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ABSTRACT: Digestive enzymes activity influence feed utilization by fish, and its understanding is important
to optimize diet formulation. This study reports the digestive enzyme activities of jundiá juveniles fed diets
with protein sources. Fish were fed six experimental diets for 90 days: MBY (meat and bone meal + sugar cane
yeast), SY (soybean meal + sugar cane yeast), S (soybean meal), MBS (meat and bone meal + soybean meal),
FY (fish meal + sugar cane yeast) and FS (fish meal + soybean meal), and then sampled every 30 days and
assayed in two intestine sections for digestive enzymes – trypsin, chymotrypsin and amylase – activities;
gastric protease was assayed in the stomach. Digestive and hepatosomatic index, intestinal quotient, digestive
tract length and weight gain were also measured. Trypsin and chymotrypsin activities were higher
(p < 0.0001) in fish fed diets containing animal protein sources (MBY, MBS, FY and FS diets). Alkaline
proteases were negatively affected by dietary soybean meal in the SY and S diets. Amylase activity had greater
variation between diets and intestine sections. Fish fed MBY and MBS diets showed higher gastric protease
activity (p < 0.0001). Weight gains were higher in fish fed the MBS and FS diets (p < 0.05). Highest values
(p < 0.05) of digestive tract length were observed in fish fed MBS and FY diets, but no correlation with
enzymes activities was found. Hepatosomatic index (HSI) was affected by diet composition. Dietary composition
influenced digestive enzymes activities of jundiá.
Key words: digestion, nutrition, soybean meal, meat and bone meal, fish meal

Fontes protéicas e atividade de enzimas digestivas em jundiás
(Rhamdia quelen)

RESUMO: As enzimas digestivas influenciam a utilização dos alimentos em peixes, e seu conhecimento é
importante para otimizar a formulação de dietas. Este trabalho descreve a atividade de enzimas digestivas em
juvenis de jundiá alimentados com fontes protéicas. Os peixes foram alimentados com seis dietas (90 dias): MBY
(farinha de carne e ossos + levedura de cana), SY (farelo de soja + levedura de cana), S (farelo de soja), MBS
(farinha de carne e ossos + farelo de soja), FY (farinha de peixe + levedura de cana) e FS (farinha de peixe +
farelo de soja). A cada 30 dias, foram analisadas as enzimas digestivas (tripsina, quimiotripsina e amilase) no
intestino. No estômago, foi mensurada a protease ácida. Foram estimados os índices digestivo e hepato-somático,
quociente intestinal, comprimento do trato digestório e ganho em peso. As atividades de tripsina e quimiotripsina
foram maiores (p < 0,0001) nos peixes alimentados com as dietas com fontes de origem animal (MBY, MBS,
FY e FS). As proteases alcalinas foram afetadas negativamente pelo farelo de soja nas dietas. A atividade de
amilase apresentou grandes variações. Os peixes alimentados com as dietas MBY e MBS apresentaram maior
atividade de protease ácida (p < 0,0001). Os ganhos em peso foram maiores nos peixes alimentados com as
dietas MBS e FS (p < 0,05). Os maiores valores (p < 0,05) de comprimento do trato digestório foram
verificados nos peixes alimentados com as dietas MBS e FY. A composição da dieta influencia na atividade de
enzimas digestivas do jundiá.
Palavras-chave: digestão, nutrição, farelo de soja, farinha de carne e ossos, farinha de peixe

Introduction

The study of digestive enzymes is an essential step
towards understanding the mechanism of digestion and
how organisms adapt to changes in the nutritional envi-
ronment (Sunde et al., 2004). Digestive enzyme activities
of fish are associated with innate feeding habit and diet

composition (Ray, 1988). Factors such as age, pH, tem-
perature, and anatomic-physiological characteristics also
influence the digestive enzyme activity (Kuz´mina, 1990;
1996). Usually, carnivorous fish present higher protease
activity while carbohydrases are more active in omnivo-
rous and herbivorous fishes (Ugolev and Kuz’mina,
1994). Studies concerning digestive enzymes of fish can
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elucidate some aspects of their nutritional physiology
(Uys and Hecht, 1987).

