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ABSTRACT

We Investigated the fatty acid profiles of adipose tissues from cows, sheep and
camels in order to identify between the different animal species from the medicolegal
point of view. Subcutaneous and perirenal adipose tissues were freshly and randomly
sampled from slaughter houses. Fatty acids were transestrified to Fatty Acids Methyl
Ester (FAME) and their profile was determined using gas chromatography. The con-
tents of total polyunsaturated oleic fatty acid C18:1 was higher in cows and sheep
while camets recorded the lowest levels. However, the saturated scearic fatty acid
C18:0 was significantly higher in camels, moderately in sheep and significantly lower
in cows (P<0.05). On the other hand, myristic (C14:0) and palmitic {C16:0} fatty acids
showed non signlficant differences in their levels between the three animal species. We
conclude that stearic and oleic fatty aclds profile could be significantly important from
the medicolegal point to identify and discriminate between different animals using adt-

pose tissues and fat depots.

INTRODUCTION

Examlnation of animal fats is one of the
most important steps for specles identification
In veterinary forensic medicine. Sometlmcs,
only smali pleces of fats could be present in
the crime scene as the only evidence collected
{or {urther forensic analysis. The physical ex-
amination of animal fats is not discriminative
tool between their species origin, cow's {at
tends to be yellowish due to the high levels of
beta-carotene pigments while sheep and cam-
el body fats are whitish in eolor. Since then.
chemical analytical methods are required to
determine the fatty aclds composition of fat
samples.
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. msalahelde-

Fatty acids and glycerin are the maln
componenta of any f{at so the resulting
mixture contalns
acld for each molecule of glycerin. Because
of this proportion of acid lo glycerin. the
chemical compounds {ound in the fat before it
was split are known as triglycerides. While
a large varety of fatty acids is found in nal-
ural fats,
standing

three molecules of latty

only a few of them are of out-
Importance. These are lauric acid
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(C12:0). myristic acid (C14:0). palmitic acid
(C16:0), stearic acid (C18:0), oleic acld
(C18:1). linolic acid (C18:2). and linolenic acid
(C18:3). When the fatty-acid molecule con-
talns the maximum of hydrogen possible,
the acld (s sald to be a saturated fatty
acld. It Is saturated with respect to hydro-
gen. Lauric, Myristlc. palmltlc, and stearic
aclds are such saturated acids. Their carbon
atoms are linked in chaln by single bonds.
When. however, the [atty-acld molecule does
not contain the maximum amount of hydro-
gen possible, the acid is sald to be an unsatu-
rated f{atty acld. It {s unsaturated with re-
spect to hydrogen. Such unsaturated aclds
are olele. linolic. and linolenic acids. Their
carbon atoms are linked (n chain by one
double bond as In case of oleic acid
(C18:1} or more double bonds as in linolic and
linolenic aclds; two bonds (C18:2] and
three. bonds (C18:3) respcctvely (Cart-
wright 1993). Nowadays. the technique of gas
chromatography (GC) revolutionized the
study of liplds by making it possible to
determine the complcte fatty acid compo-
sition of alipld in a very short time (Chris-
tie 1889). For this purpose. myristic, pal-
mltic, olelc fatty acids of
sampled fats were converted to the sim-
plest convenient volatlle derivative as Fatty
Acids Methy! Esters (FAME) for further GC
quantitative analysis (Murata 1978). The
alm of this study was to investigate the
fatty acid proflles of adipose tlssues from
cows. sheep and camels in order to identify
between the different animal species from the
medicolegal aspect. Fresh fats samples were
collected from slaughter houses immediately
after slaughtering animals to assess this
study.

stearic and
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MATERIALS AND METHODS

Sampling of different fat tissues

Ten samples were taken from each of cows.
sheep and camels specles In slaughter house.
The fat samples were collected from subcuta-
neous and perirenal fat of each animal spe-
cies used in this study immediately after
slaughtering. The samples were Kept in plas-
tic bags and shipped in an Insulated ice box
to the laboratory.

