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Dietary soybean meal on growth and intestinal morphology of South American catfish,
Rhamdia quelen, larvae

Farelo de soja em dietas para larvas de jundia (Rhamdia quelen) sobre o crescimento e morfologia
intestinal

David Roque Hernandez'* Juan José Santindn'!"" Sebastidn Sanchez' Hugo Alberto Domitrovic'

ABSTRACT

The effects of the replacement of bread yeast by
soybean meal in diets for Rhamdia quelen larvae on growth,
survival, and intestinal morphology were analysed. Larvae were
fed for 20 days with five diets: a control diet formulated with
57% of bread yeast, and other four diets in which soybean
meal at concentrations of 14.25, 28.5, 42.75 and 57% was
added to obtain 25, 50, 75 and 100% of bread yeast
replacement. Growth and survival parameters were negatively
affected by dietary soybean meal inclusion. Larvae fed control
diet showed significantly higher mean weight, specific growth
rate, final biomass, and survival rate than larvae from other
treatments. Enterocyte height and fold width of the posterior
intestine showed highest values in the control group, and an
inverse linear relationship with the level of dietary soybean
meal inclusion was observed, however, in the anterior intestine
the morphology parameters were not affected by the diet. These
results indicate that inclusion of soybean meal in diets for R.
quelen larvae negatively affects growth and survival, as well as
the capacity for digestion and absorption of nutrients, mainly
in the posterior intestine.

Key words: larviculture, experimental diet, intestine,
morphology, South American catfish.

RESUMO

Neste estudo, foi analisado o efeito da substituicao
de levedura de p&o por farelo de soja em dietas para larvas de
Rhamdia quelen no crescimento, sobrevivéncia e morfologia
intestinal. As larvas foram alimentadas durante 20 dias com
cinco dietas experimentais: uma dieta controle formulada com
57% de levedura de pédo e quatro dietas em que o farelo de
soja foi adicionado em 14,25, 28,5, 42,75 e 57% para obter
25, 50, 75 e 100% de substituicdo de levedura de p&o. As

variaveis de crescimento e sobrevivéncia foram negativamente
afetadas pela inclusdo da soja na dieta. As larvas alimentadas
com a dieta controle apresentaram maior peso médio, taxa de
crescimento especifico, biomassa final e sobrevivéncia,
diferindo significativamente dos demais tratamentos. A altura
dos enterécitos e a largura das pregas no intestino posterior
apresentaram valores mais elevados no grupo controle,
enquanto nos demais tratamentos mostraram uma relagao
linear inversa com o nivel de inclusdo de farelo de soja na
dieta. No entanto, no intestino anterior, 0s parametros
morfolégicos ndo foram afetados pela dieta. Esses resultados
indicam que a inclusdo de farelo de soja em dietas para larvas
de R. quelen afeta negativamente o crescimento e sobrevivéncia,
bem como a capacidade de digestdo e absor¢do de nutrientes,
principalmente no intestino posterior.

Palavras-chave: larvicultura, ragdes experimentais, intestino,
histologia, jundia.

INTRODUCTION

In general, larviculture of fish and
crustaceans under laboratory controlled conditions is
carried out using live planktonic food, such as
microalgae, rotifers, and Artemia sp. This activity
involves some difficulty, because live food usually
shows variable nutritional quality and inconstant
supply, thus being a scarce and costly component
(CONCEICAO et al., 2009). Therefore, one of the
challenges currently faced by aquaculture is the
possibility of partly or totally replacing live food by
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balanced diets at the first feeding stage (YUFERA et
al., 1999). Thus, the design and use of microdiets (MDs)
for fish larvae is under full development as a factor of
ecological sustainability and as technical-economical
viability of the activity.

