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ABSTRACT

Objective: The electrophoretic profile of serum proteins was investigated in juvenile Piaractus mesopotamicus and Salminus
brasiliensis fed with diets containing bovine colostrum, a nutraceutical food, in lyophilized form (LBC) for either 30 or 60 days.

Materials and Methods: Blood samples were collected from juveniles of P. mesopotamicus and S. brasiliensis fed for either 30 or 60
days with diets containing 0%, 10% or 20% of LBC. Serum protein fractions were then determined by electrophoresis in agarose gel.

Results: The P. mesopotamicus, an omnivorous fish, showed six serum protein fractions, while the S. brasiliensis, a carnivorous fish,
showed four serum protein fractions. In both species the albumin fraction showed higher protein content at 30 days than at 60
days (p<0.05), indicating an inverse relationship with growth. The 5% and 4% fraction in mobility from the P. mesopotamicus and S.
brasiliensis serum, respectively, were positioned in a gamma-globulin zone. In P. mesopotamicus, the concentration of protein in
the gamma-globulin zone was higher at 60 days than at 30 days (p<0.05). In S. brasiliensis, in turn, the concentration of protein in
the gamma-globulin zone was higher at 30 days than at 60 days (p<0.05). In juvenile P. mesopotamicus, a higher concentration of
protein was also observed in the gamma-globulin zone in the 0% LBC compared to 10% and 20% LBC (p<0.05). Thus, the feeding
period influenced only the fractions that were positioned in the albumin and gamma-globulin migration zone in both species.

Conclusion: The consumption of bovine colostrum decreased the concentration of protein in gamma-globulin fraction of
the P. mesopotamicus, indicating that these juveniles had either less stimulus for their own synthesis of defense elements or
an immunosuppressive effect of bovine colostrum ingestion.
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INTRODUCTION Bovine colostrum is the first mammal lacteal secre-
tion that is crucial for nutritional, metabolic and
endocrine status of neonates (4,5). The effects of co-
lostrum consumption include the protection of the

enteric and respiratory tract and reduction in mortal-

Fish farming has increased mainly due to a greater
demand for healthier meats for human consumption
(1). However, the intensive production of these spe-
cies presents a great challenge for the producer as a

concentration of large populations increases the pre-
disposition to bacterial and parasitic diseases (2). This
problem is especially critical in the early stages of life
of teleosts (3). Therefore, the formulation of diets that
contribute to the health and well-being of juveniles are
of great relevance.

ity and morbidity of the newborn (6-8). The high nu-
tritional value and concentration of biological mole-
cules, such as antioxidant and antimicrobial factors,
designate colostrum as a nutraceutical food (9). This
lacteal secretion from bovine has been widely used
as an immunological and nutritional source for sev-
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eral species, including swine and rodents (10,11). In fish, the
supply of lyophilized bovine colostrum is an innovative con-
ception and the effects of this food on fish health has been
explored by different approaches (12-14).

In Brazil, Piaractus mesopotamicus and Salminus brasiliensis,
popularly known as pacu and dourado, are neotropical species
with favorable features for commercial production. Besides be-

Table 1. Chemical composition of experimental pelleted
diets fed to juvenile Piaractus mesopotamicus

Diets’
Ingredient (g kg™') 0% 10% 20%
Bovine colostrum (679 g kg™ CP) - 100 200
Soybean meal (45 g kg™ CP) 265 76.7 -
Wheat meal 238 311.8 311.8
Poultry by-product meal 200 200 131
Broken rice 188 198 200
Fish meal (55% CP) 50 50 50
Fish oil 46.2 40 45.7
DL-methionine 24 34 47
L-lysine HCI - 6 15
BHT 2 2 2
Cellulose = 3.4 =
Calcareous - - 14.7
Corn grain - - 9.3
Premix? 10 10 10.5
Chemical composition (g kg™)*
Dry matter 940.6 9334 9364
Crude protein 3246 3149 322
Crude fiber 30 27.7 307
Fat 90.5 98.2 1093
Ash 1064 101.1 928
Gross energy (MJ kg™) 18 18.2 183

0% - diets containing 0% of lyophilized bovine colostrum; 10% - diets
containing 10% of lyophilized bovine colostrum; 20% - diets containing 20% of
lyophilized bovine colostrum.

