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ABSTRACT

Our goal was to trace the inclusion of poultry offal meal (OM) in
diets by using carbon (13C/12C) and nitrogen (15N/14N) isotopic ratios of
different tissues in order to contribute for the development of an
independent technology for the certification of the feeding of broilers
reared on diets with no addition of animal ingredients. Eighty one-day-
old chicks were randomly distributed into five experimental treatments,
that is, diets containing increasing levels of OM inclusion (0, 2, 4, 8 and
16% OM), with four replicates of four birds each. At 42 days of age,
four birds per treatment (n=4) were randomly selected, weighed, and
sacrificed to collect breast muscle (Pectoralis major), keel and tibia
samples to determine their isotopic ratios (13C/12C e 15N/14N). It was
observed that 13C and 15N enrichment increased as a function of
increasing OM inclusion in all diets. The analyses of the Pectoralis major
showed that that only treatments with 8 and 16% OM dietary inclusion
were different form those in the control group (0% OM). On the other
hand, when the keel and tibia were analyzed, in addition to 8 and 16%
OM), the treatment with 4% OM inclusion was also different from the
control group. The use of isotopic ratios of stable carbon and nitrogen
isotopes is an alternative to trace OM inclusion in broiler diets as it is
capable of tracing OM levels below those usually practiced by the poultry
industry in Brazil.

INTRODUCTION

Animal byproducts have been used in animal feeding for many years
without much concern. However, the use of fish, meat, blood, and offal
meals, blood plasma and milk by-products has been widely questioned,
and were even banned in some country. This was partially due to
consumers' scare after BSE (Bovine Spongiform Encephalopathy - mad
cow disease) cases and problems of animal product contamination with
Salmonella and Escherichia coli. In Brazil, to provide more safety to these
protein sources, rendering plants that produce animal meals and fat
must comply with the requirements established by Normative Instruction
# 15 of October 29, 2003 of the Brazilian Ministry of Agriculture (MAPA,
according to its acronym in Portuguese) to ensure their hygiene and
health, as well as good manufacturing practices (GMP).

When consumers have reservations as to determined food categories,
producers are consequently suffer pressure to replace their current
production practices by methods accepted by the consumers. According
to the regulation (CE) # 1774/2002 of the European Parliament and the
European Union Council, Consolidated Text (CONSLEG, 2004), chapter
1, article 22, it is forbidden to feed an animal species with transformed
animal proteins derived from bodies, or parts of bodies, of animals of
the same species.
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Many markets importing chicken meat from Brazil,
such as the European Union and the Middle East,
require that birds are not fed with animal feed
ingredients and antibiotic growth promoters. Since the
end of 2004, Brazil became the world leading chicken
meat exporter, both in terms of revenues and volume,
achieving record performance . According to ABEF
(2010), Brazil exported in 2009 3.6 million tones of
chicken meat, and the estimated export revenues was
USD 5.8 billion, which represents a significant growth
of 46% when the years of 2004 and 2009 are
compared.

Moreover, the global organic market turns over
approximately USD 23.5 billion dollars annually, and it
is expected to grow 20% per year. This market includes
fresh, processed, further-processed products, and even
personal care articles, produced with raw materials
derived from organic systems (Souza & Alcântara,
2005). In this scenario, the so-called organic,
alternative, or label-rouge chickens, which, as well as
export poultry, are not fed any animal byproducts,
becomes increasingly important in the domestic and
international markets.

Traceability is a key tool for the certification of
meats and other products, which is essential for the
survival and success of companies inserted in an
increasingly competitive and demanding market. By
definition, according to ISO norm 8402 (1994),
traceability is the capacity to trace the history,
application or location of an entity by means of
previously recorded identification. However, recording
data is not sufficient to ensure the specific
characteristics of a given product. According to Ilbery
et al. (2000), it is necessary to develop independent
technologies of meat certification to placate
consumers, protect regional designations and ensure
fair competition.

The measurement of the stable isotopes of the
chemical element carbon (13C/12C) has been
successfully used to test the authenticity, quality and
geographical origin of several products, such as fruit
juices (Bricout & Koziet, 1987; Koziet et al., 1993),
wines (Martin et al., 1988), honeys (Brookes et al.,
1991; Reniero et al., 1997; White et al., 1998), dairy
products (Rossmann et al., 1998; Rossmann et al.,
2000; Manca et al., 2001), vegetable oils (Kelly et al.,
1997), and to characterize and differentiate Iberian
swine diets, allowing animal classification according
to the kind of feed received during the fattening period
(Gonzáles-Martín et al., 1999; Gonzáles-Martín et al.,
2001). Coupled with the isotopic ratio of the chemical

element nitrogen (15N/14N), it allowed the certification
of geographic region and cattle and sheep feeds
(Piasentier et al., 2003; Renou et al., 2004; Schimidt et
al., 2005).