The need for optimizing the production of aquafeeds
has taken several researchers to evaluate alternative pro-
tein sources with homogeneous composition, low cost
and good nutrient balance. Animal protein sources are
regularly used in feeds, because they present good es-
sential amino acids balance (Tacon, 1993). However,
higher costs and heterogeneous composition repeatedly
limit their use, and the use of alternative sources is re-
quired (Webster et al., 1995).

Jundiá (Rhamdia quelen) is a native catfish to South-
ern Brazil, an omnivorous fish feeding on small fish, crus-
taceans, and vegetable debris in the nature (Gomes et
al., 2000). Under farming conditions, jundiá readily ac-
cepts various processed aquafeeds, and shows resiliency
and high productive potential (Barcellos et al., 2004). A
great proportion of the available information on nutri-
ent digestion and teleost digestive enzyme profiles and
performance refers to environmental conditions, espe-
cially temperature, not encountered in nature by most
species (Papoutsoglou and Lyndon, 2005). Thus, this
study aimed to investigate the digestive enzyme activi-
ties in jundiá juveniles fed diets containing different pro-
tein sources.

Material and Methods

Fish and experimental diets
The feeding trial was carried out in Santa Maria, Rio

Grande do Sul State, Brazil (29º43’S, 53º42’W, 95 m
a.s.l.). Five hundred and forty jundiá juveniles (15.00 ±
0.62 g; 11.98 ± 0.35 cm) obtained by induced spawning

were randomly distributed  in 18, 280-L tanks (30 fish
pertank) in a water recirculation system with biologi-
cal filters (Radünz Neto et al., 1987), a completely ran-
domized experimental design (n=3). Fish were accli-
mated to the experimental conditions for one week and
subsequently fed the experimental diets during 90 days,
twice a day (9h00 and 17h00 h), to apparent satiation.

Six diets were tested : MBY - meat and bone meal +
sugar cane yeast; SY - soybean meal + sugar cane yeast;
S - soybean meal; MBS - meat and bone meal + soybean
meal; FY - fish meal + sugar cane yeast; and FS - fish
meal + soybean meal, formulated to meet Coldebella
and Radünz Neto (2002) creteria.. Dry ingredients were
ground, mixed and added of canola oil . Water was added
at 250 g kg–1 of mixture. The mixtures were then pelleted
and dried in oven at 57ºC for 24 h. Pellets were packed
in plastic bags and kept at -20ºC until use. Formulation
and composition of experimental diets are presented in
Tables 1 and 2.

The following water quality parameters were mea-
sured daily and were within the limits appropriate for
fish production (Gomes et al., 2000): temperature (26.85
± 1.02 ºC), pH (7.30 ± 0.26), dissolved oxygen (5.53 ±
0.62 mg L–1), alkalinity (48.96 ± 13.40 mg CaCO

3 
L–1), to-

tal ammonia (0.50 ± 0.22 mg L–1) and nitrite (0.06 ± 0.01
mg L–1). Tanks were cleaned by siphoning out feces and
food residues every day. Fish were individually weighed
at the end of the experiment.

Tissue samples
Every 30 days, three juveniles per tank were captured

for excision of digestive tract and liver. Fish fasted for
24 h before collection and were sacrificed by spinal cord

Table 1 – Formulation of experimental diets.

1Diets: MBY: meat and bone meal + sugar cane yeast; SY: soybean meal + sugar cane yeast; S: soybean meal; MBS: meat and bone
meal + soybean meal; FY: fish meal + sugar cane yeast; FS: fish meal + soybean meal.  2Vitamin/mineral mixture (kg product):
Vit.A: 6000000UI; Vit.B1: 1400 mg; Vit.B2: 3375 mg; Vit.B6: 4830 mg; Vit.B12: 5000 mcg; Vit.C: 25000 mg; Vit.D3: 530000UI;
Vit.E: 22500 mg; Vit.K3: 5000 mg; Zinc: 40000 mg. Folic acid: 400mg; Nicotinic acid: 14000mg; Cobalt: 1500mg; Pantothenic acid:
8000 mg; Copper: 15000 mg; Colin: 1500 mg; Iron: 50000 mg; Iodine: 700 mg; Manganese: 23000mg; Selenium: 250mg; 3(32%
etoxiquin. 18% propyl-galate. 50% inert).