2Guabi Nutricao Animal, Campinas, Séo Paulo (ingredient per kg). Vitamins: A,
2,500 Ul; D3, 600.000 Ul; E, 37.500 UI; K3, 3,750 mg; C, 50,000 mg; B1,4.000
mg; B2, 4,000 mg; B6, 4,000 mg; B12, 4,000 mg; calcium pantothenate, 12,000
mg; biotin, 15 mg; acid folic, 1,250 mg; niacin, 22,500 mg. Mineral: Cu, 2,500
mg; Zn, 12,500 mg; |, 375 mg; Se, 87.5 mg; Co, 125 mg; Mn, 12,500 mg; Fe,
15,000 mg; BHT, 15,000 mg.

3Original matter basis.
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ing a species of interest for the sport of fishing, Piaractus meso-
potamicus and Salminus brasiliensis present good performance
and acceptance by the consumers (2,15,16). However, infor-
mation about their physiology and the effects of nutraceutical
foods on their health is still being gathered. The electrophore-
sis of proteins from blood plasma or serum can be used in hu-
mans and animals to provide information on acute and chronic
inflammatory processes and consequently health (17,18). In
recent decades, the study of blood protein fractions from differ-
ent species has increased, including works involving fish, which
focus on the relation between water pollution and fish health
(19-22). The effects of diet on protein profile, especially gamma
globulin fraction where antibodies are positioned, are of great
relevance to evaluate the health and immunity of fish.

Since electrophoresis has been proposed to aid in the diagno-
sis of disease, normal reference ranges for serum protein levels
still need to be established in different species of fish. Consider-
ing colostrum as a nutraceutical food, there is the possibility of
this food modulating immunity, and consequently, fish health.
Thus, this study investigates the electrophoretic prolife of se-
rum proteins of juvenile Piaractus mesopotamicus and Salminus
brasilienesis fed diets with bovine colostrum, a nutraceutical
food, in the lyophilized form (LBC).

MATERIAL AND METHODS

Diets

The first lacteal secretion from multiparous Holstein cows was
frozen at -20°C and, thereafter, lyophilized. This powder was ho-
mogenized to obtain a homogeneous sample, which was ana-
lyzed for the bromatological composition. Considering the nu-
tritional composition of bovine colostrum, isonitrogenous and
isoenergetic pelleted diets were formulated to attend to the re-
quirements of juveniles Piaractus mesopotamicus and Salminus
brasiliensis (Tables 1 and 2). After the homogenization of the in-
gredients, the diets were pelletized, dried (at a temperature of
approximately 46 °C) and stored in a dry place until the time of
supply. Chemical compositions of experimental pelleted diets
were subsequently submitted to chemical analysis (23).

Experiment

Juvenile Piaractus mesopotamicus and Salminus brasiliensis
(8.5£0.7 and 13.3+0.9 g; 7.84+0.3 and 10.8+0.3 cm, respectively)
were randomly distributed in 36 tanks (324 pacuin 18 tanks and
270 dourado in 18 tanks) with controlled water quality param-
eters (26.8+1.5°C, 5.8+1.0 mg L of dissolved oxygen and <0.05
mg L dissolved ammonia). After adaptation for 10 and seven
days, respectively, diets containing 0%, 10% or 20% bovine co-
lostrum in LBC were hand-fed to apparent satiety twice a day
(08h30 and 16h30) for either 30 or 60 days (authorized by the
ESALQ/USP ethics committee).

Seven fish were sampled on the 30" and 60" experimental day
after 24 h fasting and anesthesia with benzocaine (0.1 g L").
Blood samples obtained from the caudal vein were centrifuged
and the serum was stored at -20°C.
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Analyses

The total serum protein was determined (24) and an electrophoret-
ic analysis was performed in an agarose gel (CELMGEL) for 30 min
at 90 volts. After staining with 0.2% starch black for 5 min., a read-
ing of the protein fractions in a densitometer (CELM DS35) with a
wavelength of 520 nm was performed. The software CELM SE-250
was used to calculate the relative percentage of each protein frac-
tion from the area under the curve created by the protein fraction.
No attempt has been made to identify protein components of the
sera studied as albumin or globulin. The electrophoretic fractions
were numbered according to the increasing mobility.

