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Abstract

The aim of the work was to determine the influence of natural and synthetic antioxidants on the
quality and stability of animal fats. On the samples, with and without the addition of natural antioxidants
(extract of sage, rosemary and ginger) added in the fats at a concentracion of 0.2 % and synthetic antio-
xidants (PG-propyl galate, BHA-butylhydroxyanisole and BHT-butylhidroxytoluene) added in the fats at
a concentracion 0.01 % the values of the peroxide value and the content of free fatty acids were tested.
The oxidative stability of fats was determined by the sustainability test at 98 °C during 7 days. Every 24
hours, the peroxide value and free fatty acids were examinedid for all samples of beef, sheep and goat
fat. The results of the research show that the applied antioxidants successfully stabilized all animal fats
compared to the control sample. Analysis of the composition of fatty acids of base samples (without the
addition of natural antioxidants) shows that palmitic, stearic and oleic fatty acids are the most abundant
in animal fats. The highest total SFA value was found in sheep fat (66.85 %), and the lowest in goat fat
(56.57 %). In beef fat, the total SFA content was 59.26 %. Stearic acid is the most abundant in sheep fat
(37.75 %), while beef and goat fat had lower and approximately equal values (27.93 % and 26.91 %). After
staeric fat, palmitic fat is the mostabundant in beef fat with 27.78 %, followed by 25.25 % in sheep fat and
24.91 % in goat fat. Of the monounsaturated acids (MUFA), the most abundant in goat fat was oleic acid
(38.16 %), while it was somewhat lower in beef (36.61 %), and the lowest in sheep (27.60 %). Total unsa-
turated fatty acids (UFA) are most abundant in goat fat (43.51 %), followed by beef (40.82 %), while they
are significantly less present in sheep's fat (32.95 %). Among polyunsaturated acids (PUFA), the highest
content of linoleic acid was found in sheep fat (4.19 %). In beef fat, linoleic acid was 60 % lower compa-
red to sheep fat (0.76 %), and 10% higher compared to goat fat (1.89 %). Based on the content of indivi-
dual fatty acids and the content of certain groups of fatty acids: SFA, UFA, MUFA, PUFA, the nutritional
indices of the tested fats were calculated. It was concluded that the tested samples of beef, sheep, and
goat fat without the addition of antioxidants can not be declared as products of high nutritional value.
The nutritional value expressed through the PUFA/SFA ratio for beef fat was 0,01, and sheep fat and goat
fat 0.06.
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Introduction

Animal fats (beef, sheep and goat tallow)
are obtained from adipose tissue usually by dry
and wet melting processes. Fats are compounds of
saturated and unsaturated fatty acids and glycerol
alcohol, which belongs to high molecular weight
alcohols (Corbo, 2008). They contain about 18 %
of saturated triglycerides that do not melt in the
mouth and create an unpleasant feeling of stickine-
ss (Grompone, 1989). In the diet of the population
of Bosnia and Herzegovina, animal fats are traditi-
onally represented, especially goat fat. The proper-
ties possessed by beef, sheep and goat fat tissue
depend on several factors (breed, age, sex, way of
feeding the animal and others (Muradbasi¢, 2009).
Nowadays, animal fats and their derivatives are
increasingly used for various industrial purposes,
and not only for food preparation (Moslavac et al.,
2019). Depending on the presence of a double bond
in the aliphatic hydrocarbon chain, we distinguish
groups of saturated fatty acids (SFA) and unsatu-
rated (UFA), and within unsaturated, depending on
the number of double bonds present in the chain,
mono and polyunsaturated fatty acids (MUFA and
PUFA) are distinguished. In the diet, one should
strive to increase MUFA and PUFA acids. For these
reasons, it is necessary to determine the compo-
sition of fatty acids in fats in order to assess their
nutritional quality, which also affects the nutriti-
onal quality of the final product (Grahovac et al.,
2022). Animal fats are dominated by palmitic, stea-
ric and oleic acids, which give them a plastic stru-
cture, especially beef tallow (Grompone, 1989).
The composition of tallow can vary, depending on
which part of adipose tissue is used for fat producti-
on and on diet (Hauff and Vetter, 2010). Beef tallow,
like sheep and goat tallow, is subject to oxidative
spoilage and quality changes during production,
storage and heat treatment. During the storage of
animal adipose tissue and their fat, appropriate
autolytic processes occur, which affects the redu-
ction of fat quality. These processes usually go in
the direction of oxidation and hydrolytic decompo-
sition. Hydrolysis of fatis a breakdown that results
inanincrease in the acidity of fat, the proportion of
free fatty acids increases. Oxidative spoilage of fat
is the most common type of spoilage, and is caused
by the action of oxygen from the air on unsatu-
rated fatty acids (Moslavac et al., 2019). Adipose
tissue is susceptible to oxidation and microbiolo-

206 | MESO | No3. | May - June | Vol. XXV (2023)

SCIENTIFIC AND PROFESSIONAL SECTION

gical processes due to the presence of the enzyme
lipase, which is inactivated at elevated tempera-
tures. For this reason, these fats are poorly sustai-
nable, and after slaughtering the animals, the fatty
tissue must be immediately processed or stored at
alow temperature (Corbo, 2008). The stability of fat
depends on the type of fat, that is, the compositi-
on of fatty acids, as well as the presence of other
ingredients that show antioxidant activity (Mosla-
vacetal., 2019). Animal fats are susceptible to spoi-
lage due to the low content of tocopherol, which is
anatural antioxidant (Hamilton, 1999). The produ-
ctsresulting from the spoilage of animal fats give an
unpleasant smell and taste to the fat, which impa-
irsthe sensory properties of the fat (Broadbent and
Pike, 2003). Adding antioxidants (substances that
inhibit and slow down the process of autoxidation)
can improve the fat's resistance to oxidative dete-
rioration. Today, it is known that various natural
plant extracts and synthetic antioxidants protect
oils and fats from oxidative deterioration. In recent
decades, animal fats and their derivatives are incre-
asingly used for various industrial purposes and not
only for human consumption (Corbo, 2008).

