Journal of Life Sciences 5 (2011) 549-554

Does Procambarus Clarkii (Girard, 1852) Represent a
Threat for Estuarine Brackish Ecosystems of
Northeastern Adriatic Coast (Italy)?
Sandra Casellato and Luciano Masiero
Laboratory of Benthos Ecology, Biology Department, Padova University, Padova 58/B 35121, Italy
Received: December 09, 2010 / Accepted: January 31, 2011 / Published: July 30, 2011.
Abstract: The ongoing expansion of P. clarkii in the aquatic environments of northern Italy, where it is very common and abundant in
most of the streams, lakes and reservoirs, led us to worry about the possibility of invasion into the estuarine and lagoonal brackish
environments of the Adriatic coast, which is important not only for their peculiar fauna and flora and high biodiversity, but also for
fishing and aquaculture. We carried out laboratory tests to investigate whether this species could live, moult and breed in water with
different salinity levels. Several stocks of adult individuals, acclimated before the laboratory experiments, were maintained and
monitored daily for a long period (100 days) in glass aquaria with water salinity varying from 5 to 33 ppt. They not only survived during
the whole experiment period in levels up to 25 ppt, but also they regularly moulted and mated. These results confirmed that the species
could invade the estuarine and brackish environments of the Adriatic coast, with all the implied consequences for the native species of
both vertebrates and invertebrates and for human livelihoods.
Key words: Biological invasion, Procambarus clarkii, estuarine, brackish areas.

1. Introduction
The success and expansion of the crayfish
Procambarus clarkii, a species native to northeastern
Mexico and south-central United States (Louisiana), is
related to its high ecological plasticity. This astacid can
be defined as a freshwater species but it is known that it
is able to live in most types of water bodies, including
brackish ones [1-3], the only exception is mountain
streams, with high flow velocity [4]. The decline of
native crayfish in most part of Europe is related to the
presence of this widespread astacid species, which is
also a vector of the aphanomycosis, caused by the
fungus Aphanomyces astaci, which is lethal to most
European crayfish. It is a major predator of aquatic
invertebrates and vertebrates, such as fishes and
amphibians, and it is responsible for the decline or
Corresponding author: Sandra Casellato, associate
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sandra.casellato@unipd.it.

extinction of many native species [5-7]. Its habit of
burrowing causes bank collapse and increased water
turbidity in rivers and streams [8]. The species is
essentially omnivorous subsisting on a diet of
macrophytes and small animals, such as snails, insects,
fishes, and tadpoles. Due to its grazing and predatory
activity, it modifies energy pathways, reducing food
web complexity and structure. Feeding also on detritus,
for its benthonic habit, it opens the detritic food chain
to higher trophic levels, increasing the crayfish
predators [6].
The ongoing expansion of P. clarkii in many aquatic
environments of Italy [9-15] (Fig. 1), particularly in the
northeastern part, where it is very common and
abundant in most of the streams, lakes and reservoirs
(Fig. 2), led us to worry about the possibility that it
could invade the estuarine and lagoonal brackish
environments of the Adriatic coast, which is important
for its particular fauna, flora and high biodiversity.
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We also asked if this dangerous astacid could
represent a threat to the human activities of fishing and
aquaculture, which is an important part of the local
economy. Therefore, the tolerance of P. clarkii to
brackish and salt waters was investigated, with laboratory
experiments, using water salinity from 5 to 33 ppt,
including the range of the estuarine waters in northeastern
Italy and the mean salinity of the Adriatic Sea [16].

2. Material and Methods
2.1 Investigation of Presence of P. Clarkii in the
Specified Estuarine Area

controlled temperature of 17 ℃, and monitored daily
for 100 days. Water salinity in aquaria tests ranged
from 5 to 33 ppt (5, 10, 15, 20, 25, 33). Dissolved
oxygen: 8.1 ± 0.2 mg/L and pH: 7.8 ± 0.3 were
controlled during the experiment, using standard
oxygen and pH meters, and total hardness: 106 ± 12 mg
CaCO3/L

was

determined

according

to

the

standardized colorimetric method (American Public
health Association, 1998) [18]. Animals were fed every
2 days, using commercial fish food (Tetra Wafer Mix
for crustacean) and test water was completely renewed
every 4-5 days.

The area investigated (Fig. 3) was the last part of the
hydrological basin of the rivers Brenta and Bacchiglione,
flowing together into the Adriatic Sea (from
45°16′02.04″N and 12°05′59.96″E to 45°10′52″N and
12°18′42″E). This area borders the Lagoon of Venice,
where numerous aquaculture and fishery farms are present.
This hydrologic system consists of a great variety
of water courses (small irrigation canals, shallow
ponds and streams). In many of these, the presence of
P. clarkii was verified by qualitative samples (present
or not present, with different abundance) collecting
the animals with a 0.6 cm mesh, 4.5 m long bag seine
[17] with a chain attached to the bottom to facilitate
sampling in the vegetated canals, or by verifying the
presence of their burrows along the river banks. In the

Fig. 1 Distribution of P. clarkii in Italy (from Aquiloni et al.
2010) [14].

sampled sites water salinity was checked, using a
hand refractometer model Atago S/Mill (salinity
0-100 ppt).
2.2 Laboratory Tests
Several stocks of adult individuals, males and
females, caught in the canals and streams explored,
were acclimated before the laboratory experiments for
2 weeks in freshwater, and then used for testing the
capacity of this species to survive in brackish and salt
waters. Five individuals (in triplicate) for each salinity
value were maintained in glass aquaria (30 × 30 × 25
cm) (5 specimens/20L) in a climate chamber at a

Fig. 2 Distribution of P. clarkii in the northeastern part of
Italy.
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Fig. 3 The last part of the hydrological basin of the rivers Brenta and Bacchiglione, flowing into the Adriatic Sea. The
sampling sites are indicated by numbers.

3. Results

Table 1 Semiquantitative data on the presence of the
invasive crayfish in the explored sites.

3.1 Spread of P. Clarkii in the Explored Area

Explored sites 1
abundance
++

P. clarkii was present in all the explored sites (Table 1),
except site 4, the Venetian Lagoon coast where
measured salinity was 25 ± 2 ppt, and site 8, the mouth
of the river Brenta where the salt wedge from the
Adriatic Sea is present. The water salinity in this
estuarine area varies from 5 to 15 ppt [16]. In sites 1, 2,
and 3 the salinity value did not exceed 2 ppt during the
exploration period, and in 5, 6, and 7 sites, the range
varied between 1.5 to 3.0 ppt.

2
++

3
4
+++ -

5
++

6
7
+++ ++

8
-

+ = present not abundant, ++ = abundant, +++ = very abundant,
- = not present.

of 60 days in waters with salinity up to 15 ppt, but also
moulted and mated. During the test period (Mar.-June
2010) we observed mating specimens and, after a short
period, the emission of fertilized eggs, carried by the
females under the abdomen, where they should have
completed their embryonic development. These eggs,
dark and meanly 5-6 mm length, however, were not

3.2 Laboratory Tests with Water Salinity from 5 to 33 ppt

laid, presumably because there wasn’t a suitable

Survival rapidly decreased with the increasing water
salinity, but only at the highest salinity used (Table 2).
For short exposition periods (10 days) complete
survival of the specimens was observed for salinity
values of 5, 10, 15 and 20 ppt. Half of the specimens
utilized for the experiments not only survived for a period

environment

in

the

glass

aquaria.

In natural

environments, this species digs burrows down 2 feet
(0.6 m) in the banks of water courses and lakes. From
literature we know that the hatching needs of higher
temperatures (above 20 ℃) [19].
About 70% of the exposed animals survived for 30 days
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Table 2 Survival (%) of P. clarkii exposed, for a long time, to different water salinity levels.
Time of survival

Salinity
(ppt)

10 days

20 days

30 days

40 days

50 days

60 days

70 days

80 days

90 days

100 days

0

100

100

100

100

97

96

96

96

96

96

5

100

100

87

75

73

67

65

63

62

62

10

100

89

78

55

53

49

49

49

49

47

15

100

89

68

50

50

50

47

46

46

45

20

100

89

67

55

44

39

37

41

44

43

25

89

78

67

41

39

37

36

34

34

33

30

78

44

22

0

0

0

0

0

0

0

33

22

0

0

0

0

0

0

0

0

0

100

% survival

80
60
40
20
0
0

5

10

15

20

25

salinity ppt

Fig. 4 Survival of P. clarkii exposed to different water salinity levels (vs blank) for 100 days.

at salinity up to 25 ppt, reduced to a third for the entire
experimental period (100 days). At the highest salinity
levels, 30 and 33 ppt, the period of survival was greatly
reduced (Table 2). After one month complete mortality
was observed for the specimens exposed to 33 ppt (the
Adriatic Sea water salinity).
At the end of the experiments, 62% of the exposed
animals had survived at 5 ppt, 47% at 10 ppt, 45% at 15
ppt, 43% at 20 ppt and only 33% at 25 ppt (Fig. 4).
Using a linear regression analysis, it is evident (at the
level of P < 0.05) that with a 1 salinity unit increase
survival decreased 2.1% (Pearson correlation = 0.89059).

