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ABSTRACT
Animal protein foods are undoubtedly among the most concentrated source of essential amino acids (AA) for the human
diet. However, their high prices and diseases associated to their excessive consumption have fomented the consumption
of other alternative sources of animal proteins such as those from marine or aquatic species. Sonora is a well recognized
producer of animal foods in Mexico, both terrestrial and aquatic. In this study, the protein quality evaluation of these
animal food sources, highly produced and consumed in Sonora, is proposed, using in-vitro methodologies. Four different species, from each aquatic and terrestrial origin, were selected. Samples of lean muscle were used in all cases.
Various in-vitro methodologies for protein quality evaluation were selected, alternatives to the animal bioassays: %
digestibility, Total amino acid analyses (HPLC), PDCAAS, computerized PER calculations (C-PER and DC-PER) and
total collagen contents. % in-vitro digestibility presented significant differences among samples from terrestrial species,
but muscle from aquatic species did not showed significant differences. All sources of proteins, both aquatic and terrestrial proved to be rich sources of essential amino acids. PDCAAS was unable to establish significant differences in protein quality among sources of protein from different origin. Both methods C-PER and DC-PER were more exact in their
results and were able to detect significant differences among samples of different origin. An important finding was the
great difference in the total collagen content between aquatic and terrestrial sources of proteins, where terrestrial muscle
proteins had almost 10-time more collagen than aquatic protein sources. However, these collagen contents did not seem
to have a significant influence in the protein quality of these animal proteins. These muscle proteins, from both aquatic
and terrestrial species, confirmed to have a high protein quality and some of the in-vitro methodologies used in this
study represent a valuable alternative to the animal bioassays.
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1. Introduction
The nutritive quality of a food protein source is defined
as the capacity to supply the quantity and proportion of
essential amino acids to meet the requirements of the
specie that consumes it. For humans, food proteins that
contain as much essential amino acids to meet requirements and an acceptable % digestibility are classified as
high quality proteins. There is not an ideal natural source
of protein, able to support and maintained growth and
appropriate health. Therefore the best recommendation is
*
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to consume a variety of protein sources, seeking complementation. Animal protein sources are high quality
proteins, since they represent concentrated sources of
essential amino acids, capable of meet amino acids requirements of humans. However, the excessive consumption of animal protein sources is also associated to
various diseases (cardiovascular mainly) due to their high
lipid contents. Animal food proteins, specifically muscle
proteins from different species, are high quality proteins,
and the lighter muscle proteins are recommended in
comparison to red muscle protein sources, usually associated with higher lipid contents.
FNS
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The various methodologies suggested for the evaluation of protein quality in foods intend to measure the
adequacy of the protein source to supply the essential
amino acids and meet the AA requirements for humans.
In general terms these methodologies are divided under
two categories: bioassays or in-vivo methodologies and
the alternative in-vitro methodologies which intend to
overcome some of the inconveniences presented by animal bioassays. The most proper and accurate way of
measuring the protein quality of a protein source would
be to test it in the “target” specie, however, the majority
of bioassays present a variety of inconveniences such as
high cost, time consuming, incapability to handle a large
number of samples and the large amount of sample
needed. For these reasons alternative in-vitro techniques
continue to be developed. These techniques should only
be considered as indicators of protein quality, since they
do not measure the response of an animal consuming a
test diet. In-vitro methodologies are very limited since
they only measured certain aspects of protein as % digestibility or its AA contents and not the entire nutritive
protein quality. A combination of in-vitro techniques are
suggested when animal bioassays are not available.
Sonora, a Mexican northwest state, is a well recognized producer of animal foods, and some reaches the
international market. In recent years Sonora has even
increase its importance as producer of fisheries due to the
increment of aquaculture as economic activity. These
animal sources of protein have not been evaluated in
their nutritive value, especially in their protein quality
contribution to the diet.
Even when muscle protein foods from different species are well recognized as high quality protein sources
for humans, there are still some questions to be solved in
regards to the comparison between muscle proteins from
different origins, terrestrial and aquatic species, in their
digestibility, their essential AA contribution and in their
overall protein quality.
Animal foods (muscle proteins) were selected for this
study, in terms of their level of production, consumption
and preferences by consumers. These most representative
species, both from terrestrial and aquatic origin, were
evaluated in their protein quality using in-vitro methodologies. Possible differences in % digestibility and protein quality among muscle proteins, from different origin,
and the adequacy of in-vitro techniques to detect those
differences, were the main objectives of this research.

