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SUMMARY

This study evaluated the growth response and
metabolic effects of partial replacement of animal
protein source with in natura (LM) or
demucilaged (DLM) linseed meal in the diet of
jundia (Rhamdia quelen juveniles. After
demucilagen increased crude protein content and
reduced soluble fiber of linseed meal. During
seven weeks, 240 jundia juveniles were reared in
water recirculation system and fed to apparent
satiation with the following diets: control diet
(meat and bones meal and soybean protein
concentrate as the main protein sources); 17% LM
(17% crude protein of linseed meal replacing meat
and bones meal); 17% DLM (17% crude protein
of demucilaged linseed meal replacing meat and
bones meal) or 35% DLM (35% crude protein of
demucilaged linseed meal replacing meat and
bones meal). At the end of the experiment, weight,
total and standard length of the animals did not
differ between treatments, but lower values of feed
conversion were found in the control group. As for
metabolic response, animals fed with 35% DLM
diet showed higher level of glucose and
cholesterol in plasma, but triglycerides, albumin,
total protein and liver biochemistry (glycogen,
glucose, lactate, protein, amino acids, ammonia)
were not changed between treatments. The results
demonstrated thain natura and demucilaged
linseed meal can be used in the diet of jundia
without compromising metabolic parameters and
final weight

Keywords: demucilagem, fish, metabolic
parametersRhamdia quelen

RESUMO

Este estudo avaliou o crescimento e efeitos
metabdlicos da substituicdo parcial da fonte
proteica de origem animal pelos farelos de linhaca
in natura (FL) e demucilada (FLD) na dieta de
juvenis de jundia Rhamdia quelén Apés a
demucilagem, o0s niveis de proteina bruta
aumentaram e houve reducado da fibra soltvel do
farelo de linhaca. Durante sete semanas, 240
juvenis de jundia foram criados em sistema de
recirculagcdo de agua e alimentados até a saciedade
aparente com as seguintes dietas: dieta controle
(farinha de carne e ossos e concentrado proteico de
soja como as principais fontes proteicas); 17%FL
(17% da proteina bruta do farelo de linhagca em
substituicdo da farinha de carne e 0ssos); 17%
FLD (17% da proteina bruta do farelo de linhaca
demucilada em substituicdo da farinha de carne e
0ss0s); 35%FLD (35% da proteina bruta do farelo
de linhaca demucilada em substituicdo da farinha
de carne e 0sso0s). Ao final do experimento, peso e
comprimento total e padrdo néo diferiram entre os
tratamentos, porém menores valores de conversao
alimentar foram encontrados no grupo controle.
Em relacdo as repostas metabdlicas, os animais
alimentados com 35%FLD apresentaram maiores
niveis de glicose e colesterol no plasma, porém
triglicerideos, albumina, proteinas totais e os
pardmetros bioquimicos do figado (glicogénio,
glicose, lactato, proteina, aminoacidos, amonia)
ndo foram alterados entre os tratamentos. Os
resultados demonstraram que tanto o farelo de
linhagain naturacomo o demucilado podem ser
utilizados na dieta de jundias sem comprometer os
parametros metabdlicos e de peso final.

Palavras-chave demucilagem, jundia, parametros
metabdlicos, peixes
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INTRODUCTION

The jundia(Rhamdia quelenjs a fish
species that attracts farmers for
commercial  production  purposes,
because it easily adapts to artificial
diets, and also has good carcass Yyield,
absence of intramuscular bones and
favorable characteristics for intensive
farming (BALDISSEROTTO &
RADUNZ NETO, 2004). However, the
cost of intensive farming is considered
high, mainly due to significant
participation of fish meal and meat and
bones meal in the composition of their
rations, which are increasingly scarce
and expensive inputs in the world
market (NAYLOR et al.,, 2009). One
way to reduce costs without losing diet
quality is to replace sources of animal
protein with vegetable protein, whose
chemical composition is homogeneous.
Furthermore, vegetable ingredients
generally have greater availability and
lower cost compared to animal meal
(BARROSO et al.,, 2002; PEDRON et
al., 2008).