4. Discussion and Conclusion
From the results of the laboratory tests, it seems

evident that this species can not only survive in water
with salinity up to 15 ppt (mean salinity of the brackish
estuarine areas of the North Adriatic coast), for a long
time, but can also moult and breed. Mortality increased
with salinity, in the laboratory experiments, but only
for longer exposition period (100 days). Survival was
100% for short exposition period at each salinity level.
The evidence of the possibility for P. clarkii to
survive in brackish waters is also confirmed in the Refs.
[20-23]. In particular, Sarver et al. [21] demonstrated
that this crayfish is able to regulate its metabolism in
relation to modified water salinity. When exposed to
salinities up to 20 ppt, this species tended to hyper
regulate their haemolymph osmotic pressure. At
about 20 ppt haemolymph became isosmotic to external
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solution. This stabilization needs 48 h.
This species has been already reported in other
brackish wetlands: in Portugal: the Lagoon of Rossos
Aveiro (40°40′N, 8°40′W) [1] and the Palude di Torre
Flavia (Central Italy) (41°57′35″N, 12°02′56″E), a
relictic

coastal

Mediterranean

biotope,

directly

connected to the Tyrrhenian Sea [2]. This latter study
demonstrated that P. clarkii can live and reproduce in
waters, with salinity varying between 29.6 and 16.2 ppt,
and represents a threat not only for marine ecosystem,
but it can also damage human livelihoods, through its
impact on fishing and aquaculture.
Our first question was: does P. clarkii represent a
threat for estuarine and lagoonal ecosystems of
northeastern Adriatic coast? It is important to take into
consideration

the

notion

that

the

laboratory

experiments conditions were not exactly those of the
natural environment, where the crayfish finds a much
higher variability of biotic and abiotic factors,
influencing its life history and its survival (including
predators).
P. clarkii is abundant in the streams, irrigation canals
of the explored area, where the water salinity did not
exceed 3 ppt, but it has not been found, until now, in

crayfish) and vertebrate populations, particularly
limicolous birds and endemic fishes, has been
observed.
From a biological point of view, a great variety of
changes could follow the establishment of P. clarkii in
the transition zones of the northern Adriatic coast,
considering the damage that P. clarkii caused in the
different world areas, where it was introduced [24-26].
From a socio-economic point of view, crayfish
represent a serious damage to human livelihoods, in an
area where aquaculture and fishing are very important.
According to the results of our laboratory
experiments, we can expect that the non indigenous red
swamp crayfish will be able to invade the estuarine and
lagoonal areas of the Adriatic coast. It is only a matter
of time!
We need to conduct further studies on its population
dynamics with measures of density, length and sex of
the local population, to better understand their status
and the evolution of this invasion.
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Abstract: The aim of this study was to determine the apparent (AME) & true (TMEn) metabolizable energy as well as the crude protein
(CP) & amino acid (AA) total tract (by excreta collection) digestibility (bioavailability) of field pea seeds (FPS) of the Greek cultivar
“Olympos”. Forty eight broilers were placed in individual cages and randomly allocated into 4 dietary treatments. Birds consumed 80
g/d of either a typical commercial diet or the same diet in which 100, 200 or 300 g/kg had been substituted by ground FPS. The
experiment lasted 15 d. Apparent and true CP bioavailability of FPS were significantly decreased (P < 0.05) only at the inclusion rate of
300 g/kg. AA bioavailability remained at high levels (~0.80), with the exception of methionine and valine and was similar to CP mean.
The mean AME and TMEn values of FPS were estimated equal to 10.8 and 11.0 MJ ME/kg, respectively.
Key words: Field pea seeds, broilers, metabolizable energy, crude protein, amino acid, bioavailability.

1. Introduction
Since the use of animal origin proteins in poultry
diets was banned in the European Union (EU) in 2000,
the role of soybean meal (SBM) in poultry nutrition
became of major importance [1-4]. Legume seeds are
a valuable alternative to SBM energy and protein
source and for that reason are used to a large extent in
poultry nutrition [5]. Field pea seeds (FPS) (Pisum
sativum L.) are one of the world’s most important
grain legumes [6, 7]. However, their energy value and
crude protein (CP) & amino acid (AA) bioavailability
varies and can be significantly affected by a number
of factors. Crude fiber (CF), content in tannins and
trypsin inhibitors activity among them play an
important role [3, 7-9]. CP quality is affected to a
large extent by its AA bioavailability. Because
post-ileal fermentation contributes in variable degrees
to AA excretion, it has often been argued that
digestibility measured at the terminal ileum is more
Corresponding author: Vassilios Dotas, Ph.D., research
field: animal nutrition and physiology of nutrition. E-mail:
vdotas@agro.auth.gr.

suitable for feed evaluation than measurements of
total excretion [9-12]. However, for practical
purposes, CP quality of a single feedstuff seems to be
estimated satisfactorily by using the classical total
tract (excreta collection) digestibility. Also, the
nutritive value of a poultry feed is expressed by its
energy content. The mean energy values of apparent
metabolizable energy (AME) and true metabolizable
energy (TMEn) of FPS were estimated for adult
broilers which were 10.1-11.6 and 11.4-12.9 MJ/kg,
respectively [8, 13].
FPS are used to a significant degree in poultry
nutrition in EU countries [6]. However, the variability
between cultivars in energy content, nutrients,
antinutritional factors, as well as the limited
information concerning domestic (local) cultivars,
suggests the need for further investigation.
The aim of this study was to estimate the nutritive
value of a Greek cultivar of FPS by determining their
AME & TMEn, as well as their CP and AA
bioavailability, in broilers diets at inclusion rates of
100, 200 and 300 g/kg, respectively.
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2. Materials and Methods
2.1 Field Pea Seeds “Olympos”
Ground FPS (screen diameter < 2.0 mm) of the
Greek cultivar “Olympos” were used in this study. FPS
“Olympos” have a deep green color and their content in
ANFs is relatively low (2.4 g/kg DM for total
phenols-tannins and non tannins-and 2.90 TIU/mg DM
for trypsin inhibitors).
Table 1 showed the content of FPS “Olympos” in
nutrients, AA, total phenols and specific protein
inhibitors.
2.2 Experimental Diets, Birds, Housing and Design
Forty eight (48) Cobb-500 broilers (24 male and
24 female) were used. Birds were placed in individual
Table 1 Content of FPS “Olympos” in nutrients, AA,
tannins and trypsin inhibitors.
Content
g/kg DM % of DM g/16g N
Nutrients
Crude protein
248
Ether extract
19
Crude fiber
66
Amino acids
Aspartic acid
Glutamic acid
Serine
Glycine
Threonine
Arginine
Valine
Phenylalanine
Isoleucine
Leucine
Lysine
Cystine
Methionine
Alanine
Other nitrogenous
ingredients
Phenols
Total
2.39
Non-tannins
1.62
Tannins
0.77
Trypsin inhibitors

2.8
4.4
1.1
1.1
0.9
2.3
1.1
1.2
0.8
1.8
1.8
0.4
0.2
0.9

11.6
17.7
4.6
4.3
3.5
9.3
4.3
4.9
3.5
7.3
7.1
1.6
0.8
3.9

3.6

14.6

TIU/mg
DM

cages in vertical decks of a digestibility chamber and
randomly allocated into four dietary treatments. Each
group was comprised of 6 male and 6 female broilers.
Birds consumed 80 g/d of either a typical commercial
wheat-corn-soybean meal diet (13.2 MJ ME/kg, 224 g
CP/kg) or the same diet in which 100, 200 or 300 g had
been substituted by ground FPS (C, P100, P200, P300,
respectively). The experiment lasted 15 d (counting
from the 28th d of age). The first 4 days needed for the
adaptation of birds in cages, 7 days was the duration of
preliminary period and 4 days needed for the excreta
collection. Fe2O3 (3 g/kg) was used as indigestible
marker. The procedure for the endogenous nitrogen
losses estimation lasted 28 h and was divided in 4
sub-periods, as following: Allowance of diet with
marker for 4 h, fasting period of 16 h, allowance of
N-free diet for 4 h and finally re-allowance of diet with
marker for another 4 h. The composition of N-free diet
was the following: sucrose (815 g/kg), corn seed oil
(100 g/kg), ground wheat straw (30 g/kg) and vitamins
& trace minerals premix (55 g/kg). Table 2 showed the
composition of experimental control digestibility diet.
Tables 3 and 4 showed the composition of
experimental C and P100 diets in AA and the calculated
[14] and chemically determined (Weende) analysis of
experimental digestibility diets, respectively.
2.3 Calculations and Determinations
During the experimental 4d-period the feed intake
per bird was recorded daily as well as the quantity of
excreta. Daily excreta of each bird were being
weighted and then dried in an oven at 60 ℃. The total
dried excreta quantity of each bird was being mixed,
ground (screen diameter 1.00 mm) and placed in an
air-seal glass vial. Then, representative samples were
given for determining energy content by using a
Gallenkamp, Autobomb, automatic adiabatic bomb
calorimeter, as well as for CP determination by using a
VELP SCIENTIFICA UDK 132, SemiAutomatic
Distillation

2.90

Unit.