2. Materials and Methods
2.1. Sample and Treatments
A survey of the 25 most important local markets was
conducted, from which the most representative fresh
muscle animal foods, from both terrestrial and aquatic
Copyright © 2013 SciRes.
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species, were selected, based on consumer preference.
Based on this survey, four aquatic species were selected:
Tilapia, shrimp, sole and shark. Four terrestrial species
highly consumed: beef, pork, chicken and turkey were also
selected. In the case of aquatic species only fresh fillets
were used, except for shrimp where the entire body
(without exosqueleton and head) was used. Only fresh
lean muscle parts were used for all samples from species of
terrestrial origin. Samples characteristics were as follows:
Shrimp: specie Litopenaeus vannamei, commercial size
(18 - 21 g), obtained from a local farm, October, 2010. A
total of 2.5 Kg shrimp. Tilapia: specie Oreochromis
niloticus. 13-month old organisms; 15 individuals of 1.5
Kg each. For shark (Mustelus spp.) and sole (Paralichthys spp.), 6 individuals of 1.5 - 2.5 Kg were obtained
from a small fisherman community in Bahía de Kino,
Sonora. These were obtained fresh from the fisherman,
eviscerated and transported in ice to the laboratory.
Samples of lean muscles of animals from terrestrial
origin most preferred by consumers were: Chicken, turkey, beef and pork. For chicken and turkey only breast
were used, obtained fresh from local market in portions
of 10 Kg, packed in sealed plastic bags and transported in
ice to the laboratory. For beef and pork, rump and leg
were used, respectively. For these, portions of 10 Kg
were acquired from the local market, packed in plastic
bags and transported in ice to the laboratory.
All lean muscle samples were ground, quickly freeze,
lyophilized and kept in sealed containers under refrigeration (5˚C).
Lyophilized samples were analyzed for proximate
chemical composition using recommended methods [1]:
total moisture, total nitrogen (Kjeldahl), total fat (Soxhlet)
and total ash. These analyses were done in triplicates and
results are reported in moisture free basis.

2.2. Total Amino Acids
All samples, from the 8 different species, aquatic and
terrestrial, were analyzed in their total amino acid contents by HPLC chromatography. The methodology suggested by Vazquez el al. 1995 [2] was essentially followed. All samples of muscle proteins, including casein
(reference protein) were first acid hydrolyzed, using special tubes (Pierce Biotech, Illinois, USA), where lyophilized samples were mixed with equal parts of thioglycolic acid, HCl 6.0 N is added and after vacuum is applied tubes are sealed. Hydrolysis is carried out in a reactor (Pierce Biotech, Illinois, USA) at 160˚C for 6 hours.
After hydrolysis is completed, samples are treated individually in a rot vapor (Buchi biokmannen, RE 121) at
60˚C under vacuum. Precipitated is them suspended in
1.0 mL citrate buffer 0.2 M (pH 2.2) and stored in plastic
tubes under refrigeration (<4˚C). 100 µL + 40 µL of internal standard (L-alfa-amino n-butyric acid) are taken to
FNS
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1.0 mL with citrate buffer. This is mixed (1:1) with
o-phthaldehyde (OPA: 10 mg OPA + 250 µL methanol +
37.5 µL Brij 35 + 25 µL β-mercaptoethanol) and taken to
10 mL with potassium borate buffer (pH 10.4) for 2 min
at room temperature.
After derivatization, hydrolizates were injected in a
HPLC chromatographer (Varian md. 9012, Palo alto Ca.
USA) in which AA are separated in a reverse phase
column.
C18 (octadecyl dimetylsilan 100 × 4.6 mm), 3.0 µm
particle size (Varian No. R008900E3). A flux gradient of
1.2 mL/min of 2 eluentes: A (methanol 100%) and B
(methanol 10% in acetate buffer, pH 7.2) were used for
the separation. A fluorescent detector was used and results were integrated with a software program CHEM
station (Agliet tech. Inc. USA). AAs were first identified
and quantified, using an AA standard. Results were expressed in g AA/16 g N. Determinations were performed
in duplicates.

