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EQt A
?uenc:FfOTts have been made lately to investigate and identify components that in-
Fe the development of meat flavour /1,2/. The flavour of meat and meat products

o
?e c::m?f the most important quality attributes, thus the significance of studying
sthe'.'Cal nature of substances participating in the formation of flavour, as well
A e'"fluence of individual factors on their changes. It is considered that fla-
pm%°unzend on a large number of substances belonging to different groups of organic
Wdu t 5: Thus special importance in forming the specific flavour of meat and meat
Unq S Is placed on lipid components.

Rg:
& be‘;eg changes in the f!ayour.‘color and nutritional value of meat are considered
n"ts. hESu!t.of mostly ]Ipld oxidation and their reactions with other meat compo-=
TUQHCe e lipid composition of meat has been studied extensively, as were the in-

ons jf type of feeding, breed, sex, and partially processing and storage con-
Uhf() 3:“.5.6.7.8/-

b
khtst?:ately, b?side many publications, the importance of individual lipid compo-
isstll developung favorable meat flavour, as well as its deterioration,

to Mot sufficiently known. There are still no data in the available literature

'eh compounds form during the various stages of lipid oxidation and the extent
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of their c9ntrib9tlon to flavour i.e. their changes. Thus we have, in the first P?f
se of our lnyestagations, set the aim of investigating in detail the lipid composer
t!on of hog.lntramuscular lipids by applying latest instrumental methods. This paP
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: 6;Lcw

months old, of mass 95-105 kg, was used. The carcass was cooled to 4°C and the {5ue
removed 24h upon slaughtering. Each muscle was trimmed of fatty and conneCtive =

Lipid analysis

The extraction of total lipids was performed according to Folch /9/. The l1ipid e f
tract was fractionated by column chromatography - Silica gel 60 (70-230 mesh) Int®

utral lipids,phospholipids and glucolipids,according to the procedure deSC"'bed
Johnston /10/. The quantity of these fractions was determined gravimetrically

evaporating the solvent in a stream of N2 and expressed in % of total lipids:.

The further fractionation of neutral lipids by column chromatography (Floffsi" /
200 mesh), according to the procedure applied in the paper of Johnston et al- iy h’
the following fractions were obtained: hydrocarbons, cholesterol esters, trlg‘yceof
des, cholesterol, diglycerides, monoglycerides and free fatty acids. The con Ll
each fraction was determined gravimetrically after evaporating the solvent 1IN 2 a
stream of N, and expressed as % of total lipids, i.e. of the muscle. The pur ty el
identity of“each fraction was determined by thin layer chromatography on silicd ghe
G, by comparing the obtained R. values with standards that were developed undef
same conditions /10/.

The methyl esters of fatty acids of the nettral lipids fraction were prepared "'tzf
diazomethane (4). The qualitative and quantitative compositions 6f methyl ester?onm
fatty acids, hydrocarbons and cholesterol were determined by a GC-MS-C Co"‘binat;iquid
A capillary column with fused Silica $SB-1, 30 m, of inner diameter 0.32 mm aps el
phase film of 100% dimethyl polysiloxane and width of 0.10 um was used in all neaM
ses. The carrier gas was He épressure 0.8 bar). The analyses were perfol'med by ™

of a program from 100°C at 6 C/min.

. C ¥
we used the following standards to identify individual fatty acids: satull’ated d10
+ 1= 1= 2= 3= = acldee
’ » ’ c «
C20 C22 and Czl+ acids, as well as unsaturated C]6, C]8 C18 CIB and 2? o com
Normal Clo to C paraffins and squalene were used as standards for ident'fy'a 5 of

ponents in the “hydrocarbon fraction, while cholesterol was identified on the
an authentic sample.

RESULTS AND DISCUSSION @ bhanesniniiaenidr (PRt

: osus
isolated from M.Semimembran

The results present a mean value of the analysis of 6 1
individual muscle samples. The content of total intra= '_—__—_n—____Lfii’;,////
muscular lipids is approximately 4.0%. The relative - Hastie

et S O

mass percentages of the three major lipid classes iso- s
lated by column chromatography are given in Table 1. Total lipids*# M“”{“
Neutral lipids eluted with chloroform present app. Nedtral Yipids N~”1;M
87.2%, glucolipids separated by acetone app. 1.4% and oAl g ’-”ﬁ;

phospholipids eluted with methanol present app.11.4% Phospho!l ipids N

of the total lipids. The obtained results generally

agree with the results of Luddy et alu 13/ except: that *an' the’ total Viptds basis

the denoted authors did not present the: glucolipid
content in the muscle.