The

same

calculations

and

determinations were being performed in ground FPS as
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Table 2 Composition of experimental control digestibility diet.
Ingredients
g/kg
Wheat
420.00
Corn
160.00
Soybean meal
320.00
Soybean oil
15.00
Vegetable fat
14.00
Skimmed milk
15.00
CaCO3
16.00
Monocalcium phosphate (MCP)
12.50
Sodium carbonate
3.00
Salt
3.00
L-Lysine, HCl
3.50
DL-Methionine (99%)
3.00
Threonine
2.00
Formic acid
2.50
Vitamins & trace minerals premix*
2.50
Probiotic
2.00
Xylanase
2.00
Phytase
2.00
Coccidiostatic
2.00
Total
1000.00
*
Composition of vitamins and trace minerals premix per kg of
diet: 12,000 I.U. Vitamin A; 5,000 I.U. Vitamin D3; 100 mg
Vitamin E; 4 mg Vitamin K3; 2.60 mg Vitamin B1; 8 mg
Vitamin B2; 3 mg Vitamin B6; 0.015 mg Vitamin B12; 10 mg
Vitamin C; 85 mg Niacin; 2 mg Folic acid; 20 mg Panthothenic
acid; 0.20 mg Biotin; 500 mg Choline-Cl; 120 mg Manganese;
100 mg Zinc; 40 mg Iron; 20 mg Copper; 1 mg Iodine; 0.30 mg
Selenium; 0.20 mg Cobalt.
Table 3 Composition of experimental C and P100 diets in
AA (g/kg).
Diets
Control - C

100 g FPS/kg - P100

Aspartic acid

13.2

14.8

Glutamic acid

44.0

42.0

9.0

9.2

Serine
Glycine

7.0

7.2

Threonine

8.7

8.9

Arginine

10.4

11.4

Valine

7.5

7.7

Phenylalanine

9.0

9.2

Isoleucine

6.6

7.0

Leucine

15.1

14.2

Lysine

13.8

14.0

Cystine

4.9

4.9

Methionine

4.9

4.8

Alanine

9.0

9.6

Table 4
Calculated [14] and chemically determined
(Weende) composition of experimental digestibility diets.
Treatments
P100
P200

C
Calculated composition (g/kg)
Crude protein
226.2
225.4
Ether extract
66.7
62.6
Crude fiber
33.2
34.8
Ash
54.6
52.4
Ca
10.0
10.5
P (total)
6.9
6.9
Lysine
14.0
14.2
Methionine + cystine 10.0
9.8
ME (MJ/kg)
13.17
12.97
Chemical analysis (g/kg) (Weende)
Dry matter
894.0
893.0
Crude protein
225.0
224.0
Ether extract
67.0
62.0
Crude fiber
32.0
35.0
Ash
55.0
52.0
Ca
10.0
9.8
P (total)
6.9
6.6

P300

223.6
58.4
36.7
51.2
10.2
7.0
14.4
10.2
12.76

222.4
53.4
39.6
48.1
9.8
6.7
14.5
10.4
12.55

892.0
223.0
57.0
37.0
50.0
9.7
6.8

890.0
222.0
52.0
40.0
47.0
9.4
6.6

well as in samples of the 4 experimental diets. The
determination of AA in FPS, in diets C and P100 and in
their derived excreta was performed by using an
Eppendorf LC 3000 AA analyzer. Total phenols
content of FPS was determined according to methods
described by Terrill et al. (1990) [15] and Makkar et al.
(1993) [16], whereas trypsin inhibitor activity
according to analytical methods described by
American Association of Cereal Chemists (1983) [17].
Metabolizable energy (ME) of FPS was estimated by
the method of difference. CP and AA bioavailability
were determined according to experimental procedure
described by Bragg et al. (1969) [18]. Colorless excreta
derived from N-free diet were used for the
determination of endogenous nitrogen and AA.
The coefficient of apparent total tract digestibility of
energy (CATTDenergy) of the diets was determined as:
CATTDenergy = (GEdiet - GEexcreta)/GEdiet,
Where GE: Gross Energy.
The coefficients of apparent total tract digestibility
of CP and AA of the diets (CATTDCP and CATTDAA)
were determined by using similar equations. The
coefficient of true total tract digestibility of energy
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(CTTTDenergy) of the diets was determined by the
method of difference and by adding 4.1 kcal per each g
of endogenous CP. The coefficients of true total tract
digestibility of CP and AA (CTTTDCP and CTTTDAA)
were calculated as following:
CTTTDCP = [CPdiet - (CPex - CPen)]/CPdiet,
CTTTDAA = [AAdiet - (AAex - AAen)]/AAdiet,
where: CPdiet: Crude protein in diet; CPex: Crude
protein in excreta; CPen: Endogenous crude protein;
AAdiet: Amino acids in diet; AAex: Amino acids in
excreta; AAen: Endogenous amino acids.
The coefficients of apparent and true digestibility of
energy, CP and AA of FPS were calculated from those
of diets by the method of difference.

3. Results
Final BW of birds was significantly (P < 0.05)
reduced only in the treatment containing the highest
rate of FPS inclusion (300 g/kg). Apparent and true
(total tract) CP digestibility of the diets were not
significantly affected by FPS inclusion up to the level
of 300 g/kg (Table 5).
Endogenous N showed a significant increase (P <
0.05) by increasing rates of FPS inclusion (Table 6).
Apparent and true (total tract) CP digestibility of FPS
showed a linear trend of reduction by increasing
inclusion rates of FPS and this reduction was
significant (P < 0.05) at the level of 300 g/kg. This
linear tendency of reduction was detected in both male

2.4 Statistical Analysis

and female chicks. In all cases the mean values of

All data obtained in this study were subjected into
two factors factorial analysis (2 × 4, sex × diet) [19, 20].
For significant treatment effects or interactions,
statistically significant differences among means were
identified by using Duncan and Dunnett test. Differences
between means were considered significant at P < 0.05.

coefficients of digestibility were higher but not
significantly different in male than those in female
chicks. No significant interactions were detected
between diet × sex concerning CATTDCP and
CTTTDCP of FPS.
Table 7 showed the apparent and true total tract

Table 5 Nitrogen balance1 (g/bird/day) of experimental broilers diets.
Treatments

Parameters

C

P100

P200

P300

Number of birds2 (n)

12

12

12

12

Feed intake (g/bird/day)

80

80

80

80

Dietary nitrogen (N)
N in excreta

F
T

Endogenous N

CATTDCP3

CTTTDCP
1

4

2

P

-

-

-

-

2.870

2.850

2.840

-

-

0.483a

0.488a

0.507ab

0.540b

0.024

*

a

0.534

a

0.553

ab

0.584b

0.036

*

0.510

a

0.503

a

0.562

b

0.022

*

0.063

ab

0.072

b

0.073

b

0.014

*

0.075b

0.072b

0.008

*

b

b

2.880
M

SE

0.529

a

0.506

a

M

0.057

F

0.063a

T

a

0.060

0.065

M

0.832

0.830

0.067a
ab

0.007

*

0.822

0.073

0.810

0.072

0.020

NS

F

0.816

0.814

0.806

0.794

0.022

NS

T

0.824

0.826

0.814

0.802

0.020

NS

M

0.852

0.851

0.847

0.835

0.018

NS

F

0.838

0.836

0.832

0.819

0.017

NS

T

0.845

0.843

0.839

0.827

0.016

NS

Means and standard error; Total number of birds per treatment (6 male, 6 female); M: Male, F: Female, T: Total;
CATTDCP: Coefficient of apparent total tract digestibility of CP; 4 CTTTDCP: Coefficient of true total tract digestibility of CP;
a, b
Means in the same row sharing a different superscript are significantly different (P < 0.05).
3

559

Metabolizable Energy and Amino Acid Bioavailability of Field Pea Seeds in Broilers Diets
Table 6 Nitrogen balance1 (g/bird/day) of FPS in broilers diets.
FPS inclusion (g/kg)

Parameters
Number of birds2 (n)

CTTTDCP4

-

-

24.00

-

-

12

12
16.00

8.00
0.287

0.573

0.860

-

-

M

0.053a

0.121b

0.202c

0.024

*

F

0.058a

0.130b

0.214c

0.028

*

T

a

0.125

b

0.208c

0.020

*

0.026

b

0.032

c

0.002

*

0.024

b

0.030

c

0.003

*

0.031c

0.002

*

b

0.055
0.012

a

F

0.011

a

T

0.011a

M

CATTDCP3

12

300

Dietary nitrogen (N)

Endogenous N

P

200

Feed intake (g/bird/day)

N in excreta

SE

100

a

0.025b

M

0.815

0.028

*

F

0.798a

0.772ab

0.751b

0.024

*

T

a

0.780

ab

0.758

b

0.026

*

0.834

ab

0.802

b

0.806

a

0.788

ab

0.765

M

0.857

0.027

*

F

0.836a

0.815ab

0.786b

0.021

*

T

a

ab

b

0.022

*

0.846

0.825

0.794

1

Means and standard error; 2 Total number of birds per treatment (6 male, 6 female); M: Male, F: Female, T: Total;
3
CATTDCP: Coefficient of apparent total tract digestibility of CP; 4 CTTTDCP: Coefficient of true total tract digestibility of CP;
a, b, c
Means in the same row sharing a different superscript are significantly different (P < 0.05).
Table 7 Amino acids bioavailability of FPS.