Each tissue or biochemical fraction has its own
isotopic "memory", which is a function of the isotopic
ratio of the food used for its synthesis, of subsequent
foods, or biochemical turnover rate of that tissue
(Tieszen, 1978). Isotopic ratios of various biochemical
components of food fractionate or change when they
are incorporated into consumers' tissues. The direction
and magnitude of this change depend on the analyzed
tissue (Tieszen et al., 1983). Therefore, the isotopic
ratios of biochemical fractions of a specific dietary
ingredient may be better evidenced in certain tissues
than in others.

According to Carrijo et al. (2006), carbon and
nitrogen isotope ratios can be used as a tool to trace
the inclusion of animal byproducts in broiler diets by
analyzing the isotopic ratio of the breast muscle
(Pectoralis major). However, other tissues should be
studied for that purpose, since no papers in literature
on this topic were found.

As the technique of stable isotopes for traceability
and certification purposes of broiler diet patterns
developed, it became necessary to trace the use of
poultry offal meal (OM) in broiler feeding, which led to
this study, which aim was to verify the possibility of
tracing OM inclusion in broiler diets using the technique
of carbon and nitrogen stable isotopes in different
tissues.

MATERIALS AND METHODS

The experiment was conducted in the bioclimatic
chambers of Avian Nutrition Laboratory, FMVZ,
Universidade Estadual de São Paulo (UNESP), Botucatu,
SP, Brazil.

Eighty one-day old male Cobb chicks, derived from
a flock of 43-week-old broiler breeders and vaccinated
i against Infectious Bursal Disease, Marek's disease,
and fowl pox, were obtained from a commercial
hatchery. Chicks were housed in 0.50 m high, 0.50 m
wide and 0.60 m deep metal cages equipped with
individual feeders and nipple drinkers. Each cage
housed four birds. .

Immediately before housing, a representative
sample of ten chicks was removed directly from the
transport crates in order to determine the initial average
isotopic values of the evaluated tissues (breast muscle,
keel, and tibia) in δ13C (-18.74 ± 0.14; -17.78 ± 0.10;
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derived from the same batch. The offal meal used in
this experiment was donated by a poultry processing
plant located in Tietê, SP, Brazil. This ingredient
contained 95.5% dry matter (DM); 65.4% crude
protein (CP); 14% ether extract (EE); 13.5% mineral
matter (MM), and average values of δ13C = -16.60±0,05
‰ and of δ15N = 4.25±0.05 ‰.

Table 3 - Ingredient percentage composition, calculated nutri-
tional values, and average isotopic values in the starter diets (1
to 21 days of age).

Ingredients, % Offal meal, %
0 2 4 8 16

Corn, grain 57.91 60.34 62.77 66.48 67.44
Soybean, meal 35.45 32.04 28.62 22.10 10.35
Poultry offal, meal - 2.00 4.00 8.00 16.00
Soybean, oil 2.57 1.83 1.10 - -
Limestone 0.99 0.95 0.91 0.84 0.54
Dicalcium phosphate 1.82 1.57 1.31 0.80 -
DL-Methionine 0.24 0.23 0.23 0.22 0.21
L-Lysine 0.17 0.21 0.25 0.29 0.37
Kaolin - - - 0.50 4.40
Salt 0.45 0.43 0.41 0.37 0.29
Vitamin-mineral supplement1 0.40 0.40 0.40 0.40 0.40
Total 100 100 100 100 100
Calculated composition
ME, kcal/kg 3,000 3,000 3,000 3,000
3,000
CP, % 21.40 21.40 21.40 21.40 21.40
CF, % 3.23 3.10 2.97 2.72 2.15
Ca, % 0.96 0.96 0.96 0.96 0.96
Available P, % 0.45 0.45 0.45 0.45 0.45
Met, % 0.57 0.56 0.57 0.56 0.57
Met + Cys, % 0.90 0.90 0.90 0.90 0.90
Lys, % 1.26 1.26 1.26 1.26 1.26
Average isotopic values2

δ13C, ‰ -18.08 -17.77 -16.61 -15.82 -14.59
δ15N, ‰ 1.20 1.53 1.79 2.29 3.05

Starter vitamin-mineral supplement Vaccinar® (levels per kg of diet):
vitamin A, 14,000 IU; vitamin D

3
, 2,500 IU; vitamin E, 25 mg; vitamin

K
3
, 3 mg; thiamine, 2 mg; riboflavin, 5 mg; pyridoxine, 4 mg; vitamin

B
12

, 25 mcg; niacin, 35 mg; pantothenic acid, 12 mg; biotin, 0.10 mg;
folic acid, 1 mg; choline, 800 mg; antioxidant, 2 mg; selenium, 0.18
mg; iron, 50.10 mg; manganese, 78 mg; iodine, 0.70 mg; copper, 10
mg; zinc, 55 mg.2Average isotopic values of δ13C and δ15N relative to
the international standard Peedee Belemnite (PDB) and atmospheric
nitrogen (N

2
), respectively.