2.3. % In-Vitro Digestibility
The multi enzymatic technique proposed by Satterlee and
col. 1982 [3] was essentially followed, with the adjustments suggested by Barrón, 1984 [4]. This technique
involves two enzymatic solutions: soln. A made of
227,040 units (BAEE (N α-benzoyl-L-arginine) of pancreatic bovine trypsin (type 1X, SIGMA, Co.) + 1860
units (BAEE) pancreatic bovine α-chymotrypsin (tipo II,
SIGMA, Co) + 0.520 units (L-Leucine β-naphthalamide)
of porcine intestinal peptidase (grade I) in 10 mL of recently boiled cold water. Soln. B: 65 units (casein) of
bacterial protease (Streptomyces griseus, SIGMA, Co.)
in 10 mL or recently boiled cold water. Solutions A and
B are adjusted pH 8.0 ± 0.02 and kept under iced water.
In the technique, 10 mg of sample N that is suspended
in 10 mL of water at least 30 min before the assay, is
placed in a controlled temperature reactor adapted with
magnetic agitation [4] and after soln. pH is adjusted to
8.0 ± 0.2, 1.0 mL of soln. A is added and allowed to react
for 10 min. at 37˚C. Then 1.0 mL of soln. B is added and
temperature is set to 55˚C for 9 min. Then reaction temperature is again adjusted to 37˚C and after exactly 1.0
min (20 min total reaction) the soln. pH is recorded. This
figure is used for the calculation of % in-vitro digestibility:
% in-vitro D = 234.84 − 22.56 (X)
X = pH at 20 min
% in-vitro digestibility was performed in triplicates,
and sodium caseinate was used as reference protein (control).

2.4. Amino Acid Score Adjusted for Protein
Digestibility (PDCAAS)
This indicator of protein quality was calculated based on
Copyright © 2013 SciRes.

the total amino acid contents of the simple, considering
for its calculation the limiting AA (g/16 g N) of the sample in relation to the same AA of a reference protein and
multiplied by the samples % digestibility [5]. In this study the % in-vitro digestibility, obtained from the multi enzyme technique, and the FAO/WHO, 1985 protein pattern were used for the calculation of PDCAAS. PDCAAS
results are express in % and are mean of duplicates.

2.5. C-PER and DC-PER
These methods of protein quality are considered as invitro methods since they are base on the total AA contents of the sample and through the use of discriminative
equations the Protein Efficiency Ratio (PER) is calculated. For this study the suggestions made by Satterlee
and col. 1982 [3] which appear as recommended methods
in AOAC, 2000, were essentially followed. In the case of
C-PER, the in-vitro % digestibility, obtained through the
multi enzyme technique was used. In the case of CP-PER
the technique uses the total essential amino acids of the
sample, first to calculate % digestibility, following by the
calculation of CP-PER, using discriminative equations.
In this study the computer programs needed for the calculation of these indicators were adapted to a Windows
ambient in a PC computer and calculations were performed in duplicates.

