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INTRODUCTION

PHOSPHOLIPIDS, due to t h e i r  com pos it ion ,  are very  l i a b l e  to  o x id a t i v e  changes and the appearance o f  warmed 

ove r ,  s t a le  and ranc id  f l a v o r  in meat is  a t t r i b u t e d  to  them. Changes o f  phosp ho l ip id  con ten t  du r ing  meat 

s torage have been examined to  a small ex te n t  (Awad e t  a l . ,  1968; Hood and A l l e n ,  1971» Jakubov e t  a l . ,  1975* 

K rz y w ic k i , 1965; K rzyw lck i and R a t c l i f f ,  1967) and In the a v a i la b le  l i t e r a t u r e  we have not found data on the 

changes o f  phospho l ip ids  and n e u tra l  l i p i d s  du r ing  s torage o f  meat t re a te d  by d i f f e r e n t  mechanical and heat 

procedures. For th a t  reason, In our p rev ious  works (D jo r d je v ic  e t  a l . 1978; D jo r d je v ic  e t  a l . ,  1979) we exa

mined the changes o f  t o t a l  l i p i d s ,  phospho l ip ids  and ne u t ra l  l i p i d s  caused by mechanical and heat t reatm ents  

and du r ing  c o o l in g .  The aim o f  the present s tudy was to  f o l l o w  these changes du r ing  f r e e z in g  o f  meat t rea te d  

by d i f f e r e n t  mechanical and heat procedures, being o f  importance f o r  i n d u s t r i a l  p r a c t i c e  and c u l in a r y  a r t .

MATERIALS AND METHODS

M. LONG ISSIMUS do rs i  o f  domestic  w h i te  meaty p igs  (females, about 6 months o ld ,  75-85 kg in dressed w e igh t ,  

d e r iv in g  from the same farm and fed in the same way) was used f o r  the exam inat ions. A f t e r  c o o l in g  o f  sides 

a t  2 - 1t°C f o r  2A hours, from long iss im us do rs i  muscles o f  approx im ate ly  the same pH va lue ,  the se c t io n  covering 

the la s t  two th o ra c ic  and the f i r s t  th ree  lumbar v e r teb rae  was taken. The samples were f reed  o f  v i s i b l e  f a t t y  
and connec t ive  t is sue s .Tw o  ways o f  mechanical t rea tm ent were a p p l ie d :  in te n s iv e  g r in d in g ,  namely p re pa ra t ion  

o f  homogenates, and c u t t in g  in to  p ieces (meat s l i c e s  as t h ic k  as v e r teb rae  were devided by two cross cu ts  

in to  fo u r  p a r ts .  On th a t  occas ion,  20% NaCl-water s o lu t io n  was added o r  in je c te d  in the q u a n t i t y  o f  10%.

The f o l lo w in g  heat t rea tm ents  were a p p l ie d :  p a s te u r iz a t io n  (200 g cans -  a t  80°C f o r  about 30 m inutes ,  t i l '  

the obta inment o f  70°C in the can con ten t  c e n te r ) ,  s t e r i l i z a t i o n  (200 g cans -  118°C /30 m inutes, maximum ten: 

p e ra tu re  in the can con ten t  cen te r  -  115°C) and ro a s t in g  (muscle p ieces ,  being on the su r face  rubbed in w it*1 

sodium c h lo r id e  in the q u a n t i t y  o f  1% on meat w e igh t ,  were roasted in d ish-shaped alumin ium f o i l s  In d ry ing  

oven a t  180-200°C t i l l  the obta inment o f  65-70°C in  the meat c e n te r ) .

Raw meat and t re a te d  samples were examined immedia te ly  a f t e r  mechanical and heat t rea tm ents  and a f t e r  s to rag6 

f o r  30, 60, 90, 120, 150 and 180 days a t  -  18°C, packed In alumin ium f o i l .  The su r face  la y e r ,  8 mm in w id t h ’ 

and the c e n t ra l  p a r t  o f  roasted meat s l i c e s  were s e p a ra te ly  analysed. Frozen samples were analysed a f t e r  

being kept a t  2 -  3°C f o r  16 hours. From each experimenta l group, the re  were analysed s ix  samples in  the 

above mentioned pe r io ds .  The same procedures as those descr ibed in the prev ious  work (D jo r d je v ic  e t  a l . i ' 9 7  

were used f o r  the d e te rm in a t io n  o f  ph osp ho l ip id  c o n te n t ,  perox ide  value,TBA number and the con ten t  o f  f ree  

f a t t y  ac ids  in t o t a l  l i p i d s ,  ph ospho l ip ids  and n e u t ra l  l i p i d s .