Similar small amounts of broken rice, a
photosynthetic cycle C

3
 plant, with a value of δ13C =

-29.69±0.02 ‰, were added to the grower diets to
obtain carbon isotopic values similar those of the starter
diets in order to avoid any variation in δ13C values
among diets, which could lead to possible
miscalculation of carbon isotopic fractionation factor
of tissues relative to their respective diets (Hobson &
Clark, 1992b). All ingredients used in diet manufacturing

At 42 days of age, four birds per treatment (n = 4)
were randomly selected, weighed, and sacrificed by
neck dislocation for collection of breast muscle, keel
and tibia samples to carry out isotopic analyses.

Breast muscle samples were collected removing a
cross-sectional slice of approximately 5 mm from the
middle longitudinal third of the left Pectoralis major. In
order to obtain keel samples, the cartilaginous
projection of the sternum was dissected, and its
insertion in the bone was transversally cut, determining
a right angle with its dorsal surface. Bone samples were
obtained by collecting the middle longitudinal third of

and -16.57±0.42‰, respectively) and δ15N (5.43±0.31;
5.74±0.27; and 6.08±0.24‰; respectively).

A 24-hour lighting program was adopted, and room
temperature was controlled in order to maintain birds
at thermoneutral temperature for the entire rearing
period, as shown in Table 1. Both feed and water were
provided ad libitum.

Table 1 - Layout of room temperature control to maintain a
thermoneutral environment for broilers during the experimen-
tal period.

Age, days Temperature of Bioclimatic Chamber, oC
1 to 4 35
5 to 7 32
8 to 14 30

15 to 16 28
17 to 21 26
22 to 42 24

Sartori (2000).

Birds were randomly distributed into five treatments
with four replicates of four birds each. Experimental
treatments are shown in Table 2. Birds were fed the
experimental diets during the entire experimental
period (1 to 42 days of age). Feed was formulated to
meet the nutritional requirements recommended by
Rostagno et al. (2000) for a two-phase feeding
program: from 1 to 21 (starter diets) and from 22 to 42
days of age (grower diets). All diets contained equal
energy, protein, calcium, phosphorus, methionine +
cystine, and lysine levels.

Tables 3 and 4 show ingredient percentage
composition, calculated nutritional values, and isotopic
values of the starter and growers diets, respectively.

Table 2 - Identification of experimental treatments.

Treatments Inclusion of offal meal (OM) in diet, %
T0 0
T2 2
T4 4
T8 8
T16 16
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the left tibia, which had its marrow content removed
by washing with distilled water. All tissue samples were
duly identified and frozen at -20°C.

Tissue samples were subsequently thawed, washed
in distilled water, and dried in a forced-ventilation oven
(Marconi - model MA 035) at 55°C for 48 hours. Sample
were then ground in a cryogenic mill (Spex - model
6750 freezer/mill) at -196°C for three (tissues) or five
(diets) minutes at maximum frequency in order to obtain
homogeneous material with very thin talcum-like
particle size (Licatti, 1997; Ducatti, 2004).

Isotopic analyses of tissue, ingredient, and diet
samples were conducted at the Stable Isotopes Center,
IB, UNESP, Botucatu, SP, Brazil. In order to determine
carbon (13C/12C) and nitrogen (15N/14N) isotopic ratios,
an isotopic ratio mass spectrometer (IRMS) was used
(DELTA-S, FINNIGAN MAT) coupled to an Elemental
Analyzer (EA 1108 CHN), according to the method
described by Ducatti et al. (1979). Carbon and nitrogen
analyses were carried out in duplicate in all samples.

The results of the analyses were expressed in parts
per thousand (‰) relative to the international standard
Peedee Belemnite (PDB) and atmospheric nitrogen (N

2
),

for carbon and nitrogen elements, respectively,
according to the expression:

 δX
(sample, standard)

 = [(R
sample

/R
standard

)-1] x 10-3

Where R represents the ratio between the least and
the most abundant isotope, in particular 13C/12C and
15N/14N.

The results obtained in the isotopic analyses of
carbon and nitrogen were submitted to multivariate
analysis of variance (MANOVA) with the aid of the GLM
procedure (General Linear Model) of the statistical
program SAS (1999). Based on the data generated by
the error matrices for each tissue, regions (ellipses) were
defined within 95% confidence limits to assess
differences between experimental treatment averages
and control group average (strictly-vegetable diet).