2.6. Total Collagen Contents
Total collagen in the various muscle samples was determined based on the OH-proline contents, and the methodology suggested by Vazquez, et al. 2004 [6] was followed. OH-proline analysis was performed by HPLC
chromatography. After acid hydrolysis was completed, a
previous step for the determination of total amino acids,
an aliquot of 125 µL of the acid hydrolysis was mixed
with borate buffer 0.4 M (pH 10.4, Pierce Biotech) and
250 µL aliquot is mixed with 250 µL of a soln. containing 2.0 mg/mL de NBC:Cl (7-cloro, 4-nitrobencene-2Oxa-1,3-diazol in methanol). The mixture is heated for 5
min. at 60˚C (derivatization). Chromatography conditions were as follows: HPLC chromatographer (Varian
md 9012, Palo Alto Cal. USA); Column of RP18 octadecyl dimethylsilane of 10 × 4.6 mm in diameter with
support of 3.0 µm particle size (Varian Cat. No.
R0089200E3); gradient flux volumen of 2.0 mL/min of
soln. A: 100% methanol; soln. B: sodium acetate 0.1 M
(pH 7.2), methanol and tetrahydrofuran, 90:95:5 (SIGMA,
Co); Fluorescent detector (Varian Flurichrome); integrated program software (Varian Star 4.0).
OH-proline calculations were made against a standard
(SIGMA, CO) and g. of total collagen was obtained by
[6]: g. Total Collagen = OH-proline × 7.25. This determination was made in triplicates.
FNS
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protein contents were calculated from the % total N
(Kjeldahl), using the 6.25 conversion factor. All muscle
samples, from either aquatic or terrestrial species, gave
values of total protein around 20%. Aquatic species
showed no differences in total protein, with the shrimp
having the highest value (21.46%). Muscles from terrestrial species gave total protein contents higher tan aquatic
species. Chicken muscle showed total protein values
higher than the rest (22.61%) and turkey had the lower
value (20.18%), comparable to muscles from aquatic
species. With the exception of turkey muscle, all muscle
samples analyzed gave total lipid contents lower than
2.0%. In aquatic species, sole and shark muscles were the
lowest in total lipid contents. Only shrimp muscle gave
values of total lipids relatively higher (1.69%). For terrestrial species total lipid contents were higher than
aquatic species, but lower than 2.0%. Similar results have
been reported [7,8]. An important consideration is that
the proximate chemical composition of muscles from
animal species, tend to vary in relation to the carcass
parts.

2.7. Data Analysis
An analysis of variance (ANOVA) was performed to
determine the differences in the indicators of protein
quality among the various muscle proteins from different
species. A Tukey significant test, with a level of significance of p < 0.5, was also performed. Correlation analysis by pair of variables was applied for results of % invitro digestibility, PDCAAS, C-PER y DC-PER for all
samples, with a significance level of p < 0.05. A multiple
correlation analysis was performed among results from
the various indicators of protein quality, for all muscle
proteins from different origin. Separate correlation coefficients were calculated for each of indicators of protein
quality, for muscle proteins from different origin. All
these statistical analysis were performed using a statistical package JMP version 6.0 (SAS Institute, Cary N.C.
USA).

3. Results and Discussion
The proximate chemical composition of these muscle
samples is shown in Table 1. The total moisture content
of these muscle samples was not significantly different
among species. In general terms muscle samples from
aquatic species have moisture contents around 80%, with
the shrimp having the lower moisture of 74.9% and significant differences in total moisture was not detected
among the other 3 species. For muscle samples of terrestrial species, the total moisture content was not significantly different and results were around 75%. Samples
from aquatic species did not show significant differences
in ash contents (Table 1), though shrimp gave values
slightly lower than the rest (1.65%). For samples representative of terrestrial species, total ash contents were not
significantly different, but beef showed the lower value
(1.24%) and turkey gave the highest value (1.96%). Total

3.1. Total Amino Acids
Total amino acid contents of muscles from aquatic species are shown in Table 2. In muscles from aquatic species the AA’s Lys, Met, Cys, Gly, Arg y Ala are found in
higher concentration than in casein, the reference protein
used in this study. These muscles from aquatic species
presented low values of Ile, Leu, Val, Tyr, Pro, Ser and
His. Muscles from the 3 fish species did not presented
significant differences in their amino acid content. These
3 species, sole, shark and tilapia presented higher concentration of the majority of the essential amino acids
than shrimp muscle. Shrimp muscle was only similar to
the other 3 species in Phe, Tyr y Leu. These AA results

Table 1. Proximate chemical composition of most common sources of muscle proteins from various terrestrial and aquatic
species.
Species

Moisture

Ash

Protein

Fat

ab

21.46ab

1.63ab

(g/100 g)
b

Shrimp

74.97

1.65

Tilapia

80.35ª

1.09ab

18.11c

0.44b

Sole

79.46ª

1.44

ab

c

0.13b

Shark

79.07ª

1.22ab

19.28c

0.11b

Beef

74.28b

1.24b

21.46bc

1.74ab

b

ab

a

0.34b

1.34

18.93

22.81

Chicken

75.11

Pork

75.13b

1.61ab

21.95ab

1.07b

Turkey

73.80b

1.96ª

20.18c

3.15ª

Values are means of triplicates. Values with different letters in the same column are significantly different (p < 0.05).