In order to fully or partially replace the use
of fish meal in food production, due to its high cost
and limited supply (HARDY, 2010), soybean meal
appears as a suitable ingredient with several
characteristics that make it favourable for its use in
aquaculture (URAN etal., 2008), such as its high protein
level and good amino acid profile (BONALDO et al.,
2006), and its secure supply (HARDY, 2010), being
successfully used as food ingredient in some species
(OLSEN et al., 2007). However, several studies have
demonstrated that the use of soy products in fish diets
can lead to an inflammatory state of the intestinal
mucosa (OSTASZEWSKA et al. 2005; BONALDO et
al. 2006; URAN et al. 2008). Morphological changes
depend on the tolerance of the species, the levels of
inclusion of soy (ESCAFFRE et al. 2007), and different
technological processes involved (REFSTIE et al. 2000).

In R. quelen larvae, several MDs have been
successfully tested, reaching higher values of weight
gain and survival, being yeast (Saccharomyces
cerevisiae) one of the most used ingredients (ULIANA
etal., 2001; CARDOSO et al., 2004; HERNANDEZ et
al., 2009). Considering that yeasts appear to be the
most expensive ingredient in balanced diets production,
in this study it is evaluated the effects of the
replacement of bread yeast (BY) by soybean meal (SM)
in increasing proportions in MDs for R. quelen larvae
under controlled laboratory conditions, analysing
growth and survival parameters, as well as it effect on
intestinal morphology under light microscopy.

MATERIALS AND METHODS

The study was carried out at the
experimental fish culture facilities of the Northeast
Ichthyology Institute, School of Veterinary Sciences
(Corrientes, Argentina), where SMDs were evaluated
in R. quelen larvae. The experimental units were
distributed according to a completely randomized
design with 3 replicates (n=15) for each feeding
treatment.

Experimental design and sampling

After hatching, larvae were maintained in
incubation chambers until almost complete absorption
of the yolk sac and oral aperture (two days post-
hatching). At that moment, batches of 750 larvae
(totalising 11,250 specimens) were placed in 15 25-L

aquaria provided with supplementary aeration, used
as experimental units (30 larvae L'). Water replacement
was carried out at a rate of 0.4L min™ during 12h d' for
waste elimination. The experiment lasted 21d, during
which water temperature, conductivity (uS cm), pH
(HANNA® equipment), and dissolved oxygen (mg L™,
Y SI® equipment) were recorded daily. MDs tested were
the following: (Control) 57% BY - 0% SM, considered
as control diet; (S1)42.75% BY - 14.25% SM; (S2) 28.5%
BY -28.5% SM; (S3) 14.25% BY -42.75% SM and (S4)
0% BY - 57% SM. Each diet also contained fish egg
35%, soy lecithin 2% and vitamin-mineral premix 6%
(Table 1). To elaborate the balanced diets, the
ingredients were mixed and sufficient water added
(400g kg until form a soft dough. The resultant dough
was passed through a mincer with 2mm diameter mold
and oven-dried (38-40°C) for 48 h and stored at -18C
during the experiment. Each diet was ground and sieved
according to the oral aperture of larvae with size particle
0f 100-200, 250-450 and 600-800um, for the first, second,
and third wk, respectively. All groups were daily fed ad
libitum at 0800, 1100, 1400, 1700 and 2000h, throughout
the experimental period.

Histological analysis

At the end of the experiment 30 larvae per
treatment were collected and anaesthetized with tricaine
methanesulphonate (MS222, 180mg L'). The samples
were formalin-fixed and routinely processed for
histology by dehydration in graded ethanol,
equilibration in xylene, and embedding in paraffin.
Sections were cut about 3pum thick and stained with
haematoxylin and eosin (HE). Mucins (carbohydrate
compounds) were identified using histochemical
methods. The sections were stained with periodic acid-
Schiff (PAS), then with alcian blue at pH 2.5-sialomucins
(sialic acid) or sulfamucins (sulfate ester), fucsin
aldehyde (sulfated glycoproteins), and a combination
of these compounds. Histological analyses were carried
out to evaluate the following morphological features
of the anterior and posterior intestine: enterocyte
height, intestinal mucosal folds (height and width),
number of mucous cells and type of mucins (counted
per 5 intestinal folds). Cell measurements were done
using a Leica DM500 microscope and a Leica ICC50
digital camera. The values per treatment were taken with
an image analysis system: Leica Application Suite 3.4.1.