Materials and methods

Sampling and preparation of samples for
analysis

Kidney beef, sheep and goat adipose tissue
or tallow were used in this work. Basic ie. base
samples, kidney beef, sheep and goat adipose
tissue or tallow (about 2 kg), were taken immedia-
tely after the slaughter of animals from slaughter-
houses by individual breeders from the area of
Sarajevo Canton. Fresh beef, sheep and goat adipo-
se tissue was taken for analysis, from animals of
the same breed, approximately the same age and
female gender. Samples for analysis were delivered
in afresh, solid and compact state. Natural antioxi-
dants that were used: extract of sage, rosemary and
ginger in a concentration of 0.2 %, and synthetic
antioxidants: propyl gallate (PG), butylhydroxyto-
luene (BHT) and butylhydroxyanisole (BHA) in a
concentration of 0.01 %.

Methods

In order to test the quality of fats and their
identification on the basis of unusual fatty acids
that are sometimes not characteristic for a certain



type of product, in this case beef, sheep and goat
fat,in all tested samples at the beginning, i.e.imme-
diately after fat tissue/tallow melting, the following
was determined: the composition of saturated and
unsaturated fatty acids, by previous sample prepa-
ration, i.e. by saponification and esterification of
fatty acids read on GLC, the content of free fatty
acids by the standard titration method BAS EN
ISO 6858, 2003, the peroxide value by the Wheeler
method BAS EN ISO 3960, 2001. To determine the
composition of fatty acids gas chromatograph GC/
MS-6890 II, Hewlett-Packard with mass selective
detector (MSD) 6890 Il: FKKT-UL was used (Hartig,
2008). Capillary columns: SP 2560, 100 m x 0,25
mmlD, 0,20 um; Detector: flame ionization dete-
ctor FID, 260 °C, separation 100.1; Carrier gas: heli-
um, 20 cm3/sec. After melting, the obtained fat was
separated from the cracklings using a hand press.
Melted and partially cooled fat in a liquid state is
evenly distributed in glass laboratory beakers of
250 ml. The obtained fat does not have a neutral
taste. The grease has a firm lubricating consisten-
cy and a yellowish-white color. After partial cooling,
i.e. before the fat solidifies completely, the proce-
ss of weighing and adding different antioxidants in
different concentrations to each sample was star-
ted. Each sample individually, as well as the control
samples, are marked with appropriate marks. Fat
samples, completely cooled to room temperatu-
re, were stored in a refrigerator at +4 to +5 °C until
the moment of analysis. From the beginning to the
end of the treatment, sustainability was examined,
i.e. oxidation stability in all samples of beef, sheep
and goat fat, with or without the addition (in the
case of control samples) of different antioxidants
and in different concentrations, viability test at a
constant temperature of 98 °C for a period of 7 days.
In the mentioned period, every 24 hours (i.e. after
24 hours, 48 hours, 72 hours, 96 hours, 120 hours,
144 hours and 168 hours), the changes that occu-
rred using standard titration methods were moni-
tored, namely: peroxide value (PV) and free fatty
acids (FFA). The Past 3.15 program was used for
statistical data processing (Hammer et al., 2001). In
order to determine a statistically significant diffe-
rencein the values of peroxide value and free fatty
acids, under the influence of the type of antioxi-
dant and sampling time, a two-factor analysis of
variance was applied, and in the case of statistica-
lly significant differences, the Tukey test was used
(significance level a=0.05). The aim was to determi-
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ne whether the type of added antioxidants and the
sampling time affect the oxidative stability of beef,
sheep and goat tallow samples. For the correlation
and presentation of the results multivariate data
analysis was used - analysis of the basic compo-
nents or PCA analysis.

Results and discussion

The results of the examination of the
composition of fatty acids are shown in table 1.
The total content of saturated acids (SFA) in the
tested samples ranged from 56.57 % to 66.85 %.
The highest total SFA value was found in sheep fat
(66.85 %), and the lowest in goat fat (56.57 %). In
beef fat, the total SFA content was 59.26 %. Stea-
ric acid was more abundant in sheep fat (37.75 %),
while beef and goat fat had lower and approxima-
tely equal values (27.93 % and 26.91 %). After stea-
ric fat, palmitic fat is the most abundant in beef
fat with 27.78 %, followed by 25.25 % in sheep fat
and 24.91 % in goat fat. Of the monounsaturated
acids (MUFA), the most abundant in goat fat was
oleic acid (38.16 %), while in beef it was slightly
lower (36.61 %) and the lowest in sheep (27.60 %).
Total unsaturated fatty acids (UFA) are most abun-
dant in goat fat (43.51 %), followed by beef (40.82
%), while they are much less present in sheep's fat
(32.95 %). The highest content of polyunsatura-
ted acids (PUFA) was found in sheep fat (4.19 %). In
beef fat, the PUFA content was 60% lower compa-
red to sheep fat (0.76 %), and 10 % higher compa-
red to goat fat (1.89 %). Of the polyunsaturated
acids (PUFA), the most abundant in goat and beef
fat samples was linoleic acid (1.77 % and 0.74 %),
while in the sheep fat sample a-linolenic acid (2.22
%). Moslavac et al., (2019) report a lower value of
stearic fatty acid in beef fat, 25.01 %, compared to
our results (27.93 %). The same author, according to
his research, states a slightly lower value of 35.38 %
for oleic acid compared to our research (36.51 %).
According to research by Corbo (2000), the most
abundant saturated acids in lamb fat are palmi-
tic acid (from 19.29 % to 24.48 %) and stearic acid
(19.65 % t0 27.06 %). According to the same author,
the most abundant of unsaturated fatty acids is
oleic, from 29.76 % to 42.16 %, and other fatty acids
are significantly less present. Corbo (2000) states
thatin all samples of kidney fat of sheep and rams,
the most abundant saturated fatty acids are: stea-
ric acid from 19.05 % to 35.90 % and palmitic acid
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Figure 1 Nutritional indices in the examined fat samples (obtained on the basis of groups and relation-
ships between groups)

from 19.03 % to 22.97 %. The same author states meat was: lauric (29.08 %), myristoleic (23.01 %),
that of the unsaturated fatty acids, oleicacidisthe arachidonic (20.63 %). For the sake of comparison,
most abundant, at 33.06 % to 42.25 %. the aforementioned authors state in their paper

Kegalj et al., (2011) state that the share of that the proportion of palmitic acid was very low
certain fatty acids in the intramuscular fat of goat and amounted to 5.55 %, which is a much lower

Table 1 Composition of fatty acids, relationships between specific groups and nutritional indices of the
tested fats (without the addition of antioxidants)