Aspartic acid
Glutamic acid
Serine
Glycine
Threonine
Arginine
Valine
Phenylalanine
Isoleucine
Leucine
Lysine
Cystine
Methionine
Alanine

Apparent
85.0
88.2
83.2
85.0
83.2
88.6
43.6
82.9
79.8
85.8
83.8
78.5
72.6
82.0

Bioavailability
True
89.2
91.4
87.4
89.0
86.5
92.8
54.5
87.7
89.5
90.6
87.4
85.4
78.5
88.5

concerning AME and TMEn values of experimental
diets and FPS. From this table it can be conducted that
AME of the diets showed a linear decrease which was
significant in diets P200 and P300 as compared to P100
ones. This result was detected in both sexes as well as
for the total of birds. The AME of FPS was
significantly (P < 0.05) affected by the rate of FPS
inclusion and varied from 10.50 ± 0.13 to 11.21 ± 0.21
MJ/kg (mean 10.83 ± 0.17 MJ/kg). The TMEn values of
FPS varied from 10.63 ± 0.23 to 11.36 ± 0.16 MJ/kg
(mean 10.98 ± 0.20 MJ/kg) and were significantly
affected by the rate of FPS inclusion. The mean AME
and TMEn values were higher in male than female
chicks. No significant interactions were observed
between diet × sex.

digestibility (bioavailability) of AA of FPS as
calculated by the difference from the respective values

4. Discussion

of diets C and P100. From this table it can be concluded

The results of this study concerning the CATTDCP
values of FPS (mean 0.782) are in general agreement
with those of other researchers who estimated values
from 0.785 in adult layers [21] to 0.810 [13] or slightly
higher, as 0.816 [22].

that apparent and true bioavailability of AA remained
at high levels (~0.80) with the exception of methionine
and valine and was similar to CP mean.
Table 8 showed the calculations and estimations
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Table 8 AME and TMEn1 (kcal/kg) of experimental diets and FPS.
Treatments

Parameters

C

Total number of birds2 (n)

P100

12

AME of diet

AME of FPS

P200

12
a

12
ab

12
b

SE

P

-

-

c

M

3113

3010

2938

42

*

F

3081a

3038ab

2975b

2914c

38

*

T

a

3055

ab

b

c

36

*

M

2710

a

c

2530

45

*

F

2650a

2551b

2490c

42

*

T

a

b

c

2510

40

*

3097

3073

P300

2993
2598

2680

2575

b

2926

X = 2588 kcal or 10.83 ΜJ/kg
M
F

TMEn of FPS

T

2748a

2638b

2564c

58

*

a

2590

b

2522c

62

*

2614

b

c

48

*

2685

a

2716

2543

X = 2624 kcal or 10.98 ΜJ/kg
1

2

Means and standard error; Each group was consisted of 12 birds (6 male, 6 female); M: Male, F: Female, T: Total.

a, b, c

Means in the same row sharing a different superscript are significantly different (P < 0.05).

The mean values of apparent and true AA

[2]

bioavailability of FPS determined in this study were
0.80 and 0.85 respectively and this result is in
accordance to those of Castell et al. (1996) [23] and
Igbasan and Guenter (1996) [24, 25] who report mean
values of AA apparent digestibility of FPS cultivars

[3]

with deep green color equal to 0.79.
Our results concerning AME and TMEn values of
FPS are in general agreement with those suggested in
other researches [8, 13, 26-28] in which the calculated

[4]

values of AME varied from 10.23 to 11.59 MJ/kg.

5. Conclusion
FPS of the Greek cultivar “Olympos” are a valuable
energy and protein source for broilers and could be
included in their diets up to a level of 200 g/kg without

[5]

any adverse effects on the diets digestibility and
broilers performance, contributing to natural feed

[6]

resources exploitation and sustainable development.
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Abstract: Chemical composition of Brahman cattle was studied and determined in this study. Fifty males had been castrated at birth,
farmed semi-intensively on the Venezuelan plain and then slaughtered at the age of 31 months with an approximate weight of 500
kilograms. The average pH value of beef was 5.84 after obtained for 24 hours after slaughtering, which matches the value found in
similar studies made on the same breed in Venezuela (5.8). The moisture, crude protein and ash contents correspond to the expected
values of cattle, while the intramuscular fat values are slightly higher than those of the different breeds of Bos indicus. The total collagen
values found in this study are either similar or lower than those found by other researches from the different breeds of Bos indicus and
their crossbreeds, while the collagen solubility value (39%) was higher than the one found in other studies on the Brahman breed.
Key words: Bos Indicus, Brahman, cattle castrated, collagen, pH, meat.

1. Introduction
Venezuelan beef cattle is mainly made up of Zebu
animals of the Brahman, Nelore and Guzerat breeds, as
well as their crossbreeds with the aforementioned races
and various other European breeds [1]. The production
cycle of the meat circle in Venezuela for cattle lasts
from approximately three to four years, the median
time it takes a producer to raise a calf from birth to 480
kg of live weight, after which the animal is ready to be
taken to be slaughtered. The time it takes to achieve
this weight depends on the breed that is being raised
(Zebu, crossbreed, dairy cow), the type of farming
(intensive, feedlot or pasture) and/or the operational
purpose (milk and meat, or meat only).
Beef play a vital role in the Venezuelan economy.
They are an essential part of the nation’s food supply
and constitute 18% of the protein of the basic
Venezuelan diet. Venezuelan beef production in itself
Corresponding author: José A. Miguel, Ph.D., Engineer
Agronomo, research fields: natural resources and
environmental management. E-mail: jangel@agro.uva.es.

is not sufficient to meet the nation’s demands and has
to be supplemented by imports. The main worry of the
Venezuelan state is the supply cycle, while the quality
and traceability are given secondary importance. This
means that no legislation exists that would regulate the
necessary means and practices to guarantee the origin
of the cattle, the sanitary status of the national cattle
production system and the reliability of the foodstuffs it
produces so that all the cattle born in, or imported to,
Venezuela could be identified, registered and
monitored individually. In this way the end consumer
is left completely in the dark regarding the sex, weight
and age of the animal. Because of this, quality does not
play any kind of role in the commercial use of beef in
Venezuela.
Faced with this reality, it would be necessary to
improve the descriptive system of Venezuelan beef
products and to educate both the producers and the
consumers with its use.
The chemical composition of beef is especially
important for the beef’s quality because it affects the
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technological, hygienic, sanitary and sensory
properties of the beef [2]. There are numerous factors
affecting the quality of beef, the most important ones
are genetic type, diet, sex, age, rearing and treatment
before slaughtering [3].
The objective of this study is to determine the
chemical composition of beef of males of Brahman
cattle that have been castrated at birth, farmed
semi-intensively on the Venezuelan plain and
slaughtered at the age of 31 months.

