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SUMMARY

We have developed a rapid and convenient reversed-phase HPLC method for the separation of ies
phosphatidylcholine (PC) and phosphatidylethanolamine (PE) molecular species. The main molecular spe°
were eluted in 30 min on Lichrosorb ODS phase column using a mobile phase composed of 4o
methanol/hexane/ammonium acetate (100/6/0.1M). The species were quantified by an evaporative hgg b
scattering detector. In the PE, plasmalogen molecular species accounted for 35-64% whereas in the
ranged from 8 to 20%. The main molecular species of PE plasmalogens were 16:0/18:2, 1610/203.4 a0y
18:0/20:4 while those of PC were 16:0/18:1, 16:0/18:2 and a slight amount of 16:0/20:4. The maifl dlaeso
species of PE were 18:0/18:2 and 18:0/20:4 while 16:0/18:1 and 16:0/18:2 were the most abundant o
diacyl PC. It is noteworthy that most of the molecular species containing long chain PUFA are in
plasmalogens. This observation should explain the high sensitivity of PE to oxidation.

ey

Introduction

R , . .  largely
The phospholipids are the main components involved in oxidation of meat and meat products. It 1S lal'egd fatty

accepted to ascribe the sensitivity of phospholipids to oxidation to their high amount of polyunsat“ratoxidized
acids (PUFA). Thus, phosphatidylethanolamine which exhibit a high proportion of long chain P A

faster than phosphatidylcholine which contain only a small amount of these fatty acids (Keller a% tearly
1973 ; Gandemer, 1990). However the mechanisms involved in phospholipid oxidation is not yet© of
understood. One of the main problem is related to the fact that phospholipids are formed of a larg® nmat the
molecular species which could be distinguished by the polar head and the fatty chains. It is obvious Jar heﬂd
propensity of the various phospholipid molecular species to oxidize is largely related to the type (.)f}:&;(ins 0
and fatty chains. For a better understanding of the mechanisms of phospholipid degradation, it1s mtc
quantify individual molecular species of the main phospholipid classes. In the present work, We hav 2
determined the molecular specie composition of phosphatidylethanolamine and phosphatid}'lChO]mc
glycolytic muscle of beef, rabbit, pork and turkey

Material and methods g
Phospholipid extraction and fractionation : Lipid were extracted from Longissimus Dorsi qf b;‘;i'nmﬁ
rabbit and Pectoralis of turkey according to the Folch e al. (1957) procedure. The phOSPh(’hp’d ibed bzoﬂ
purified from total lipid extracts on silica cartridges (Sep-Pak, Waters) according to the me using ® Gi o6
Juaneda and Rocquelin (1985). Phospholipid classes were separated by semi-preparative HPLC Jo
binary delivery system and a rheodyne valve injection equipped with a 200 ml loop. The colum? f;cwd wilh,’id
x 7.5 mm i.d.) was packed with 5 mm Lichrospher silica (Si-60, Merck). Phospholipids were g pol’?
light scattering detector (DDL 10, Cunow) paired with suitable computer and software. The mait  The
classes were eluted in 45 min using a gradient mode according to Leseigneur ef al. (1989) PT Solvcﬂts o
eluent A was pure CHCI,. The eluent B was a mixture of CH,OH/H,0/NH/C} ICI,(‘)I’./S/?-”)' e q)lmd
were filtered through a 0.45 mm silicon filter (Millipore). Each class was collected manually using

between the end of the column and the detector. The solvent was evaporated under vacuum &0

phospholipid was redissolved in 1 ml of methanol/hexane for further reversed-phase analysis:




F s
d;l‘ty 9cid and fatty aldehydes composition : Fatty acid and fatty aldehyde composition of PE and PC was

Be:-ymned by Gas Liquid Chromatography of methyl esters and dimethyl acetals prepared as described by

i°llizae" al. (1965). The analysis was carried out using a Hewlet Packard 5890 equipped with a flame

Wag ?8? detector and a on-column injector. Hydrogen was the carrier gas and the temperature of the detector

Sttion C. The analysis was performed on a capillary column (30 m. long x 0.32 mm i.d.) containing a polar

I5egy, Aty phase (Superox, -Alltech). ‘Thc_ oven temperature was held at 40°C for 1 min and then increased at