Data calculations and statistical analysis

Atthe end of the experiment (21d), final mean
weight (W) survival rates ($%), and final biomass (FB)
were estimated. Specific growth rate (HOPKINS, 1992)
was calculated as SGR=100 [(InW; - InW;) (T)'], were In
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Table 1 - Ingredient composition of experimental diets used in first feeding of R. quelen larvae (g kg™):

Experimental diet

Ingredient

Control S1 S2 S3 S4
Bread yeast 570 427.5 285 142.5 --
Soybean meal - 142.5 285 427.5 570
Fish egg 350 350 350 350 350
Soy lecithin®* 20 20 20 20 20
Vitamin-mineral supplement* 60 60 60 60 60
Crude protein 4445 4344 423.8 4104 397.0

Control diet (0% soybean meal); S1, S2, S3, S4 (25, 50, 75 and 100% of bread yeast replacement, respectively).

1- Vitafac Super Acqua - Roche® (ingredient kg of diet): vit. A: 144.000UI; vit. D3: 28.800UIL; vit. E: 3.000mg; vit. K3: 96mg; vit. B1:
120mg; vit. B2: 240mg; vit. B6: 90mg; vit. B12: 0.36mg; vit. B8: 12mg; vit. BS: 480mg; Folic acid: 72mg; vit. B3: 1.800mg; vit. C:
1.800mg; Se: 360mg; I: 20mg; Cu: 60mg; Zn: 840mg; Mn: 600mg; Fe: 1.200mg; Co: 24mg.

* ULIANA et al. (2001).

is the natural logarithm of W and W; expressed in mg of
a determined period (T).

The effects of the treatments on growth,
survival, final biomass and histological parameters
were evaluated using a one-way analysis of variance
(ANOVA). Duncan test was used for a posteriori
comparisons of means. Relationships between soybean
meal inclusion level (SL: %) and the other variables were
examined using linear regression. Significance was accepted
at P<0.05. All statistical tests were carried out using the
STATISTICA program for Windows, version 6.0.

RESULTS AND DISCUSSION

The growth parameters (W, SGR and FB),
presented an inverse linear relationship with the
percentage of addition of soybean meal (P<0.05) (Table
2). The highest S% were obtained in the control diet,
showing significant differences with S1, S3 and S4 diets
(P<0.05), without presenting a significant linear
relationship (Table 2).

On the other hand, no histopathological
alterations were observed in the intestinal portions
analysed. The enterocytes of the intestinal mucosa in
R. quelen larvae showed regular shape, containing
clear cytoplasmatic vesicles in the anterior intestine
and eosinophilic vesicles in the posterior intestine.
However, morphological changes were observed in the
posterior intestine in relation to the percentage of
soybean meal added to the diet. Thus, differences were
observed in enterocyte height and folds width, with
the control diet corresponding to the highest values
(27 and 24um, respectively) and an inverse linear
relationship of these measurements with the level of
soybean meal inclusion (P<0.05) (Table 2 and figure 1a-
¢). It was also observed that the decrease in enterocyte

size in the posterior intestine with increasing soybean
meal incorporation was accompanied by lower amount
of supranuclear eosinophilic vesicles (Figure 1d-f).

Fold height of both intestinal portions
analysed did not show significant differences among
the experimental groups (P>0.05) (Table 2). The mucous
cells, neutral and acid mucine producers, were observed
throughout the intestine. The frequency in the anterior
intestine portion increased from 1.9 cells per 100um
linear of mucosal folds to 3.3 in the posterior intestine
portion, without differences among the experimental
groups (P>0.05) (Table 2).