2. Material and Methods
The research was carried out in Lara, a region of
Venezuela that is characterized by its semi-arid climate,
an annual mean temperature that ranges from 22 ℃ to
28 ℃, annual rainfalls of over 1,000 mm and relative
moisture that changes from 77% to 85%.
Fifty males of the Brahman breed were chosen for
this study. The males had been castrated at birth,
weaned at the age of approximately eight months and
reared until they reached the age of approximately 15
months and a weight of 350 kg. During this period their
diet consisted of fresh forage, mineral salt and water ad
libitum in a rotational grazing system where the
pastures were used for two days and then left to recover
for 28 days. The forage available in the pastures was
rachiaria deumbens and brachiaria hunmidicola. Later
the diet was changed on the period of fattening, during
which a supplementary ration (Table 1) of 1% of live
weight was administered. At the age of 31 months the
animals were slaughtered, at which moment their
weight ranged from 449 to 531 kg, with a mean of
Table 1 Ingredients of supplementary foodstuffs.
Ingredient
Composition (%)
Soy bean husk
15
Ground corn
35
Mixed minerals
15
Yacija1
15
Corn flour
10
Molasses
10
1
A subproduct of the poultry industry, this fodder contains rice
hulls, wood shavings, food concentrates etc..
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496.6 kg. The animals were later transported to the
Matadero Industrial Occidenta Ltd. of conventional
Venezuelan roads.
The temperature and pH measurements were carried
out after the slaughtering and before the carcasses were
taken to the cold storage, approximately 30 minutes
postmortem. The measurements were taken from the
level of the Longissimus dorsi twelfth thoracic vertebra.
This procedure will be referred to as the measuring of
the pH and the temperature at starting time (pH0,
Temp0). A portable pH meter (Digimed DM-2) was
used for the measurements. The pH meter had a
penetrating electrode (DMR-CF1) and a temperature
catheter (DMF-P1X). Another measurement of pH and
temperature was carried out 24 hours after the
refrigeration (pH24, Temp24) at the same place.
Samples of the Longissimus dorsi were taken from
the level of the sixth rib of the mid-left part of the
carcass of every animal. This was done according to the
method in order to determine their chemical
composition [4]. The following methodologies were
used:
(1) The moisture was measured according to the
method described in ISO R-1442 [5] and the Methods
of Analysis of Meat Products;
(2) The ash content was measured according to the
method described in ISO R-936 [6] and Methods of
Analysis of Meat Products;
(3) The fat content was measured according to the
method described in ISO R-1443 [7] and Methods of
Analysis of Meat Products;
(4) The protein content was measured according to
the method described in ISO R-937 [8] and Methods of
Analysis of Meat Products;
(5) The method [2] was used to determine the total
collagen and soluble contents.

3. Results and Discussion
3.1 pH and Temperature
Table 2 shows the initial and final pH and
temperature values. The numbers show that the highest
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Table 2 Initial pH (pH0) and temperature (Temp0) values,
final pH (pH24) and temperature (Temp24) values of male
Brahmans castrated at birth and slaughtered at the age of
31 months.
pH0
Temp0
pH24
Temp24

Mean
7.01
34.99
5.84
3.53

Minimum
6.87
33.10
5.73
3.10

Maximum
7.10
36.40
5.95
4.00

Std. Dev.
0.073
0.993
0.059
0.329

and lowest values of pH24 are between 5.73 and 5.95,
with a mean of 5.84. The final and initial pH values
correspond with those obtained by Vitto et al. [9] from
castrated male Brahmans, which were 6.94 and 5.83 for
the initial and final pH values, respectively.
The pH values at the upper limit of the expected
scale could be attributed to the notably nervous
temperament of the Brahman breed, a typical
characteristic of the Bos indicus. When this
nervousness is combined with the way the animals are
handled before they are slaughtered, especially when
they are transported since there exist only a few
regulations on the transportation of animals, the
conditions are hardly such that they would decrease the
stress caused to the animals by the transportation
procedure. Furthermore, Van De Water et al. [10]
imply that transportation has a highly stressful effect on
cattle.
Breed is a determining factor in the quality of beef,
especially since different breeds of cattle act differently
when they face stressful situations. There are large
amounts of the Bos indicus in Venezuela, especially in
highly crossbred Brahmans, and these get easily
excited and stand up to the slaughterers because of their
nervous character, something that makes them very
sensitive to stress.
In Venezuela, the aforementioned factors constantly
threaten the organoleptic, technologic and sanitary
quality of the beef of livestock since there are neither
laws nor regulations that would give said animals such
rights to minimal conditions before they are
slaughtered that do exist in the European Union and
United State through such laws as “Animal Welfare”

and “Humane Slaughter Act”, respectively.
The effect of the climate on the quality of beef also
needs to be taken into account, for it might cause such
syndromes as the PSE (pale, soft, exudative) meat or
the DFD (dark, firm, dry) meat in which, among other
things, the pH value is at risk. Furthermore, a study by
Gallo et al. [11] on the effects of 36 hours of
transportation with and without breaks on the quality of
beef, states that the median pH in all animals, rested or
not, was 5.8, which is the limit of being acceptable.
These negative results on the quality of beef are
caused when the animals are exposed to physical stress
and lack of food for large amounts of time before they
are put to death. This exhausts their energy reserves,
thus lowering their levels of muscle and hepatic
glycogen, which prevents the fall in muscular tissue pH
levels that normally happens after the animals have
been slaughtered. However, there are other conditions
related to transportation and the feeding of animals that
may have affected the quality of the beef, such as the
travelling conditions and the climate.
The diet may also affect the development of the final
pH values. Even though pasture-based diets are
typically rich in fibres and poor in starch, a fact that
raises acetate/propionate levels, the animals that were
grazing before being slaughtered generally have a
normal pH value. However, this level is higher than the
level of those animals that were slaughtered while on a
concentrate food diet [12]. In his study on young
Angus crossbreeds that included some animals on
pasture-based diets and others on corn-based diets,
Young et al. [13] observed a greater variability in the
final pH values and lower glycolysis and glycogen
residue levels of those animals that had been on a
pasture-based diet.
Similar results were found by Vestergaard et al. [14]
who conclude that the animals that are on
pasture-based diets before being slaughtered have,
under normal circumstances, enough glycogen to reach
a final pH level that is acceptable. However, low
glycolysis levels with a high potential for glycogen loss
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as a reaction to poor handling before being slaughtered
may represent a risk of high final pH values [15]. This
is supported by the study of Immonen et al. [16] which
establishes that high energy diets protect the cattle from
possible falls in glycogen levels that could be caused
by stress. Thus the animals on pasture-based diets are
generally less accustomed to the presence of, and being
handled by, humans, as opposed to animals fed in cow
sheds. This could also affect the glycogen loss before
being slaughtered [12].
A notable Pearson correlation between pH24 and
Temp24 (r: -0.81; P < 0.01) must be noted (Fig. 1).
When the linear regression of these variables is drawn
(Fig. 1) it becomes apparent that the final pH values
tend to be higher in carcasses that are colder. This
result might be related to the fat content of the
carcasses, which could affect the fall rate of both the
temperature and the pH level.
3.2 Protein, Moisture and Ash
The moisture, pure protein and ash contents (Table 3)
correspond with the expected contents for beef taken
from the Longissimus dorsi (72-75% moisture, 21-24%
protein and 1% ash) [17, 18]. As for the fat content, the
obtained values (3.41%) were slightly higher than
those found by the aforementioned authors (1-3%), but
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lower than those observed in castrated males by Costa
et al. [19], which were 11.8 and 14.6 in every 6 out of
100 in Nelores and F1 Nelores crossbred with Sindi,
respectively. However, the study does not clarify
whether values for intramuscular fat are for humid or
dry matter, since the Nelore breed has a protein content
of 83.9%, which does imply that the protein content is
for dry matter.
According to the study by Arenas et al. [20] on 77
bulls and 12 young bulls that represented seven
different breeds: Brahman, a commercial Zebu
crossbreed, Brahman F1 crossbreeds (F1 Romosinuano,
F1 Angus, F1 Senepol, F1 Simental) and 3/4 Bos
taurus the following content values were measured
from the bulls: 21.73%; 74.23%; 1.09% and 1.38% in
protein, moisture, ash and intramuscular fat,
respectively. The contents of 73.86% and 1.45% were
measured from young bulls in moisture and
intramuscular fat, respectively.
3.3 Collagen
The values of total collagen, soluble collagen and the
solubility of collagen of this study (Table 4) are higher
than those found by Riley et al. [21] in 466 castrated
male Brahmans that were evaluated from 1998 to
2001. They received values of 3.49% and 2.88% for total

Fig. 1 Pearson correlation between pH level and temperature 24 hours after slaughtering in Brahman males castrated at
birth and slaughtered at the age of 31 months.
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Table 3
The estimated protein, moisture, ash and
intramuscular fat contents percent taken from the
Longissimus dorsi from the level of the sixth rib.
Protein
Moisture
Ash
Intramuscular fat

Mean Minimum Maximum
22.30 21.37
23.71
73.07 72.07
73.99
1.13 1.04
1.20
3.41 1.86
5.61

Std. Dev.
0.8509
0.7603
0.0494
1.1787

Table 4 The total collagen content, the soluble collagen
content percent and the solubility of the collagen of male
Brahmans beef that had been castrated at birth and
slaughtered at the age of 31 months.
Mean
Total collagen
5.30
Soluble collagen 2.14
Solubility
39.58