Linseed Linum usitatissimum L.js an
annual plant grown in cold seasons.
After oil is extracted from its seeds,
there is meal as a byproduct, whose
protein content is high (average 30%)
and raises interest for use in fish
nutrition (OOMAH & MAZZA, 1993).
However, the presence of 8% of the
weight seed in water soluble non-starch
polysaccharides (NPS) is the main
antinutritional characteristic of this
protein source (MAZZA &
BILIADERIZ, 1989; RODRIGUEZ et
al., 2001; ALZUETA et al., 2003). The
viscous properties of NPS, such as
arabinoxylans and p-glucans, form
gum-like masses in the intestine which
impairs digestive enzyme activity and
nutrient availability of the diet
(FRANCIS et al., 2001). Thus, the

http://dx.doi.org/10.1590/S1519-892015000100025

removal of this component provides
enhanced digestibility of linseed meal.
The effect of removing antinutritional
factors of feed ingredients in fish
nutrition is generally observed by
growth indicators, and few studies have
evaluated the metabolic profile in fish
tissues. Therefore, this study also
evaluated the response of biochemical
parameters in plasma and liver of jundia
fed with in natura or demucilaged
linseed meal in the diet, as well as
growth response.

MATERIALS AND METHODS

The research was conducted at the
Laboratory of Fish Culture, Department
of Animal Science, Federal University
of Santa Maria, Rio Grande do Sul,
Brazil. Linseed (variety Normandy) was
obtained from the Giovelli Vegetable
Oil Industry (Guarani das Missoes, RS).
The mucilage was extracted from the
whole linseed grain in an aqueous
medium at a concentration 10% wi/v, at
temperature 60-80°C with constant
stirring, for 150 minutes. The
supernatant was removed and 93%
ethanol (final alcohol concentration of
75%) was added in order to precipitate
the soluble fiber (MONEGO, 2009).
The demucilaged grains were dried in a
forced air oven at 50°C for 48 hours.
The oil of in natura and demucilaged
linseed was extracted by washing four
times in hexane organic solvent at a
concentration of 2:1 (viw) for 30
minutes for each wash. Dry matter, ash
and crude protein as AOAC (1995) and
fat content according to Bligh & Dyer
(1959) were measured in natura and
demucilaged linseed meal. The levels of
total dietary fiber (TF) and insoluble
fiber (IF) were determined according to
AOAC (1995), (enzymatic-gravimetric
method number 991.43), and soluble
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fiber (SF) was determined by
difference. The amino acid profile of
meals was evaluated by High
Performance Liquid Chromatography
(HPLC) as Bernal et al. (2008).

http://dx.doi.org/10.1590/S1519-892015000100025

The extraction yield of linseed mucilage
was calculated using the following
mathematical formula:

Mucilaged obtained grams x 100

% yield of extraction =

Sample weight (linseed)

For the feeding test, 240 jundia
juveniles were used; they were divided
into twelve polypropylene boxes (280
liters of useful volume each), and
arranged in a recirculating water system
with two biological filters and reservoir,
with  controlled temperature and
aeration system. Twenty animals were
used per experimental unit, with 14.49 +
1.85 grams and 11.74 + 0.61 cm as
initial measures. The fish were fed for
seven weeks with isocaloric and
isonitrogenous diets, where thé
natura or demucilaged meal linseed
partially replaced the source of animal
protein. The experimental design was
completely randomized with three
replications for each of four treatments:
17% LM: 17% crude protein ofn
natura linseed meafteplacing meat and
bones meal; 17% DLM: 17% crude
protein of demucilaged linseed meal
replacing meat and bones meal; 35%
DLM: 35% crude protein of
demucilaged linseed meal replacing
meat and bones meal (Table 1). The
calculated essential amino acid
concentrations in the experimental diets
(Table 2) followed the recommendation
of Montes-Girao & Fracalossi (2006).
For the sake of comparison, a control
diet was used with meal and bones meal
and soybean protein concentrate as the
main protein sources. The experimental
diets were given to the fish three times a
day, at 9, 13 and 17 hours, until the
animals were fed to satiation. At 8 and

16 hours, food residue and fish waste
were removed from the experimental
units.

Water quality was monitored daily for
temperature and dissolved oxygen
(oximetry pulse; YSI Yellowsprings —
USA) and weekly for pH, total
ammonia, total alkalinity and hardness
using colorimetric kit Alfakit®, and
nitrite according to Boyd & Tucker
(1992). Water quality parameters during
the experiment were as follows:
temperature: 24.9+1.51°C; dissolved
oxygen: 6.72 + 0.43ppm; pH: 7.28 +
0.25; total ammonia: 0.1 + 0.06ppm;
alkalinity: 48.77 + 13.70mg/L CaG
hardness: 56.38 + 34.61mg/L CagO

and nitrite: 0.1 £ O.1lppm. All
parameters remained within  the
optimum range for farming jundia

(BALDISSEROTTO & RADUNZ
NETO, 2004).