Data on live weight immediately before slaughter
were analyzed by one-way ANOVA, using the GLM
procedure of the statistical program SAS (1999).

RESULTS AND DISCUSSION

The results of the isotopic analyses (δ13C and δ15N)
of the diets used in this study are shown in Tables 3
and 4. Owing to the increasing OM percentage in diets,
δ13C and δ15N were enriched in these diets. This was
probably due to the variations in the percentage

Although the ingredients used in diet manufacturing
were not isotopically analyzed for carbon or nitrogen,
it is known that plants of the C

3
 photosynthetic cycle

(e.g., soybeans, rice, wheat) have a δ13C modal value
of -27.6‰ relative to the PDB standard, whereas the
plants of the C

4
 photosynthetic cycle (e.g., corn,

sorghum, sugarcane) present a δ13C modal value of
-12.6‰ (Vogel, 1993).

Grower diets should be richer in 13C as compared
to starter diets, because they contained more energy
and less protein, changing dietary ingredient
percentage composition; however, no significant
differences were observed. This would have required

composition of the dietary ingredients. Because all diets
within rearing phase (starter and grower) were
formulated to contain equal energy and protein levels,
the inclusion of soybean meal and oil decreased and
corn inclusion increased as dietary OM percentage
increased (δ13C = -16.60‰).

Table 4 - Ingredient percentage composition, calculated nutri-
tional values, and average isotopic values in grower diets (22 to
42 days of age).

Ingredients, % Offal meal, %
0 2 4 8 16

Corn, grain 59.74 62.20 64.67 69.27 70.50
Soybean, meal 29.73 26.32 22.91 16.20 4.30
Poultry offal, meal - 2.00 4.00 8.00 16.00
Rice, broken 3.69 3.68 3.63 3.77 3.94
Soybean, oil 3.05 2.31 1.58 0.14 -
Limestone 0.93 0.89 0.85 0.78 0.35
Dicalcium phosphate 1.63 1.37 1.12 0.60 -
DL - Methionine 0.22 0.22 0.21 0.20 0.19
L – Lysine 0.22 0.25 0.29 0.34 0.43
Kaolin - - - - 3.67
Salt 0.39 0.36 0.34 0.30 0.22
Vitamin-mineral supplement1 0.40 0.40 0.40 0.40 0.40
Total 100 100 100 100 100
Calculated composition
ME, kcal/kg 3,100 3,100 3,100 3,100 3,100
CP, % 19.30 19.30 19.30 19.30 19.30
CF, % 2.94 2.82 2.69 2.44 1.87
Ca, % 0.88 0.88 0.88 0.88 0.88
Available P, % 0.41 0.41 0.41 0.41 0.41
Met, % 0.52 0.52 0.52 0.52 0.52
Met + Cys, % 0.83 0.83 0.83 0.83 0.83
Lys, % 1.16 1.16 1.16 1.16 1.16
Average isotopic values2

δ13C, ‰ -18.14 -17.64 -16.97 -15.85 -14.47
δ115N, ‰ 2.11 2.27 2.45 3.13 4.29

1Grower vitamin-mineral supplement Vaccinar® (levels per kg of diet):
vitamin A, 10,000 IU; vitamin D

3
, 2,000 IU; vitamin K

3
, 2 mg; thiamine,

2 mg; riboflavin, 4 mg; pyridoxine, 4 mg; vitamin B
12

, 20 mcg; niacin,
30 mg; pantothenic acid, 10 mg; biotin, 0.06 mg; folic acid, 1 mg;
choline, 600 mg; antioxidant, 2 mg; selenium, 0.18 mg; iron, 50.10
mg; manganese, 78 mg; iodine, 0.70 mg; copper, 10 mg; zinc, 55
mg. 2Average isotopic values of δ13C and δ15N in regards to the
international standard Peedee Belemnite (PDB) and atmospheric
nitrogen (N

2
), respectively.
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the inclusion of more corn and less soybean meal in
the grower diet, but instead, small amounts of broken
rice were included in the experimental grower diets to
minimize the possible variation in δ13C relative to the
starter diets to allow proper calculation of isotopic
carbon fractionation factors in tissues and their
respective diets, without changing δ13C value of the
diet as a whole.

Likewise, variations in dietary ingredient
percentages should have been directly responsible for
nitrogen isotopic enrichment (Tables 3 and 4) since, as
dietary OM inclusion increased (δ15N = 4.25‰), lower
soybean meal and higher corn needed to be added.
Soybean meal δ15Nvalue is close to the standard
atmospheric N

2
 value (δ15N 0.0 ± 1.0‰), because it

fixes air nitrogen and has a 15N fractionation factor
around one unit, usually below 1.003‰ (Kohl &
Shearer, 1980; Handley & Raven, 1992; Werner &
Schmidt, 2002). The δ15N value of plants that are not
able to fix atmospheric nitrogen depends on the
abundance of that isotope in the soil and in the manure
used in the crop, such as the case of corn (Choi et al.,
2002), and probably, rice. Sleiman et al. (2004),
evaluating corn and rice samples in some Brazilian
states, found average values of 4.77±1.16‰ and 9.23±
0.72‰ for δ15N, and -11.74±0.40 and -28.87±0.42 for
δ13C, respectively.