Fatty acid (%) Beef fat Sheep fat Goat fat
C8:0 0.02 0.09 0.09
C12:0 0.04 0.06 0.10
C14:0 3.34 2.66 3.16
C15:0 0.13 0.32 0.49
C16:0 27.78 25.25 24.91
C17:0 0.02 0.72 0.91
C18:0 27.93 37.75 26.91
C14:1 0.51 0.52 0.37
C15:1 0.15 0.20 0.16
Cl6:1 2.76 0.25 2.44
C17:1 0.09 0.15 0.35
C18:1cis 36.61 27.60 38.16
C18:2 n-6, cis 0.74 1.97 1.77
C18:3n-3 0.02 2.22 0.12
C20:4 n-6 0.02 0.02 0.02
C20:5n-3 0.02 0.02 0.02
SFA 59.26 66.85 56.57
UFA 40.82 32.95 43.51
MUFA 36.61 27.60 38.16
PUFA 0.76 4.19 1.89
PUFA/SFA 0.01 0.06 0.03
MUFA/SFA 0.67 0.41 0.67
w6/w3 37.0 0.89 14.75
Al 1.01 1.12 0.87
T 2.88 2.83 2.30
HH 1.20 1.14 143

Legend: SFA-saturated fatty acids; UFA-unsaturated fatty acids; MUFA-monounsaturated fatty acids; PUFA-polyunsaturated fatty acids;
Al-atherogenic index; TI-thrombogenic index; HH- hypocholesterol/hypercholesterol index
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value compared to the proportion of palmitic acid
in the goat tallow examined in this paper (24.91
%). Based on the content of individual fatty acids
and the content of certain groups of fatty acids:
SFA, UFA, MUFA, PUFA, the nutritional indices of the
examined fats were calculated and presented grap-
hically (Fig 1). According to the recommendations
of the UK Department of Health (1994) and Wood
et al. (2004) the values of the ratio of certain groups
of fatty acids PUFA/SFA should be greater than 0.4
in order for the food to be declared as a product
of high nutritional value. Based on the above, and
according to the results from Table 1, it can be conc-
luded that the examined samples of beef, sheep
and goat fat without the addition of antioxidants
cannot be declared as products of high nutritional
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value. The nutritional value expressed through the
PUFA/SFA ratio for beef fat was 0.01, and for sheep
fat 0.06 and goat fat 0.03. Al and Tl were calculated
based on the formulas proposed by Ulbricht and
Southgate (1991), while the HH index was calcula-
ted based on the formula proposed by Santos-Si-
lva etal. (2002). Among the tested fats, the Al value
was the lowest in goat fat, 0.87, which can be justi-
fied by the high content of oleic acid. Sheep fat had
the highest Al value (1.12), which is a consequen-
ce of the high content of palmitic and stearic acids.
Tl values for the tested fat samples ranged from
2.30to 2.88. Tl in goat fat was the lowest at 2.30
and the highest in beef, which can be confirmed by
the highest presence of oleic, palmitic and stearic
acids, whichisidentical to the Al parameter. The HH

Table 2 Initial values of peroxide value and free fatty acids of beef, sheep and goat fat

Parameter Beef fat

Sheep fat Goat fat

‘ Peroxide value (mmol O,/kg) 0.49+0.01

0.49+0.01 0.49+0.00

0.72+0.00

' FFA (%)

0.11+0.00 0.17+0.00

index for the tested fat samples ranged from 1.20 to
1.43. The lowest and worst was for sheep fat (1.14)
and the best for goat fat (1.43).

The initial values of peroxide value (PV) and
free fatty acid content (FFA) in beef, sheep and goat
fatare shown in table 2. The obtained results were
compared and arein accordance with the Rulebook
on minced meat, semi-finished products and meat
products (Official Gazette BiH No. 82/13), as well as
the research results of other authors mentioned in
this paper. According to the aforementioned Rule-
book (Official Gazette of Bosnia and Herzegovina
No.82/13),in ruminant fats, the value of the peroxi-
de value must not exceed 4 mmol O,/kg, and the
content of free fatty acids must not exceed 0.75 %.
From table 2, it can be seen that the initial values
of the peroxide value for all three animal fats were
0.49 mmol O,/kg, and that they are in accordance
with the values of the mentioned Rulebook, which
also indicates their good and appropriate quali-
ty. Moslavac et al. (2019) in their research state the
initial value of the peroxide value in beef fat as 0.00
mmol O,/kg. The content of free fatty acids in all
three tested fats ranged from a minimum of 0.11 %
(sheep fat) to a maximum of 0.72 % (beef fat). The
specified values listed in Table 2 for beef, sheep and
goat fat indicate that the fats are of good quality

and that they are in accordance with the aforemen-
tioned Rulebook. The initial values of the content
of free fatty acids in beef, sheep and goat fat are
different and amount to 0.72 % for beef, 0.11 % for
sheep and 0.17 % for goat fat.

From the results shown in Table 3, it can
be seen that there was a change in the oxidation
stability of beef fat without the addition of antioxi-
dants (control sample) during 168 hours of carrying
out the viability test at a temperature of 98 °C. The
obtained results show that during the test there
was a statistically significant increase in the value
of the peroxide value, and after 168 hours of the test
the determined value was 19.64 mmol O,/kg. With
the addition of natural antioxidant ginger extract
(0.2 %), greater efficiency of protection was achie-
ved, greater stability, i.e. resistance of beef fat to
oxidative spoilage. After 168 hours of the viabili-
ty test, the value of the peroxide value obtained
was the lowest compared to the samples with the
addition of other natural antioxidants (11.77 mmol
0,/kg). Propyl gallate showed the highest prote-
ction efficiency in beef fat against oxidation. After
168 hours of the viability test at 98 °C, the peroxi-
de value was the lowest (0.96 mmol O_/kg). The
influence of natural and synthetic additives on
the oxidative properties of beef fat is reported by
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Table 3 Average values of the peroxide value of beef fat + SD sampled at different time intervals without
and with the addition of synthetic and natural antioxidants

