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Zusammenfassung Résumé

In den letzten Jahren wurde in Ungarn festgestellt dass die 
gesalzen gelagerten Rückenspecke der Schweine von Pall zu Pall 
eine gelbe Verfärbung zeigten. Diese Veränderung verursacht be
deutende Schwierigkeiten bei der weiteren Verarbeitung. Die 
Verfasser haben das Mechanizmus der Verfärbung der Rückenspecke, 
weiter die chemische Eigenschaften der entstandenen Farbstoffen, 
und die Trennungsmöglichkeiten untersucht.

Weiter wurden die im Rückenspeck entwickelte gelbe Pigmente 
säulenkromatogratfiisch auf drei verschiedenen Fraktionen /K, M 
und E/ getrennt.' Sie untersuchten auch die UV, IR und fluores- 
cens Spektren des Farbstoffes. Es wurde festgestellt, dass al
le drei Fraktionen lipofuscinartige Pigmente sind. Es ist wei
ter anzunehmen, dass die Fraktionen in folgender Reaktion ent
stehen: in der Oxidation der Fetten entstandene sekunder Pro
dukten z. B. Malonaldehyd reagiert mit der Amin- Gruppen der 
Proteinen und Phospholipiden wobei gelbe Schiff - Basen ent
stehen.Es ist noch unbekannt welche biologische und biochemische 
Prozesse bei der Bildung der gelben Pigment eine Rolle spielen. 
Zur Eiklärung dieser Fragen wünschen die Autoren weitere Unter
suchungen durchführen. Sie setzen voraus, dass zwei Faktoren: die Mangel der E Vitamine und die Stress- Wirkung eine Bedeu
tung hätten.

Dans les dernières années, on constata en Hongrie, que, \ b < ~ $  adipeux du porc jaunissait parfois après une salaison ° ^op 
jours. Les auteurs examinèrent le méchanisme de la c O ' ? ^ e 0 jaune des lards c.à.d. la composition chimique des mati 
colorées et la possibilité de leur séparation. -ne îIls examinèrent la corrélation entre la teneur en vitami fl 
et en acides gras insaturés du tissu et ils constateren 
le phénomène du jaunissement n*est pas en relation etro g 
avec la teneur en vitamine E ou avec la quantité des ac 
gras insaturés. _ .
Dans la suite, il séparèrent les pigments jaunes a fractions par une méthode chromâtographique. Ils exami“ -tiob0 
aussi les spectres UV, IR et de fluorescence de ces et constatèrent que tous les trois fractions colorantes 
analogues aux pigments de lipofuscine. Probablement Ie® 
produits secondaires de 1*oxidation des matières grasse» g 
réagissent avec les groupes d’amine primaires des prote^ 
ou avec les phospholipides formant des produits jauneS 
type de base Schiff. . a0-Les résultats des analyses n ’éclairent pas les effets ° * g C ifle 

chimiques et biologiques causant la formation des Ü P  
Les auteurs supposent que les facteurs responsables son 
manque de la vitamine E et l’action du stress.
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Summary

In Hungary it was observed that the dry cured back fat of pig turned sometimes yellow within 14-20 days giving rise to 
considerable difficulties in the further processing. The mech
anism of discolouration, the chemical characteristics of the 
pigments and the possibility of their separation were studied.

The yellow pigments of back fat were separated to 3 dif
ferent factions /K, M and E/ by column chromatography. The UV, 
IR and fluorescence spectra of the fractions were lipofuscin- 
-like pigments and possibly they were formed in the following chemical process: the secondary products of fatty acids oxi
dation, e.g. malonaldehyd, linked with the primer amino groups 
of proteins or phospholipids produce yellow Schiff- base type, 
compounds. Physiological or biochemical effects producing the 
lipofuscin-like pigments were not investigated yet. It is sup
posed that two factors could be important: the deficiency of 
vitamine E and stress.