Average values of δ13C and δ15N in the Pectoralis
major, keel, and tibia of broilers in the end of the
experimental period are shown in Table 5.

Figures 1A, 1B, and 1C show the regions (ellipses)
within 95% confidence limits to assess differences
between isotopic pair (δ13C and δ15N) averages in each
tissue according to experimental treatment as
compared to the control group (strictly-vegetable diet).

No significant differences were found in broiler
average live weight immediately before slaughter.

It was observed that 13C and 15N enrichment
increased as a function increasing OM dietary inclusion.
Although each tissue within the same animal may have
specific isotopic signature, fractionation factor (Hobson

& Clark, 1992b), and isotopic turnover (Hobson & Clark,
1992a), the animal is what it isotopically consumes,
according to DeNiro & Epstein (1976, 1978), or up to
±2.0‰ 13C and up to ±3.0‰ 15N. As the isotopic
signature of the diets changed with OM inclusion
(Tables 3 and 4) and that was reflected in the broilers'
tissues (Table 5, and Figures 1A, 1B and 1C),
considerations on diet composition are essential in
studies carried out to detect animal byproducts in
broiler feeding.

In the Pectoralis major, it was observed that only
T8 and T16 average values (8 and 16% OM) were
different from that of the control group (0% OM), as
their confidence regions did not overlap any axis of
the graph. On the other hand, the analyses of the keel
(Figure 1B) and the tibia (Figure 1C) showed that, in
addition to treatments T8 and T16, treatment T4 (4%
OM) was also different from the control group.

In order to be considered different from the control
group, the confidence region of any determined
treatment cannot overlap any axis of the graph. The
figures show that the minimum detectable limit of OM
inclusion level in broiler diets was slightly below 8%,
when the tissue analyzed was Pectoralis major, because
its confidence region was closer to δ15N zero value.
When the keel was used, that limit would probably be
between 2% and 4% of OM inclusion. Using the tibia,
the lower end of the confidence region of the 2% OM
dietary level overlapped the δ13C axis (δ15N = zero).
Nevertheless, to define that ellipsis of confidence, 1437
isotopic pair (δ13C and δ15N) data were generated by
tibia error matrix, and for only 5.2% of those pairs, 15N
values were null or negative (δ15N = -0.01‰).
Therefore, the minimum detectable limit of OM
inclusion in this experiment must be immediately above
2% of OM inclusion in the diet.

In all tissues, δ15N differences between treatments
and control (Figures 1A, 1B, and 1C) were lower than
δ13C differences, generating confidence regions in the
graph that are more distant from the carbon axis than
from the nitrogen axis. Therefore, this indicates that

Table 5Table 5Table 5Table 5Table 5 -  Average δ13C and δ15N values and their respective standard deviations in different tissues of 42-day-old broilers.

Tissue
Pectoralis major Keel Tibia

Inclusion of offal
meal (OM) in diet, % δ13C, ‰ δ115N, ‰ 13C, ‰ δ115N, ‰ δ113C, ‰ 15N, ‰

0 -19.37 ± 0.16 2.55 ± 0.05 -16.25 ± 0.18 2.66 ± 0.13 -15.46 ± 0.19 2.63 ± 0.31
2 -18.91 ± 0.13 2.60 ± 0.20 -15.74 ± 0.20 2.71 ± 0.28 -15.03 ± 0.36 2.93 ± 0.25
4 -18.23 ± 0.11 2.68 ± 0.24 -15.27 ± 0.05 3.08 ± 0.17 -14.49 ± 0.06 3.23 ± 0.20
8 -17.04 ± 0.04 3.04 ± 0.20 -14.51 ± 0.15 3.60 ± 0.14 -13.52 ± 0.09 3.82 ± 0.27

16 -15.44 ± 0.08 3.82 ± 0.13 -13.11 ± 0.04 5.14 ± 0.17 -11.84 ± 0.14 5.09 ± 0.12
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δ‰13C

Diet 2% VM
Diet 4% VM

Diet 8% VM

Diet 16% VM

% of VM inclusion in diet

δ‰
1
5
N

δ15N is more important in the detection of OM inclusion
in broiler feeds because, to differentiate these feeds
from those not containing OM, the confidence region
of the tested inclusion level must present values higher
than zero for all isotopic pairs.