Concen- Peroxide value (mmol 0,/kg)
Sample tration
(%) 72h 96 h 120 h 144 h

Control - 0.49%40.01 | 1.49°+0.00 | 3.33*#0.00 4.66+0.41 | 6.93"+0.10 | 6.93*+0.00 @ 13.53*%0.09 | 19.64"¢+0.06
PG 0.01 0.497+0.01 | 0.49%+0.00 | 0.49%+0.01 @ 0.49%+0.01 | 0.49%+0,01 & 0.49%+0.00 | 0.74%+0.35 | 0.96°%+0.03
BHT 0.01 0.49%40.01 | 0.49%+0.01 | 0.96%%+0.01 | 0.96“+0.01 | 0.98%¢a+0.03 | 0.99%¢*+0.01 | 1.245%%+0.31 = 1.90°°+0.00
BHA 0.01 0.492+0.01 | 0.49%2+0.00 | 0.98%+0.01 | 2.19°°+0.27 | 3.16°+0.34 | 3.24°9+0.13 @ 5.39°+0.12 | 9.38°+0.05
::‘g::aCt of 0.20 0.49%40.01 | 1.00*%+0.01 | 1.98®+0.00 & 3.17%+0.37 | 5.21%+0.03 | 5.315¢+0.04 = 13.24*+0.30 | 16.02%+0.22
EXtraCt Of b. A Fd 7AG Aef. E; Fh
rosemary 0.20 0.49+0.01 = 1.99%°+0.01 @ 3.14*°+0.32 | 5.85™+0.12 | 6.77%°+0.23 | 6.86*+0.10 | 14.40%¢+0.43 | 16.83+0.00
Extract of b A Ad EF EFef. , h
ginger 0.20 0.494+0.01 | 1.49°+0.02 | 3.14*+0.36 @ 4.03*9+0.25 | 4.905+0.27 | 4.955+0.00 | 11.36%+0.15 | 11.77°8"+0.16

Legend: A-B Different capital letters in columns indicate statistically significant differences in peroxide number values for antioxidants

added to beef fat

a-b Different lowercase letters in rows indicate statistically significant differences in peroxide number values with respect to sampling

time interval (0-168 h

Moslavac et al. (2019). Research results show that
applied antioxidants successfully stabilize beef fat.
Of the natural antioxidants, rosemary extract type
Oxy'Less CS had the highest antioxidant activity in
beef fat. It achieved a higher efficiency of prote-
cting beef fat from oxidation, compared to other
tested natural antioxidants. Synthetic antioxidants
propyl gallate and butylhydroxyanisole success-
fully increased the stability of beef fat, and propyl
gallate showed greater antioxidant activity. After
120 hours of testing, the authors determined that
the peroxide value of beef fat with the addition of

propyl gallate was 0.00 mmol O,/kg. According to
the mentioned authors, the weakest protection of
beef fat compared to the control sample is shown
by alphatocopherol (15.84 mmol O,/kg after 120
hours), while in this paper the weakest protection
is shown by rosemary extract (16.83 mmol O,/kg
after 168 hours).

Table 4 shows the change in the oxidation
stability of sheep fat without the addition of antio-
xidants (control sample) during 168 hours of the
viability test at a temperature of 98°C. The obta-
ined results show that during the test there was

Table 4 Average values of peroxide number + SD of sheep fat sampled at different time intervals witho-
ut and with the addition of synthetic and natural antioxidants

Concen- Peroxide value (mmol O /kg)
Sample tration
48h 72h 96h 120h 144h 168h
(%)
Control - 049%:001  2.25%:0.35 2463002 711%:045 833*:0.12 1L52Y:0.51 1502%:0.03 20.06"+0.20
PG 0.01 | 0497:001 049001 049%:0.00  049%:001 | 049%:001 049%:0.00 1744037 | 2.46%:0.02
BHT 0.01 | 0497:001 099%°:0.01 099°°+001 244%3002 2.99%:0.02 49594007 = 7.46°+0.05 14719000
BHA 0.01  049°:001 150°+0.00 1.50°°40.00 26574038 2974004 297°9+0.00 | 534°°+0.15 | 539°°+0.00
:;‘;':"Ct Of | 020 | 049001 1494001 3073033 | 36204032 6.37°0.60  6.90%+005  1139%£0.00 15.5570.64
EXtraCt °f \Cb. AE Fd D Ff. E; Ch.
rosemary | 020 049°00L 149000 348%:002 517031 6417013 8917000 1169027 140974028
EXtraCt Of Cb. A EGd. D Eef. E; Eh,
ginger 020 | 049%:001 1493002 243007 | 3.667940.37 6374009 6905005  11.39%4016 131574026

Legend: A-B Different capital letters in columns indicate statistically significant differences in peroxide number values for antioxidants

added to sheep fat

a-b Different lowercase letters in rows indicate statistically significant differences in peroxide number values with respect to sampling

time interval (0-168 h)
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a statistically significant increase in the value of
the peroxide value (PV), and after 168 hours of the
test, the determined value of the peroxide value
was 20.06 mmol O,/kg. Positive results were obta-
ined with the application of tested natural antioxi-
dants for the purpose of stabilizing sheep fat, and
the fat was effectively protected from oxidative
deterioration. With the addition of natural antio-
xidant ginger extract (0.2 %), greater efficiency of
protection was achieved, greater stability, i.e. resi-
stance of sheep fat to oxidative spoilage. After 168
hours of carrying out the sustainability test, the
peroxide value obtained was the lowest compa-
red to other investigated natural antioxidants and
amounted to 13.15 mmol O,/kg. The highest effi-
ciency of sheep fat protection against oxidation,
compared to the tested antioxidants, was obtai-
ned with the use of propyl gallate. After 168 hours
of the sustainability test, the lowest value of PV
(2.46 mmol O,/kg) was determined, which indica-
tes that the value determined after 168 hours of the
test was in accordance with the Ordinance. Accor-
ding to the research of Muradbasic (2009), the value
of the peroxide value was determined in the tested
samples of sheep fat, which were 1.99 mmol O,/kg
forthe Pramenka male sample, and 0.99 mmol O,/
kg for the Pramenka female sample. The determi-
ned values were related to the value of the peroxide
value in the first month of the test (30 days). After 3
months of storage in the refrigerator, the tests were
repeated on both samples. The value of peroxide
value for sheep fat (Pramenka male) was 4.50 mmol
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0,/kg, and for the fat sample (Pramenka female) the
determined value was 4.47 mmol O,/kg. According
to Unsal et al. (1995), the peroxide value for Mara-
kaman sheep was 0.50 mmol O,/kg, which is a lower
value compared to the results of the aforemen-
tioned author, and almost the same initial value
of the peroxide value of sheep fat determined in
this work (0.49 mmol O,/kg). The value of peroxi-
de value for adipose tissue of sheep was determi-
ned by Nour-El-Din et al. (1984) which is 1.48 mmol
0,/kg. Corbo (2000) states that after 24 hours in a
thermostat at a temperature of 98°C, lamb fathad a
very high peroxide value, and due to its lower viabi-
lity, only the fat of the female throats of the piglets
stood out (26.58 mmol O,/kg), while the other three
basic samples had similar values of peroxide value
(about 21 mmol O,/kg). According to research by
Corbo (2000), sheep fat showed an extremely low
peroxide value for sample U4, and an extremely
high one for samples Ul and U3. The basic samples
deteriorated more strongly in sheep (lambs 18.01
mmol O,/kg and crossbreds 21.96 mmol O,/kg) than
rams (lambs 12.63 mmol O_/kg and crossbreds 8.57
mmol O,/kg).