Total lipld extraction of fat samples

Fat samples were extracted by the proce-
dures similar to the Folch method (1957).
Briefly. Chloroform/methanol {2:1. v/v) con-
taining 0.005% butylated hydroxytoluene (as
antloxidant) was added (usually 5 ml solvent
added to 50-100 _l sample) and mixed vigor-
ously for 1 min then left at 4°C overnight.
One ml of 0.9% NaCl was added and mixed
again. The chloroform phase containing lipids
was collected. The remalns were extracled
with 2 ml chloroform. The chloroform was
pooled and dried under nitrogen and subject-
cd to methylation.

Preparation of Fatty Acids Methyl Esters
(FAME)

Fatty actd mcthyl esters were prepared ac-
cording to Mormison and Smith method (1964)
using 14% Boron Trifluoride /methanol rea-
genl (BF3/MeOH]}. Lipid samples were mixed
with 1 ml hexane In 16 m! glass tubes with
Teflon-lined caps. BF3/MeOH reagent (1 ml)
was added and the mixture was heated at
90-110°C in a metal block for 1 hour. cooled
to room temperature and methy! esters cx-
tracted in the hexane phase after addition of
I mi H20. Samples were allowed to stand for
20-30 min, and then the upper hexanc layer
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was removed and concentrated under nitro-
gen.

Fatty aclds profiles

Fatly acid methyl esters were analyzed by
gas chromatography using TRACE GC Ultra
system (Thermo Electron, Waltham, MA, USA)
equipped with a flame-lonization detector
(FID). The chromatography utllized a TRACE
GC caplllary column TR-FAME (30m 0.25 mm
LD., 0.25 pum film thickness, Part No.
260M142P, Thermo Electron). The column
oven temperature was held at 150°C for 1
min, increased at 10°C/min to 180°C, then
increased to 260°C at 30°C/min and hcld for
5 minutes. The injector tempcrature was ad-
Justed at 250°C and the detector temperature
at 280°C. The carricr gas used was hellum
with a flow rate of 1.3 ml/min. Individual fat-
ty acids were ldentifled by comparing the re-
tention time of fatty acid methyl ester (FAME)
with standard FAME mixture from Supelco
(Product No. 18917 St. Louls, MI, USA). The
values ol (atty acids are presented as area
percentage of total fatty aclds.

Statlstical analysls :

The results are presented as the mean =
SD (standard deviation). All data were ana-
lyzed by one-way analysis of variance (ANO-
VA) using the soltware ol WINKS SDA Version
6.0 for Windows. Student’s t-test was per-
formed to separate differences among means.
The differences are considered significant at
P<0.05.

RESULTS

Fatty acids profile of subcutaneous fat
The results of fatty acid profile of subcuta-
neous flat ol cow. sheep and camel are pre-
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sented in Table 1. No significant difference In
myristic (C14:0) or palmitic (C16:0) fatty acids
among thc diffcrent anlmals. The saturated
stearic fatty acid (C18:0) showed the signifi-
cant highcst value in camels (34.39 + 2.16) at
P<0.05 more than the moderate levcl in sheep
and the lowest value were recorded in cows
(15.31 £ 1.47).

The same results werc found with the total
contents ol saturated fatty acids. camels
showced the highest significant value over the
moderate sheep and lowest cow values.

The unsaturated oleic fatty acid (C18:1)
was not significantly different in cows (50.94
+ 3.18) and sheep (51.22 + 2.96) whlile both
animals showed hlgher slgnificant values
than camels {31.04 + 2.19) at P<0.05.

Fatty aclds profile of perirenal fat

Table 2 shows thc rcsults of saturated
fatty acld profile of perirenal fats in differ-
ent animals. As in subcutaneous fat, myristic
and palmitic did not show any significant difl-
ference between cow, sheep and camel. Stear-
ic fatty acid recorded the highest values in
camels (31.03 + 1.49} which showed the low-
est results of unsaturated oleic fatty acid
(31.83 + 1.91). In contrary. cow's oleic [latly
acld level (51.57 + 2.93) was the highest
among other speeies while it showed the low-
est stearic saturated fatty acid level (17.55
+ 0.98). Sheep recorded the modcrate results
ol oleic and stearic fatly acids {(41.98 + 2.57
and 23.76 + 1.57 rcspectively) between cows
and camels.