As compared to the Pectoralis major, the keel and
tibia were shown to be more adequate for the
detection of low OM inclusion levels in broiler diets
because they provided clearer evidence of the
difference between treatments and the control group
due to higher 15N enrichment.

These significant 15N enrichment differences among
the studied tissues may be partially related to the
differences in essential and non-essential amino acid
tissue composition. Breast muscle tissue consists mainly
of essential amino acids (Moran Jr., 1999), which, when
incorporated into the tissues, do not considerably
change their isotopic ratio (Pinnegar & Polunin, 1999).
On the other hand, collagen, which accounts for
approximately 90% of the bone organic matrix
composition (Knott & Bailey, 1998) and, therefore, it is
the main of nitrogen in the bone, contains more non-
essential amino acids (Hobson et al., 1993). Hence,
diets containing OM could provide a larger amount of
15N available for the endogenous synthesis of non-
essential amino acids, in addition to providing these
intact in the dietary protein. The proteins in the keel
cartilage also consists mostly of non-essential amino acids
and/or similarly, the representative contents of
glycosaminoglycan molecules in that tissue (Luo et al.,
2002) have more 15N available for their synthesis when
broilers are fed OM-containing diets. It is believed that
the primary sources of nitrogen isotopic fractionation are
the metabolic reactions involved in the process of amino
acid deamination and transamination (Gaelber et al.
1966; Minagawa & Wada, 1984; Hobson et al., 1993).

The variations observed among δ13C tissue values
may be partially related to the differences in the
biochemical fractions, such as lipids, carbohydrates and
proteins, of the feed ingredients; lipid fraction
particularly may present 13C depletion as compared to
the other fractions (DeNiro & Epstein, 1978).

In the present study, OM dietary inclusion remained
constant throughout the experimental period. However,
in practical settings, OM could be used in broilers diet
only during specific periods of the production cycle with
the aim of conferring an isotopic signature similar to
that resulting from a strictly-vegetable diet. In that
aspect, the application of this technique has also shown
promising results (Oliveira, unpublished data) as to the
purpose of detecting OM feeding.

Figure 1A     - Regions with 95% confidence limits of isotopic
pairs (δ13C and 15N) average values in the Pectoralis major of 42-
day-old broilers submitted to different treatments (2, 4, 8 and
16% of OM dietary inclusion). The axis values measure the dif-
ferences between treatments averages and control group aver-
age (fed a strictly-vegetable diet).

Figure 1B     - Regions with 95% confidence limits of isotopic pair
(δ13C and 15N) average values in the keel of 42-day-old broilers
submitted to different treatments (2, 4, 8 and 16% of OM di-
etary inclusion). The axis values measure the differences between
treatments averages and control group average (fed a strictly-
vegetable diet).
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Figure 1C     - Regions with 95% confidence limits of isotopic
pairs (δ13C and 15N) average values in the tibia of 42-day-old
broilers submitted to different treatments (2, 4, 8 and 16% of
OM dietary inclusion). The axis values measure the differences
between treatments averages and control group average (fed a
strictly-vegetable diet).
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The levels of OM inclusion in broiler diets, as well as
of other animal byproducts practiced by the Brazilian
poultry industry are quite variable. However, the
information gathered from several poultry companies
allowed us to estimate that the average percentage
of OM inclusion in broiler diets is around 8%, ranging
from 4% to 12%. Considering this information, the
results of the present study allow us to conclude that,
under experimental conditions, the technique of stable
isotopes is capable of tracing OM inclusion in broiler
diets, even in levels lower than those usually practiced
in commercial settings.

Therefore, the use of carbon (13C/12C) and nitrogen
(15N/14N) isotopic ratios is a potential alternative tool to
be used in the certification process of the carcasses of
broilers fed diets with no animal products (OM) to
comply with the requirements of specific markets.
However, further studies should be conducted to
improve the application of this technique. In addition,
studies on the variation of carbon and nitrogen isotopic
ratios in the different ingredients used in broiler diets,
as well as on the isotopic signature of those diets in
different broiler tissues, are suggested. Furthermore,
research collaboration is desirable to attempt to
standardize the isotopic ratios (C and N) of each one
of those ingredients.

REFERENCES

ABEF. Associação brasileira dos produtores e exportadores de frango
[citado em 2010 fev]. Disponível em: www.abef.com.br.

Bricout J, Koziet J. Control of the authenticity of orange juice by
isotopic analysis. Journal of Agricultural Food Chemistry 1987; 35:
758-760.

Brookes ST, Barrie A, Davies JE. A rapid 13C/12C test for determination
of corn-syrups in honey. Journal of the Association of Official
Analytical Chemists 1991; 74: 627-629.