tneidergnI
teiD 1

YBM YS S SBM YF SF

---------------------------------------------------------------------- gkg –1 --------------------------------------------------------------------

tsaeyenacraguS 082 7.233 - - 2.952 -

laemenobdnataeM 3.583 - - 003 - -

laemhsiF - - - - 6.003 8.422

laemnaebyoS - 7.233 3.586 023 - 003

niargnroC 051 4.431 5.421 5.961 002 591

ruolftaehW 08 001 001 3.08 051 081

lioalonaC 5.47 07 06 001 06 07

tlaS 01 01 01 01 01 01

etahpsohpmuiclaciD 01 01 01 01 01 01

erutximlarenim/nimatiV 2 01 01 01 01 01 01

tnadixoitnA 3 2.0 2.0 2.0 2.0 2.0 2.0
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puncture, weighted and eviscerated for separation of di-
gestive tract. The digestive tract was measured, weighted
and separated in three sections: stomach, anterior and
posterior intestines. The sections were immediately
stored at –20ºC. Later, each section was dissected in a
Petri dish containing saline solution (0.7%, NaCl), the
digestive content was discarded and the sections were
homogenized (1000 ×  g) for 2 min in a van
Potter_Elvehjem tissue homogenizer with buffer solu-
tion pH 7.0. The samples were then centrifuged at 12000
× g for 5 min (4ºC) and the supernatant was used as en-
zyme source.

Enzyme assays
At 30 days in the experiment, fish were sampled

and the activity of acid protease measured in the stom-
ach, and the activity of amylase, trypsin and chymot-
rypsin measured in two intestinal sections. Total acid
protease activity was measured using non-specific sub-
strate (casein) according to Kunitz (1947), with modi-
fications by Hidalgo et al. (1999). The assay was car-
ried out using 0.2 M KCl buffer, pH 2.0. The absor-
bance of the enzyme extract had recorded at 280 nm.
All samples were assayed in duplicate and readings

corrected for blank solutions. Tyrosine was used as
standard, and one unit of enzyme was defined as the
amount of enzyme needed to catalyze the formation
of 1.0 mg of tyrosine per min per mg protein, accord-
ing to Hidalgo et al. (1999). Alkaline protease, trypsin,
chymotrypsin and a-amylase were determined in
homogenates from intestinal sections. Trypsin activity
(E.C.3.4.21.4) was assayed with a-r-toluenesulphonyl-L-
arginine methyl ester hydrochloride (TAME). Crude
extracts were incubated for 2 min (25ºC) in 2 mL of
Tris/CaCl

2
 buffer, pH 8.1. Chymotrypsin activity

(E.C.3.4.21.1) was assayed with benzoyl tyrosine ethyl
ester (BTEE). Crude extracts were incubated for 2
min in 2 mL of Tris/CaCl

2
 buffer, pH 7.8. Both

trypsin and chymotrypsin were assayed in duplicate
and enzyme activities were recorded at 247 and 256
nm, respectively, according to protocol by Hummel
(1959). One unit of enzyme was defined as the amount
of enzyme needed to hydrolyze 1 mg of substrate
(TAME or BTEE) per min per mg protein. Activity
of a-amylase was assayed in 0.2M phosphate-citrate
buffer, pH 7.0, 0.5% NaCl with a starch concentration
of 2.5%. The reaction was stopped by adding Ba(OH)

2

0.3N and ZnSO
4
 5%. The experimental protocol was

1Diets: MBY: meat and bone meal + sugar cane yeast; SY: soybean meal + sugar cane yeast; S: soybean meal; MBS: meat and bone
meal + soybean meal; FY: fish meal + sugar cane yeast; FS: fish meal + soybean meal. 2Nitrogen free extract calculated by difference.
3DE=[(23.6 kJ g–1 × %Protein × 0.9) + (39.8 kJ g–1 × %Lipids × 0.85) + (17.2 kJ g–1 × %Cho × 0.5)]/100, when 1 KJ=0.239 kcal.
4Calculated values.