Were Jin to 200°C where it was maintained until the end of the analysis. Methyl esters and dimethyl acetals
Wentified using gas chromatography-mass spectrometry (HP MSD 5971).

g{;;:rc“l:’ Species separation and quantification : PE and PC were separated into molecular species on

meﬂlaiz er RP18 column (250 mm long x 4.5 mm i.d.) packed with 4 mm particles. The mobile phase was
Wol/hexane/0. 1M ammonium acetate (100/6) and the flow rate was 1 ml/min. The molecular species were

ed with an evaporative light-scattering detector as described above. For most phospholipid molecular

ts’ the detector response was linear in the range of 50 to 200 mg but tended to tail off rapidly below 10

Olyhwo e/ al., 1987). Thus results were expressed as percentage of sum of area of molecular species.

e
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Rewg and Discussion
Far, , .
lay ’y:i:r'u('iiy a.n'd aldehydes composition : In the four animal species, the fatty acid composition of PC showed
UF WamlCS. Thus, the relative proportions of saturated, monounsaturated and polyunsaturated fatty acids
Palm, (;;re 33.3-40.8%,.235-38.7% and 24.5-37.8% respectively. The main fatty acids of PC were
th g '2'308%), oleic (22.0-35.8) and linoleic (14.8-30.7). However, beef PC contained less PUFA
Comparcd tOf the three others species. This result is related to the low proportion of N-6 PUFA in beef PC as
8% of the fo lhOS{: of rabbit, pork and turkey (19.5% instead of 33.1-37.8%). Dimethyl acetals accounted for 3-
Which atty acid methy] esters whatever the animal species. The major aldehyde was palmityl aldehyde
Oompar::ted for almost 84 to 88% of the total fatty aldehyde.
2.5, K 1o PC, PE contained more PUFA and more aldehydes (54.8-60.1% versus 24.5-37.8% and 26.6-
lnon()un;rsm‘f 2.4-8.4%, respectively). Within the four animal species, the respective amounts of saturated,
resmcﬁvgl ed and polyunsaturaled fatty acids were close (16.3-27.7%, 13.6-28.8%, 54.8-60.1%
thege atty y)'_ The higher proportion of N-3 PUFA were found in beef and turkey PE (15.4-28.5%) whereas
Propo, rtionaclds accounted for only 5.5 and 6.7% in rabbit and pork respectively. Pork PE contained the highest
thoge Obtai:fNﬁ PUFA and beef PE the lowest (51.6 versus 31.4%). These data are in good agreement with
h%efand g ed for PC and PE from rabbit and chicken muscles by Marai and Kuksis (1973) and from pork,
g Cken meats by Fogerty et al. (1991).
Olecy ;
G spl:i?ec’f’ of PC and PE : Whatever the animal species, the main molecular species of PC were the
l630/18: $16:0/18:1 and 16:0/18:2. In beef PC, the amount of the 16:0/18:1 was far higher than that of the
for 16:0/1 5. 4 versus 15.6%) while opposite results were observed in other animal specie PC (23.7-28.2%
g key I‘)C"Crsus 33.4-48.1 for 16:0/18:2). The 18:0/18:2 specie was present in significant amount in beef
:g(e"yl acy] Spfxg;'- 13%) while it was very low in rabbit and pork PC (2-4%). Pork and rabbit contained less
Wdgng o) B ]’cs (13 and 8% respectively) than beef and turkey (19.5 and 18.2% respectively). The most
::gcrdm Othy BC_yl was 16:0 ald/18:2 (4.1 t0 10.9%). The 16:0 ald/18:1 accounted for 1.8 to 8.7%
Thbn angd mrk: a;"‘“a] Spccics. Long chain PUFA were found in both diacyl and alkenyl acyl species of beef,
PEem i iﬂcyfs C V_"‘hllc tl)\cvy were in diacyl species of pork PC : _ .
S‘G;r %ntain[;.‘?lts of 'I E were 18:0/20:4 and 18:0/18:2 in nearly equal proportions, except in rabbit 1‘hc
i ( 42 a significant amount of 16:0/18:2 (9.1%). The 16:0/18:1 and 181(22‘6 represented 2.2 t’o
dl fPR o 64 4-0 /0 of the total molecular species, respectively. The alkenyl acyl species ranged from 35 9%
a ] Y] gpe: /° In rabbit PE. Marked differences were observed in the relative proportions of the main
PR 0:4 (38_3%;?& between animal species. In rabbit PE, the most abundant alkenyl 9«:_\‘1 specie was the 'l 8:0
].heWere the 18:0 (])”0“"3‘1 by the 18:0 ald/18:2 (12.8%). In the other animals, the main alkenyl acyl species of
P 16 aldny.¢ q“ 4120:4 (6.0 to 16.3%), the 16:0 ald20:4 (6.1 to 17.6) and the 16:0 ald/18:2 (8.2 to 12.8%)
in;ab ¢ 18 ald‘/lz)gf‘l‘e was found in turkey, beef and rabbit PE (4.6 to 10 3%)‘ bu(_u was not dgtcctcd in pork
e \ bit a0d i)}:“'as present in a significant amount in beef and pork PE (6.5-7.9%) but it was very low
Ofsksls an 30 inyP[:' (less than 2%). Pork PE contained 8.8% of the 18:1 ald/lS 2 specie ‘whnlc it acg)untc:d
Qb‘aineta.l cle js “ "’f()lhcr. animals. Very little information on molcculﬂar specie cummsumn of PE and PC
ed in g; . available in the literature (Marai and Kuksis, 1973 ; Fogerty et al.,, 1991). The results
*ent laboratories are difficult to compare because the authors have used various methods and