r o j u  oOHapyrajiH.RTO c n u H H o e  c a n 3 V  
)M COCTOHHHB.B HeCKOJIBKHX

B BeHrpm b nocJieSH.ie rc
xpaHameeca b 3acoJieHHOM .uAu».,,. _,,m
Teno 3a 14-20 aHeK.STO n3tiLHeme pBeTa npimimaeT
h hK aenerauR yuepG npoMbiimieHHOCTH■ , - - n rC,tZ ' iAb to pu Howie joBaAH uexaHusii H3iieHeHna ubctb cajia.x-j-'-'̂ piv 
npapoay oöpa3yiouaxoa uBeioB n b o3mo»choctb pSsaeJieHSf" 
CbpaKRHH. „
Ha OCHOBaHHH KOHTPOJIBHUX HCOiieSOBaHHH SBTOpH yCTaH3*g(5ofle 
oKpacity cana He Bbi3UBaiOT hh ohihökm b TexHOJiorna , hb «
BaHHH IHBOTHUX.ABTOptl yOTaHOBHJIH CBH3B MeKAY COS1“ ft*
BHTaUHHa E H HeHaCUUbeHHUUM KVIPHHMH KMOJIOiaa! B *"• „eJOCT9 
hhx.Ohh yOTaHOBHJIH,HTO aejiieHHe BtiauBaeT hp tojibko » ^
TOK BHTaUHHa E H ÖOJIBUIOe KOJIHVeOTBO HeHaCHÎlieHHblX 
kbcjiot.B sajiBHetliiiHX HCCJieaoBaKHnx »cejiTtiii O S e T .o C ???^ » / 
b CMHHOii cajie,pa3se»iMJin Ha ipn $paKumi/ K, M, t  
npH noMoiuH acuosa kojiohhoM xpoMaiorpaiaHH. »¡trpB ,
AÊTopu HCCJiesoBajiH YP H Ha ,a Tárate çjiyopecueHTH-'e 
3THX BeueOTB.OHH yCTaHOBMJTM ,VT0 3TB Tptt UBCTHH8 Topue BU3HB8I0T OKpacKy cana hbjihkjtch narucHTo-.:-.: :.**»•, >
ro Tana a npeanonaraioT.vTO am  (ppaKuaii oÖpaayoTC"
Taie ojieayionero XHMimecKoro nponeccatBTopaqtu't '"il
Topue oopasyntcti npa OKHCJieHHH sa p a , F.anpn«ep,:«»««;•; » f 3f,
pearapyBT c nepBnnmiMH awHMO-rpynawi npoipraoB ■
jihiihkob, oAHOBpeaeHHO oopa3yn npoayKTU isenToro un ' 
othochtch k Tuny Ula# ooHOBaHita. HS
3th pesy iB iaiu  acejieaoBaHBM eue He gant oobhckch::« .... »■ 
K-Kae ( lO M m e o n n  v m  ÖnoxiiMHuecKiie 'Psktopf b.t.ihw 
pa30BaHHe narMeHTOB jianotpycnBHHoro Tana.
ABTopu aegam  npoBoci» gaggReSaae iiccaegOBaHitR Pi-*
Hun 3THX BonpocoB.OHH npeanoJiaraioT,mto cpega *'
JaKTopOB aByu Morat) npBaaiB (SojiBuioe 3H3Mcp.:;e:Hi soo- ■
TauHHa E h BJiHHHHé oTpecoa.
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STUDIES on the d is co l or at i on op adi po s e t is su e op pigs
1. OCCURENCE OP LI POFUSCIN-LIKE PIGMENTS 

JIjHASZ^XE.BERNDORPER-KRASZNERf^L. KtjRMEND Y*and T.GABOR

ŝ o J ellow or brown discoloration of adipose tissues is a long- 
Pr°blem. The phenomenon can generally he attributed to 

¿Uteri-8 Caue®s** deficiency of natural antioxidants resulting in 
»y Oxidative rancidity: oxidative colour changes accompanied 

i?5ent formation: other disorders in oxygen supply.
*** oxidation processes taking place in the tissues, and 

&<0Cularly the autooxidation of fatty acids are especially
as compared to their usual rate by using feed defi- 

vitamin E. This process is often indicated by a fellow 
%  ^ration of the adipose tissues /l, 2/. When occurring in 

Sance higher amounts of unsaturated fatty acids, the 
""Oration can reach such an extent that the adipose tissues 

**fic?rown /3/. In the yellowing of fats caused by vitamin B.
S o  h?ncy sulphur-containing amino acids and selenium complexes 

pjay an important part. However, the composition and struc- 
the colouring agents is as yet unknown /4/.