Table 2 – Proximate and amino acids composition of the experimental diets.

teiD 1

YBM YS S SBM YF SF

)rettamyrdni%(sisylanaetamixorP

nietorpedurC 76.43 41.23 30.33 54.43 29.23 29.13

hsA 42.31 72.5 32.6 89.21 89.9 7.01

dipiledurC 57.21 0.8 2.7 4.61 38.9 24.11

rebifedurC 08.1 90.3 32.4 76.3 38.1 86.3

erutsioM 49.6 19.7 59.8 25.5 05.6 00.8

EFN 2 45.73 05.15 13.94 5.23 44.54 82.24

muiclaC 94.3 63.1 95.1 00.3 61.2 61.2

surohpsohP 10.2 57.0 78.0 48.1 1 75. 85.1

ygreneelbitsegiD 3 gklack( 1– ) 7.7143 9.3713 9.7803 0.8263 3 1.762 0.8423

)teidni%(sdicaonimA 4

eninigrA 97.1 48.1 45.2 51.2 07.1 11.2

eninalalynehP 40.1 84.1 68.1 82.1 92.1 94.1

eniditsiH 25.0 57.0 59.0 56.0 59.0 00.1

enicuelosI 00.1 54.1 06.1 70.1 13.1 33.1

enisyL 80.2 20.2 41.2 49.1 01.2 00.2

enicueL 08.1 82.2 06.2 59.1 82.2 53.2

enitsyc+eninoihteM 18.0 48.0 30.1 78.0 29.0 89.0

eninoerhT 41.1 44.1 04.1 40.1 34.1 82.1

nahpotpyrT 31.0 72.0 74.0 82.0 72.0 04.0

enilaV 23.1 16.1 27.1 13.1 95.1 55.1
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modified according to Bernfeld (1955). The determi-
nation of starch hydrolysis was done following Park
and Johnson (1949). The absorbance was recorded at
660 nm. One unit of enzyme was defined as 1 mmol
of glucose released from starch per min per mg of pro-
tein. Protein content of crude extracts was determined
by the method of Lowry et al. (1951), using bovine se-
rum albumin as a standard.

Calculations
Digestive somatic index (DSI) = (digestive tract

weight/body weight) × 100; Hepatosomatic index (HSI)
= (liver weight/body weight) × 100; Digestive tract
length (DTL) = expressed in cm; Intestinal quotient (IQ)
= digestive tract length/total fish length; Weight gain
(WG) = (final weight – initial weight), in g.

Statistical analysis
Data were assessed for normality using a Shapiro–

Wilk test and submitted to one-way ANOVA. Data on
activity amylase, trypsin and chymotrypsin were sub-
mitted to two-way ANOVA, intestine sections consid-
ered in the model. Means were compared by Duncan
test (α = 0.05), and values expressed as mean ± standard
error (n = 3). All statistics were carried out using SAS®

(1997) software.

Results

The activity of digestive enzymes of jundiá juve-
niles varied with diet composition (Figures 1, 2 and
3). A decrease (p < 0.0001) in trypsin and chymot-
rypsin activities was detected in jundiá fed diets with-
out animal source feedstuffs, i. SY and S diets (Fig-
ures 1 and 2) in both intestine sections and in all sam-
pling periods. Trypsin activity at the end of the ex-
periment was higher in the anterior intestine (Figure
1C). The higher trypsin activity (p < 0.0001) after 30
and 60 days was observed in fish fed FS, MBY and
MBS diets (Figures 1A and 1B). At 90 days, fish fed
diets containing feedstuffs of animal origin combined
with soybean meal (MBS and FS) had higher trypsin
activity (p < 0.0001).

Chymotrypsin activities were higher in fish fed MBS
and FS diets after 30 and 60 feeding days (Figures 2A
and 2B). At the end of trial (Figure 2C), fish fed FS diet
had higher chymotrypsin activity (p < 0.0001) in the an-
terior intestine. In the posterior intestine (Figure 2C),
higher chymotrypsin activities were found in fish fed
MBS and fish meal-based diets (FY and FS).