Mean va lue ,  s tandard d e v ia t io n  and va r ian ce  c o e f f i c i e n t  were determ ined. In f lu e n c e  o f  mechanical and heat 

t rea tm ents  on the changes o f  l i p i d s ,  namely ph ospho l ip ids  du r in g  s torage o f  samples a t  -18°C, were exam'n 

by t - t e s t  a n a ly s is  o f  d i f fe re nce s (S ne deco r  and Cochran, 1967)•

RESULTS AND DISCUSSION

THE PHOSPHOLIPID con ten t  decreased c o n s ta n t ly  in  a l l  samples du r ing  s to rage  a t  -18°C (Table 1 ) ,  being alwaY5 

lower in homogenates than in  meat p ieces .  In our prev ious  work, s i g n i f i c a n t l y  lower ph osp ho l ip id  con tent 

es ta b l is h e d  in raw homogenates than in  raw meat pieces a t  the end, namely on the 15th day o f  t h e i r  storag
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Ganges of phospholipid content in sanples during storage at -1 8°C, dependent on the way of mechanical and heat treatments
Table 1.

^eatment
D a y s o f s t o r a g e Treat- D i f f e r e n c e S

120 150 180 ments laïc 1 |dxcw ̂..1
^ ---------- 90 30 60 90 120 150 180
^hanical treatment _ a :b 0.007 0.007 0.008 0.009 0.009 0.006 0.56
** ^̂ onogenate 
* ^eat pieces

0.552 0.520 0.490 0.462 0.440 0.423 0.416 V bi 0.015 0.013 0.015 0.016 0.013 0.012 2.09
0 .5 5 7 0.527 0 .4 9 7 0.470 0.449 0.432 0.422 a2:b2 0.011 0.009 0.014 0.011 0.014 0.002 0.44

 ̂ 1 treatment V a2 0.005 0 .0 0 1 0.003 0.006 0.006 0.003 0.45
‘ Pasteurizatian bl :b2 0.009 0.005 0.004 0.011 0.005 0.007 1.20
S Pttogenate
1 Heat pieces

' steriUzaUcn
2 Hcmogenate 
2 Heat pieces

J' ‘lasting

0.530
0.543

0.499
0.514

0.468
0.481

0.442
0.457

0.421
0.437

0.405
0.418

0.393
0.405

31:a 
a2:a 
bi =b 
b :b

0.021
0.026
0.013
0.022

0.022
0.023
0.016
0.021

0.020
0.023’
0.013
0.017

0.019
0.025
0.012
0.023

0.018
0.024
0.014
0.019

0.023
0.020*
0.017’
0.024

3.86
3.41*
2.33*
3.53*0.524

0.536
0.494
0.505

0.467
0.476

0.439
0.453

0.415
0.426

0.399
0.413

0.396
0.398

Cl!b
c,:b

0.031
0.043*

0.024-
0.037*

0.021*
0.033’

0.018 
0.028’

0.017-
0.027’

0.017
0.026

6.56
4.49’

C1:C2 0.012 O.OI3 ’ 0.012 0.010 0.010 0.009 2.07
l Urface layer 0.598 0.558 0.521 0.491 0.467 0.449 0.439 °l!bl 0.044 0.040 0.034 0.030 0.031 O.O3 4' 4.23*
2 Antral part 0.610 0.570 0.534 0.503 0.477 0.459 0.448 cl:b2 0.053 0.045 0.038 0.041 0.036 0.041- 3.03*

C2:bl 0.056 0.053 0.046 0.040 0.041 0.043 2.16
^ — __ c2:b2 0.065 0.058 0.050 0.051 0.046 0.050 0.96

mean value of phospholipid content, % |dx%M/tw | * absolute value of the difference of fhosphollpid
absolute value of the difference of phospholipid content percentage in Simple in relation to its quantity

in raw meat CM), expressed on dry natter basis (CM)

'p<C0.05 ’ *p <o 0,01 " ' p c  0.001

2~3°r
Of f  c ’ rega rd less  o f  the express ion way -  d i r e c t l y  o r  on d ry  bas is  (D jo r d je v lc  e t  a l . ,  1979). In the case 

f6|.io02en' s to red  samples these d i f f e re n c e s  were not s i g n i f i c a n t  n e i th e r  a t  the end nor In any o f  the examined 