Table 5 shows the change in the oxidation
stability of goat fat without the addition of antio-
xidants (control sample) during 168 hours of the
viability test at a temperature of 98 °C. The obta-
ined results show that during the test there was
anincrease in the value of the peroxide value (PV),
and after 168 hours of the test, the peroxide value
was determined to be 79.21 mmol O,/kg. Goat fat

Table 5 Average values of the peroxide value of goat fat +SD sampled at different time intervals without
and with the addition of synthetic and natural antioxidants

Concen- Peroxide value (mmol O /kg)

Sample tration

(%) ash 72h 96 h 120h 144h 168h
Control - 049°+0.00 | 224%+037 @ 647°+0.66  13.37+0.89 22.58°+0.65 27.344+0.16  44.39%+031  79.214+0.41
PG 0.01 049°+0.00 | 04954000 = 049%+001 049%+000 04954000 099%+001 & 0.99%+001 2.40%+011
BHT 0.01 049°+0.00 | 0.99%+0.01 | 0.998+0.00 0.99°%°+0.01 0.99%°+001 0998+0.01 245%+000 2.458+0.00
BHA 0.01 049°+0.00 | 099%+0.01 = 0998001  0.99%°+0.01 0.99%°+0.01 0998+0.01  2.45%+0.00 2.458+0.00
:’a‘;:a“ of 0.20 049°+000 | 121%+029 & 14482002 @ 345%+0.07 519°40.07  845°+028 1546011 20.51%+1.10
EXtraCt Of Bb. Ex Ed. E¢ Ef. E; Dh,
rosemary 0.20 049°+000 | 172%+0.34 @ 340%+0.09 6.98%+053 12694026 174154059 | 30.73%+0.21  58.42°%+0.45
Extract of B - Ed F DF f £
ginger 0.20 049+0.00 | 098%+0.01 & 3.35°+0.07 644%+000 9.18%+019  9.36°°+020  18.56+0.35 2368049

Legend: A-B Different capital letters in columns indicate statistically significant differences in peroxide number values with respect to

antioxidants added to goat fat

a-b Different lowercase letters in rows indicate statistically significant differences in peroxide number values with respect to sampling

time interval (0-168 h)
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shows the greatest instability during the applica-
tion of the viability test at a temperature of 98 °C.
With the addition of the natural antioxidant of sage
extract (0.2 %), greater protection efficiency, grea-
ter stability, i.e. resistance of goat fat to oxidative
deterioration. After 168 hours of the sustainabili-
ty test, the determined value of PV is the lowest
andis 20.51 mmol O,/kg in comparison to the other
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tested natural antioxidants. The highest efficiency
of protection of goat fat from oxidation, in relation
to the tested antioxidants, was obtained with the
use of propyl gallate. After 168 hours of the viability
test, the peroxide value was the lowest (2.40 mmol
0,/kg). According to Ganic et al. (2022), peroxide
values of Herzegovinian dry goat meat ranged from
1.53mmol O,/kgto 4.65 mmol O,/kg, dependingon
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Figure 2 Influence of the type of added antioxidant and the time interval on the content of free fatty
acidsin beef fat

the part of the carcass used for testing.

On Fig. 2, it can be seen that the content of
free fatty acids gradually increases, especially after
144 hours in the control sample, and in other fat
samples after 168 hours of treatment at a tempe-
rature of 98°C. Using natural and synthetic antioxi-
dants according to the results from graph 2, it can
be concluded that their presence in beef fat has
positive effects on the content of free fatty acids,
comparing the obtained results with the control
sample. According to Muradbasic (2009), the value
of the content of free fatty acids in beef fat for male
Simmental was 1.10 %, and for female Simmen-
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tal the estimated value was 1.40 %. Also, the same
author states that the value of the content of free
fatty acids after three months of storage in the refri-
gerator was lower in both tested samples of beef
fat, and amounted to 1.00% for male Simmental
and 0.70 % for female Simmental. From Fig. 3, itcan
be seen that the content of free fatty acids increa-
sed or stagnated after the 24th hour of testing, and
a slightly higher increase could only be observed
after 144 hours in the control sample, and in the
other sheep fat samples after 168 hours. treatment
at a temperature of 98°C.

Using natural and synthetic antioxidants

m1X) ml44 m16E

033
o0

5

028

SAGE ROIEMARY GINGER

Figure 3 Influence of the type of added antioxidant and the time interval on the content of free fatty
acidsin sheep fat
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according to the results from Fig. 3, it can be conc-
luded that their presence in sheep fat has positive
effects on the content of free fatty acids. Accor-
ding to research by Corbo (2000), the content of
freefatty acids in the kidney fat of Pramenka lambs
was 1.12 % (0.60 %) and for Krizana lambs 0.69 %
(0.54 %). However, the author states that the lowest
value was the adult heads of Pramenka (sheep and
rams), whose value was 0.43 % on average. Female
necks predominantly had a slightly higher content
of free fatty acids compared to male necks in all
groups, and a higher value was especially expre-
ssed in adult crossbred sheep (1.41 %). Muradba-
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Si¢ (2009) states in his research that the value of
the content of free fatty acids in the first month
of testing in the male Pramenka sheep fat sample
was 0.50 %, and for the female Pramenka sheep
fat sample, the determined value was 0.60 %. The
same author states that after storing the fat in the
refrigerator for 90 days, there was anincrease in the
content of free fatty acids in both samples of sheep
fat. The value of the content of free fatty acids for
the Pramenka male sheep fat sample was 1.40 %,
and for the Pramenka female sheep fat sample 0.70
%. The values of the content of free fatty acids in
sheep fat samples were higher with the length of
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Figure 4 Influence of the type of added antioxidant and the time interval on the content of free fatty
acids in goat fat

treatment (168 hours) and under the influence of
high temperature.