The amylase activitiy showed great variation be-
tween feeding periods, intestine sections and diets (Fig-
ure 3). At 30 days of trial, higher amylase activities
were found in fish fed FS and MBS diets (p < 0.0001).
In the posterior intestine (Figure 3A), lower amylase
activities were found in fish fed MBY, SY and S diets.
Higher amylase secretion was observed after 60 days
in the anterior intestine of jundiá fed FY, FS, and MBS
diets, and in the posterior intestine of fish fed MBS diet

(Figure 3B). At 90 days, fish fed the MBY diet showed
higher amylase activity in the anterior intestine while
in fish fed S diet amylase activity was lower (Figure
3C). In the posterior intestine, lower amylase was found
in fish fed SY diet. No differences were observed be-
tween amylase activities in anterior and posterior in-
testines of jundiá (p > 0.05). The acid protease activi-

Figure 1 – Trypsin activity (U mg–1 prot) in intestine of jundiá
after 30 (1A), 60 (1B) and 90 (1C) days of feeding
diets with different protein sources.
Values showed as mean ± SEM (n = 3). *U= μmol
of substrate (TAME) hydrolyzed per min per mg of
protein. Diets: MBY: meat and bone meal + sugar
cane yeast; SY: soybean meal + sugar cane yeast; S:
soybean meal; MBS: meat and bone meal + soybean
meal; FY: fish meal + sugar cane yeast; FS: fish meal
+ soybean meal. Capital letters indicate difference
between diets in the anterior intestine and smaller
letters represent difference in the posterior intestine
(Duncan’s test, p < 0.0001).

0

1

2

3

4

5

6

MBY SY S MBS FY FS

U
 m

g 
pr

ot
 –1

Diets

Anterior intestine Posterior intestine

90 days 1C

BC

DE

E

AB

CD

A

b

d

c

a a
ab

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

MBY SY S MBS FY FS

U
 m

g 
pr

ot
 –1

30 days 1A

AB
B

C

A
A

A

a
ab b

b ab a

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

MBY SY S MBS FY FS

U
 m

g 
pr

ot
 –1

60 days 1B

A

B

C

A

B

A
a

b

d

a

c

a



Digestive enzyme activities in R. quelen 263

Sci. Agric. (Piracicaba, Braz.), v.67, n.3, p.259-266, May/June 2010

ties were higher (p < 0.0001) in fish fed MBS and FS
diets at 30 days of trial (Table 3). At 60 days, fish fed
only soybean meal (diet S) showed lower acid protease
activity. Fish fed diets containing meat and bone meal
(MBS and MBY) showed higher acid protease activities
at the end of trial (Table 3).

No differences were observed in the DSI values of
jundiá (Table 4). The hepatosomatic index, total diges-

tive tract length and intestinal quotient were higher in
fish fed the MBS diet (p < 0.05, Table 4). Values of in-
testinal quotient were lower in fish fed diets without
the inclusion of animal protein sources (SY and S di-
ets). Higher weight gain values (p < 0.05) were obtained
in fish fed MBS and FS diets (95.5 and 94.1 g, respec-
tively). The juvenile jundiá fed the soybean meal based
diet (S diet) showed lower weight gain (15.8 g).

Figure 2 – Chymotrypsin activity (U mg–1 prot) in intestine of
jundiá after 30 (2A), 60 (2B) and 90 (2C) feeding
days. Values showed as mean ± SEM (n = 3). *U=
μmol of substrate (BTEE) hydrolyzed per min per
mg of protein. Diets: MBY: meat and bone meal +
sugar cane yeast; SY: soybean meal + sugar cane
yeast; S: soybean meal; MBS: meat and bone meal +
soybean meal; FY: fish meal + sugar cane yeast; FS:
fish meal + soybean meal. Capital letters indicate
significant difference between diets in the anterior
intestine and smaller letters represent difference in
the posterior intestine by Duncan’s test(p < 0.0001).