^ ioJB a result of vitamin E deficiency, not only the autooxi- 
“ rate of the fats will increase, but other changes will 
,alc® P^ac« in 'tbe organism. E.g. yellow or brown pigments 
°+ deposited in adipose tissues and in the liver. These 
iT®8 are termed lipofuscins or ceroids /5, 6/. Lipofuscin 
c«??8 since been known in medical practice as a by-product 

ve metabolism appearing in older age /"age-pigment"/.
('/. ?7position and structure has not, however, been elucidated 
^  P°fnscin is also formed in younger cells when disorder 
¿IpOff, °xygen supply of the organism occurs /8/. Deposition of 

has been observed in liver /9/» in heart /10/, in 
'*3/, 8 ^issues /11/, in kidneys /12/ and in adipose tissues
* Cq J-Pofuscin was also found in adipose tissues /14/, when 
*>0it»B+result of a stress state owing to various causes - im- 

}  changes took place in fat metabolism, e.g. free fatty 
?ave been mobilized /15, 16/. This discoloration is some- 
termed "fat stress phenomenon" /15/. 

ft8eigSaS£Q.1ski et.al /17/ and Ohio et.al /18/ described lipo- 
h Pton pigments, which - though very similar to lipofuscin 

i.les " differ from the latter in their formation
e 0at^*4.Thus» e*£* peroxides formed in the autooxidation of 
c ib(w ? ted fats will rapidly decompose into compound containing 

S*oupsf e.g. malonic aldehyde. Ininrn, the latter are_i ■ * j_i_ xi  i_____ ___ . J — nr A+ • I a** Phonnu^ reacting with the primary amino groups of proteins 
fb°lipids, yielding yellow or brown polymers of the 

86 byPe /18/. Since the fluorescence spectra of these 
ar® very similar to that of lipofuscin, the yellow 

o were termed llpofuscin-like pigments. Feeding with 
* a®ficient in vitamin É largely promotes the formation of

** Î Il8arian Meat Research Institute, Budapest
of Food Biochemistry and Technology, University of ^ 3-cal Sciences, Budapest

lipofuscin-like pigments /19/.
Pokorny and Janicek /20/ prepared yellow or brown polymers 

in model systems consisting of lipids with different degrees of 
unsaturation and albumin. The formation process was identical 
with that of lipofuscin-like pigments. So the term lipofuscin 
should rather be considered a collective term for all fat-solu
ble pigments formed in various processes.

During the last few years, it was observed in Hungary that 
the processed adipose tissues of pig /back fat/, in the dry 
salted state, turn yellow in about 14 to 20 days. The extent of 
yellowing largely differs from batch to batch. The usual veter
inary control of the animals did not indicate any pathological 
changes. An examination of rancidity characteristics demonstra
ted that the yellow discoloration is not simply due to oxida
tive rancidity. This is also confirmed by the fact that all 
other organoleptic characteristics of the yellow fat remained 
unchanged.

It was attempted to attribute the discoloration of the pig 
back fat to one of the causes discussed in the foregoings.

Experimental
Sampling

We chose 10 samples of back fat from animals whose breed, 
sex, age and fodd«r composition was known /Table 1/.
Storage

The samples were dry cured and stored at +2 °C. The amount 
of salt /NaCl/ was 10$ on the weight of the sample.
Testing methods

Determihation_of__vitämin E. The total percentage of 
tocopEer5I"In"fEe”iampIe”w55“3etermined spectrophotometrically, 
using the Emmerie-Engel reaction /21/.

Identification of_lipofuscin. Lipofuscin was determined in 
the yeIIöw”sämpIe5“Ey”ä”ElsEöcEemIcal method /12/.
Tests of yellow coloring agents

ibiu-layer_chrongt ographyThe presence of coloured sub- stanceI”In“^Ke“SampIei”wa5“demonstrated by the TLC method reported by Pokorny /23/.
Recovery and^segarat¿on_of_the gigments was carried out 

on DElB-SeIIuIöse”Ey cöIöumn”cExömäIogräp5y“/25/•
From the chloroformic eluate, a yellow oil was obtained 
/fraction K/. Evaporation of the chloroform-methanol eluent 
yielded a yellowish-brown, viscous product /fraction M/, while 
a dark brown solid substance was obtained from the chloroform- 
acetic acid fraction /fraction E/.