From Fig 4, it can be observed that after 24
hours of treatment there was no increase in FFA in
any sample of goat fat. After 48 hours, it can be seen
that the value of the control sample and the sample
of goat fat with the addition of rosemary extract
increased, while the value of FFA stagnated in the
other samples (0.17 %). After 72 hours of treatment,
anincrease in the content of free fatty acids can be
observed in all samples of goat fat. The increase in
the value of FFA content continues until the very
end of the test, where the best result of fat preser-
vation was found in the fat sample with the additi-
on of propyl gallate (PG), and the weakest in the fat
sample with the addition of rosemary extract. The
analysis of the main components was carried out
on the basis of a correlation matrix that included 24
parameters for three groups of animal fat samples
(beef, sheep and goat fat). From Fig 5, it can be
seen that a high positive correlation was achie-
ved between the content of FFA, C16:0, C14:0 and
the ratio of w-6/w-3 fatty acids, while the mentio-

ned parameters were negatively correlated with
the content of C15:0, C8:0,C17:0 and C18:2 n-6, cis.
Also, a high positive correlation was found between
the content of SFA, C18:0, C18:3 n-3, C15:1 and the
value of the Al index, which had a negative corre-
lation with the content of C17:1, C12:0, C18:1 cis,
MUFA and HH index values.

From Fig 5, it can be seen that the values of
the peroxide value, the contents of heptadecene,
lauric, oleic acid, monounsaturated fatty acids and
the values of the HH index were positioned in rela-
tion to the sample of goat fat that were characte-
ristic of it. The values of the arytrogen index, the
contents of SFA, PUFA, C18:0,C18:3 n-3,C15:1, the
ratio of PUFA/SFA fatty acids on the graph (Fig. 5)
were positioned on the right side of the plotin rela-
tion to the sample of sheep fat for which they were
characteristic. The values of the ratio of w-6/w-3
fatty acids, the content of free fatty acids, C14:0
and C16:0 acids were positioned on the lower left
side of the plotin relation to the sample of beef fat
that had the characteristic values of the mentioned
parameters.
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Figure 5 Principal component analysis (PCA) - graphical display of animal fat samples according to
fatty acid composition and their sustainability parameters

Gonclusion

The highest total value of SFA was found in
sheep fat (66.85 %). Of the monounsaturated acids
(MUFA), the most abundant in goat fat was oleic
acid (38.16 %). Total unsaturated fatty acids (UFA)
are most abundantin goat fat (43.51 %). The highest
content of polyunsaturated acids (PUFA) was found
in sheep fat (4.19 %). The nutritional indices of the
examined fat samples, obtained on the basis of the
content of individual and certain groups of fatty
acids SFA, UFA, MUFA, PUFA, show that goat fat
has the best composition of fatty acids and ratio of
fatty acids within the compared groups. Atheroge-
nic (Al) and thrombogenicindices (Tl) are the lowest
in goat and hypocholesterolindex (HH) in sheep fat.
The atherogenic index (Al) is the highest in sheep
and the hypocholesterolindex (HH) is the lowest in
sheep and the highestin goat fat. The initial values
of the peroxide value for all three animal fats were
0.49 mmol O,/kg, and initial values of the content
of free fatty acids in all three tested fats ranged
from a minimum of 0.11 % to a maximum of 0.72 %.
The values of the peroxide number and the content
of free fatty acids, after 168 hours of treatment at
a temperature of 98 °C and with the addition of
different antioxidants in different concentrations,
in beef, sheep and goat fat showed good stabili-
ty and increased resistance to oxidation. Of the
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synthetic antioxidants, propyl gallate had the best
antioxidant properties in all three tested animal
fats, which was determined based on the obtai-
ned results of determining the peroxide value and
the content of free fatty acids. The results of the
peroxide value show that of the natural antioxi-
dants, the addition of ginger extract showed the
best antioxidant properties in beef and sheep fat
(11,77 mmol O,/kg for beef and 13,15 mmol O,/kg
for sheep fat) while in goat fat, sage extract gave the
best sustainability (20,51 mmol O,/kg). Beef and
goat fat had better sustainability with the additi-
on of ginger extract (1,06 % for beef and 0,62 % for
goat fat) and sheep with the addition of sage extra-
ct (0,37 %), which was shown by the results of the
content of free fatty acids compared to the control
sample after 168 hours of treatment. All the obtai-
ned results are in accordance with the values pres-
cribed by the applicable Rulebook for this type of
fat. Natural and synthetic antioxidants have a bene-
ficial effect and at the same time improve the stabi-
lity of beef, sheep and goat fat, despite exposure to
high temperature and prolonged storage. Analyzes
performed on all samples showed that it is possi-
ble to effectively protect beef, sheep and goat fat
from oxidative deterioration.
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Utiecaj antioksidansa na kvalitetu i oksidativnu stabilnost animalnih masti
Sazetak