Figure 3 – Amylase activity (U mg–1 prot) in intestine of jundiá
after 30 (3A), 60 (3B) and 90 (3C) feeding days.
Values showed as mean ± SEM (n = 3). *U= μmol
substrate hydrolyzed per min per mg of protein.
Diets: MBY: meat and bone meal + sugar cane yeast;
SY: soybean meal + sugar cane yeast; S: soybean
meal; MBS: meat and bone meal + soybean meal;
FY: fish meal + sugar cane yeast; FS: fish meal +
soybean meal. Capital letters indicate significant
difference between diets in the anterior intestine and
smaller letters represent difference in the posterior
intestine by Duncan’s test (p < 0.0001).
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steiD ISD ISH LTD QI GW

--------------------------%-------------------------- mc g

YBM 2.0±2.2 1a 21.0±8.0 b .61 5 cb 5.1± 8.0 ba 0.0± 6.67 b 93.0±

YS 1.0±4.2 3a 60.0±7.0 b 6.31 cb 4.1± 0.7b 60.0± .45 2c 67.2±

S 1.0±6.2 3a 40.0±9.0 ba .31 0c 69.0± 7.0 b 40.0± .51 8d 16.0±

SBM 1.0±4.2 3a 0.1 60.0± a .02 2a 72.1± .0 9a 70.0± .59 5a 56.3±

YF 1.0±2.2 1a 50.0±9.0 ba .71 3 ba 1.1± .0 8 ba 50.0± 3.57 b 85.1±

SF 1.0±4.2 9a 21.0±8.0 b .61 2 cb 4.1± .0 8 ba 60.0± .49 1a 37.1±

Table 4 – Digestive and growth parameters in jundiá juveniles fed diets with different protein sources.

Values are showed as mean ± standard error (n = 3). DSI: digestive somatic index; HSI: hepatosomatic index; DTL: digestive tract
length; IQ: intestinal quotient; WG: weight gain. Diets: MBY: meat and bone meal + sugar cane yeast; SY: soybean meal + sugar
cane yeast; S: soybean meal; MBS: meat and bone meal + soybean meal; FY: fish meal + sugar cane yeast; FS: fish meal + soybean
meal. Means with different superscripts letters in the columns showed difference by Duncan test (p < 0.05).

Table 3 – Acid protease activity in stomach of jundiá juveniles fed diets with protein sources.

Values are showed as mean ± standard error (n = 3). Means with different superscripts letters in the columns showed difference by
Duncan test (p < 0.0001). Diets: MBY: meat and bone meal + sugar cane yeast; SY: soybean meal + sugar cane yeast; S: soybean
meal; MBS: meat and bone meal + soybean meal; FY: fish meal + sugar cane yeast; FS: fish meal + soybean meal.

teiD syad03 syad06 syad09

μ−−−−−−−−−−−−−−−−−−−−− nietorp/gm/nim/rytg −−−−−−−−−−−−−−−−−−−−−

YBM 7.74 c 5.1± 9.47 a 5.6± 8.55 a 5.2±

YS 9.33 d 8.0± 8.46 ba 5.2± 9.94 b 8.1±

S 8.16 b 7.2± 5.54 c 9.3± 7.73 c 1.2±

SBM 3.47 a 2.2± 5.85 b 0.2± 6.65 a 6.1±

YF 8.34 c 7.1± 4.45 cb 9.0± 5.13 d 8.0±

SF 4.17 a 1.3± 2.47 a 9.2± 0.53 dc 4.1±

Discussion

Fish fed the SY and S diets had lower trypsin and
chymotrypsin activities demonstrating the negative ef-
fect of soybean meal in both intestine sections. Several
authors actually show that higher dietary soybean meal
levels result in lower trypsin activity and reduced
growth rates in fish decrease (Oliva-Teles et al., 1994;
Olli et al., 1994; Refstie et al., 1998; Krogdahl et al.,
2003). Trypsin and chymotrypsin activities can be used
for the prediction of dietary protein quality or the di-
gestive ability of the organism, which may in turn lead
to differences in growth rate (Sunde et al., 2004). The
highest alkaline protease activities registered for fish
fed diets with animal protein sources (mainly MBS and
FS diets) may be explained by the quality of protein of
these ingredients. In consequence, fish fed these diets
had higher weight gains. Trypsin activity has been
shown to influence growth rate in Atlantic cod
(Lemieux et al., 1999) and Atlantic salmon (Sunde et
al., 2004).