«st,bp ° f  s to ra g e - Th is  is  p o s s ib le  due to the decrease In ph osp ho l ip id  e x t ra c ta b l  11 t y  from f rozen  samples, 

V i |  Shed t y  F ishw ick  in ch icken meat. The consequence o f  t h i s  Is p robab ly  the decrease -  In c lo s e ly
Percentages -  In phosp ho l ip id  con ten t  In meat p ieces and In homogenates a t  the end o f  s to raqe a t  -18°C

M'Ql l r , -eXamined pe r l0ds  ° f  s t ° rag e  a t  -18 C, pa s teu r ized  and s t e r i l i z e d  samples had s i g n i f i c a n t l y  lower phos- 
con ten t  than raw samples being m echan ica l ly  t re a te d  In the same way, whereas the re  were nor s l g n l f l -‘ Pid

V r.
«nt

Ved
«it

l f f erences between e q u a l ly  m echan ica l ly  t re a te d  pas teu r ized  and s t e r i l i z e d  samples. Almost the same 

regard ing  the con ten t  o f  f r e e  f a t t y  a c id s .  A f t e r  s torage a t  2-3°C, the decrease o f  phospho l ip id  

Was mpre pronounced In the su r face  la y e r  than In the c e n t ra l  p a r t  o f  roasted meat s l i c e s  (D jo rd je -

"* ^979)> whereas a t  the end o f  s to rage a t  -18 C -  c a lc u la te d  on d ry  bas is  -  t h i s  decrease was 

Sllrfac V h ' gher in  the c e n t ra ’ p a r t .  However, d i f f e re n c e s  In the percentage o f  ph osp ho l ip id  con ten ts  between 
' ayers and c e n t ra l  pa r ts  o f  roasted meat s l i c e s ,  In r e l a t i o n  to  the q u a n t i t y  In raw, namely f re s h

• Were not s i g n i f i c a n t .
X i
\  re ab,y h ighe r  perox ide  va lues and TBA numbers In raw homogenates than In meat pieces a re ,  In our o p in io n ,  

' *■ oF *he exposure o f  a la rg e r  su r face  to  the oxygen In f lu ence  and the Increased p o s s i b i l i t y  o f  the 

^'Udi nCOrP°r a t io n  ' n to meat du r ing  g r in d in g .  These f a c to r s  In f luenced  the Increase o f  o x id a t io n  du r ing

and a r e l a t i v e l y  ra p id  o x id a t io n  o f  meat du r in g  s to rage . More pronounced o x id a t i v e  changes In heat 

samples than In raw meat samples being a ls o  m echan ica l ly  t re a te d ,  cou ld be exp la ined by the f a c t  th a t  

d u r a t i o n  o f  p ro te in  In the l i p o p r o te in s  r e s u l t s  in the ph osp ho l ip id  being more s u s c e p t ib le  to  o x l -
11 <U, 
S  b

"> h
^tlil y f e r r i c  haem pigment and o th e r  p ro -o x ld a n ts  (Yamauchl, 1972) as we l l  as by b e t te r  d i f f u s io n  o f  oxygen

h eat  t re a te d  t is s u e  (Kesklne l e t  a l . ,  196A).

\ d j  * ' 8at l v e  changes In pas teu r ized  than In e q u a l ly  m echan ica l ly  t re a te d  s t e r i l i z e d  samples, re g is te re d  
'y  a f t e r  heat t rea tm e n ts ,  were a ls o  observed du r in g  s torage In f rozen  s ta te .  D i f f e r e n c e s 1n perox ide
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and heat treatments Table 2.
Changes of peroxide value11, TOA mirfcer21 a«3 free fatty acids31 in samples during storage at -18°C, dependent on the way of mechanical

Trea tm ents

60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150

3 .2 8 ’ 2.44 3-03 2.08 2.14 1.72 3.68 1.32 7.69 12.60 13.70 14.35 ’ 1.32 1 .2 5 ’ 0 .53 0.41 1.01_

1.26 1.80 2-91 2.03 2 .7Ö" 3.28 2.49 6.87 13.83 11.83 13.46 12.34 0.94 1.27 0 .52 0.65 0.94^

1.15 3.86 3 .4 ~ 1.83 1.08 5.76 2.89* 7-13 9.44 11.28 9.58 9.96 0.37 0 .08 0 .45 0 .99 0.84

1.23 0.63 1.76 3.82 0.32 3.08 0.24 0.34 5.82 5.05_ 7.62^ 3.89 0.07 0.18_ 0.28 0.23 0 .04