Studies about soybean meal inclusion in fish
diets have shown a clear negative effect on growth
and survival for most studied species, related to life
stage, the level of inclusion, the degree of tolerance of
the species and the industrialization process, among
others (OSTASZEWSKA et al., 2005; BONALDO et
al.,2006; REFSTIE etal., 2006; ESCAFFRE et al., 2007,
URAN et al. 2008). Also, in this study it was
demonstrated that parameters of growth and survival
in R. quelen larvae presented a marked reduction with
an increase of soybean meal in the MDs.

In agreement with the results obtained in
the present study, the addition of soy produced a
decrease of growth in Paralichthys olivaceus juveniles
(DENG et al., 2006) and Leporinus obtusidens larvae
(FILIPETTO etal., 2005). In contrast, ESCAFFRE et al.
(1997) obtained better growths in Cyprinus carpio
larvae using soy protein concentrate in diets. They
observed that levels of 20 to 40% of soy inclusion did
not affect development, although growth decreased
with higher levels of soy inclusion. These authors
considered that the absence of food in the digestive tract
of larvae fed with diets with a high content of soy protein
concentrate could be due to the decrease in palatability,
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Table 2 - Intestine morphometric parameters, survival, specific growth rate and weight of R. quelen larvae fed with different soybean meal

levels.
---------------------- Experimental Diets----------------------
Parameters Linear Regression' r
Control S1 S2 S3 S4
Enterocyte height:
Al 27.0 24.8 23.9 23.0 244 y=26.02 - 0.026 SL ns 0.16
PI 263" 23.4% 21.4% 19.9® 17.9° y=25.79—0.074 SL * 0.42
Mucosa fold height
Al 168.4 139.1 170.9 141.4 1314 y=162.9-0.220SLns 0.07
PI 1124 1218 81.0 76.6 71.7 y=111.3-0.435 SLns 0.18
Mucosa fold width:
Al 23.7 21.8 20.7 21.1 19.1 y=23.40-0.033 SL ns 0.17
PI 24.0° 20.2% 17.9%® 17.0® 14.0° y=23.20-0.082 SL * 0.47
Goblet Cells Number (PAS)
Al 2.1 25 2.0 1.8 18 y=2.225-0.004 SL ns 0.25
PI 35 4.1 27 3.7 32 y =3.460—0.002 SL ns 0.02
Goblet Cells Number (BA)
Al 1.7 22 1.8 1.7 15 y=1.970-0.003 SL ns 0.12
PI 3.1 3.7 3.0 25 2.7 y=3.374-0.008 SL ns 0.23
Goblet Cells Number (AF)
Al 1.8 19 1.8 1.8 1.4 y=1.882-0.003 SL ns 0.17
PI 3.6 4.0 3.0 38 2.7 y=3.771-0.007 SL ns 0.15
Total Goblet Cells Number:
Al 19 22 1.9 1.8 15 y=2.079 — 0.004 SL ns 0.26
PI 3.4 3.9 29 33 29 y=3.610-0.006 SL ns 0.16
W (mg) 2 142.2* 76.8" 56.6° 39.5% 15.9° Lny=4.09-0.03 SL* 0.73
SGR 26.0° 22.9% 20.9° 19.2% 15.1° y=25.89-0.101 SL * 0.73
S% 72.4° 53.0° 59.6" 54.7° 21.8° y=62.84-0.212 SLns 0.34
FB (g)* 35.3° 21.8% 19.5% 12.2° 0.98° Lny=1128-0.78 SL* 0.96

! Linear regression: y: expected values; SL: soybean meal replacement levels (%); Asterisk (¥): significant relationship (P<0.05); ns: no

significant differences (P>0.05). r*: determination coefficient.

