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INTRODUCTION

ESTIMATION of animal fat adulteration is also of interest when the origin of meat speci® 
present in meat products is to be determined. This problem is frequently met if, throug jp 
curing and processing, the meat proteins are denaturated rendering species specific Pr°r0atp 
detection with serology or electrophoresis techniques impossible. The only valuable apP 
left is to determine species specific heat stable components in the meat products.

nawe',srChicKen meat in heated pork has been detected by the carnosine/anserine ratio (12J.  ̂
admixture of beef or other species decreases the sensitivity of the method. Characteristic? 
of animal fats, based on typical fatty acid ratios has been repeatedly reported (3,4)-  ̂
feeding regime may significantly affect the fatty acid composition, this discrimination 
species on basis of fatty acid analysis is of doubtful value. The high affinity of P3*1!1, /)

(2-; on'acid to position 2 in pork fat triglycerides has been reported to be species specific 
Recently we found that beef and pork fat are characterized by different but close corr „ 
ships between the incorporation of certain fatty acids into the 2-position and the c°r . till
ing content of fatty acids in the total triglycerides (13). Since that time we extende^^ trl 
observations and studied the inter-relationships between different fatty acids within 
glycerides of pork, beef, horse and chicken. It is suggested that some relationships 3 rgg. 
species specific and can be used as a reliable method in the determination of fat mix^®

MATERIALS AND METHODS
sa(nP

J«5

of pig fat (including 6 
fat of horses (Poland, U.S.A., Bristol 
from breast, around stomach and thigh fat of hens

KidPIN AN EARLIER paper (13) the beef and pig fats analysed were described. In addition 'll ^
unsaturated" pig samples (8)), 14 samples of subcutaneous and p

Sussex, Argentina) and 24 samples of fats iso'i3  ̂1 
(HYBRO, Warrens sexselinnen, Hubbard g 

Turkey) were analysed. In the hen series, fat was also extracted from the lean meat of
thigh. The triglycerides were extracted from meat in chloroform-methanol and isolated at
chromatography (silagel 60). The fat tissue samples were homogenised, melted and filtBrB 
80 °C. The clear fat was stored in the freezer (-20 °C) until used.

Fats were t r an s es t eri f i ed by incubating 20 mg fat in presence of 1 ml sodium methylat® 0̂n * 
solution (0.025 N) in methanol at 90 °C during 1 h. The fatty acid composition in p°s  ̂3). 
of the triglycerides was determined by a modification of the method described before 1 ^
Pancreatic lipase (100 mg ; E. C. n° 3.1.1.3 j Sigma type II) was homogenised with 1 ml  ̂) 
TRIS-buffer (pH = 8.2). On a piece of ground glass of 1.5 x 7 cm (e.g. a cover of a t3^jicS f 
250 pi lipase solution was applied. A homogeneous lipase reaction band was formed °n.3n p 1 010 0 oOgel plates (10 x 20 cm) by gently pushing the plate against the ground glass piece. 
a fat solution (80 mg of fat in 1 ml n-hexane) was evenly applied over the lipase reaCag6̂  ^  
band. The silicagel plate was placed immediately in a waterbath (40 °C) with the sil*0 rBfH° 0 
layer situated at 2 cm above the water surface. After 10 min. incubation the plate waSing 1 
and dried carefully. The lipid mixture was concentrated into a narrow band by develoPP 
plate three times with die t hy 1 e t her-f o rmi c acid (98:2, v/v) over a distance of ± 5 c111'pf 
lipase reaction band was removed by cutting off that part of the plate. The remainder _ t 
plate was developped in n-hexane-diethy1ether-formic acid (80:20:2, v/v/v). After dry1̂ g p® ( 
monoglyceride fraction was transferred into a small column (0.6 mm I.D. ) and elution 
formed with 2, 1 and 1 ml freshly distilled, dry diethy1ether. The ether was evaporat®^_ 
a jet of nitrogen. The lipids were transesterified with 200 pi sodium methylate solut* g, 
gaschromatograph used was a Varian 3700. A capillary column (50 m ; 0.25 mm I.D. J rgt1)I' 
Belgium) coated with Silar 10 C was used. The carriergas was H2 at 2 ml/min. The temp 
of the column, the injector and the detector was at 160, 210 and 220 °C respectively*

RESULTS AND DISCUSSION

1. Variations in fatty acid distribution among the triglycerides
THE FATTY acid analysis of pig, beef, horse and hen fats are shown in table 1. The larg
variations observed in the fatty acid contents of the triglycerides do not allow
nation of the animal species on basis of its fatty acid percentages. However, stere 
analysis of the fats has shown that animal fats may be qualitatively identified by

q s P
eh3
1 iPateristic asymmetric distribution of their fatty acid constituents (2). Pancreatic ^

hydrolyses specifically the ester bonds at the 1,3-positions of the triglycerides ( .Qp 0 
Analysis of the monoglycerides formed during pancreatic hydrolysis allows determin0
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'«bi S 1 Mean fatty acid composition (mole %) of whole triglycerides and of fatty acids at 
the 2- and 1,3-positions of pig fat, beef tallow, horse fat and hen fat.