1.12 2.69 2-28 0.04 1.94 0-60 0.16 0.60 1.43 4.50 3.74 1.51 0.64 1.01 0 .35 0.11 0.14

2.96 2 .5 8 ’ 2 .52 3.40 2.6Ö" 2 .46" 1.25 5 . l “ 6 .64 4.64 4 .55 1.33 0.32 0.11 0.09 0.37 0.84

1.73 1.95 0.76 0.42 2.92 5.54 1.49 4.83 0.82 0.41 3.07 2.56 0.39 0.07 0.19 0.14 0-76

4.98 3.22 2.64 3.45 2.04 0.90 2.44 0 .38 0.50 5.41 4 .79 3.34 0.70 0.09 0 .08 0.61 0-77^

3.86 0.53 0-36 3 . 49’ 3.98“ 1.50 2 .28 0.98 0.93 0.91 1.05 1.83 1.34_ 1.10 0.27 0 .72 0 .63

4.43 5 .9 5 ’ 5-54 4 . 35" 4.04 2.65 4 .56 4.85 7.18 9 .57 7.49 10.16 1.82 1.10 0.84 0 .44 0.42

3.98 2 .52 4.41 4.74 3.34 2.41 3.01 4.35 6.80 7 .80 7.74 8.01 1.36 0.76 0 .19 0.26 0.26

0 .45 3.43 1.13 0.39 0.70 0.24 1.55 0.50 0 .38 1.77 0.25 2.15 0.46 0.34 0 .65 0 .70 0.68_

0.55 2.73 2.90 0.90 2.00 1.75 2.12 5.23 6 .68 4.16 2.70 6 .82 1.12 1.01 0 .92 1.05 1.19

0.57 5.42 5.18 0.86 6.06 1.15 2 .2 8 ’ 5.83 8.11 8.66 6.44 8 .33 0.48 0.00 0.57 1.16 1 .05

1.00 0.70 1.77 1.29 1.30 1.51 0.57 4 .73 6.30 2.39 2 .95 4.67 0.66 0.67 0.27 0 .35 0 .51

0.12 1.99 4.05 1.25 0.64 0.91 0.73 5 .33" 7.73 6.89 6.69 6.18 0.02 0.34 0.08 0.46 0 .37

a :b

meq peroxide oxygen/1000 g of lipids 21 ng malcnaldehyde/1000 g of lipids % oleic acid in 100 g of lipids
letters a, b, Sj, b1# a2, b2> Cj and c2 denote the same mechanical and heat treatments as in table 1.
P C  0 .05  " P C  0 .01  ' " P C  0.001

Days of 
storage

Contribution of phospholipids (%) in lipid oxidation and hydrolysis during storage of samples at - 18°C

Table 3.

H o m o g e n a t e M e a t

Raw Pasteurized Sterilized

-------  me**p i e c e s  R o a s t e d  __ -
Pasteurized Sterilized Surface layer CentralP^

I. P e r o x i d e  v a l u e

30
60
90

120
150
180

85.31
84.98
81.11
79.10
80.19
75.36

5.14
4 .10
5.07
4.29
4.84
4.69

83.11 
78.13
81.12 
76.38 
74.05 
71.35

6.39
9.92
6 .60
5.89
7 .73

11.82

83.05
79.11
82.36
75.35
71.38
72.95

6.48
7.57
8.17
7.46
7.97
8.24

82.31
79.35
80.59
78.56
75.12
79.78

8.79
8.96
7.42
6 .35
8.40
8.25

80.14
78.33
78.04
74.60
76.12
72.65

7 .96 
8 .42  
8 .04
8.96 

12.25 
10.33

80.11
81.82
76.35
75.11
77.46
73.21

9.48
8 .08

10.04
9.89 
9 .73
5.89

II. T B A n u m b e r

30
60
90

120
150
180

90.38
88.89
86.73
87.10
84.47
84.92

3.19
5 .03
4.41
4 .70
4 .69
6 .44

92.75
89.11 
91.04
90.11 
86.39 
86.44

3.64
3.77
3.26
2.99
4.55
6 .67

90.41
90.62
89.17
87.43
88.98
86.03

3.02
3.75
4.59
5.92
4.46
4.44

89.10
88.39
88.75
87.95
80.04
84.92

4.72
4.55
4.30
3.22

14.35
4.38

90.84
88.44
88.02
90.11
87.32
85.64

3.54
4 .93
3.48
3.14
3.05
8.53

91.35 3.20 93.10 2 .98 92.09
90.17
89.43
91.33

4.X’
3.48

89.41 3.74 91.39 2.64 5 -91
90.71 3.24 92.03 3.29 i.09
89.35 5.35 90.77 3.77 5-3®
87.62
86.15