No-significant differences were found in
myristic and palmitic fatty aclds between all
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the three species: cow. sheep and camels
(P<0.05) .

DISCUSSION
In our present study, we analyzed subcuta-
neous and perirenal fats of different animals

using the most accurate and rapid technique

could be used in 2 modern lab; Gas Chroma-
tography (GC). The study focused on three
saturated [atty acids; myristic (C14:0). palmit-
ic (C16:0} and stearlic (C18:0) and the mono-
unsaturated oleic fatty acld (C18:1) In order to
establish a reliable method in differentiation
between edibie fat tissues of different animals.
We have uscd three different animal species:
cow, sheep and camel and all samples were
collected randomly from the slaughter housc
immedlately after slaughfering animals. All
slaughtered cow and sheep were raised on dif-
ferent fattening rations and some green florage
while camels were grazing more as the con-
cept of fattening camels Is rarely distributed
in Egypt. All animals were slaughtered to be a
source of meat for human consumption. Fo-
rensic examination of adipose tissues and fat
of animals Is limited to either physical exami-
nation, or genetic f{Ingerprinting using Poly-
merase Chain Reaction (PCR} or chemical
analysis. The physical examination depends
on the presence of whole or part of the anhnal
to best |dentify the origin species, while genet-
ic fingerprinting depends on the design or
commerclal avallability of species-speclfic
primers to discriminate between fats of differ-
ent animals. PCR s a promising and sharp-
cut discriminative technlquc but careful prep-
aration of fat samples is required to avoid
possible inhibition of DNA amplification dur-
Ing the polymerase chain reaction. Further-
more. visualization of PCR amplicons requires
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using toxic uorescent dyes as ethidhum bro-
mide which exerts a possible contamination of
environment and dangerous neurotoxicity to
test applicants. In this study. chemical analy-
sts using GC revealed non-significant difler-
ences of myristic {C14:0) and palnitic (C16:0)
fatty acids from subculaneous and perfrenal
fat of cow. sheep and camel animals. The
most important and significant results (rom
the medicolegal point of view is the proportion
between saturated stearic {C18:0) and mono-
unsaturated oleic fatty acids (C18:1). In cows
and camels certalnly. it was noticed a reverse
proportional correlation between stearic and
oleic fatty acids. Cows showed highly signift-
cant levels (51.26 + 2.88) of oleie mono-
unsaturated fatty acld (MUFA) and the lowes!
levels of the saturated stcarlc fatty acid (16.43
+ 1.28)}, while in contrary. camels showed the
lowcest levels of oleic fatty acid (31.44 + 1.13)
and highly significant results in stearic fatty
acid {(32.71 + 1.72). This result is a promising
ool to discriminate forensleaily between adi-
pose tissues and fats of two species depend-
Ing on thelr chemical analysis of their stearlc
and oleic fatty acids. On the other hand,
sheep fat and adipose tissues could be identi-
fled by their highly significant oleic fatty acids
levels (46.60 + 3.16) as (n cows, while a mod-
erate level of stearle fatty acid (22.44 £ 1.19)
which is significantly higher than cows (16.43
+1.28) and lower than camel (32.71 + 1.72).

it is well known that the fatly acids conipo-
sition of muscle fat and adipose tissue (s de-
pendent on the diet fed to animals (Doreau
and Ferlay. 1994), ruminants and other farm
animals are ejther fed on forages only or on
forage and concentrates or grains. Berthi-
aume et. al (2006) have pointed (n thrir
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study a signlficant difference in compositions
of fatty aclds between animals of two beef pro-
duction systems based on forage finishing or
grain-forage diets. Leat (1978) observed a
greater proportion of mono-unsaturated fatty
aclds (MUFA) in the fat deposited by fatter an-
imals, while Duckett et al. (1993). who in-
vestigated the ellects of switehing {rom pas-
ture feeding to concentrate (eeding. reported a
time-dependent Inerease in the proportion of
C18:1. a marginal difference In the praportion
of Cl14:0 and Cl86:0, and a time-dependent
decrease n C18:0, this agrees with our re-
sults obtained {rom current study. Since most
of cows and sheep are usually slaughtered af-
ter their exposure to long time of coneentrates
feeding for faltening purposes. coneentrales
raised significantly the eontents of oleic fatty

