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In our previous papers (5,6,7) we examined different mechanical and heat procedure apg
rage condition effects on total phospholipid content changes, as well as their share in

dation and hydrolysis of total lipids.

We identified nine phospholipids and established their amounts (5), as well as the cop
of four unidentified phospholipids. Thereby we isolated more phospholipids than those r

red to in the available literature. Within our examinings we isolated the phosphatidic
glycerophosphatidylcholine as well as four unidentified components, amount of which rema:

unmentioned in the available literature, at least as far the red meat is concerned.

The objective of this work was to examine how certain mechanical and heat procedures and
storage conditions, interesting for industrial and culinary practicies, effect the indiyj.

dual phospholipid content changes.

Material and methods

For this examination M.longissimas dorsi of the domestic white meaty pigs (females, 6 monthi
old, 75-85 kg in dressed weight, equally fed at the same farm) was used. Having cooled the
halves for 24 hours at 2—4OC, muscle parts from the region covering last two thoracic and
first three lumbal vertebrae, were taken, the visible fatty and connective tissues beeing
then removed from them. Two ways of mechanical treatment were applied: intensive grinding,
namely preparation of homogenates and meat cutting into pieces (meat slices as thick as vers
tebrae were devided into four parts by two cross-cuts), whereby 10% of 20% sodium chloride
water solution was added, namely injected. The following heat treatments were used: pasteu-
rization (200 g cans were kept in water at SOOC for about 30 minutes till 70°C in the can
content centre obtainment), sterilization (118°C/3O min.; maximum temperature in the can cons
tent centre - 1150C) and roasting (muscle pieces being previously rubbed in with sodium ¢ Lo
ride -~ 1% on meat weight - were roasted in dish-shaped aluminium foils in drying oven at 180

-200°C till the obtainment of 65-70°C in the meat centre).

Fresh meat and treated samples were examined jimmediately after mechanical_and heat procedu-
res and 3,6,9,12 and 15 days after storage at 2-3°C and 30, 60, 90, 120, 150 and 180 days
after storage at - 18°C. The surface layer, 8 mm in width, and the central part of roasted

meat were analysed separately.

Total lipids were extracted (8) from 40 g-ground sample. Prior to being applied on thin layexs
phospholipids were purified by column chrometography, using acid-treated and activated FlO'.
risil of 100-200 mesh (2). Before elution, Florisil in column was rinsed with 40 ml Portio
of acetone and methanol and with 100 ml of chloroform. After applying the total lipid sampas
being previously evaporated and dried by chloroform, phospholipids were extracted by Succei
ssive running of 100 ml of chloroform and 70 ml portions of chloroform-methanol mixtures iﬂﬁ
combinations of 9:1, 8:2, 7:3, 6:4, 4:6, 3:7, 2:8 and at the end 100 ml of methanol (the =%
binations of chloroform-methanol mixtures were selected on the basis of phospholipid Chrcm%\

. : r &8
tograms in the mentioned fractions). After evaporation in the rotation vacuum evaporato
ots for

as well

d

drying in vacuum, the samples were transferred into a 50 ml volumetric flask. Aliqu
the determination of phosphorus content (16), namely phospholipid content (P x 25)

as aliquots for separation of phospholipids on thin layer were taken.
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1iquots were placed upon plates (20 x 20 cm) coated with a 0.3 mm layer of Silika-
a

fered with borate buffer (1) and activated at 110 Oc for 1 hour. Chloroform-methanol=-
-yater (140:50:7:3, by vol.%) and chloroform-methanol-acetic acid-water (160:20:

puf
anmonid

1.%)
yVO
tgcted by jodine vapour and separated phospholipids were identified through Rf values,

(13) were used as solvents for the development of chromatograms. The spots
ey
arison with the standards. The contents of individual phospholipids were determined

ter the spots had been scrapped from the plates.

e and discussion

1 presents the content of individual phospholipids, expressed in mg%P, mean values in

meat and samples after mechanical treatment, heat treatment as well as storage at 2- 3°¢

days and at ~18°C for 180 days.