After seven weeks of feeding, the
animals were fasted for 24 hours and
blood samples were taken from three
juveniles per experimental unit, by
puncturing the vessel flow, using
heparinized syringes previously. The
blood was centrifuged to obtain the
plasma for analysis of glucose,
triglycerides, cholesterol, total
circulating protein and albumin using
commercial colorimetrickits (Doles).
After blood sampling, fish were killed
by spinal cord excision and their liver
was collected for biochemical analysis.
Thus, the tissue was fractioned into 50
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total and standard length (cm) and also
to calculate feed conversion.

The data were subjected to analysis of
variance and the F-test, and means were
compared by Tukey's test at 5%
acids (COPLEY, 1941) and ammonia significance level. The results of the
(VERDOUW et al., 1978). The remaining  plasma parameters are expressed as
animals in each box were anesthetized mean + standard error of mean and
with eugenol (20 pL of pure extract'L other data as mean + standard deviation.
water) to collect data on weight (g),

mg samples to quantify glycogen
(KRISMAN, 1962), glucose (PARK &
JOHNSON, 1949), lactate
(HARROWER & BROWN, 1972),
protein (LOWRY et al., 1951), free amino

Table 1. Formulation and proximate compositionxgeximental diets

Ingredients (%) Treatments

Control 17%LM 17%DLM 35%DLM
Meat and bone meal 30 24.9 24.9 19.5
Corn 19.5 20 20 15
Defatted rice bran 3.7 25 3,0 0
Soybean protein concentrate 26 25 25 26.3
Linseed meal 0 10.57 0 0
Demucilaged linseed meal 0 0 9.45 19.45
Corn starch 2.4 2.7 5.2 8
Soybean oil 3.5 3 5.5 8.5
Vitamin and mineral premix 3 3 3 3
Dicalcium phosphate 3.64 15 1.19 0
Monosodium glutamate 0.25 0.25 0.25 0.25
Butil hydroxy toluene (BHT) 0.01 0.01 0.01 0.01
Limestone 2.2 15 1.2 0
Inert 5.8 5.07 1.3 0
DL- methionine 0 0.21 0.21 0.094
Diet compositiof
Moisture 5.58 5.61 5.40 4.60
Crude protein 37.11 36.25 36,34 36.20
Fat 10.34 10.59 12.61 15.70
Neutral detergent fiber 6.31 11.65 9.72 12.77
Mineral matter 10.21 13.48 7.87 6.03
Calcium 3.78 2.68 2.48 1.40
Total phosphorus 1.99 1.42 1.35 0.85
Digestible energy (kcal/kd) 3218 3201 3200 3183

Vitamin and mineral premix (per Kg of product): Fohcid: 299.88 mg; Ascorbic acid: 15.000.12 mg,
Pantothenic: 3.000.10 mg, Biotin: 0.06 mg, Niaci3)B2.000.32 mg, Choline (B4):103.500.00 mg, Vit
A: 1.000.000.00 Ul, 10.000.00 mg, Vit. K3: 400.00g.minositol: 9.999.92 mg, Iron: 6.416.80,
Manganese: 8.000.40 mg, Copper: 1.000.00 mg, ZiBc®99.50 mg, lodine: 45.36 mg, Cobalt:60.06
mg, Selenium: 60.30 mg, Magnesium:5.10 mg, Chlo2n&0%,Sulphur: 0.01%.

Values calculated and expressed as fed.

3Calculated: Digestible Energy = [(CP * 5.65 * 0.85JEE * 9.4 * 0.9) + (0.7 * 4.15 * CSDN)] (adjuste

to MEYER et al. 2004).

“Treataments: 17% LM: 17% crude proteinimfnatura linseed meal replacing meat and bones meal;
17% DLM and 35% DLM: 17 and 35% crude protein oimdeilaged linseed meal replacing meat and
bones meal, respectively.
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Table2. Calculated amino acid composition of diets ugdtie study (% in diet)

Amino acids Treatments

Control 17%LM 17%DLM 35%DLM
Lysine 2,02 1,94 1,95 1,91
Met + Cys 1,37 1,35 1,34 1,34
Threonine 1,30 1,25 1,17 1,07
Tryptophane 0,13 0,11 0,11 0,09
Valine 1,66 1,58 1,47 1,35
Isoleucine 1,25 1,26 1,16 1,08
Leucine 2,36 2.31 2,16 1,97
Phenylalanine 1,47 1,45 1,37 1,28
Histidine 0,95 0,92 0,84 0,76
Arginine 2,20 2,21 1,96 1,77

Treataments17% LM: 17% crude protein dh naturalinseed meal replacing meat and bones meal;
17% DLM and 35% DLM: 17 and 35% crude protein ofndeilaged linseed meal replacing meat and

bones meal, respectively.