Carrijo AS, Pezzato AC, Ducatti C, Sartori JR, Trinca L, Silva ET.
Traceability of bovine meat and bone meal in poultry by stable
isotope analysis. Brazilian Journal of Poultry Science 2006; 8:63-
68.

Choi WJ, Lee SM, Ro HM, Kim KC, Yoo SH. Natural 15N abundances
of maize and soil amended with urea and composted pig manure.
Plant and Soil 2002; 245:223-232.

CONSLEG. Serviço das Publicações Oficiais das Comunidades
Européias. Texto consolidado - Regulamento no 1774/2002 do
Parlamento Europeu e do Conselho da União Européia, 154p.,
2004 [citado em 2010 abr]. Disponível em: http://europa.eu.int/
eur-lex/pt/consleg/pdf/2002/pt_2002R1774_do_001.pdf.

DeNiro MJ, Epstein S. You are what you eat (plus a few ‰) the
carbon isotope cycle in food chains [abstracts]. Geological Society
of America 1976; 6: 834.

DeNiro MJ, Epstein S. Influence of diet on the distribution of carbon
isotopes in animals. Geochimica et Cosmichimica Acta 1978; 42:
495-506.

Ducatti C, Salati E, Matsui E. Método de análise da razão 13C/12C e
18O/16O em carbonatos. Anais da Academia Brasileira de Ciências
1979; 51:275-286.

Ducatti C. Isótopos estáveis ambientais [apostila]. Botucatu (SP):
Universidade Estadual Paulista; 2004.

Gaelber OH, Vitti TG, Vukmirovich R. Isotope effects in metabolism
in 15N and 14N from unlabeled dietary proteins. Canadian Journal
Biochemistry 1966; 44:1249-1257.

Gonzáles-Martín I, Gonzáles-Peréz C, HERNÁNDEZ MENDÉZ J,

Marqués-Macias E, Poveda FS. Use of isotope analysis to characterize
meat from Iberian-breed swine. Meat Science 1999; 52:437-441.

Gonzáles-Martín I, Gonzáles-Peréz C, Hernandez Mendez J, Sánchez
González C. Differentiation of dietary regimene of Iberian swine by
means of isotopic analysis of carbon and sulphur in hepatic tissue.
Meat Science 2001; 58:25-30.

Handley LL, Raven JA. The use of natural abundance of nitrogen
isotopes in plant physiology and ecology. Plant, Cell and
Environment 1992; 15:965-985.

Hobson KA, Clark RG. Assessing avian diets using stable isotopes
I: Turnover of 13C in tissues. The Condor 1992a; 94:181-188.

Hobson KA, Clark RG. Assessing avian diets using stable isotopes
II: Factors influencig diet-tissue fractionation. The Condor 1992b;
94:189-197.

Hobson KA, Alisauskas RT, Clark RG. Stable-nitrogen isotope
enrichment in avian tissue due to fasting and nutritional stress:
implications for isotopic analyses of diet. The Condor 1993; 95:
388-394.

Ilbery B, Kneafsey M, Bamford M. Protecting and promoting
regional speciality food and drink products in the European Union.
Outlook on Agriculture 2000; 29:31-37.

ISO 8402 NBR. Gestão da qualidade e garantia da qualidade -
Terminologia. Rio de Janeiro (RJ): Associação Brasileira de Normas
Técnicas - ABNT; 1994.

Kelly S, Parker I, Sharman M, Dennis J, Goodall I. Assessing the
authenticity of single seed vegetable oils using fatty acid stable
carbon isotope ratios (13C/12C). Food Chemistry 1997; 59:181-186.

Knott L, Bailey AJ. Collagen cross-links in mineralizing tissues: A
review of their chemistry, function, and clinical relevance. Bone
1998; 22:181-187.
Kohl DH, Shearer G. Isotopic fractionation associated with symbiotic
N

2
 fixation and uptake of NO

3
- by plants. Plant Physiology 1980;

66:51-56.



Oliveira RP, Ducatti C, Pezzato AC,
Denadai JC, Cruz VC, Sartori JR,
Carrijo AS, Caldara FR

Traceability of poultry offal meal in broiler feeding using
isotopic analysis (δ13C and δ15N) of different tissues

20

Koziet J, Rossmann A, Martin GJ, Ashurst PR. Determination of
carbon-13 content of sugars of fruit and vegetable juices. Analytica
Chimica Acta 1993; 271:31-38.

Licatti F. Isótopos estáveis do carbono (13C/12C) em plantas do ciclo
bioquímico C3 e C4 [monografia]. Botucatu (SP): Universidade
Estadual Paulista; 1997.

Luo XM, Fosmire GJ, Leach Jr. RM. Chicken keel cartilage as a source
of chondroitin sulfate. Poultry Science 2002; 81:1086-1089.