Min.
2.64
0.91
33.15

Max.
7.89
3.86
49.31

Std. Dev.
1.5613
0.8376
5.4919

collagen and soluble collagen, respectively. This represents
a 17.48% rate of collagen solubility. The differences
noted in these animals, which were all castrated and of
the same breed, could have been caused by the fact that
the latter ones were slaughtered at a younger age
(approximately 14 months), that their diet was
intensive in nature and that they had been given growth
promoters.
The effect of age on the values of total collagen and
soluble collagen has been studied by various
researchers, such as Jurie et al. [22] who studied the
effect of age on the parameters of growth, carcass
features and the muscles of four French cattle breeds
(Charolais, Aubrac, Limousin and Salers) that had been
slaughtered at 15, 19 and 24 months of age. The study
found out that the amount of total collagen and
insoluble collagen increases from the age of 19 months
onwards, and decreases between 15 and 19 months of
age. Nakamura et al. [23] explains that as the cattle
grows older, age causes changes in the molecular
structures of the collagen since there are intermolecular
bridges between the collagen fibre that maintain them
stable. Thus, when an animal grows older, these links
become more and more stable, insoluble and harder to
break, which causes the beef to become tougher.
A study by Li et al. [24] used young bulls of the
native Chinese yellow cattle to study the effects of age

on the quality of the beef and intramuscular connecting
tissue. The study did not note significant differences
between the total collagens of animals of maturity class
A (9-30 months) and maturity class C (42-72 months).
However, the study did note significant differences in
solubility between the two groups even though the
solubility values for cattle from maturity class C were
higher than those of class A (16.59% vs. 23.22%).
Collagen solubility is also affected by hormonal
effects. Boccard et al. [25] observed low
hydroxyproline contents in castrated animals as a
consequence of the lack of an anabolic effect of
testosterone on collagen synthesis. Less collagen
synthesis means less solubility. Males that had not been
castrated yielded better collagen solubility results than
castrated ones [26].
According to Jaturasitha et al. [27] castrated males
of a crossbreed of American Brahmans with Thai Bos
indicus had similar total collagen values (5.89%), but
much lower values of collagen solubility (6.53%).
These differences in collagen solubility are explained
by the fact that the animals in question were more than
5 years old, and the study was made on abandoned
working animals. The study of Monson et al. [28] on 60
young commercial Mexican bulls that had been fed in
cow sheds for six months and later slaughtered at the
age of 21 months found higher total collagen values
(6.29%) but lower ones for soluble collagen and
collagen solubility (1.4% and 22.2%, respectively). On
the other hand, the values for total collagen and
collagen solubility found in this study are lower than
those encountered by Stolowski et al. [29] in male and
female crossbreeds of the Angus and Brahman breeds.
They had total collagen and collagen solubility values
of 2.0% and 17.21%, respectively.
The values of total collagen in this study are similar
to those measured from the Holstein and Brown Swiss
breeds by Monson et al. [28]. The values were 5.75%
and 5.47%, respectively, which are also higher than
those measured from the Limousin and Blonde
d’Aquitaine breeds, 4.16% and 3.40% respectively. In

Chemical Composition of Meat in Castrated Male Brahman Cattle in Venezuela

the same study the collagen solubility values were
found to be between 33.91% and 44.14% for the four
races in question, a value that is very similar to the
39.58% found from the castrated Brahman in this study.
The highest values were for the Limousin and Blonde
d’Aquitaine breeds, 41.87% and 44.14%, respectively.
These results were to be expected since these breeds
mature slowly and grow quickly during the fattening
period. Spanghero et al. [30] found that Italian
Simmental males that had been under intensive care
and later slaughtered at the age of 11 months had total
collagen and solubility values of 5.75% and 21.6%,
respectively.
In conclusion, the initial and final pH values
correspond to those found in other studies on this breed
in Venezuela. The final pH values correlate with the
final temperatures. The moisture, protein and ash
contents coincide with the expected values for beef,
while the amount of intramuscular fat is a bit higher
than the normal amount found from the different breeds
of Bos indicus.
The total collagen values of the different breeds of
Bos indicus and their crossbreeds found in this study
are similar or lower than in previous studies, whereas
the value of collagen solubility (39.02%) is higher than
the one found on other studies on the Brahman breed.
The value corresponds to the ones found from the
different breeds of Bos taurus in which the largest
values are expected to be found from the breeds that are
late to mature and that grow quickly during the
fattening period.

4. Conclusions
Initial pH and end values match those found in other
work for this breed in Venezuela, where the final pH
limit slightly higher than expected for cattle. Final pH
values are correlated with the final temperature and
with the percentage of fat in the tissue composition.
The values of total and soluble collagen found to
compare them with results in races Bos indicus and
their crossings are similar or lower, while the solubility
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of the collagen was higher than that found in other
works for Brahman breed and match those found in
breeds Bos taurus where the highest values are
expected in races that are late maturation and growth
speed fast during the fattening period.
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Abstract: When assessing food intake patterns in groups of individuals, a major problem is finding usual intake distribution. This study
aimed at searching for a probability distribution to estimate the usual intake of nutrients using data from a cross-sectional investigation
on nutrition students from a public university in São Paulo state, Brazil. Data on 119 women aged 19 to 30 years old were used. All
women answered a questionnaire about their lifestyle, diet and demographics. Food intake was evaluated from a non-consecutive
three-day 24-hour food record. Different probability distributions were tested for vitamins C and E, panthotenic acid, folate, zinc,
copper and calcium where data normalization was not possible. Empirical comparisons were performed, and inadequacy prevalence
was calculated by comparing with the NRC method. It was concluded that if a more realistic distribution for usual intake is found,
results can be more accurate as compared to those achieved by other methods.
Key words: Diet, nutrients, adequate intake, measurement error models, usual intake distribution.

1. Introduction
Food ingestion has accompanied human beings
during their existence and, from simple objectives,
such as appeasing one’s hunger due to physiological
need, it has become part of people’s lifestyles, thus
contributing to their health or disease conditions.
Hence, studies on food intake constitute effective
instruments to collect information on the
characteristics of food ingestion by a great part of the
population.
With this respect, nutritional assessment refers to the
evaluation of the dietetic intake of a group in relation to
a given pattern concerning nutritional adequacy and the
prevention of chronic diseases [1]. This can be
achieved by means of various methods; however, the
most frequently used method nowadays is the 24-hour
recall (R24h). The R24h, as its name indicates, consists
in defining and quantifying all the food and drinks
Corresponding author: José Eduardo Corrente, Ph.D.,
research field: biostatistics. E-mail: jecorren@ibb.unesp.br.

ingested in the 24-hour period prior to the interview [2].
Also, the quality of information will depend on the
memory and cooperation of respondents, which is one
of the greatest limitations to this method [2]. This
occurs because the respondent may under- or
overestimate the portions ingested [3]. However, the
greatest limitation is the fact that one recall day alone
does not represent an individual’s usual intake due to
the high within-person variability of nutrient intake.
Nevertheless, to evaluate the nutritional adequacy of
a group or population, the Recommended Dietary
Allowances (RDA), or a certain percentile of it, as well
as the Dietary Reference Intakes (DRI) can be used as a
cut-off point for assessing the prevalence of nutrient
intake inadequacy.
RDA is the level of ingestion which is sufficient to
meet nutritional requirements for almost all healthy
individuals in a certain stage of their lives or according
to their gender. Under the assumption of normal
nutritional requirements, RDA is defined as the value
corresponding to two standard deviations of the
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estimated average requirement (EAR). Then, a method
has been proposed considering EAR as a cut-off point
to evaluate the prevalence of inadequacy of a given
nutrient for a group of individuals [4]. But in order to
apply this method, the nutrient intake distribution must
be normal or at least symmetrical.
Knowledge about usual diet is necessary to evaluate
nutrient intake since the effects of inadequate nutrient
ingestion do not occur after few days. Thus,
information referring to several days must be used, but
reflecting only between-person variability and
removing within-person variability, which is often high.
This fact causes serious problems to the analysis of
usual intake distribution, such as the lack of normality,
problems related to normalizing transformation and
negative variances among others.
Estimating the prevalence of nutrient intake
inadequacy has been a constant challenge, since
nutrient intake distribution is not always normal or
symmetrical. This is due to the fact that the main
characteristic of a healthy individual’s or a
population’s dietary intake is the daily variability of
their diet [5]. Even if individuals follow a stable intake
pattern, there are no elements or consistency. Hence,
daily food intake is considered to be a random event
due to certain factors, such as day-to-day variation
(weekend), food variety, seasonality, socio-economic
and cultural aspects among others, which contribute to
daily variability.
Therefore, the statistical analysis of food intake data
aims at subduing the effects of certain limitations in the
recalls by means of analytical estimation and by
removing the effects of dietary intake within-person
variability. Nevertheless, complex models have been
used for that purpose.
A rather useful statistical model for analyzing dietary
intake data is the model with measurement errors, which
is used by the PC_SIDE software [6]. Again, the problem
lies in data normality, which is not always present,
depending on the type of nutrient under analysis. Thus,
models with measurement errors were introduced in

the context of generalized linear models [7]. They do
not require data normality, but only that such data
distribution belongs to an exponential family [8]. With
this regard, the concept of instrumental variables was
introduced, and routines for the STATA software were
developed so as to evaluate nutrient intake distribution
in a population without the need for data normalizing
transformation [9].
Even so, it is observed that such models are still not
sufficient due to the fact that intake distribution based
on various 24-hour recalls is still different from those
belonging to the exponential family.
Therefore, this study aimed at using probability
distributions which do not belong to the exponential
family to estimate the usual intake of nutrients by a
population of female students and at obtaining the
inadequate intake likelihood.