a c i [j C 1 6 : 0
Mean fatty acid content ± standard error 
C16 : 1 C1 8 : 0 C18:1 018:2 C1 8 : 3

. c = 21 ) 
n tr-
Jb 2̂ î'glVceride 
lr> •] P°aiti0n
Pi'DPcit.tl?0sition

lQh in 2-position

26.6 ± 3.6 
65.8 ± 5.7 
6.912.8 

83 ±6

2.3 ± 0. 6 
3.310.7 
1 . 7 1 0 . 5  
49 16

1 2 . 3 1 3 . 1  
4.210.6 

16.4 1 4.5 
12 12

40. 5 1 5.4 
12.111.9 
54.8 1 7.B 
10 1 2

13.1 1 8 . 9  
5.415.4 

17 111
12 ± 3

1.7 1 0 . 7
1 . 3 1 1 . 0
2.511.1 
21 ±11

e6f t a n ow ( n
ln tr. 
in 2  tgiycerlde
b 1 ?°s±tion
N . ± ? 0 <»ition

10 )

°rtl°n in 2-position

28. 9 ± 2 . 6 2.2 ± 0. 6 29.6 ± 4. 8 25.5 ± 3.8 1.4 ± 0 . 6
18.2 ± 2.3 3. 7 ± 1 .0 12.3 ± 2. 5 40.2 ± 5 . 6 2. 5 ± 1 . 0
34. 2 ±4.1 1 . 5 ± 0. 6 38.2 ± 6.2 18.1 ± 3 . 4 0. 9 ± 0 . 6
21 ± 3 58 ± 11 14 + 2 53 ± 4 62 ± 1 8

j fat (n =

jn g l y c e r i d e
" 1 ,3°Si t ion
N o . I ^ i t i o n

14)

i°h in 2-position

33.0 ± 2 . 3 8.0 + 2. 7 3.8 ± 0 . 9 30.2 ± 2 . 6 5. 9 ± 1 . 4 9. 7 + 5. 5
12.1 ±2.7 12.5 + 4.4 2. 9 ± 0 . 9 33. 9 ±3.4 11.2 ± 3 . 0 12.6 ± 8. 6
43.4 ±4.1 5. 7 + 2.2 4.3 ± 1 . 2 28.7 ± 2 . 2 3. 3 ± 1.3 8. 1 + 4. 6
1 2 ± 3 52 + 6 26 ± 8 37 ± 2 64 ± 1 0 43 + 10

%

'n ? *siycerid 
S . ^ U o n
% o rt!?Dsition

°n in 2-position 
^ ^ C i H . esterified at the 2-position of glycerol. From table 1, it is evident that the 

ridSo8 distribution of the fatty acids over the 2-position and 1,3-positions of the trigly-

( n = 24)

27. 1 ±4.1 5. 4 ± 1.8 6. 3 ± 1.6 41.4 ±4.8 17.3 ±4.8 1.0 ±0.3
19.6 ±7.7 3. 6 ±1.3 7.4 ±3.0 45.3 ±9.2 21.. 8 ± 6.6 0. 8 ±0.3
30.8 ±3.1 6. 3 ± 2.1 5.7 ± 2.6 39.5 ±4.3 15.0 ±4.1 1 . 1 ±0.4
23 ± 6 23 ± 5 41 ± 1 8 36 ± 5 42 ± 4 27 ± 5

J8S
Can be used to identify qualitatively the fats studied.

U 6 f3tp0Vcerolls exceptional by its efficient incorporation of palmitic acid at the 2-position of 
t>n^tion while the unsaturated fatty acids are preferentially esterified at the 1,3-
¡sc,se a Df the triglycerides. The proportion of oleic acid incorporated at position 2 of 
Or, d hen triglycerides differs significally from fats of pig and beef (table 1). Stearic

O r  ectively incorporated into the 1,3-positions of beef fat if compared to the results 
klo^Qle?r den fat. Chicken fat is characterized from other fats by its low proportion of

!3) 10 acid incorporated at the 2-position of the triglycerides. The total linolenic acid
V r iden?tent of horse fat showed large variations and cannot be used as a reliable para- 
V D°nt-tlfylng t l̂is However, within the species studied, large variations are found in
\   ̂ 0rial distribution of the fatty acids among the fats. This may be expected since the

sPGctrum and the relative distribution of the fatty acids within the triglycerides
2,

Of

■■pend Qn feeding regime (5,B), additives (1) and anatomical location of the fat (5,7). 

'-Sid correlations within the triglycerides

Qf

Sf ®8res demonstrated that adulteration of pig fat with beef fat can be estimated on basis 
‘̂3 t*°n ecluations (13). In agreement with our earlier results, it is found that in pig

tlc acid esterified at position 2 is closely correlated with its content at position 
6 tr±glycerides (fig. 1). A different, but significant regression is found between the 
ac±d contents of position 2 and position 1,3 of hen fat triglycerides.