Copyright © 2013 SciRes.
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Table 2. Total amino acid contents of most common sources of muscle proteins from various aquatic species.
Muscles

Casein

Amino Acids

Shrimp

Tilapia

Sole

Lys

6.10b

8.80a

Met

2.21b

Cys
Thr

Shark

(Control)

9.00a

9.20a

7.40ab

2.70ab

2.90ª

2.70ab

2.20b

1.10b

1.38ab

1.47a

1.38ab

1.10b

2.49b

3.38a

3.50a

3.64a

3.82a

b

a

a

a

5.09a

g/16 gN

Ile

3.37

Leu

5.29b

6.75ab

6.74ab

7.31a

7.62a

Val

3.62c

4.63bc

4.88b

4.84b

6.65ª

Phe

3.22

b

b

b

b

4.90a

Tyr

2.20b

2.82b

2.66b

2.29b

5.26a

Asp

7.42a

8.74a

8.50a

8.37a

7.32a

Pro

10.44ª

6.12b

4.00b

4.15b

10.89ª

Glu

12.16

b

ab

17.69a

Ser

2.05b

2.22b

2.37b

2.20b

4.86a

Hist

1.61c

2.12b

2.21ab

2.25ab

2.77a

Gly

6.01a

5.41ab

4.22c

4.95bc

1.78d

Arg

7.37a

5.64b

5.72b

6.01b

3.33c

Ala

5.06a

5.73a

5.24a

5.67a

3.47b

4.42

3.69

13.44

b

4.39

3.52

13.33

b

4.73

3.72

13.7

Values are means of triplicates. Values with different letters in the same line are significantly different (p < 0.05).

are very similar to those reported for other muscles from
aquatic species [9,10]. The lower content of some essential amino acids in shrimp and the relatively higher AA
contents in shark were found quite interesting. Table 3
presents the total amino acid contents of muscles from
terrestrial species. These highly consumed representative
samples of animal proteins were high in Met, Gly, Cys,
Arg, Ala, but they presented lower contents of Thr, Ile,
Leu, Val, Phe y Tyr, in comparison to casein. Beef muscle gave significantly higher contents, in the majority of
the essential amino acids, than the other 3 species from
terrestrial origin. No significant differences, in major
essential AA, were found among chicken, pork and turkey muscles. These AA results are similar to those reported in other studies [11-14], though in the case of pork
muscle our values are slightly higher. In general it seems
to be no significant differences in essential AA content
between aquatic and terrestrial muscles. From all 8 species, only shrimp muscle presented significantly lower
values of essential AA.

nificant differences in % digestibility were found among
muscles from aquatic species and values range from 82.0%
to 83.6%. These % D values were very similar to those
reported in other studies [15]. The protein quality in the
feed is an important factor determining the nutritional
quality of the muscle of cultivated species [16]. In the
case of muscles from terrestrial species; turkey muscle
was significantly higher in % digestibility than the other
3 species. On the contrary, beef muscle showed the lowest % digestibility (79.58) and there were not significant
differences between chicken and pork muscles.
Once results of % digestibility, from the 8 species,
were analyzed, this in-vitro technique was capable of
detecting differences among muscle samples from different species, highly consumed and with recognized
high protein quality. Statistical analyses showed that beef
muscle had the lowest % digestibility and sole, shark and
shrimp muscles are significantly better than the rest.
Only turkey muscle was as good as muscles from aquatic
species.

3.2. % In-Vitro Digestibility

3.3. PDCAAS

Table 4 shows the % in-vitro digestibility of lean muscle
from different species, aquatic and terrestrial. No sig-

This in-vitro indicator of protein quality gave values
relatively low for all muscles from aquatic species (Ta-

Copyright © 2013 SciRes.
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Table 3. Total amino acid contents of most common sources of muscle proteins from various terrestrial species.
Muscles
Amino Acids