Cilj ovog istraZivanja bio je utvrditi utjecaj prirodnih i sintetskih antioksidansa na kvalitetu i stabil-
nost animalnih masti. Na uzorcima, sa i bez dodatka prirodnih antioksidansa (ekstrakt kadulje, ruzmarina
i dumbira) dodanih u masti u koncentraciji od 0,2 % i sintetskih antioksidansa (PG-propil galat, BHA-buti-
lhidroksianizol i BHT-butilhidroksitoluen) dodanih u masti u koncentraciji 0,01 % ispitivane su vrijednosti
peroksidnog broja i sadrzaja slobodnih masnih kiselina. Oksidativna stabilnost masti odredena je testom
odrzivosti na 98 °C tokom 7 dana. Svaka 24 sata ispitivane su peroksidna vrijednost i slobodne masne ki-
seline za sve uzorke govede, ov¢je i kozje masti. Rezultati istraZivanja pokazuju da su primijenjeni anti-
oksidansi uspjesno stabilizirali sve animalne masti u odnosu na kontrolni uzorak. Analiza sastava masnih
kiselina baznih uzoraka (bez dodataka prirodnih antioksidansa) pokazuje da su palmitinska, stearinska i
oleinska masna kiselina najzastupljenije u animalnim mastima. Najveca ukupna vrijednost SFA utvrdena
je u ov¢joj masti (66,85 %), a najniza u kozjoj masti (56,57 %). U govedoj masti ukupan sadrzaj SFA iznosio
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je 59,26 %. Stearinska kiselina je najzastupljenija u ov¢joj masti (37,75 %), dok su goveda i kozja mast ima-
le niZe i priblizno jednake vrijednosti (27,93% i 26,91%). Nakon staerinske, palmitinska kiselina je najza-
stupljenija u govedoj masti s 27,78 %, zatim 25,25% u ov¢joj i 24,91% u kozjoj masti. Od mononezasicenih
kiselina (MUFA) u kozjoj masti najviSe je zastupljena oleinska kiselina (38,16%), dok je neSto niZa u gove-
doj (36,61 %), a najmanije u ov¢joj (27,60 %). Ukupne nezasicene masne kiseline (UFA) najviSe su zastuplje-
ne u kozjoj masti (43,51 %), zatim u govedoj (40,82 %), dok su znacajno manje zastupljene u ov¢joj masti
(32,95 %). Medu polinezasicenim kiselinama (PUFA), najveci sadrZaj linolne kiseline je u ov¢joj masti (4,19
%). U govedoj masti linolna kiselina je bila 60 % niza u odnosu na ov¢ju (0,76 %), a 10 % viSa u odnosu na
kozju (1,89 %). Na osnovu sadrZaja pojedinacnih masnih kiselina i sadrzaja pojedinih grupa masnih kise-
lina: SFA, UFA, MUFA, PUFA, izracunati su nutritivni indeksi ispitivanih masti. Zakljuceno je da se ispita-
ni uzorci govede, ov¢je i kozje masti bez dodatka antioksidansa ne mogu deklarirati kao proizvodi visoke
nutritivne vrijednosti. Nutritivna vrijednost izraZena kroz omjer PUFA/SFA za govedu mast bila je 0,01, a
ov¢ja i kozja mast 0,06.

Kljucne rijeci: animalne masti, kvaliteta, oksidativna stabilnost, antioksidansi, test odrzivosti.

Die Wirkung von Antioxidantien auf die Qualitt und

oxidative Stabilitéit von tierischen Fetten
Lusammenfassung

Ziel der Arbeit war es, den Einfluss von natiirlichen und synthetischen Antioxidantien auf die Qual-
itat und Stabilitat von tierischen Fetten zu bestimmen. An den Proben mit und ohne Zusatz von natiirli-
chen Antioxidantien (Salbei-, Rosmarin- und Ingwerextrakt), die den Fetten in einer Konzentration von 0,2
% zugesetzt wurden, und synthetischen Antioxidantien (PG-Propylgalat, BHA-Butylhydroxyanisol und
BHT-Butylhidroxytoluol), die den Fetten in einer Konzentration von 0,01 % zugesetzt wurden, wurden
die Werte der Peroxidzahl und der Gehalt an freien Fettsauren geprift. Die oxidative Stabilitat der Fette
wurde durch den Nachhaltigkeitstest bei 98 °C wahrend 7 Tagen bestimmt. Alle 24 Stunden wurden der
Peroxidwert und die freien Fettsauren bei allen Proben von Rinder-, Schaf- und Ziegenfett untersucht. Die
Forschungsergebnisse zeigen, dass die verwendeten Antioxidantien alle tierischen Fette im Vergleich zur
Kontrollprobe erfolgreich stabilisiert haben. Die Analyse der Fettsaurezusammensetzung der Basispro-
ben (ohne Zusatz natiirlicher Antioxidantien) zeigt, dass Palmitin-, Stearin- und Olfettsauren in den tieri-
schen Fetten am haufigsten vorkommen. Der hochste Gesamtgehalt an SFA wurde in Schafsfett (66,85
%) festgestellt, der niedrigste in Ziegenfett (56,57 %). In Rinderfett lag der Gesamtgehalt an SFA bei 59,26
%. Stearinsdure ist am haufigsten in Schafsfett enthalten (37,75 %), wahrend Rinder- und Ziegenfett nie-
drigere und annahernd gleiche Werte aufwiesen (27,93 % und 26,91 %). Palmitinsdure ist mit 27,78 %
am haufigsten in Rinderfett enthalten, gefolgt von 25,25 % in Schafsfett und 24,91 % in Ziegenfett. Von
den einfach ungeséttigten Fettsauren (MUFA) war die Olsdure im Ziegenfett am haufigsten (38,16 %), im
Rinderfett etwas seltener (36,61 %) und im Schaffett am wenigsten (27,60 %). Ungesattigte Fettsdauren
(UFA) sind am haufigsten in Ziegenfett enthalten (43,51 %), gefolgt von Rindfleisch (40,82 %), wahrend
sie in Schafsfett deutlich weniger vorhanden sind (32,95 %). Von den mehrfach ungesattigten Sauren
(PUFA) wurde der hochste Gehalt an Linolsaure in Schafsfett festgestellt (4,19 %). In Rinderfett war der Li-
nolsduregehalt um 60 % niedriger als in Schaffett (0,76 %) und um 10 % hdoher als in Ziegenfett (1,89 %).
Auf der Grundlage des Gehalts an einzelnen Fettsauren und des Gehalts an bestimmten Fettsauregrup-
pen (SFA, UFA, MUFA, PUFA) wurden die Nahrwertindizes der untersuchten Fette berechnet. Es wurde
festgestellt, dass die getesteten Proben von Rinder-, Schaf- und Ziegenfett ohne Zusatz von Antioxidan-
tien nicht als Produkte mit hohem Nahrwert deklariert werden konnen. Der Nahrwert, ausgedriickt durch
das PUFA/SFA-Verhaltnis, betrug bei Rinderfett 0,01, bei Schaf- und Ziegenfett 0,06.