2. Methodology
A cross-sectional study was performed, and intake
data were collected from 119 female students from a
public university in São Paulo state, Brazil, whose ages
ranged from 19 to 30 years old. Their usual intake was
measured by means of three 24-hour recalls on
non-consecutive days. The nutrient intake evaluated
was for calories, protein, total lipids, fiber, cholesterol,
retinol, vitamins C, B1, B2, B6, B12, D, E, iodine, niacin,
folacin, pantothenic acid, calcium, manganese, zinc,
magnesium, potassium, phosphorus, iron, copper and
selenium [10].
Initially, normality tests were performed on the
intake data in order to find the inadequacy likelihood.
For the nutrients whose distributions were not
normal, the Weibull, log-normal and extreme-value
distributions were utilized. Based on the fitting of such
distributions’ parameters, DRIs were used for
calculating the inadequacy likelihood. These
likelihoods were compared according to the empirical
distribution of the data.
The ethical principles of Resolution 196/96 by the
National Health Council were observed for data
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collection, and the research project was approved by
the Research Ethics Committee of the University of
São Paulo Faculty of Public Health.

3. Results and Discussion
By observing the normality for the collected data, all
the micro and macronutrients showed asymmetrical
distributions when using the Shpiro-Wilk test on the
PROC UNIVARIATE of software package SAS for
Windows, v.9.1.3 [11].
Hence, by using EAR as a cut-off point and
eliminating within-person variability, the inadequacy
likelihood for these nutrients could be under or
overestimated. Therefore, the Weibull, log-normal and
extreme-value distributions were tested using the
STATISTICA software, v.6.0 [12] since the nutrient
distributions were very asymmetrical. Despite this fact,
vitamin C, E, Pantothenic acid, folate, zinc, copper and
calcium were fitted to such distributions. Therefore, we
considered only such nutrients.
Fig. 1 shows the histogram and the fitted distribution
for nutrients vitamin C, pantothenic acid and calcium.
Figures for the other nutrients will not be shown since
most of them were fitted to a Weibull distribution.
According to Fig. 1, it is observed that the
distributions of calcium, copper, folate, pantothenic
acid, vitamin C, vitamin E and zinc intake were
completely asymmetrical. In these cases, a
transformation cannot always normalize the data or, at
least, make the distribution symmetrical. The presence
of outliers that hinder the transformation can also be
noted.
As these forms are very asymmetrical, attaining
within-person variability is not possible since negative
variance values are obtained in the analysis of variance
for the effect of the recalls. This is due to the fact that
the data do not have a normal distribution and are not
always normalized by a transformation. Hence, the
intake estimation for these nutrients may be
underestimated or overestimated.
By considering EARs as a cut-off point for
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estimating inadequate intake likelihood, the intake
inadequacy likelihoods for these nutrients were
calculated by comparing with the empirical distribution.
The empirical distribution was obtained only from the
frequency of intake values beneath the recommended
value. For the fitted distributions, on the other hand, the
intake likelihood smaller than or equal to the
recommended value was found by using the
distribution corresponding to the respective estimated
parameters, according to Fig. 1. Results are shown in
Table 1.
Hence, Table 1 shows the nutrients considered, the
likelihood distribution fitted to such nutrients’ intake,
the cut-off points and the inadequacy likelihoods by
using the likelihood according to the fitted distribution
and only the empirical intake distribution. It can be
observed that the values obtained by the likelihood
according to the fitted distribution are similar to those
of the empirical distribution, with errors of
approximately 0.02. The greatest errors made are for
vitamin E and copper, which are of approximately 0.05.
Even so, it can be stated that the distributions used
provide good estimation of inadequacy prevalence for
these nutrients in the group of women.
Similar data were analyzed by the National Research
Council (NRC) method, in which the data are initially
transformed so as to follow an approximately normal
distribution [10]. It is supposed that within-person
variability is the same for all individuals, and a set of
intermediate values is constructed by conserving the
mean and within-person variability. After such
estimation, the inverse transformation is used and, with
this new empirical distribution of the retransformed
intermediate values, the nutrient intake inadequacy
likelihood is obtained. 99% inadequate intake was
found for folate, 47% for zinc, 33% for copper and
95% for calcium [10]. By considering the fitted
likelihood distributions (Table 1), it was observed that
the inadequacy likelihood for folate and calcium was
overestimated (91.20% and 77.55%, respectively)
whereas that for zinc and copper was underestimated
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(a) calcium

(c) folate

(e) vitamin C

(g) zinc

Fig. 1 Histogram and likelihood distribution fitting of intake data.

(b) copper

(d) pantothenic acid

(f) vitamin E
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Table 1 Comparisons between values estimated for inadequacy likelihoods of vitamins C, E, B2, and pantothenic acid,
according to the fitted and empirical distributions.
Nutrient

Fitted Distribution

Vitamin C

Weibull

EAR
cut-off point
73.2

Inadequacy likelihood
(fitted)
0.3588

Inadequacy likelihood
(empirical)
0.3722

Vitamin E

Weibull

5.32

0.2743

0.2222

5.0

0.8481

0.8639

0.9120

0.9028

Pantothenic acid

Extreme value

Folate

Weibull

320

Zinc

Weibull

8

0.5681

0.5944

Copper

Weibull

0.7

0.4119

0.4611

Calcium

Extreme value

0.7755

0.7750

1000

(56.81% and 41.19%, respectively).
There is a challenge to be faced in order to obtain
nutrient inadequacy likelihoods [13-14]. One of them is
that long-term nutritional assessments must be
conducted for correctly estimating such likelihood,
which is usually impossible due to the costs that such
procedure would generate [15]. Despite this fact, a pilot
study is necessary for the correct implementation of
such methodologies [13].
The use of EAR as a cut-off point, as utilized in this

which are compatible with the obtained data must be
used for an appropriate estimation of inadequacy
likelihood.
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Abstract: The sensory profile analysis is a commonly used method in the evaluation of directly consumed horticultural products (fruits,
vegetables, grapes etc.). The results of this type of analysis give an opportunity to distinguish the evaluated products from each other
from a consumption point of view. In this paper, three Agaricus species (“white button mushroom”, “cream type” and “almond
portobello”), were characterized by sensory profile analysis. The sensory attributes can have an influence on consumer product
preference therefore it is essential to describe products, for example mushrooms. This is the first report which focus on describing the
full sensory profile of these fresh mushrooms.
Key words: Agaricus blazei, Agaricus subrufescens, Agaricus bisporus, mushroom, profile analysis.

1. Introduction
Approximately 14,000 described species of the 1.5
million fungi estimated in the world produce fruiting
bodies that are large enough to be considered as
mushrooms. In 2005, the entire global mushroom
market was valued at over $45 billion. The industry
itself can be divided into three main sectors: (1) Edible
Mushrooms, (2) Medicinal Mushroom products, and (3)
Wild Mushrooms [1]. Because of the presence of toxic
and carcinogenic elements in wild mushrooms [2] that
are likely to have a negative effect on human health, it
is generally recommended to consume only mushroom
products that have been safety and quality assured.
Around one third of total global mushroom
production is dedicated to the production of Agaricus
bisporus (and its hybrid) species. In some regions
(usually in Western-Europe) the white button
mushroom is preferred, while in other regions
Corresponding author: Zoltán Kókai, Ph.D., research fields:
sensory analysis, sensory profile, statistics. E-mail:
zoltan.kokai@uni-corvinus.hu.