RESULTS AND DISCUSSION

The average yield of extraction of the
linseed mucilage used in the
composition of the diets tested was 7.18
+ 1.54%, which is consistent with the
results found by Monego (2009). The
process of extracting the mucilage
decreased by approximately 50% the
soluble fiber content of linseed meal

with protein vegetable in diet of the
Nile tilapia Oreochromis nilotica) and
also observed no significant differences
in final weight between animals fed
diets containing plant protein mixture,
compared with the control group.

Table 3. Nutritional characteristics of
natura and demucilaged linseed

(Table 3). Furthermore, the process of meal
demucilagen also resulted in increase of
crude protein, essential amino acids and _Component LM DLM
decrease in the concentration of  Crude protein (%) 29.06  32.08
minerals, which is consistent with the  Fat(%) 16.92  13.89
results found by Alzueta et al. (2003).  rotal fiber (%) 37.06 3661
Removal of most of the mucilaginous ~ S0UPle fiber (%) 1195 6.09
material from linseed by extraction with Insoluble fiber (%) 2510 3053
. . Mineral matter (%) 5.21 4.75
hot _ water markedly increased its Dry matter (%) 9558 9788
numt've. value. o Essential amino acids
In relation to growth indicators, the Lysine (%) 1 112
partial replacement of meat and bone  \vethionine+cysteine (%)  1.68 1.84
meal with in natura or demucilaged Threonine (%) 0.88 1.09
linseed meal caused no differences in  Valine (%) 1.08 1.28
weight, standard and total length among  Isoleucine (%) 0.97 1.11
animals. In this study, the balance of  Leucine (%) 1.55 1.79
essential amino acids (Table 3), mainly ~ Phenylalanine (%) 0.76 0.95
lysine and methionine, may have led to ~ Histidine (%) 089 095
Similar final the Arg|n|ne (%) 2.42 3.01

weight in all
treatments. El-Saidy & Gaber (2003)
evaluated the substitution of fish meal

Data (n=3) expressed in natural matter. LM =
in natura linseed meal; DLM = demucilaged
linseed meal.
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Table 4. Growth variables and biochemical paramsetetissues of jundia juveniles fed
for seven weeks on diets containinghaturaor demucilaged linseed meal

Variables Control 17% LM 17% DLM 35% DLM
Growth'

Weight (g) 45.74+11.64 47.13+13.74 48.71+13.3 AB1B744
Total length (cm) 16.34+1.45 16.72+1.40 16.5+1.39 6.52+1.39
Standard lenght (cm) 13.59+1.37 13.87+1.19 13.7091. 13.67+1.26
Feed conversion 1.12+072 1.40+0.1%1 1.41+0.16 1.36+0.1%
Plasma

GLU (g dL” 50.12+2.4% 56.52+3.68" 54.22+2.74" 62.71+5.16
TG (mg dLY) 765.6+102.5 642.9+78.6 789.7+86.9 871.4+78.0
CHOL (mg dLY) 130.71+3.24 121.3+6.6 129.6+ 2.9 178.7+ 10.7
PROT (g dr) 4.12+0.19 4.21+0.21 4.15+0.18 4.73+0.38
ALBI\l/I (gdL™ 0.82+0.06 0.89+0.15 0.76+0.05 0.78+0.07
Liver

GLY (%) 9.46+4.0 7.08+3.66 6.21+4.06 5.78+2.47
GLUH (umol g*) 31.32+4.94 32.24+5.94 24.63£3.45 31.21+8.86
LAC (umol g*) 9.47+2.74 8.62+1.90 9.86+3.54 8.29+1.88
PROTH (mg §) 25.46+4.33 19.21+8.12 21.14+6.97 24.28+3.18
AA (umol gh) 65.31+45.78 50.18+15.72 78.17+42.14 85.44+60.03
AM (umol g*) 12.0945.22 10.82+4.54 11.35+3.14 13.49+3.42

values expressed as mean + standard deviation’aredin + standard error of mean (n=9). Different
letters in the lines of the table represent sigaiit differences by Tukey’s test (p<0.0%3LU=glucose;
TG= Triglycerides; CHOL= Cholesterol; PROT=total ofgin; ALBM=albumin; GLY=glycogen;
GLUH= hepatic glucose; LAC=lactate; PROTH=hepatiotpin; AA=amino acids; AM=ammonia. 17%
LM: 17% crude protein oin naturalinseed meal replacing meat and bones meal; 17% Bhd 35%
DLM: 17 and 35% crude protein of demucilaged limkeweal replacing meat and bones meal,
respectively.