(t sh
. . . . .  ____________ ___________________ _________________ __

1 ±ri9ild (C18:(1+2)) incorporated in position 2 and its corresponding content in the 
%  ?Dr'cs!rycerldes of the different species studied. Linear relationships are found between 
Hr.Jt * tration of stearic acid in position 2 and its contents in total triglycerides in

I" ^i§- 2, close but different correlations exist between the amounts of oleic acid

2
& ( >

ai±ty '5s- P<0.01), beef (r = 0.84, p<0.01) and horse (r = 0.40) fats. Different propor
±he ?quati°ns are observed between the molar percentages of palmitoleic acid in position

Cic|feit f^triëlycerides of horse fat (r = 0.66, p<0.01), chicken fat (r = 0.72, p<0.001) and
k  ̂ r  =: n -----  . . „  . . . .  . _ ___ ■»____ n  -P C o m o  "F ^  t  t  Uso, p<0.001). Moreover it is found that the molar percentages of some fatty^

t'iglvClQsely interrelated within the the positions of the triglycerides. At position 2 of 
rides, stearic acid has been found to increase with the palmitic acid content inOf byce 

PiQ• 9116 tr = 0.49, p*0.05), beef (r = 0.82, p<0.01), horse (r = 0.84, p<0.001) and chicken 
P<0.001]. The negative correlations between stearic acid and the^unsaturated fatty 

ctq tr * ^ P o r a t e d  at the 1,3-position of the triglycerides of pig (r = -0.94, p<0.001) and 
QhsSr ‘27, p<0.01) may explain the inverse relationships between stearic acid and oleic 

ad In pig (1) and ruminant (5) depot fats. Since we included in our study fats from
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Fig. 1 : Relationship between incorporation of
palmitic acid in the 2-position ( = Y) 
and its content in the t1+3)-position 
( = X)

Fig. 2 tlRelationship between incorp°£®g
of

of oleic + linoleic acid in
2-position (= Y) and corresP°nj5 ¡¡) 
contents in the triglycerideS

PorK fat : Y = 1.66 X + 54.3 r = 0.79a Pork fat :: Y = 0.96 X - 34.0 r . 0.^ 
O-8®Hen fat : Y = 1.37 X - 22.0 r = 0.56 Hen fat : Y = 1.60 X - 27.2 r :

* O-873 p < 0.001
Horse fat :: Y = 1.34 X - 4.0 rbi P < 0.01 Beef fat : Y = 1.21 X +»10.4 r

Fig. 3 : Discrimination of porK fat (•) from
horse (■), beef (A) and hen fat (o)

3 p < 0.001

„ , ... . Mole % in 2-pos. „ .Proportion in 2-position < = 3 x nole Tq' X 100
T » Mole \ of fatty acid in triglyceride 
M » Mole % of fatty acid in 2-position
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animals on different feeding regime, breed 
and anatomical location the results suggest 
that some of the correlations may be typical 
for the species studied.

3. Quantitative determination of fats in 
mixtures_______________________________

PIG fats are effectively discriminated from 
other fats by the positional distribution of 
palmitic acid and unsaturated fatty acids 
within the triglycerides. This is illustrated 
in fig. 3 in which the proportion of oleic 
acid in position 2 is plotted against a 
linear combination of the palmitic acid con
tent of the 2-position (M) and total trigly
ceride (T). Using 95% confidence limits it 
was calculated that addition of 1Q% either 
beef, horse or chicken fat can be detected in 
pig fat with a propability of 84%. These 
results indicate that this technique is at 
least as sensitive as the Bomer-method in de
tecting adulteration of pig fat with beef 
tallow (11). Moreover, the proposed method 
allows a reliable and quantitative estimation 
of different fats added to pig fat. In con
trast, addition of 20% pig fat to either hen, 
beef or horse fat can be determined with a 
propability of 84% and using 95% fiducial 
limits.

Beef fat can be discriminated from horse or 
hen fats on basis of its oleic acid propor
tion in position 2 and the distribution of 
stearic acid within the triglycerides (fig.4). 
Use of these parameters allow estimation of 
either 15% horse or hen fet in beef fat. 
Accepting 95% confidence limits, 30% horse or 
chicken fat can be detected in beef fat with 
a propability of 84%.

Aqs 11Qn s and chicken fats show large differences in the proportions of palmitoleic acid in 
vaa 11Qn  ̂ and in the distribution of palmitic acid within the triglycerides (fig. 5).
V iati0 chicken fat to horse fats can be determined. Due to the relatively large

® observed in the chicken fat measurements, only 40% of chicken fat can be estimated 
with a propability of 84% at the 95% confidence interval.

analysis, the relative amounts of pork meat in sausages containing beef, horse orf at
£reat can be estimated. From the total fat content and after pancreatic lipase analysis 

CQrrie n e 1 ® ̂  oeride s isolated from meat, the relative percentages of pig fat in other fats was 
Q̂sj.^ ‘ Assuming a typical fat percentage for one of the meat constituents, the relative 
Q̂Tk. °n of the meat product is calculated. Using this procedure the amount of chicken meat 

r beef sausages was calculated with a reasonable degree of accuracy.
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