2 For the linear regression analysis, values of dependent variables were transformed to natural logarithms (Ln).
AL anterior intestine; PI: posterior intestine; PAS: periodic acid-Schiff; AB: alcian blue; FA: fucsin aldehyde; W: final weight; SGR: specific
growth rate; S%: survival; FB: final biomass. Different letters in the same line means statistical differences (Duncan test; P<0.05).

presence of antinutritional factors affecting trypsin
activity, or insufficient input of essential amino acids.
Previous studies carried out in R. quelen
juveniles have demonstrated that it is possible to
incorporate levels of up to 36% of soybean meal in
combination with cane yeast at the same levels,
providing good performances (COLDEBELLA &
RADUNZ NETO, 2002). Such results contrast with the
observations recorded in this study and those reported
by PIAIA & RADUNZNETO (1997) in R. quelen larvae
fed with different protein sources. These authors
observed that soy-based regimes were associated with
low percentages of survival, independently of the
remaining protein sources (vegetable or animal) used
in their study. These results could indicate that the
digestive system of R. quelen larvae, immature at the
beginning of the exogenous feeding and with alkaline

digestion, would be inefficient to digest the soy
components.

In this study, it is observed that the addition
of soybean meal to the diets did not cause
histopathological alterations in the gut of R. quelen
larvae. However, a decrease in morphological
parameters in the posterior intestine was observed,
related to an increase of soybean meal in the diet.
Similarly, in Salmo salar (SISSENER et al., 2009) and in
Sparus aurata (BONALDO et al., 2008), a negative effect
associated to histological changes in the distal intestine
was observed when soy was included in the diet.

In larvae, the posterior intestine plays a very
important role in the processes of digestion and
absorption of macronutrients. The capture of
macromolecules by pynocitosis and their subsequent
intracellular digestion in the posterior intestine has been
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proposed as the main mechanism for protein absorption
during the absence of a functional stomach (GOVONI
et al., 1986). In the present study, the absorption of
proteins as supranuclear eosinophilic vesicles present
into the enterocytes of the posterior intestine was
observed in all treatments. However, the size of
enterocytes showed a gradual decrease as soy content
in the diets was increased, suggesting less
macromolecules absorption by pynocitosis. Similar
results were reported by BAEVERFJORD &
KROGDAHL (1996) in S. salar after six weeks of being
fed with a diet containing 33% of soybean meal. In this
context, young fish would be more sensitive to
antinutritional factors present in soy (ESCAFFRE et al.
1997). In contrast, SANTIGOSA et al. (2010) showed
that the addition of a purified trypsin inhibitor from
soy to the feed of S. aurata juveniles did not modify
growth, proteolytic activity, or intestinal histological

aspect when compared to fish fed a control diet. These
authors suggested that intestinal alterations reported
in other species could be the result of the incidence of
other factors present in soy, such as lectins, alergenic
proteins, or soluble alcohols. Diets for S. salar juveniles
that included soybean meal with reduced content of
oligosaccharides and antinutritional factors produced
similar results to those obtained with fish meal, while
the inclusion of conventional soybean meal determined
lower feeding conversion and lower growth, associated
with low digestibility of soybean meal nutrients
(REFSTIE etal., 1998).

In conclusion, this study shows that the
use of soybean meal in diets for R. quelen larvae affects
growth and survival, as well as their capacity of
digestion and absorption of nutrients, mainly in the
posterior intestine. It is recommend the use of soy
components only for individuals in advanced stages
of development.

Control

Figure 1 - Histological details of the anterior and posterior intestine folds of R. quelen larvae fed
with Control (a,d), S2 (b,e), and S4 (c,f) diets, respectively. Note the epithelial layer
marked with (E), composed of a single layer of normally enterocytes containing clear
cytoplasmatic vesicles (a) (arrows) and eosinophilic vesicles (d) (arrowheads). When
compared with the mucosa of the Control group (a), there is a progressive reduction in
the supranuclear vacuolization of the anterior (b and c) and posterior (e and f) intestine
enterocytes with increasing dietary SM inclusion. Moderate (b and e) and severe (¢ and
f) morphological changes are observed. (Ip) lamina propria. (HE, Bar=25um).
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