  a c id s  in  the l ip id s  o f  l . d o r s i  in  the  a d u lt  P

&

/

breed was n o t s p e c if ie d ,  however, and th is  may account t o t  

d i f f e r e n t  p a t te rn .

Although fatty a c id s  containing an odd number of carb°0
/  1

are r e la t i v e ly  ra re  in  an im al t is s u e s ,  they have been rep°

phospholipid fractions (Peng and Duggan, 1 9 6 5 ) .  Traces of
found in  the  p resen t in v e s t ig a t io n  may w e ll have been d io * • *

i"

origin since this fatty acid was found in the molasslne
the  fe e d , i t  has h i th e r to  been re p o rte d  in  lard (MagidmaB,

Luddy and R lem anschnelder, 1 9 6 3 ) and in  bovine  intramuscu l * f
A

(Hornstein, Crowe & Hlner, 19 68  : Terrell, Suess, Ca**eB*
19 6 8 ) .  D esp ite  t h e i r  lo w e r a bso lu te  c o n c e n tra t io n , the r * ^

la r g e r  d if fe re n c e s  between the muscles s tu d ie d  in  respect of
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'la o r

*»06

«at

7th

®<Uy

, a t *y  a c id  components may w e ll  hare co ns ide ra b le  s ig n i f i c -  

d® term in ing t h e i r  r e la t iv e  p ro p e r t ie s .

18 o f in te r e s t  th a t  K rzyw icky  & R a t c l i f f  ( 1 9 6 7 ) ,  in  a 

Porcine l . d o r s i  found th a t  w h ile  the r a t io  o f  the  d i f f e r -
y o f 

*ypes

tho
o f P ho sp ho lip id  was s im i la r  a t  1 s t  and 6 th  lum bar and 

fc  le v e ls ,  the t o t a l  p h o s p h o lip id  phosphorus was m ark-
^*8 h e r 

A lth
a t the f i r s t  o f  these lo c a tio n s  than a t  the o th e r  tw o.

fed 1
op 1

8h d if fe re n c e s  in  l i p i d  com pos ition  between o v e r t ly

* h i t e '  muscles m ight have been a n t ic ip a te d  as a r e f le c -

(Uvr* e l r  d i f f e r l n « c a p a c it ie s  f o r  re s p ira to ry  m etabolism

>re ♦ ' 19 53  5 G au th i«r  and Padykula , 19 6 6 ) ,  the d is t in c t io n s
found r

m8 e~«nforce those from  p ro te in  a n a ly s is  (pa rsons , p a r -
1 B l* * h a r d

C01"«PI.
°f ' " uara M d  Law rie , 19 6 9 ) in  in d ic a t in g  a g re a te r  measure

°t ... * l t y  in  nusc le  d i f f e r e n t ia t io n  than the c la s s i f ic a t io n  
^

df f f e w h ite ' would suggest. I t  must be presumed th a t  these
r ®hces *

’ ln  tu rn ,  w i l l  be re f le c te d  in  the  o rg a n o le p t ic ,

iooa t. ^  keep lnS a t t r ib u te s ,  as meat, o f  the v a r io u s  muscle 
l on8

«t
ihe

ffom
r ®Ported in  th is  communication was supported  by a 

th ® Meat & L iv e s to c k  Commission.
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f l f i j  C fr ig  various porcine musc les  o f 3 year old olg
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