Manca G, Camin F, Coloru G, Del Caro A, Detentori D, Franco MA,
Versini G. Characterization of the geographical origin of Pecorino
Sardo cheese by casein stable isotope (13C/12C and 15N/14N) ratios
and free amino acid ratios. Jounal of Agricultural and Food
Chemistry 2001; 49:1404-1409.

Martin GJ, Guillou C, Martin ML, Cabanis MT, Tep X, Aerny J. Natural
factors of isotope fractionation and the characterization of wines.
Journal of Agricultural and Food Chemistry 1988; 36:316-322.

Minagawa M, Wada E. Stepwise enrichment of 15N along food
chains: Further evidence and relation between 15N and animal age.
Geochimica et Cosmochimica Acta 1984; 48:1135-1140.

Moran Jr. ET. Live production factors influencing yield and quality
of poultry meta, in: Richardson RI, Mead GC., editors. Poultry meat
science. Wallingford (OX): CABI; 1999. p. 175-195.

Piasentier E, Valusso R, Camin F, Versini G. Stable isotope ratio
analysis for authentication of lamb meat. Meat Science 2003; 64:
239-247.

Pinnegar JK, Polunin VC. Differential fractionation of 13C and 15N
among fish tissue: implications for the study of trophic interactions.
Functional Ecology 1999; 13:225-231.

Reniero F, Ziller L, Franco MA, Del Caro A, Vacca V. Caratterizzazione
dei mieli italiani di diversa provenienza (Trentino Alto-Adige e
Sardegna) mediante il rapporto 13C/12C. Rivista di Merceologia 1997;
31:39-48.

Renou JP, Bielicki G, Deponge C, Gachon P, Micol D, Ritz P.
Characterization of animal products according to geographic origin
and feeding diet using nuclear magnnetic resonance and isotope
ratio mass spectrometry. Part II: Beef meat. Food Chemistry 2004;
86:251-256.

Rossmann A, Haberhauer G, Holzl S, Horn P, Pichlmayer F, Voerkelius
S. The potential of multielement stable isotope analysis for regional
origin assgnment of butter. European Food Research & Technology
2000; 211:32-40.

Rossmann A, Kornexl BE, Versini G, Pichlmayer F, Lamprecht G.
Origin assignment of milk from alpine regions by multielement
stable isotope ratio analysis (Sira). Journal of Food Science &
Nutrition 1998; 1:9-21.

Rostagno HS, Albino LFT, Donzele JL, Gomes PC, Ferreira AS, Oliveira,
RF, Lopes DC. Tabelas brasileiras para aves e suínos. Viçosa (MG):
Universidade Federal de Viçosa; 2000.

Sartori JR Efeito da temperatura ambiente e da restrição alimentar
sobre a composição de fibras musculares esqueléticas de frangos
de corte [tese]. Jaboticabal (SP): Universidade Estadual Paulista;
2000.

SAS Institute. SAS user's guide for windows enviroment. 8 version.
Cary (NC): SAS Institute; 1999.

Schimidt O, Quilter JM, Bahar B, Moloney AP, Scrimgeour CM,
Begley IS, Monahan FJ Inferring the origin and dietary history of
beef from C, N and S stable isotope analysis. Food Chemistry 2005;
91:545-549.

Sleiman M, Ducatti C, Venturini Filho WG, Silva ET. Isotopic analysis
of carbon (13C/12C) and nitrogen (15N/14N) performed in raw material
used for pilsen beer brewing. Proceedings of the 5th Brazilian
Meeting on Chemistry of Foods and Beverages; 2004; São Carlos,
São Paulo, Brasil.

Souza APO, Alcântara RLC. Produtos orgânicos: um estudo
exploratório sobre as possibilidades do brasil no mercado
internacional [citado em 2005 jan.]. Disponível em: http://
www.planetaorganico.com.br/trabAnaPaula.htm.

Tieszen LL. Carbon isotope fractionation in biological material.
Nature 1978; 276:97-98.

Tieszen LL, Boutton TW, Tesdahl KG, Slade NA. Fractionation and
turnover of stable carbon isotopes in animal tissues: implications
for 13C analysis of diet. Oecologia 1983; 57:32-37.

VogeL JC. Variability of carbon isotope fractionation during
photosynthesis, in: Ehleringer JR, Hall AE, Farquhar GD, editors.
Stable isotopes and plant carbon-water relations. San Diego:
Academic Press; 1993. p. 29-46.

Werner RA, Schmidt HL. The in vivo nitrogen isotope discrimination
among organic plant compounds. Phytochemistry 2002; 61:465-
484.

White JW, Winters K, Martin P, Rossmann A. Stable carbon isotope
ratio analysis of honey: validation of internal standard procedure
for worldwide application. Journal of the Association of Official
Analytical Chemists International 1998; 81:610-619.