Beef

Chicken

Casein
Pork

Turkey

(Control)

g/16 gN
Lys

10.20a

8.07b

7.42b

7.37b

7.43b

Met

3.32a

2.59b

2.49b

2.54b

2.20b

Cys

1.66a

1.30b

1.25b

1.27b

1.10c

Thr

3.85a

3.39ab

3.43ab

3.06b

3.82ab

Ile

5.32a

4.31b

4.08b

4.16b

5.09ab

Leu

8.32a

6.53b

6.29b

6.42b

7.62ab

Val

5.66a

4.65b

4.42b

4.43b

6.65a

Phe

4.58a

3.42b

3.33b

3.37b

4.90a

Tyr

3.80a

2.70b

2.69b

2.60b

5.26a

Asp

8.93a

7.29b

7.22b

7.19b

7.32ab

Pro

5.82b

4.46c

3.60c

3.95c

10.89a

Glu

15.81a

12.67b

13.09b

13.08b

17.69a

Ser

2.69b

2.07b

2.28b

2.15b

4.86a

Hist

3.34ab

3.12b

3.98a

3.00b

2.77b

Gly

5.17a

4.27b

4.11b

4.19b

1.78c

Arg

6.68a

5.71b

5.40b

5.66b

3.33c

Ala

6.35a

5.17b

4.95b

5.14b

3.47c

Values are means of triplicates. Values with different letters in the same line are significantly different (p < 0.05).

Table 4. In-vitro indicators of protein quality in most common sources of muscle proteins from various terrestrial and aquatic
species.
Species

In-vitro D (%)

C-PERa

DC-PERb

PDCAASc

Collagen (mg/g)

Shrimp

83.46b

3.36a

3.22a

52.58b

0.60c

Tilapia

83.36b

2.85bc

2.66c

70.34ab

0.48c

Sole

82.36b

2.92b

2.67c

71.99ab

0.64c

Shark

83.69b

2.77bc

2.76bc

76.20a

0.52c

Beef

79.58c

2.60bc

2.71bc

76.52a

4.75b

Chicken

81.07b

2.80bc

2.70bc

69.0ab

5.41ab

Pork

81.58b

2.86bc

2.90b

69.79ab

5.21ab

Turkey

82.91b

2.89bc

2.63cd

63.49ab

5.92a

Casein (control)

90.23a

2.5c

2.5d

86.20

a
C-PER =Computerized Protein Efficiency Ratio; bDC-PER = Discriminant Computerized Protein Efficiency Ratio; cProtein Digestibility Corrected for Amino
Acid Score. Values are means of triplicates. Values with different letters in the same column are significantly different (p < 0.05).
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ble 4). All 4 species showed values of PDCAAS around
70%, with shark muscle being the highest (76.2%) and
shrimp muscle the lowest (56.6%). Since these muscle
proteins, from aquatic species, have a recognized higher
protein quality, these results of PDCAAS found for
aquatic species were surprisingly low, though similar
results had been reported [17]. For muscle samples from
terrestrial species, PDCAAS results were not significantly different (Table 4). However, chicken muscle had
the lowest value (69.0%) and beef muscle had the highest
(76.5%). These PDCAAS results are comparatively lower
than those reported in similar meat products [18]. In all
cases, for aquatic and terrestrial species, the limiting
amino acid, used for the calculation of PDCAAS, was
threonine (Thr).
Based on our results, PDCAAS, as an in-vitro indicator of protein quality, is not capable of establishing significant differences in the protein quality among muscle
proteins from different species, aquatic or terrestrial. A
possible explanation for this is the fact that all muscle
samples, used in this study, have a recognized high protein quality. All muscle samples were consistently higher,
when compared to casein, the reference protein. Perhaps
the fact that PDCAAS was originally design as an indicator of protein quality, but it only represents an AA
score, based on the limiting AA and corrected by % digestibility. In our study, PDCAAS did not show correspondence to % digestibility values as determined by the
multi enzyme technique.