alues OFf the individual phospholipid contents, obtained immediately after mechanical
eatment, in raw homogenate and in raw meat pieces, indicate that a considerable in-
of the contents of glycerophosphatidylcholine, lysophosphatidylcholine and components
start X_ follow the decrease of quantitatively mostly represented phospholipids: phos-
slcholine (10.01 in the homogenate and 8.68% in meat pieces) and phosphatidylethanol-
(14.39% in the homogenate and 11.43% in meat pieces) (Table 2). There have been obser-
considerable increase of unidentified phospholipid X3, certain increase of phosphati-
ssitol, but a decrease of sphingomyelin and cardiolipin quantities, and then also of the
ptified x2 as well as a quantity of lipid phosphorus in the total quantity of phospha-
erine and phosphatidic acid. Since these two components were not separated by two-step
imensional chromatography on thin layef, two-dimensional chromatography was applied,
ng a constant increase of phosphatidic acid and a decrease of phosphatidylserine con-
. Therefore, the decrease of their total quantity indicates that the increase of phos-
dlec acid was lower than the decrease of phosphatidylserine.

of the content of both total and individual phospholipids are more expressed in the
enate than in meat pieces. These results point out a considerable tissue desintegration
ct, and, consequently, a higher possibility of hydrolytic and oxidative change appearan-
due to larger surfaces being exposed to the effect of air, namely oxygen in the case of

sive grinding.

nsiderable increase of lysophosphatidylcholine and glycerophosphatidylcholine quantities
ell as of components at the start and decrease of the contents of phosphatidylcholine,
3hat1dylethanolamine and others, during storage of raw samples, are probably the result
e effect of phospholipases able to act even at —18°C (4,9). Components at the start are
cts of phospholipid desintegration and probably certain unidentified phospholipids.

' Procedures of the homogenate and meat pieces - ﬁasteurization and sterilization, cause
°Y decrease of the content of total phospholipids than mechanical treatments but lower
“vidual phospholipid content changes. A higher percentage decrease of phospholipid con-
r both total and individual, was observed in homogenates than in meat pieces heat tre-
:in the same way, being higher during sterilization than during pasteurization, whereas
g both ways of storage these differences were smaller. Higher increase of free fatty
Content both in meat pieces and raw homogenate, in relation to heat treated samples,
"ng and at the end of storage, that was found in our previous examinations (5,6,7), could
scrlbed to the lipase activity. The increase of the content of lysophosphatidylcholine

c
COMmponen tg at the start could be caused by phospholipases and/or by hydrolysis under the
effect (11).

ar

ing Sterilized and pasteurized meat piece samples as well as sterilized and pasteurized
e

Nate Gnes, it can be seen that meat roasting causes higher phospholipid decrease in the

rca .
3 layer than mechanical treatment and pasteurization together,sterilization respective-—




Me&n values of individual phospholipid contente in samples after mechanical and heat procedures ag wel) o

“h!i g

g Phospholdpida in mp expressed on dey matter) =
Sample s Phasha- "Sphlng)- pmsim-m -
. and 1 LR line  apigtanci-

tidylcholine

Presh meat 1.153 4.543 44.261 22,288 4,195

Machanical treatment
1.670 1.679 3.918 39,830 19.080 g.zg;

Cardio-
lipin

a, Homogenate 5.596 5 9.407 2,854 21,589 11,920
4.995 4.909 5 7,280 2.503 16,970 10,000 2,783
1.152 6.069 4,377 19,740 4.016
b. Meat pleces 5,483 5.876 3.261 11.818 3.502
5,360 5.039 2,580 10,250 2,768
Heat treatment

1. Pasteurization
2,072 6.140 E 3.1m 18.196 3,902
&y Homogenate 4,245 5,340 1.506 g 2,758 12,173 3.390
3.580 4.341 1,266 . 2,453 9.720 2.665
1.447 6.083 2,072 4.152 19.046 3.621
bl' Meat pleces 3.898 5.307 1.487 5 2,980 a 12.016 3.038
3.505 4.692 1.176 . 2.280 9.925 2.639
2. Sterilization
2,135 6.198 1.780 5 3.453 5 17.700 4.095
ay Homogenate 3.795 5.120 1,427 2.464 8 12,166 3.258
3.245 4.171 1.271 1.942 . 9.970 3.006
1.637 6.111 1,933 . 3.882 . 18.433 3.536
b2‘ Meat pleces 3.757 5.184 1.587 5 2.688 N 12.122 2.918
3.251 4.293 1.296 3 2.252 . 10,109 2.403
3. Roasting .
.259 5.236 1.578 . 3.142 16,007 3.089