*%n the whole muscle basi®

For separating the neutral lipid fraction, Florisil :
4 fractio”

was used in column chromatography because the The composition of neutral 1ipl
separation of mouo- and diglycerides is much (mass %) in
better than when using Silica gel /10/. TLC Table 2 -
analysis of the neutral lipid fractions sepa~ 1 ﬂﬁw
rated by column chromatography yielded a clean Lipid Neutral ““Lip 5
band for each fraction. fractions lipid fraction extr 0,01
Table 2 presents the mass percentages ofs 1 ndi= Yyfrecarbons 0.57 mﬁ- wz
vidual fractions of neutral lipids. Cholesterol esters 9.08 749 ’5
Triglycerides 76.60 66.64 0.2
The results indicate that the major fraction (i esterol 6.20 5.39 PRy
is the triglyceride one which presents more BY§tycarided ¥.20 3.66 2.0%
than 70% of the neutral lipids. Their frac- RonelTyourt i 1.00 0.92 o 0%
tion in the investigated muscle is about 3%. ST raste wctan i 1.40 1.20 -




Tap)
m‘se 3 shows the composition of fatty acids of cholesterol esters, while Fig.1
$ a gas chromatogram of this fraction.

ent
Table 3.
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Whi e MBb&rs 10 the gas chromatogram

Pond deﬂote Particular peaks corres- [ (e

Cop, °t° those in the legend. Seventeen
Bl "ents e found in this fraction |
arg . 'Ch were not identified. There | of HOLESTERGL Hethyie |
tllrete(‘jzz Saturated acids, 69.9% unsa- | fraction i ¥ y :
O Mope 2€1ds with 1% and 0.6% with 2 i f
"‘ijor € double bonds, among these the ;

Miti. “°Mponents are oleic acid, pal- l c

Carboxylic acids (Methylesters ) |

¢ 3
of polacld and stearic acid. The ratio
's U.OEU“SEturated to saturated acids
. 1
rac“foﬂparing the composition of this (

1
|

1"

iTable n and the triglyceride fraction
he 5 3, Fig.@2) f¢ may be stated that
Cept t:e Carbonic acids are formed ex- b
t2s 9t in the triglyceride fraction \ e Cg ’ o
1
1

o 1= .
Cq » CZI and C,; were found in tra- 5 ! ;14

1= C:c;,“ 13|
fo Ses, ¢ in cholestero] esters C%% inf\l23 4 \_ka_) 2416 1718
°und in gronteen carbonic acids wéfe M .~ | ¥ o

N trij H 1 Figi 1. Gas chromatogram of carboxylic acids (methylesters) from
of dent' !g ! ycerli des Of‘Wh ich 2_ Wers the chlolesterol ester fraction of neutral lipids on SB-1 (30 m
34 ified. The fraction consi sts fused capillary column) from 100°/6%min.

t . .

r“rategz Saturated acids, 58.5% unsa- 1. Uniden.; 2. Unident.; 3., Unident.; 4. Unident.; 5. c‘l", 6.Cys

[y wi - " & o 1= o 1= o | 4= la) &=
doy, th™1®;" and 1.6% with 2 or mno 7:Cyg18: "Char 9. Car N0 e, €25 a: Cané 13. C35s 14, c27;

t“fateb]e bonds. The ratio of polyunsa- s, Gaidds. Cp# 17. Unident.; 18. Phthalic ester,
to saturated acids is 0.0k, !