UV spectrophotometry. UV absorption spectra of the colou
red suEIEances were“measured using a MOM 201 spectrophotometer 
in chloroformic solution.

\  IR**b’'fc}S£ectrometry. IR absorption spectra were measured be- 
J ^ r""p^a^®8'» using 811 UR-20 IR spectrometer. 

A°*ofo?'®8££Sc® agectra. Fluorescence spectrawere taken in 
soIüiIon7“ûsîng a Fluorimeteter EEL 224.

Results

Ho^opnu?^®13 on yellow discoloration of pig fat, first the 
p between vitamin E content and fatty acid composi- 
adipose tissues was determined /Table 2 / • Results 
that - although feeding was identical - important 
listed among the total tocopherol contents of 

Va*v 8amPles. The percentages of uneaturated fatty acids 
a*e * large differences between linolic acid percent- 

iv°Cai??rticularly striking. However, the results do not un- 
v c°nfirm the assumption that yellowing of the samples 
^ their low vitamin E content and high unsaturated

PL, content.
was attempted to confirm the presence of lipofuscin 

' W ^ t  ;?,th® samples. Histological investigations demonstra- 
< 1« v®:?r formation is caused by a moderate amount of fat- 

.^--Gwish-green pigment particles that are, however,
. J*e * either lipofuscin or other pigments known

.The R esen t /2 4 / .
th«6^  aPproach aimed to explain yellowing of pig back

of lipofuscin-like pigments. It was there- 
1 * bv +v d to demonstrate the presence of yellow polymers
v ®0e * mechanism, presented in Fig.l., using TLC /20 /.

8ub»+ 'udies confirmed that the samples contained co- 
-f̂ ^Gbces formed in the polymerization process which

A a .i* O m  + __.•_____ _____________________/ V o/

f>.̂ BXanGe fractions /fractions K, M and E /  were
^he discoloured samples by column chromatography. 

& mJbe ^  shows the nitrogen content of these fractions,
N  >  nii8ro-Kjeldahl method.

-^°8en content of the fractions K and M are of_ the
/o-s?̂  magnitude as that of the polymers prepared by

contrast, the fraction E contains a relative
ly 5 •noiiS* o i nitrogen, so that it may be assumed that a 

of protein participates in its formation, 
ju TiubsoJS+ybly ^he pigments were identified by means of 

UYP^ion and fluorescence spectra.
A ^-Spectra of the pigment fractions are presented in 

c charactflri pt 1 r* mnTimum is observable in the
lo ^ c t i o n s  K and M at 246 nm and 247 nm, reap 
iraft+?tensi,ty absorption peak is present in the spec- 

0 ai?11 ï «Î1011 M at 310 nm. The UV absorption spectrum of 
a 34q ¿^W8 "bhree relatively low-intensity peaks at 247,

HI absorption spectra allow to state /Figs 4-6/ that the 
isolated pigments consist of moderate chain-length unsaturated 
fatty acid esters /-C-Q-C- peaks appear at 1243-1248 cm-1, the 
carbonyl peak at 1758 cm"l and the unsaturated carbon bond peak 
at 3015 cm“l/o

Presumably the fraction K consists chiefly of fatty acid 
esters, since no peaks corresponding to primary and secondary 
amino groups are present in its IR spectrum. Tertiary amino 
groups might be present in this fraction, but their absorption 
bands could not be identified in the IR spectrum.

Fractions M and E also contain -OH groups /signal at 
3^00-3400 cm-1/ and =NH- and -NHp groups /signal at 3200-3400 
cm-1/. It may therefore be assumed that phospholipids and/or 
proteins participate in the formation of these fractions.

The fluorescence spectra taken at an exciting wave-length 
of 380 nm demonstrate the presence of an intense maximum for 
fractions K and E and of a weaker maximum for fraction M /Fig. 
7/. The maximum is located at 460 nm, 430 nm and 455 nm for 
fractions K, E and M, reap. This is in good agreement with the 
data already published /18, 19/, according to which maximum 
fluorescence for lipofuscin-like pigments is in the range of 
450-470 nm at exciting wave-lengths of 360-390 nm. /The char
acteristic wave-length of the autofluorescence of lipofuscin 
is also 460 nm./