¢ Swface layer 15 .522 4,452 1.332 . 2.274 11.538 2.646

0 -157 6.027 1.648 3.410 39.4% 17.388 3.305
C, Central part 15 .975 5.254 1.325 5 2.413 23.630 12,288 2.1
180 3.286 T 4.401 1.166 . 1.989 19.317 10.157 2.364

2
3
180 3.235 3.8685 1,125 . 1.878 19,004 9.7713 2.286
2
3

Y after storage at 2-3°¢ for 15 days, ramely at - 16°C for 180 days

unidentified phospholipids

Phospholipid content changes in samples due to mechanical and heat procedures as well

as storage conditions

Table 2

Phospholipid content# decrease, % (expressed-on dry matter)

S t [} r a g.- e Od a y s s
Treatments 0 15 days at 2-3°C 180daysatj18c

P PC PR TP PC PE TP PC PE

Mechanical treatment
a. Homogenate 14,39
b. Meat pieces 11.43

Heat treatment
1. Pasteurization
.58
a, . Homogenate 46.5
l 22.6] 47.89
bl‘ Meat piecas 2.91

2. Sterilization
43,67
a,. Homogenate
2 e 45.16
b2. Meat pieces

3. Roasting )
¢,. Surface layer 13.14 24.93 20.50 32,93 27.92 32,01 42.80 38.9
¢,. Central part 7.33 10.78 19.92 40.16 29.33 34,05 51.08 41.58

TP - total phospholipids *Mean value of total phospholipid content
PC ~ phosphatidylcholine in meat was 0.585%, and expressed on dry

PE - phosphatidylethanolamine matter - 2.291%,




considerably higher phospholipid content decrease in the sucface layer of ro-

A

§2)- . . .

) 1 that is to say during roasting, is probably the result of oxidation, hydrolytic
¢

‘#tion, prowning reaction and lipid and protein copolymerization development (12).
of this proves the highest average reduction of quantitatively most represented
ypids, phosphatidylcholine and phosphatidylethanolamine in the surface layer of ro-
at and that is probably why the oxidative changes are most expressed in it. In rela-
the surface layer of roasted meat, immediately after heat treatment this decrease is
3.5 times in sterilized homogenate, 4.5 times in sterilized meat pieces, 5 times in
4zed homogenate and 8 times in pasteurized meat pieces. The highest increase of lyso~-
rdylcholine content was in roasted meat, and then follow sterilized homogenate, ste-

.meat pieces, pasteurized homogenate and, finally, pasteurized meat pieces.

the storage of all heat treated samples as well as of raw, mechanically treated ones,
tion to the increase of glycerophosphatidylcholine, lysophosphatidylcholine and compo-
at the start, the decrease of the contents of phosphatidylcholine, phosphatidylethanol-
5phin90myelin' cardiolipin and phosphatidylinositol is also observed, although these
ter ones are with certain irregularities during different storage periods (they were
gented due to a shortage of space). However, during storage of pasteurized pieces and
?135, the increase of the quantity of phosphatidylinositol was observed. Phosphatidic
\eontent is constantly beeing increased, and the one of phosphatidylserine decreased.
-otal content is being decreased during sample storage and roasting, whereas it is be-
reaged during sterilization and pasteurization, indicating inevitably that in this
increase of phosphatidic acid quantity is considerably higher than phosphatidylse-

ne content decrease.
previous examinations (5,6,7) we have concluded that during mechanical treatment,
reatment and storage, 72 to 89% of the obtained peroxide values, namely 85 to 94% of
umbers originate from phospholipids, and from the total value of free fatty acids - 65

come from phospholipids.

mining the influence of phosphatidylethanolamine and phosphatidylcholine in model-samples,
and Pearson (10) concluded that phosphatidylethanclamine mostly contributed to ranci-
development,and Corliss and Dugan (3) as well as Tsai and Smith (14) pointed out that
idtidylethanolamine expressed a considerably stronger prooxidative effect than phospha-
.choline,

wing the phospholipid content changes as well as observing taste panel results we con-
that phosphatidylethanolamine and phosphatidylcholine changes are anyway significant
Ancidity development, beeing pointed out by the above mentioned authors too, but, on the

hand, the effect of othex phospholipids must not be neglected either.
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