The
:cid:'gly'ﬁeride, monoglyceride and free fatty acid fractions beside linear carbonic
whﬁlnsalsc’.contam dicarbonic acids with 4 to 11 C atoms with normal and branched
u?"e n(; 2 isomers of ¢ g Unsaturated acid containing a cyclopentene ring. These acids
¢ glycet_found in triglycerides which leads to the conclusion that only mono- and
-g“'ﬂpc ~fides are formed by metabolism but not triglycerides. Table 3 gives the %

%7

tha“d é“on of these fractions, while the gas chromatograms are Presented in Fig.3,
y * From the available numerous literature data the denoted acids,sterculic, i
l'ﬂo . - . 4
Ogric and dicarbonic acids containing 4 to 11 C atoms have not vet been iden- L, j i




tified in intramuscular lipids or in meat 1 ipldsi /3.2 5o 3y idiliyn A5 [ T hwiliE
tion in intramuscular lipids is not insignificant especially keeping in min g In
determined existence in lipids. Sterculic acid, found in an amount of 0.7-1.7 1mo0d”
these fractions, was identified up to now in lipids isolated from plants. Chau f
ric acid was found in an amount of 1-3%, it has rarely been identified in
plant origin and has, so far, been unidentified in meat. The identification © ctions
acids was performed on the basis of obtained mass spectra. The diglyceride i i
among other substances, contains
.2.4% dicarbonic acids, 0.7% cyclo-
pentene acid (sterculic acid) and
1% cyclopropene acid (chaulmoogric (ﬂ
acid). Sixteen components were iden- Carboxylic acids (Methylesters )
tified in this fraction, while 14 i TRIGLYCERIDES fraction
remained unidentified.

8

Monoglycerides contain lsovaleric
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 9
containing a double bond in the

ring at position 3 was also iden-
tifled amounting to 2.0%. The 3
structure od 17 aclds present 3
was determined, while 9 remalned Cw
unidentifled. In the meneglyeeri= 2
de and digiyceride fractions the
presence of C 0 and C aclds was 1
net determined althouEA they are ' ‘

present in the triglyceride and Fig.2: i
cholesterol ester fractions. 6as chrofatogran of carboxylie aclds (Methylesters) from ©
fraction of neutral 1lipids on SB-1 (30 m fuseed capillary o*
100°/6° /min.

e a2

™ triquc‘:
Jumn) g

As is denoted in Fig.5, free fat-

contain the greatest num- f - . o
ty aciae SRR TRVEE N 1o Unident.s 2,621 3 Ches 4u COg1 5. Clyi 6. CTq0 70 18" CRUCEH
ber of components, 29 were identi- i ol b= 18 5. %2 o2 13 iCagh

. . . . - i . i . ) . i .
fied, while 11 remained unidenti- 1= 18 18 20 20 s

" 15. €373 16, €9,; 17. Unident.
fied. The major components, as in 21 2

was
i 031 . - e jon W ic
other fractions,,were oleic, palmitic and stearic acid. Only in this rract arbm

. dic¢
the presence ofC‘; determined in an amount of 0.3%. It also contained 6.5%
' 3
. 21 . C(l
Cu G Carboxylic acids (Methyl- f; 1;‘
17 ® esters) of MONOGLYCE -
RIDES fraction
Carboxylic acids (Methyl-
esters) of DIGLYCERIDES
fraction
Ca
a2

A

L) AT
J e - - s
Fig. 3. Gas chromatogram of carboxylic acids (methylesters) from rig. 1. Gas chromatogram of carboxylic a 1 1ipid

tra

3 > tral lipids on SB-1 (30 m fuseed from the monoglyceride fraction of neu oy =

:?;1C2xg::f§§:2§ c§§32§§°?r2§ 1005/ €ominy (30 m glass capillary column) from 1000/6¥mi A 1,00
teri N 7
1. From 1-4 Unident.; 5. CH,00C-CH,CH(CH,)COOCH;; 6. Unident.; 1. Unident.; 2. Iso-Valeric acid Methylﬁ’cu . Cﬂjai’
7. CH,00C-C M, ,~COOCH,; 8. Unident.; 9. CH,00C(CH,) ,CH(CH,)COOCH,; ~CH,=CH,~COOCHy) 4. CH,00C-CH,~CH(CHy)COOCH3Y =« g 007
- Ciy 612 ol 2% 3 as . 3~ (CH,) ,CH(CH,) COOCH, j 6. CH,00C~CH,,-C00CH3? 7* ™ cooch
10, Phthalic ester; 1l. Cy,; 12. CH,00C(CH,),COOCH;; 13. Unident.; 2'2 3 3k Sty 612 ooc(c"z)7
14. 2,5 15. 25 16. c};; 17, ¢S¢s 18. Unident.; 19, c5. zo,ci;, *(CHZ)ACH(CH3)§00CH3) B; Unident.; 9. CH314 2gente!
21 cli 22, €93 23. CH,(CH,),-E=C-(CH,),COOCH, (Sterculic acid  10. €9,1 11. Cygy 12. CJ.y 13. Unident.; 14+ i _(cHy' 1
L LR Tt S b G"g i % 15 ci' 16, O3 17.[] SHCH,),,~coocH,; 18+ €3
Methylester) u{;}cu(cnz)ucoocn2 (Chaulmoogric acid Methylester)15. Cyg# 16. C§gi 17.[ AHCH,),, 3i i
14