The digestive enzymes response can be also influ-
enced by the feeding period, as changes in protein syn-
thesis and enzyme activity in fishes can be observed af-
ter a long feeding period (Krogdahl et al., 1994; Kaushik
et al., 1995; López et al., 1999). Measuring the activity of
digestive enzymes is not enough to determine the value

of a specific fish feed, as enzymes act in combination
with feed composition, thus when associated with meta-
bolic parameters they are a more reliable indicator of
the fish nutritional status (Lundstedt et al., 2004). Usu-
ally, fish use less carbohydrate, demanding higher pro-
tein levels in the feeds (Kikuchi, 1999). However, sev-
eral researchers showed the presence of carbohydrases,
such as amylase, in many fish species (Ugwumba, 1993;
Hidalgo et al., 1999; Alarcón et al., 2001; Lundstedt et
al., 2004).

Fish species differ greatly in their ability to digest
carbohydrates. Digestive functions capable of hydrolyz-
ing a greater variety of carbohydrate-containing
feedstuffs have been developed in herbivorous and om-
nivorous fish, in contrast to carnivorous fish (De
Almeida et al., 2006). Lower amylase levels may be in-
dicative of the limited potential of fish to exploit diets
containing high carbohydrate levels. In tambaqui
(Colossoma macropomum), amylase secretion is higher
in the posterior intestine (De Almeida et al., 2006). It was
expected that enzymatic activities in the final intestine
section of jundiá would show lower values for all the
experimental diets because this section is responsible for
the absorption of nutrients, electrolytes, and water
(Tengjaroenkul et al., 2000).

The lower amylase activities in the fish fed SY and S
diets can be explained by lower dietary lipid levels
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(Table 2). In gilthead sea bream, amylase is affected by
dietary fat level (Fountoulaki et al., 2005). In trout, amy-
lase activity increases with higher consumption, tem-
perature, and water salinity (Steffens, 1987). No varia-
tion was observed in amylase activities, even in diets
with lower protein and high carbohydrate levels, in fin-
gerling Labeo rohita fed diets containing different pro-
tein levels (25 up to 40% CP) (Debnath et al., 2007).

Acid protease is more abundant in the stomach of
fishes, mainly in carnivorous species (Garcia-Carreño
et al., 2002). However, high proteolytic potential is also
reported in non-carnivorous fishes (Hidalgo et al., 1999;
De Almeida et al., 2006). The protease observed in
jundiás had great heterogeneity between diets (Table
3). No correlation was found between protease activ-
ity and growth, since jundiá fed fish meal-based diets
had lower protease activities and higher growth after
90 days.

The better growth rates observed in fish fed meat and
bone meal (MBS) or fish meal and soybean meal-based
(FS) diets is related to the good balance and availability
of essential amino acids of these feedstuffs (Tacon, 1993).
In spite of their omnivorous feeding habit, jundiá re-
quires high amount of protein in the diet, similar to
some carnivorous fish (Meyer and Fracalossi, 2004). The
apparent digestibility coefficients of protein and energy
of soybean meal for jundiá is 88.6 and 76.5%, respectively
(Oliveira Filho and Fracalossi, 2006). Energetic feeds
showed medium values of digestibility. Soybean meal-
based diets showed negative growth response in jundiá
(Table 4), probably asa result of processing of the ingre-
dient and relation with fish consumption influencing
growth results.

High HSI values are usually found in fish fed diets
containing high carbohydrate levels (Debnath et al.,
2007). When the protein level is lower, other nutrients
may be used for energy production, resulting in higher
glycogen in the hepatic tissue, with increased HSI. For
sunshine bass juveniles an inverse relationship between
HSI and diet protein level was observed (Brown et al.,
1992). No significant correlation between HSI and fish
weight was recorded. Higher HSI values were reported
(1.8-2.0%) for African catfish (Clarias gariepinus) fed dif-
ferent soybean meal levels (Fagbenro and Davies, 2001).

Referential values herein recorded may be useful for
further studies with jundiá. When juvenile jundiá were
fed diets containing higher soybean meal levels (68%),
intestine alkaline protease activity was greatly affected,
that is, dietary soybean meal is a potent inhibitor of al-
kaline proteases in jundiá and lead to reduced growth
rates. O the other hand, jundiá shows digestive plastic-
ity that can be modulated with diet.
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