Statistical Analysis

Serum variables were analyzed based on a 2x3 completely random-
ized factorial design using SAS software (SAS Institute Inc,, 2004),
taking into consideration the three diets and two feeding periods
(30 and 60 experimental days). An analysis of variance was per-

Table 2. Chemical composition of experimental pelleted
diets fed to juvenile Salminus brasiliensis

Diets’

Ingredient (g kg™') 0% 10% 20%
Bovine colostrum (679 g kg™ CP) - 100 200
Soybean meal (45 g kg™ CP) 230 230 230
Poultry by-product meal 2048 119.8 245
Fish meal (55 g kg CP) 320 300 300
Fish oil 95 90 85.2
Premix? 10 10 10
BHT 0.2 0.2 0.2
Cellulose 20 30 30
Corn (whole grain) 120 120 120
Chemical composition (g kg™)?

Dry matter 9244 936.7 925.7
Crude protein 422 4251 4447
Crude fiber 189 292 373
Fat 140.7 1406 133.7
Ash 1219 1145 91.1
Gross energy (MJ kg™) 208  21.1 20.8

0% - diets containing 0% of lyophilized bovine colostrum; 10% - diets
containing 10% of lyophilized bovine colostrum; 20% - diets containing 20% of
lyophilized bovine colostrum.

2Guabi Nutricao Animal, Campinas, Séo Paulo (ingredient per kg). Vitamins: A,
2,500 Ul; D3, 600.000 Ul; E, 37.500 UI; K3, 3,750 mg; C, 50,000 mg; B1,4.000
mg; B2, 4,000 mg; B6, 4,000 mg; B12, 4,000 mg; calcium pantothenate, 12,000
mg; biotin, 15 mg; acid folic, 1,250 mg; niacin, 22,500 mg. Mineral: Cu, 2,500
mg; Zn, 12,500 mg; |, 375 mg; Se, 87.5 mg; Co, 125 mg; Mn, 12,500 mg; Fe,
15,000 mg; BHT, 15,000 mg.

3Original matter basis.

formed using the general linear model and comparisons between
pairs of means were made using the Tukey test considering p<0.05.

RESULTS

Electrophoretic profile of serum proteins of juvenile pacu
(Piaractus mesopotamicus)

Using the software SDS-60 (Celm), six fractions in the serum of
juvenile Piaractus mesopotamicus were identified (Figures 1 and
2). These fractions were quantified by the software considering
the value of serum total protein (Table 3). The effect of the peri-
od was observed for the 2™ fraction (p<0.05), with a higher val-
ue at 30 days compared to 60 days. The 6t fraction was affected
by the diet and period (p<0.05), with higher values at 60 days
and in the group 0% LBC.

Electrophoretic profile of serum proteins of juvenile doura-
do (Salminus brasiliensis)

Using the software SDS-60 (Celm), four fractions in the serum of
juvenile Salminus brasiliensis were identified (Figures 3 and 4).
These fractions were quantified by the software considering the

Figure 1. Electrophoretic analyzes of 10 serum samples of juve-
nile pacu, Piaractus mesopotamicus. Arrow: start of the race

] 18

Figure 2. Electrophoretic profile of serum proteins of juvenile
pacu, Piaractus mesopotamicus, revealing six fractions (in order
from fastest to slowest)
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Table 3. Serum protein fractions (in order from fastest to slowest) and total protein (g dL") in juvenile Piaractus mesopotamicus
(mean =+ standard error) fed lyophilized bovine colostrum