Schliisselworter: Tierische Fette, Qualitat, oxidative Stabilitat, Antioxidantien, Nachhaltigkeitstest
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El efecto de los antioxidantes en |a calidad

Y estabilidad oxidativa de las grasas animales
Resumen

El objetivo de esta investigacion fue determinar la influencia de los antioxidantes naturales y sin-
téticos en la calidad y estabilidad de las grasas animales. En las muestras, con y sin adicion de antioxi-
dantes naturales (extracto de salvia, romero y jengibre) afiadidos a la grasa a una concentracion del 0,2%
y antioxidantes sintéticos (PG-propilgalato, BHA-butilhidroxianisol y BHT-butilhidroxitolueno) afiadidos
a se ensayo la grasa a una concentracion de 0,01% se ensayaron los valores del indice de perdxidos y el
contenido de acidos grasos libres. La estabilidad oxidativa de la grasa se determiné mediante una prue-
ba de viabilidad a 98 °C durante 7 dias. Cada 24 horas, se analiz6 el indice de perdxido y los acidos grasos
libres para todas las muestras de grasa de res, ovejay cabra. Los resultados de la investigacion muestran
que los antioxidantes aplicados estabilizaron con éxito todas las grasas animales en comparacion con la
muestra de control. El analisis de la composicion de acidos grasos de las muestras base (sin la adicion de
antioxidantes naturales) muestra que los acidos grasos palmitico, estearico y oleico son los mas abun-
dantes en las grasas animales. El valor total mas alto de SFA se encontré en la grasa de oveja (66,85 %) y
el mas bajo en la grasa de cabra (56,57 %). El contenido total de SFA en la grasa de res fue de 59,26%. El
acido estearico es el mas abundante en la grasa de ovino (37,75 %), mientras que la grasa de vacuno y cap-
rino presenta valores inferiores y aproximadamente iguales (27,93 %y 26,91 %). Después de la grasa es-
tedrica, la grasa palmitica es la mas abundante en la grasa bovina con un 27,78 %, seguida del 25,25 % en
la grasa ovinay el 24,91 % en la grasa caprina. De los acidos monoinsaturados (MUFA), el acido oleico es
el mas abundante en la grasa de cabra (38,16%), mientras que es algo menor en la de vacuno (36,61%) y
el que menos en la de ovino (27,60%). Los acidos grasos insaturados totales (UFA) son los mas represen-
tados en la grasa de cabra (43,51 %), seguidos de la carne de vacuno (40,82 %), mientras que estan signifi-
cativamente menos representados en la grasa de oveja (32,95 %). Entre los acidos poliinsaturados (PUFA),
el mayor contenido de acido linoleico se encuentra en la grasa de oveja (4,19%). En la grasa de res, el aci-
do linoleico fue un 60 % mas bajo en comparacion con la grasa de oveja (0,76 %) y un 10 % mas alto en
comparacion con la grasa de cabra (1,89 %). Sobre la base del contenido de acidos grasos individuales y el
contenido de grupos individuales de acidos grasos: SFA, UFA, MUFA, PUFA, se calcularon los indices nutri-
cionales de las grasas analizadas. Se concluyo que las muestras analizadas de grasa bovina, ovinay cap-
rina sin la adicion de antioxidantes no pueden ser declaradas como productos de alto valor nutritivo. El
valor nutricional expresado a través de la relacion PUFA/SFA para la grasa de res fue de 0,01 y para la gra-
sa de oveja y cabra de 0,06.

Palabras claves: grasas animales, calidad, estabilidad oxidativa, antioxidantes, prueba de sustentabilidad

Impatto degli antiossidanti sulla qualita

e a stabilitd ossidativa dei grassi animali
Riassunto

L'obiettivo di questa ricerca era determinare 'impatto degli antiossidanti naturali e sintetici sul-
la qualita e la stabilita dei grassi animali. Sui campioni considerati, con e senza aggiunta di antiossidan-
ti naturali (estratto di salvia, rosmarino e zenzero), aggiunti al grasso in concentrazione dello 0,2 %, e di
antiossidanti sintetici (PG-propil gallato, BHA-butilidrossianisolo e BHT-butilidrossitoluene), aggiunti al
grasso in concentrazione dello 0,01 %, sono stati rilevati il numero di perossidi e il contenuto di acidi gras-
si liberi. La stabilita ossidativa del grasso e stata determinata mediante un test di sostenibilita a tempera-
tura costante (98 °C) per 7 giorni. Si e proceduto, cosl, al rilevamento ogni 24 ore del numero di perossidi
e del contenuto di acidi grassi liberi per tutti i campioni di grasso di manzo, pecora e capra considerati. |
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risultati della ricerca hanno mostrato che gli antiossidanti impiegati hanno stabilizzato con successo tut-
ti i grassi animali rispetto al campione di controllo. L'analisi della composizione in acidi grassi dei cam-
pioni di base (senza l'aggiunta di antiossidanti naturali) ha mostrato che gli acidi grassi palmitico, stear-
ico e oleico sono pili abbondanti nei grassi animali. Il valore totale piu alto di SFA & stato riscontrato nel
grasso di pecora (66,85 %), il pit basso nel grasso di capra (56,57 %). Nel grasso di manzo, invece, € sta-
to riscontrato un contenuto totale di SFA del 59,26 %. L'acido stearico é risultato maggiormente presente
nel grasso di pecora (37,75 %), mentre nel grasso di manzo e di capra sono stati riscontrati valori inferio-
ri e approssimativamente uguali tra loro (27,93% e 26,91 %). Dopo quello stearico, 'acido pili abbondante
presente nel grasso di manzo (27,78 %) e quello palmitico, presente nel grasso di pecora con una percen-
tuale del 25,25 % e nel grasso di capra con una percentuale del 24,91 %. Tra gli acidi monoinsaturi (MUFA),
l'acido oleico risulta maggiormente presente nel grasso di capra (38,16%), mentre e leggermente inferio-
re nella carne bovina (36,61 %) e notevolmente inferiore nel grasso di pecora (27,60 %). Gli acidi grassi in-
saturi totali (UFA) sono i piu rappresentati nel grasso di capra (43,51 %), seguito da quello di manzo (40,82
%), mentre sono significativamente meno rappresentati nel grasso di pecora (32,95 %). Tra gli acidi polin-
saturi (PUFA), il piu alto contenuto di acido linoleico € presente nel grasso di pecora (4,19 %). Nel grasso di
manzo, l'acido linoleico € risultato inferiore del 60 % rispetto al grasso di pecora (0,76 %) e superiore del
10% rispetto al grasso di capra (1,89 %). E stato poi possibile calcolare gli indici nutrizionali dei grassi tes-
tati sulla base del contenuto dei singoli acidi grassi e del contenuto dei singoli gruppi di acidi grassi (SFA,
UFA, MUFA e PUFA). Si e concluso che i campioni testati di grasso bovino, ovino e caprino senza l'aggiunta
di antiossidanti non possono essere dichiarati prodotti ad alto valore nutrizionale. Il valore nutrizionale
espresso attraverso il rapporto PUFA/SFA per il grasso bovino é risultato pari a 0,01, mentre per il grasso
ovino e caprino e risultato pari a 0,06.

Parole chiave: grassi animali, qualita, stabilita ossidativa, antiossidanti, test di sostenibilita
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