(Southern-Europe) the cream type (portobello or
chestnut brown) is more preferred. The global
production of Agaricus species is over two billion
tons/year [3]. Previous field biological, biochemical
and horticultural research has focused on the valuable
and cultivated Agaricus species, Agaricus blazei
(MURRILL) [4]. A. blazei currently has several
taxonomic identities and is also known as A.
brasiliensis and A. subrufescens [5, 6]. In this paper,
we have opted to use Kerrigan’s classification of A.
subrufescens.
Previous research has shown the chemical
composition of mushrooms but no research publication
could be found that examined the complex sensory
distinctions (texture, taste, flavour, and colour) of
mushrooms from a consumption point of view [7]. The
almond-like taste and odour of A. subrufescens has
been mentioned previously without any empirical
scientific analysis, which may have an influence on its
consumption [8]. Based on chemical analysis, the taste
of the mushroom depends upon the strains and
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cultivation media [9]. Therefore in our research the
very same media were used to cultivate A. subrufescens
as for the other Agaricus cultivars. We consider it
important to conduct this research in the hope of
facilitating an improved acceptance of the three most
important Agaricus species on the global market, by
helping mushroom producers and related food and
pharmaceutical industries further understand and
improve their mushroom processing strategies.
The subjective element of sensory quality cannot be
totally eliminated due to varying consumer tastes.
However, several testing techniques may be applied to
greatly improve the reliability of sensory data [10, 11].
Tests take place in a specially designed sensory
laboratory with the test structure tending to be much
more detailed than that used in consumer tests [12].
The objective of such laboratory evaluations is the
detailed sensory description of the samples.
The sensory profile analysis method was chosen
from many reliable, descriptive methods that are
designed to take all of the relevant human senses into
account. The method we have chosen can be used to
define a production standard and to compare a product
with those of similar type already on the market. The
sensory profile analysis is one of the most complex
food tests with the main advantage being the full
description of a food product by rating its
characteristics and their relative intensities on a
numerical scale.

temperature during pinning [13]. White button
mushrooms (Agaricus bisporus Sylvan ‘A15’, or white
button champignon) and cream type (‘Le Lion C9’ or
brown champignon) were bought from a local market.
EUREPGAP and IFS standardization guarantee the
traceability of the compost and the mushroom product
from the composter and the farmer all the way to the
market. For the experiment the very same Phase II
compost were purchased from a Hungarian composter
whose substrate were used for the cultivation of the
white button and cream type mushrooms. Due to the
following international cultivation technology
standards of white and brown mushrooms, any
influence on taste results related more to the
species/cultivars than technology applied [14].

2. Material and Methods

product attributes were evaluated and noted by tasters.

For the tests, the trained product assessors (who have
practical experience in using the methods and in
describing

products,

but

haven’t

any

specific

information about the mushroom samples to be tested)
got one full, fresh mushroom from all cultivars and also
a longitudinal section from each cultivar.
2.2 Sensory Analysis
The international standard requires 8-16 people for
product assessment [12]; using this standard as a guide,
14 people were selected in the trained sensory panel.
The experiment was held in the sensory laboratory
facilities at CUB, which fully meet all required
ISO11035:1994 standards. In the first round, the
After this, descriptors were discussed and references

2.1 Mushroom Samples

were determined within the group, followed by a new

The A. subrufescens fruit bodies we examined (strain
‘1105’) were cultivated and harvested at Corvinus
University Budapest (CUB) in the Department of
Vegetable and Mushroom Growing. For the cultivation
of A. subrufescens commercial Phase II mushroom
compost was used as a substrate. The conditions of
cultivation (e.g. spawn-run, casing, case-run, RH%, air
and compost temperature etc.) were the same as in case
of the cultivation of Agaricus bisporus, except higher

tasting. In the second tasting, the assessors voted
between 0-100 points for two descriptor attributes [15].
Every tasting was repeated three times. Statistical
significance was determined by t-test depending on the
equality of variances (T-Test) [16].

3. Results and Discussion
In total, 19 descriptive phrases were used in the
experiments based on a consensus group decision. The
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tendency to discolour. Due to sample processing
(washing, slicing) the white button mushroom
achieved the lowest score (darkest colour) in its stalk
evaluation, while A. subrufescens was the brightest (P
< 0.01). Another finding which may be important from
the food industry’s perspective was the fragility of the
mushroom fruit bodies. Based on data, A. subrufescens
was the most fragile and cream type was the most
“firm” (P < 0.01) while the fragility value for the white
button mushroom scored between these two. Around
5-15% losses could be calculated by processing
mushrooms therefore it is important to measure
fragility of mushrooms [17].

descriptors (Table 1) are the main results of this paper,
because no complex phrases were found previously in
references used for mushrooms. The taste and odour
were characterised for both caps and stalks. Only the
main attributes are demonstrated which have an
influence on mushroom consumption and the industrial
food market.
3.1 Colour and Structure
Cap colour showed significant differences between
white champignon, cream type and A. subrufescens.
The white champignon variety has the brightest (P <
0.01), while A. subrufescens has the darkest colour (P
< 0.05). A. subrufescens was characterized as having
the most blotchy cap (P < 0.01) while other Agaricus
species had uniform cap colour. The thickness of caps
was also scored: the cream type and white button
mushroom were statistically similar (P < 0.01) while A.
subrufescens had a lower cap thickness value. Stalk
colour was described by assessors and results show a
strong correlation between stalk texture and its

3.2 Odour
The white button mushroom achieved the highest
odour scores, while A. subrufescens had a low odour
value. There were no odour differences between white
button and cream type mushrooms (P < 0.01). The low
odour intensity of A. subrufescens could be an
advantage in the food industry, because the characteristic

Table 1 The main descriptors and means of achieved scores by mushrooms (scale: 0-100).
Attribution

Value (0)

Value (100) White button mushroom (reference) Cream type

A. subrufescens

Cap colour

dark

bright

25.71

Cap blotchiness

no blotches blotches

0

29.21

81.0

Cap thickness

thin

thick

50.0

55.86

21.24

Cap format

flat

round

40.0

44.79

70.07

Stalk colour

dark

bright

40.0

55.36

81.86

Stalk length

short

long

20.0

19.36

85.93

Stalk thickness

thin

thick

50.0

65.29

16.93

Gills colour

dark brown white

15.0

33.14

80.57

Fragility

firm

fragile

60.0

35.64

73.5

Hardness

soft

hard

40.0

74.29

28.72

90.0

32.78

Sliminess

dry

glutinous

70.0

48.43

53.43

Succulence

dry

juicy

90.0

42.86

42.86

Mushroom-like odour

soft

high

65.0

58.07

40.71

“Soil” odour

soft

high

25.0

33.79

61.5

“Fresh” odour

unfresh

fresh

15.0

64.36

53.29

Intesity of “mushroom-like” taste soft

high

60.0

66.29

45.21

Intesity of “sweet” taste

soft

high

0

40.71

59.71

Intesity of “fresh” taste

unfresh

fresh

20.0

67.21

48.36

Aftertaste

no

strong

40.0

51.79

60.5

Other taste

no

strong

0

37.93

72.79
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consumer product preference and may have effect in
processing [17]. All of three examined mushroom
species were distinct from each other (P < 0.01) with
the sweetest taste observed in fresh A. subrufescens.
Cream type mushrooms and white button mushroom
were not as sweet as A. subrufescens.
The aftertaste can be critical to consumer food
preferences. A. subrufescens had a strong distinctive
aftertaste which many consumers may dislike.
Assessors described the complex aftertaste of A.
subrufescens as having the flavour of Daffodils or
Violets. The other mushrooms tested had a
significantly lower aftertaste value (P < 0.01).
The full sensory profiles of the fresh mushrooms
assessed are present in Fig. 1. The chart demonstrates
clear differences between the mushroom varieties
tested. The spider chart underlines the fact that the
fresh mushrooms assessed have very distinct sensory
profiles. A full sensory profile assessment has never
been completed for these varieties of mushroom and it
may help to mushroom producers, mushroom breeders
and for the mushroom industry in general.

mushroom-odour may be seen as a negative trait by
some consumers. The test group also found that the
“soil-like” odour in the white button mushroom was
low, while A. subrufescens had a significantly higher
value. Usually, the “fresh” odour is related to storage
conditions and is not considered to be a host-specific
attribute. Therefore, the detailed analysis is not
included. The assessors described their impressions
about “other odours” but only 57% of the assessors
mentioned the almond-like odour that can be found in
previous studies [8].
3.3 Taste
No significant differences were found in the
intensity of “mushroom-like” taste between white
button and cream type mushrooms. The taste of A.
subrufescens was clearly distinct from cream type and
white button mushroom varieties. From the food
industry’s perspective this could be either an advantage
or a disadvantage during processing of A. subrufescens
products according to the market requirements.
Mushroom sweetness could be an important factor in
Aftertaste
Other taste
Intesity of "fresh" taste

Cap colour
100
80

Cap blotchiness
Cap thickness
Cap format

60
40

Intesity of "sweet" taste

Stalk colour

20
Intesity of "mushroom-like" taste

Stalk length

0

"Fresh" odour

Stalk thickness

"Soil" odour

Gills colour

Mushroom-like odour

Fragility

Sliminess

Hardness
Succulence

White button mushroom
Cream type
Agaricus subrufescens

Fig. 1 The full sensory profile of the tested fresh Agaricus subrufescens, Agaricus bisporus white button (‘A15’) and chestnut
brown (‘Le Lion C9’) mushrooms.
The central represents 0 values for each attribution, while 100 at the end of coordinate system. (Each value is expressed as mean).
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