Diet’ Feeding period (days) Effect?
0% LBC 10% LBC 20% LBC 30 60 D P DXP
Total protein 4.00+0.23 4.14+0.16 3.95+0.11 4.04£0.14 4.03+£0.12 NS NS NS
Band 1 1.07+0.09 1.18+0.06 1.11+0.02 1.09£0.05 1.16+0.03 NS NS NS
Band 2 0.80+0.04 0.79+0.05 0.76+0.06 0.86+0.03 0.69+0.03 NS * NS
Band 3 0.54+0.03 0.56+0.02 0.54+0.02 0.53+£0.02 0.56+0.01 NS NS NS
Band 4 0.29+0.02 0.32+0.01 0.29+0.01 0.29+0.01 0.32+0.01 NS NS NS
Band 5 0.97+0.05 1.00+0.04 1.00+0.05 1.02+0.04 0.97+0.03 NS NS NS
Band 6 0.32+0.03? 0.27£0.01° 0.25+0.02° 0.24+0.01 0.31+£0.02 * * NS

*p<0.05; NS-p>0.05; means followed by the same letter (a,b) differ (p<0.05); 10% LBC—juveniles fed 0% of lyophilized bovine colostrum; LBC 10%-juveniles fed 10%
of lyophilized bovine colostrum; 20% CBL-juveniles fed 20% of lyophilized bovine colostrum; 2D-diet effect, P-period effect; DxP-interaction between diet and period.

Table 4. Serum protein fractions (in order from fastest to slowest) and total protein (g dL-1) in juvenile Salminus brasiliensis
(mean = standard error) fed lyophilized bovine colostrum

Diet’ Feeding period (days) Effect?
0% LBC 10% LBC 20% LBC 30 60 D P DXP
Total protein 3.37+0.08 3.42+0.07 3.38+0.12 3.46+0.05 3.33+0.08 NS NS NS
Band 1 1.01+£0.03 1.13+0.04 1.11£0.07 1.16+0.03 1.01+£0.03 NS * NS
Band 2 1.45+£0.05 1.37£0.06 1.37£0.05 1.35+£0.04 1.44+0.04 NS NS NS
Band 3 0.12+0.01 0.13+0.01 0.13+0.01 0.13+0.01 0.13+0.01 NS NS NS
Band 4 0.79+0.03 0.79+0.01 0.76+0.03 0.81+0.02 0.75+0.01 NS * NS

*p<0.05; NS-p>0.05; 10% LBC—juveniles fed 0% of lyophilized bovine colostrum; LBC 10%-juveniles fed 10% of lyophilized bovine colostrum; 20% CBL-juveniles fed
20% of lyophilized bovine colostrum; 2D-diet effect, P-period effect; DxP-interaction between diet and period.

value of serum total protein (Table 4). The effect of the period  concentration at 30 days compared to 60 days, indicating an in-
was observed for the 1%t and 4% fractions (p<0.05), with higher  verse relationship with growth. As an additional investigation,

values at 30 days compared to 60 days. bovine serum albumin (BSA, Sigma-Aldrich Co) was added to
fish serum and samples were submitted again to electrophore-
DISCUSSION sis analyses. The electrophoretic profile was not changed in both

species; however, the 2" fraction from Piaractus mesopotamicus
serum and the 1% fraction from dourado serum showed a signifi-
cantincrease in its participation of total protein from 19% to 43%
and 36% to 53%, respectively. These results indicated that these
fractions are in the albumin migration zone and are probably the
corresponding protein in fish. Thus, in juvenile pacu, the calcula-
fraction corresponded approximately to 32%, 41%, 5% and 22%  tjon of globulin by the difference of serum total protein and albu-
of the serum total protein (25). Work with four species of Tilapia,  mjn is not adequate, since near 28% of serum proteins are in the
seven serum fractions were observed in the T. nilotica, T. galilaea 1t fraction, which corresponds to pre-albumin proteins and are
and T. aurea, while de T. zillii showed six serum fractions. The au- ot considered in this calculation.

thors also observed differences in the protein concentration in

each band and suggest that these results might be related to diet. ~ According to Atamanalp et al. (26) and Maceda Veiga et al. (27),
environmental changes can affect the physiological and biochem-

The 2™ fraction in the serum of pacu and the 1 fraction in the ical characteristics of fish blood, and the hematological and serum
serum of dourado, Salminus brasiliensis, showed a higher protein  protein profiles are important indices in monitoring the effects