DiscussionM I i n S H I

The yellow discoloration of the dry cured back fat of pig 
is a great problem in industrial practice, and - in particular - 
is a source of important financial losses, since the discolou
red fat cannot be used for consumption. However, no reference 
to a similar industrial occurence could be found in the avail
able literature. This can partly be explained by the fact that 
the processing of the raw back fat in the dry salted state to 
prepare cured or smoked bacon at a later time is the usual 
process applied in Hungary. By the new separation method re
ported three different fractions of pigment /K, M and E/ could 
be isolated. The UV, IR and fluorescence spectra show that all 
three pigment consist of moderate chain-length unsaturated 
conjugated fatty acid esters. Fractions M and E presumably 
also contain -OH and nitrogen-containing groups which could 
be -NH-NH-, -NH-CH-, -N=N- or -NH« groups. However, the loca
tion and number of these groups, i.e. the exact structure of 
the pigment fractions cannot be determined on the basis of UV 
and IR spectra. The absorption bands characterizing these 
groups are not yet published.

Analysis of the spectra and TLC studies demonstrated that 
the pigments isolated from the tissues are identical or very 
similar to the lipofuscin-like pigments already published /18, 
20/. Hence, these pigments are presumably formed by the chemi-
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cal reactions presented in Fig.l. As a result, products of the 
Schiff base type, containing several chromophores, are formed 
of characteristic fluorescence maxima at 450-470 nm /with ex
citing wave-lengthB of 360-390 nm/.

On the basis of the experimental results, it may be as
sumed that, among the pigments isolated from the yellow adi
pose tissues, fraction K is mainly the product of the reaction 
between malonic aldehyde and lipids. Phospholipides are prob
ably reacting with malonic aldehyde to yield fraction M, while 
the reaction of proteins with malonic aldehyde appears to be 
responsible for the formation of fraction E.

However, these results do not statisfactorily explain why 
the formation of lipofuscin-like pigments takes place so rap
idly, and why intense discoloration appears only with some of 
the sample*. In fact, the conditions necessary for the reaction 
of pigment formation e.g. peroxides from unsaturated fatty 
acids, malonic aldehyde or some other compound containing a 
carbonyl group, phospholipides and proteins are present in all 
adipose tissues.

It therefore appears probable that the animals whose adi
pose tissue turns yellow during storage have been subjected to 
such environmental or biochemical impacts that start or cata
lyze pigment formation. Based on data already published and on 
the present experimental findings, major importance should be 
attributed in particular to two factors, viz. to the changes 
in vitamin E levels and to the stress effects provoked by en
vironment
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Fig.l
Formation process of lipofuscin-like pigro« 11'*'3

Unsaturated fat 1 ~  peroxid®8
1 ^

peroxidation 1 
I

tocopherol ---I
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FLUORESCENT PIGMENTS 
/PE/-NH-CH=CH-CH»N-/PE/

Table 1. Characteristic data of the investigated pig back fats

Sample No. Breed Sex Age /days/

1 ULxH tr 219
2 UxL V 228
3 UxL V 221
4 UxL tr 228
5 ULxL S” 215
6 UxL sr 221
7 UxL sr 219
8 ULxH < r 234
9 ULxL Q 215

10 ULxH 9 223

U = Hungarian White L = Dutch Flatland 
H = Hampshire

Table 1 a. Fodder composition

Maize Wheat Soya Biolysine A P-14 Salt Fodder
X

Premix
% % 50 % % % % % %

61 14,2 22,0 0,4 0,5 0 ,4 1,0 0,5

x According to Hungarian Standard
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V *«•1« 3.

0

Nitrogen content of yellow pigments formed at the 
oxidation of fats

Sample Nitrogen content, %
according to Pokorny et al. /23/ 
Fraction K 
Fraction M 
Fraction E

0.4 - 1.0 
0.60 

0.82 
2.80

a.
detection of polymers by thin layer chromatography.

-'Oivent: benzene/ acetone/ acetic acid 95*5*1 

adsorbent: Kieselgel G
'•'Pray reagent: a 2o ? alcoholic solution of phospho- 

molibdic acid

A • a back fat sample 24 hours after slaughtering 

Bs a salted back fat sample after a 2 week storage 

0 : a yellow salted back fat sample after a 2 week 

storage

e.3.

spectra of the colored substance fractions
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Fig. 7.
Fluorescent spectra of tne colored subtance 

fractions
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