acceptable, because these values are not
always achieved for captive bred
animals receiving only artificial
feeding. According to Losekann et al.
(2008), feed conversion values between
1.3-1.5 are considered acceptable for

Satisfactory results of growth obtained
in the treatment 17% LM may be
associated with the prebiotic effect of
the mucilage of then naturameal. The
soluble fiber of linseed may stimulate
the growth and activity of beneficial
bacteria, producing positive effects on the species under study.

animal performance (ALZUETA et al., Considering the parameters evaluated in
2003). Furthermore, the feeding habits of plasma, the inclusion of different forms
jundia, which is an omnivorous species, of linseed meal in the diet of jundia did
may have contributed to effective use of not alter the levels of triglycerides, total
plant ingredients. Similarly, Pedron et al.  protein and albumin (Table 4). Animals
(2008) observed no effect of the sources of the 35% DLM treatment showed
and levels of fiber for the variables of  higher blood glucose compared with the
growth in jundia. control fish treatment. According to
The fish that received the control diet Borges et al. (2004), glucose values
had better feed conversion compared found in fish in this study were within
with other treatments (Table 4). the range considered normal for the
However, the results found for feed species (43 to 78mg/dL). Most of the
conversion in treatments 17% LM, 17%  fish have a behavior similar to that of
DLM and 35% DLM can be considered  diabetic animals; in other words, even
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when small amounts of carbohydrates
are included in their diet, their response
may be marked by significant increase
in blood glucose levels (BACILA,
2003). Higher levels of cholesterol were
found in the 35% DLM diet compared
with other treatments and numerically
lower values were observed in the 17%
LM treatment. This result may be
associated with greater inclusion of
soybean oil in this diet to maintain
similar levels of energy between
treatments. Corréia et al. (2012) found
lower levels of blood total cholesterol
for jundia juveniles and common carp
fed with plant sources such as oat bran
and defatted rice meal. This
hypocholesterolemic effect on the 17%
LM diet is related to the ability of fibers
to absorb bile acids, which causes
increased deflection of the endogenous
cholesterol to a new synthesis of fatty
acids. Furthermore, fibers have the
characteristic of increasing fecal mass
by decreasing the absorption and levels
of serum cholesterol and glucose
(MEURER & HAYASH 2003; FOOD
INGREDIENTS BRASIL, 2008).

Just like the biochemical response
measured in the plasma, some
parameters of the hepatic metabolism
may be good indicators of the animal’s
response to a particular feed. In this
study, no changes were observed for
glycogen, glucose, lactate, protein,
amino acids and ammonia in the hepatic
tissue of silver catfish (Table 4).
Glycogen is a form of carbohydrate
reserves broken down to glucose in the
liver for energy supply (BARCELLOS
et al., 2010). The inclusion of plant
protein in the diet of jundia did not
promote significant difference in
glycogen stores between treatments,
suggesting that the fish spent similar
levels of this metabolite to maintain
glucose circulating. Endogenous or
exogenous amino acids are also directed

http://dx.doi.org/10.1590/S1519-892015000100025

to the production of energy. This most
commonly occurs when diets are
deficient in lipids and carbohydrates or
fish species have reduced ability to
extract energy from such sources
(LUNDSTEDT et al., 2004). Excessive
protein level of feeds and the use of
amino acids to produce glucose can
increase the concentration of ammonia
in tissues and signal the misuse of
dietary protein. Similar metabolic
results found in jundia juveniles suggest
that the level and the source of plant
protein used in the diets had the same
efficiency in the metabolism of animals
receiving higher levels of animal
protein source. The similar growth
shown by the fish is also connected to
this fact. Thus, the assessment of
metabolic parameters in fish serves as
an indicator of nutritional status, and it
is also an important contribution to the
nutrition and farming of these animals.

In conclusion, the demucilaged process
in linseed meal increased nutrients and
essential amino acids, improving their
nutritional composition. Despite obtain
worst feed conversion, our findings
suggest that both forms natura as
demucilaged of the linseed meal could
replacel7% and 35%, respectively, meat
and bone meaprotein in the diets for
jundid juveniles without causing
adverse effectson weight and fish
metabolisnfor up to 7 weeks.
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