17

acid as MUFA in cows and sheep (51.26 +
2.86 and 46.60 + 3.16 respectively) due it is
higher contents of proteins more than 30%.
On the other hand. coneentrates and grains
leeding resulted In decreasing stearlc satu-
rated Jatty acid which signifieantly reached
level In cows {16.43 + 1.28) and
moderately higher level in sheep (22.44 t
1.19). Camels in Egypt are not exposed to
fattening regimes, and thev always feed on
forages or Kkept grazing most of the time,
this feeding manner can interpret the highest
saturated fatty
(32.71 + 1.72) in camel's adipose tissue safm-
ples. The significant decrease in oleic MUFA
{31.44 + 1.13) in eamel's fats could be due to
low-level cancentrate rations received by these

a lowest

levels of stearic acids

animals.

Table [ : Fatty Acid (FA) Profile of Subcutaneous Fat of Different Animals.

f Animals Cow Sheep Camel
Myristic FA (C14:0) 4.06 +0.86° 3.84 +0.93° 3.7 +0.89"
Palmitic FA (C16:0) 29.62 +2.5" 30.67 £ 1.88%8" 30.29 + 2.05°

_Slcaric FA (C18:0) 15.31 + (.47 2112+ 1.32° 34.39+£2.16°

| Oleic FA (C18:1) 50.94 + 3.18" 51.22 +2.96° 31.04+2.19°

Values (mean + SD) in the same row with dilferent superscript letters are significantly

different (P<0.05), n=10
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Table 2 : Fatty Acid Profile of Perirenal Fat of Different Animals.
| ]
Animals Cow Sheep Camel
Myristic FA (C14:0) 382+ 1.01° 3.25+ 1.35° 3.54 + 0,94
Palmitic FA (C16:0) 33.94 %+ 3.14" 27.12+2.63" 33.55+2.13" |
| Stearic FA (C18:0) 17.55 £ 0.98" 23.76 £ 1.57° 31.03 +).49°
Oleic FA (C18:1) 51.57 £2.93" 41,98 +2.57° 31.83+£1.91°
. |
Values (mean + SD) in the same row with different superscript letters are significantly
difterent (P<0.05), n=10
Table 3 Mean Values of Total Fatty Acid Profile {Subcutaneous and Perirenal|
between Different Animals
Cow Sheep Camel
Myristic Fatty Acid [C14:0] 3.94+ 097 3.55 +1.05° 3.62+1.13"
o
|‘ Palmitic Fatty Acid [C16:0] 31.78 £2.74° 28.90 +2.07° 31.92 +2.11°
Stearic Fatty Acid [C18:0] 16.43 £ 1.28" 22.44 £ 1.19° | 3271 % 1.72°
| Oleic Fatty Acid [C18:1] 51.26+2.86" | 4660+3.16" | 31.44£1.13"
Mean values 1 the same row with different superscript letters are significantly different (P<0.05),
n=10, Bold figures show the reverse proportional correlation from the medicolegal point of view
between cows and camels.
Mansoura, Vet. Med. J. Vol. XI, No. 1, 2009
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CONCLUSIONS

This study has resulted in a forensic tool
for identiflcation and discrimination between
adipose tlssues and (at samples derived {rom
different cows, sheep and camels using Gas
Chromatography (GC). The forensic tool de-
pends on the reverse proportional correlation
of stearic and oleic fatty acids between cows
(and sheep) and camels. Cows and sheep
showed highly significant levels of oleie (atty
acid and the lowest levels of the saturated
stearic fatty acid. while camels showed the
lowest levels of olelc fatty acid and highly sig-
niflcant results in stearic fatty actd. This cor-
relation could be a promising tool on the path
of veterinary forensic medicine to {dentify and
differentlate fat and adipose tissue samples
derived from other animals than those used In
the current study.
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