t of

the data were not expressed on the same basis. However, all these studies indicated that a large amoun! ot
muscle long chain PUFA is combined with aldehydes in PE alkenyl acyl species. In recent studies, 'Fogeﬁy aring
al. (1989, 1990) have shown that plasmalogen were hydrolysed and a part of the PUFA were lost in Peg
heating of various meats. In this respect, it seems that PE alkenyl acyl molecular species should be the mall
substrate involved in phospholipid alteration during meat processing. At present very little is know o e e
behaviour of the PE plasmalogen during meat processing. The present method should be a useful tool for
study of the role of these lipids in meat quality.

References

Berry, JF., Cevallos, W.H. and Wade, R.R. (1965) Lipid class and fatty acid composition of intact perip perd
nerve and during Wallerian degeneration. J. Am. Oil Chem. Soc., 42, 492-500.

Fogerty, A.C., Whitfield, F.B., Svoronos, D. and Ford, G.L., (1989) Effect of heat on the fatty acids and
aldehydes of veal meat phospholipids. Int. J. Food Sci. Technol., 24, 529-534. fatty
Fogerty, A.C., Whitfield, F.B., Svoronos, D. and Ford, G.L., (1990) Changes in the composition of the 12
acids and aldehydes of meat lipids. Int. J. Food Sci. Technol., 25, 304-312. ol
Fogerty, A.C., Whitfield, F.B., Svoronos, D. and Ford, G.L., (1991) The composition of the fatty acids 861]3‘37]'
aldehydes of ethanolamine and choline phospholipids of various meats. Int. J. Food Sci. Technol., ?6, . nof
Folch, J., Lees, M., and Sloane-Stanley, S.G.H., (1957). A simple method for the isolation and purific®
total lipids from animal tissues. J. Biol. Chem., 226, 497-509.

Gandemer, G. (1990). Les phospholipides du muscle : composition et altération au cours des traitementS
technologiques. Rev. Frang. Corps Gras, 5, 75-81. horus
Juaneda P. and Rocquelin G., (1985). Rapid and convenient separation of phospholipids and non phosP
lipids from rat heart using silica cartridges. Lipids, 20, 40-41. en
Keller, J.D. and Kinsella, J.E. (1973) Phospholipid changes and lipid oxidation during cooking and fro?
storage of raw ground beef. J. Food Sci., 38, 1200-1204. , o5 P
Leseigneur, A., Gandemer, G. and Marion, D., (1989). Fractionnement en classes de lipides aluneT{tat‘:de des
HPLC 4 l'aide d'un détecteur 4 diffusion de lumiére. Actes du congrés international Chevreul pour I'¢
corps gras., 1,311-316. olar
Marai, L. and Kuksis, A., (1973) Comparative study of molecular species of glycerolipids in sarcotub
membranes of skeletal muscle of rabbit, rat, chicken and man. Can. J. Biochem., 51, 1365-1379. rative
Stolyhwo, A., Martin, M., and Guichon, C. (1987). Analysis of lipid class by HPLC with the light evap?
detector. J. liquid Chromatogr., 10, 1237-1253.