3.4. C-PER
This in-vitro method estimates PER based on the sample
% digestibility and its essential AA contents. In Table 4,
results of C-PER for all muscle samples, from aquatic
and terrestrial species are shown. All muscles from aquatic species gave values of C-PER higher than casein (reference protein). Significant differences in C-PER were
found for aquatic species muscles, where shark muscle
was the lowest (2.77) and shrimp muscle the highest
(3.37). Similar results of C-PER have been reported for
proteins of marine species [19,20]. This computerized
method is able to detect differences of the order of 0.16
PER units in samples of muscles from aquatic species. In
the case of muscles from terrestrial species C-PER did
not show significant differences (Table 4). All muscles
from terrestrial species were significantly higher in
C-PER than casein, and only beef muscle was significantly different than the other terrestrial species. Apparently, C-PER is able to detect differences in protein quality of muscle proteins from different species, as low as
0.2 units of PER, and therefore is recommended for its
use in protein quality studies of animal proteins.
Copyright © 2013 SciRes.

3.5. DC-PER
The other in-vitro computerized method, DC-PER gave
results significantly different for muscles of terrestrial
species (Table 4). Pork muscle showed the lowest DCPER value (2.90) and turkey muscle showed the lowest
(2.63). There were no significant differences between
chicken and beef muscles. Similar to C-PER results,
DC-PER values, of all muscles from terrestrial species,
were significantly higher than casein. For muscles from
aquatic species DC-PER gave values significantly higher
than casein (reference protein). From these aquatic species muscles, sole, shark and tilapia were not significantly different in their DC-PER values and only shrimp
was significantly higher than the others (Table 4).
In general terms, this computerized method of DCPER was found to be able to detect differences in the
protein quality of muscle proteins from both terrestrial
and aquatic origins. Apparently, this computerized method for PER simulation (DC-PER) was not able to detect differences in protein quality, when muscle samples
had differences lower than 0.27 PER units.

3.6. Collagen Contents
When the collagen content was analyzed as a probable
interference factor on % digestibility and in the protein
quality of these muscle samples, it was found that muscles from aquatic species presented values lower than 1.0
g. (Table 4). Collagen values were from 0.4 to 0.7 g for
these aquatic muscles. Therefore, even when these aquatic muscles showed significant differences in their collagen contents, this does not seem to be a determinant
factor on their % digestibility and protein quality. On
the contrary, when the collagen content was analyzed
for terrestrial species muscles (Table 4), values ranged
from 4.7 to 5.96, approximately 10 times higher than
those of aquatic muscles. Turkey muscle total collagen
was the highest value (5.92). High collagen contents
were reported for chicken and other meat products previously [14,21]. These comparatively high values of collagen found in muscle from terrestrial origin may have an
influence in the results of % digestibility, PDCAAS and
C-PER and DC-PER; however, based on results from this
study it was not possible to find an influence of collagen
content on % digestibility or PDCAAS, for aquatic or
terrestrial muscles. No influence was found either of the
collagen content on C-PER and DC-PER, for muscles of
all species. Collagen contents did not have an influence
in the response of any of the in-vitro methods of protein
quality evaluation used in this study.
Another objective of this study was to analyzed, from
a comparative way, the various in-vitro methodologies in
their capacity to evaluate the protein quality of muscles
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Table 5. Linear correlation among in-vitro indicators of protein quality for most common sources of muscle proteins from
terrestrial and aquatic species.
Digestibility

C-PER

DC-PER

PDCAAS

Collagen

% Digestibility

1

−0.0593

0.1591

0.0419

−0.3356

C-PER

−0.0593

1

0.7144

−0.8386

0.0855

DC-PER

0.1591

0.7144

1

−0.8404

−0.0712

PDCAAS

−0.0725

−0.8543

−0.6645

1

−0.1566

COLLAGEN

−0.3356

0.0855

−0.0712

−0.1566

1

from terrestrial and aquatic species. Table 5 shows the
correlation factors found when a multiple correlation
analysis was performed. Only the computerized methods
C-PER and DC-PER gave high correlation values. Surprisingly, the collagen content seems to have a correspondence, though inversely proportional, with C-PER
and DC-PER, for both aquatic and terrestrial muscles. A
correspondence was found between collagen contents
and % digestibility and PDCAAS, since samples with
lower collagen contents had higher values of % digestibility and PDCASS. However, this possible influence of
the collagen content was not found for C-PER and
DC-PER computerized methods.

used in this study. Some of the in-vitro methodologies,
used as indicator for the evaluation of the protein quality
in these animal food proteins, were found very convenient and are recommended to study protein quality, when
animal bioassays are not available.
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