5.49
8.70

88.96
87.34

3.63
5.94

88.30
89.25

3,68

IH. F r e e  f a t t y  a c i d s
67.92

6.45

l0‘n2 5.0267.97
69.37 3.93
71.98 4.32
71-98
70.93 é ." 2

65.66 7.99 65.31 9.10 66.22 9.02 66.55 10.76 65.31 9 .10 65.34 13.39 64.90 13.60

67.11 8.40 67.07 5.77 67.12 6 .98 64.52 15.25 67.07 5 .77 68.35 4.01 68.38 6 .5 3

66.78 13.90 68.47 6.47 68.08 4.94 66.92 10.66 68.47 6 .47 69.15 6 .28 66.65 8 .33

120 68.91 7.04 71.12 3.99 70.35 4.35 67.14 4.98 71.12 3.99 68.12 3.66 70.62 3.87

71.49 3.69 72.11 4.67 69.22 5.60 72.59 2.95 72.11 4.67 71.91 4 .63 69.78 7 .1 5

180 72.95 9 .18 70.29 3.38 70.11 12.58 71.14 3.15 70.29 3.38 71.87 2.56 72.70 7.69

x  -  mean value
Cy- variance coefficient

1 2 2



: : ; eS “ J TBA nUmberS betWeen mechanica" y  treated pasteurized and s te r i l iz e d  samples were s io n i f i -
- e;n ;  m;St  n  e^mined periods of freezing. These differences were higher during

degree h T ' ^  9* h" " 9 pr° n° UnCed in the case «  homogenates. The highest oxidation
5Urface , 1  “  T  PaSteUr' Zed and the" in s te r i I ize d  homogenates, being of the s im ilar in tens ity  in the

higher extent t h a n ' ^ t  “ V " “ " '  ^  Ce" t r a ' ^  ° f  r° “ ted — t  S' iCeS Sh°WS °x id a t i ° "  t0 “ at 
* l Z  pasteur meat pieces. During storage of heat treated samples at -18°C, the lowest

°f frozen 2 1  ^  P‘ eCeS’ b e i " 9 SOmewhat hl9her than in raw pieces. The ranc id ity

^ b e  T f T  *  t0 SenS° ry eVa' Uati0n’ WaS TOre !ntenSlVe than Sh°Wn b* Peroxide vaiues and TBA
^ t r a c t T n  k “  taSte Pane' ° bSerVati0nS and ' « » « .  are probably due to the reduced
With meat t  P SPh° " P' dS ^  f r ° 2en meat (Fishwick> ' * « .  the maiona.dehyde loss in the reactions

196S- w, t "  the f0rmat!° n ° f  Carb° ny' a d d it ' 0n Pr°dUCtS at ' OW temperatures (Kwon et a , . ,
^  »a,on d l  d ACC° rdino t0  BUttkUS0 ° 967)’ the rate ° F reaction between ¿-amino acids of myosinmalonaidehyde is greater at -20°C than at 0°C.
P

"M tuT  T “ 1"  Pr' ” " ” d in T' 61'  3' "  e* °  b* 7'-35 - 66.28» o f peroxide . „ d  80.06 - 92 75»
“  “  T” 7  , r ° "  « “ "»“ • « -  I -  13.73 - 28.65», o „ „ y 7.25 - 9.96»9inate from the chann« nf noofroi ... , ...............................  1 3 ^

°ria! , .  . —  •— , u . / j  - ¿o.opi,  namely 7 . 2 5  -
.  f r o .  , 6,  06, 09, .  of  n.otral  l i p id , .  Higher oon.Mbo.loo o f  phosphol Iptd. to o x l d . t l v ,  ch.hges

1 n I t I a Dha«;p of Ctnrane r___  . . . . .  3thle in. . .  . , - ----------------  ipios to oxiaative changes ir
igher QU ^  ° f  storage and »" f r ° ~ "  state is probably due to their l i a b i l i t y  to oxidation and their 

f|-ee an 1 y at t e begming of storage. From the total content of free fa tty  acids,  64.52 - 72 . 53% are

^ p h o r ' - r " 15 f -°m Ph° SPh0,ipidS and 1 1 M  - 35‘ ^  neutral l ipids.  The tendency of the increase of
■ lt£ P COntribUt' ° n b° the~  changes during storage in frozen state,  can be explained by their decompo-
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