25, Unident.; 26. Unident.; 27, Y

)i
28, From 28-31 Unident.) 'F?-(CHZ).,COOCHE (Sterculic acid Methylestier /
C
32, 4,6,%(14)~cholestatrien; 33. 3,5-cholestadiene.

)4 (2l

este™ ' o0

19. CH,) ,,CO0CH, (Chaulmoogric acid Methyl€2" " ynd [;
£ 1= m Al

20. Unident.; 21. Unident.) 22. Cp4i 23, Fro ;di'“.' ‘

26. 4,6,8(14)-cholestatriene; 27, 3,5-cholest




ac_[ds

”g 2’ 0.8% sterculic acids and 3% chaulmoogric acid. As can be seen in Table 3 and
*©:3,4 and 5, the investigated fractions also contain acids with an odd number of
C atoms. The obtained values for

linear acids are in accordanca with

=
. S: the available literature data,the
cwbwﬂk . g é& rgf?rgnces generally represent the
SSters) of F;;ESE‘?:;:Y 5 lipid content of lean pork or the
: DS fractions 26 fatty acid content of glycerides
cs mostly even acids /3,4,5,6,16,17/
Beside cholesterol as the major
component in the fraction of the
same name, the presence of 4,6,8
(14) cholestatriene and 3,5 chole-
stadiene was noted.
27 In the hydrocarbon fraction, besi-
de squalene as the major component
Cu ¢ '25 and C to C saturated paraffins
16 2l 7 X ] i =
19(;\ the C n-olefin was also identi
| G fl23 fied. "There is also a three mem-
C:7w EﬂJ 59 Cb ber homologous series which has
; | W0 4 not yet been identified in hydro-

S Gae o AN A L carbons of meat origin /18,19/.

Teg thy Tomatogram of carboxylic acids (methylesters) from the They are probably acety lenes or
Iv.pullry c!cid fraction of neutral lipids on SB-1 (30 m fuseed silica hydrocarbons with a cyclopropene,
{Pleﬂcym” from 100°/6°/min. cyclopentene or cyclohexene ring.

" Unigey, . | 38Pt.; 4. CH,00C-CH,-CH,~COOCHys 5. CH,00C-CH(CH;)COOCH, The structure of 20 components in
2 iy m:;;}gzzm*““fr”“”ﬂcmm”ﬂ P PR00CICH ) kB ACH, 7 OOl ) this fraction was determined, i.e.
“'%,nu_canm(glfO”CNF11'C%“m‘mzhc"m”f“x"ﬂ 12. Unident.; assumed, while one compound rema-

3 Hz)_,Ct"IOCH3 (Azelainic acid methylester); lS.C“ ] ined unidentified.

«
1 i
2, oM’ 7. cHjooc(ony) scoocn,s 18, €Sgr 19, clzy 20. €O, 21. Unident;

193 2 2 3 1= =
1 mt.,ezll i AT cigs 25, ciraeaeys 2%, CH, (CH,) 7~ ExF~(cH,) ,coocH
| e € acid methylester) 28.[_-CH(CH,),, COOCH, (chalmoodric acid

Viest
\ SR 00 29, e3%y 30, % a1l 27032, o2 33, o7y 34.09,) 35. From
‘ Untdeng.,, 3o 12 20 20 0 20 2

3

0
Cholesta -'!,5-d1ene, 40. C,:‘; 41. Unident.
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