62

The serum protein profile of juvenile pacu, Piaractus
mesopotamicus, showed six fractions. Approximately 28%, 19%,
14%, 8%, 25%, and 7% of proteins were observed in the 1%, 2™,
3¢, 4t 5% and 6™ fraction, respectively. In the juvenile dourado,
Salminus brasiliensis, four fractions were identified. The 1% to 4%
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Figure 3. Electrophoretic analyzes of 10 serum samples of juve-
nile dourado, Salminus brasiliensis. Arrow: start of the race
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Figure 4. Electrophoretic profile of serum proteins of juvenile
dourado, Salminus brasiliensis, revealing four fractions (in order
from fastest to slowest)

of aquatic habitat changes suggests that the reduction of serum
protein concentration is related to an adverse environment. The
authors observed lower serum protein concentration in the Mugil
cephalus exposed to different pHs. In the present work, Piaractus
mesopotamicus and Salminus brasiliensis showed a reduction of
protein concentration in the 2" and 1% fractions, respectively, after
60 experimental days, suggesting a less favorable condition for fish.
According to Fazio et al. (22), the reduction of protein concentration
is due to protein catabolism, i.e. the process of converting blood
and structural proteins to energy to produce higher energy, result-
ing in fish adaptation to a wide range of environmental conditions.

The 3" and 4™ fractions from Piaractus mesopotamicus serum
and the 2" and 3" fractions from Salminus brasiliensis serum
were positioned in an alpha-beta-globulin zone. Further studies
should be conducted to better characterize each serum protein
fraction since this information can be useful to fish health.

The 5% and 6% fraction from pacu serum and the 4% fraction from
dourado, Salminus brasiliensis, serum were positioned in a gam-
ma-globulin zone, where immunoglobulin are usually expected.
In this study, the concentration of this protein fraction in pacuy,

63

Piaractus mesopotamicus, serum was higher at 60 days compared
to 30 days while in dourado serum it was lower at 60 days com-
pared to 30 days. According to Scapigliati et al. (28), the immuno-
globulin levels increase consistently with age and size; however,
other events like water oxygenation and season can also affect
concentrations of this protein in serum. The authors observed that
the hyperoxygenation of seawater resulted in a two-fold increase
of immunoglobulins, from 3.9 mg mL" in running seawater, to 7.1
mgmL"at 12 ppm O, L. In juvenile Piaractus mesopotamicus, great
concentrations of proteins were also observed in the 5t fraction in
the group that was not fed lyophilized bovine colostrum, 0% LBC.
This result suggests that the first lacteal bovine secretion, rich in
immune and antimicrobial elements such as immunoglobulins,
lactoferrin, lactoperoxidase and lysozyme (29), may have contrib-
uted to the protection of the juvenile. Consequently, the juveniles
had less stimulus for their own synthesis of defense elements,
probably immunoglobulin M. On the other hand, this result can
indicate an immunosuppressive effect of colostrum. According to
Mandalapu et al. (30) human colostrum contains a factor (colos-
trum inhibitory factor XX) that inhibits the induction of interleukin
2 in T lymphocyte cell lines. Aldridge et al. (31), in turn, observed
that colostrum feeding reduces the number of immunoglobulin
positive cells in the lymphoid tissues of newborn calves.

As found by other authors using SDS-PAGE, the presence, posi-
tion and amount of protein in serum fractions can be affected
by pollutants, water quality and phylogenetic distance (20, 32-
36). Gicking et al. (37) states that plasma protein electropho-
resis may be useful as a health assessment tool for evaluating
injured sea turtles. The authors determined reference intervals
for plasma protein fractions of wild Atlantic loggerhead sea tur-
tles, Caretta caretta. In the present study, the values of protein
concentration could be useful as reference ranges for the health
of juvenile Piaractus mesopotamicus and Salminus brasiliensis.

The two species studied, Piaractus mesopotamicus and Salminus
brasiliensis, showed different electrophoretic profiles of serum pro-
teins. The first species, an omnivorous fish, showed six fractions
while the second, a carnivorous fish, showed four fractions. Fractions
that were positioned in the albumin and gamma-globulin migration
zone were affected by feeding period, 30 or 60 experimental days, in
both species, pacu and dourado. Bovine colostrum influenced the
serum protein profile of the juvenile Piaractus mesopotamicus with
some indications of positive protective effects.
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