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Abstract Parachromis dovii, a native cichlid from

Costa Rica, is highly appreciated for its size and flesh

quality. Further, P. dovii easily accept inert feed from

the beginning of exogenous feeding; however, its

growth is low compared to live food. For this reason,

evaluation of several feedstuffs using two in vitro

techniques was done. The quantification of the in vitro

inhibitory effect of seven plant ingredients on the

alkaline protease activity was done using enzymatic

extracts from larvae samples of 6, 15, 22 and 30 days

after hatching (DAH). The in vitro alkaline digestibil-

ity assays were run for six protein sources (from

animal and plant origin) using the enzymatic extract

from larvae 30 DAH. Independent of fish age, all plant

feedstuffs reduced alkaline digestive proteases activ-

ity; however, the wheat flour (14.1 % at 6 DAH,

33.4 % at 15 DAH) and broken rice meal (51.6 % at

22 DAH) showed the lowest inhibition percentage of

alkaline digestive activity, whereas the highest inhi-

bition percentage was found with soybean and palm

kernel meals (92.5 % at 30 DAH and 87.4 %,

respectively) (P\ 0.05). The alkaline proteases inhi-

bition percentage of feedstuffs varied during larvae

ontogeny. From six protein dietary sources tested,

tankage and fish meal presented the highest in vitro

digestibility values, 113.9 and 74.9 %, respectively.

Contrary, the lowest digestibility was found for blood

and soybean meals (38.07 and 19.82 %, respectively).
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Introduction

Parachromis dovii is the biggest freshwater native

Central America cichlid, a piscivorous fish, and due to

its strength and good flavor, it is very popular for

sports fishing and as a good protein source in rural

areas (Bussing 2002). According to our observations,

it also shows good traits for aquaculture such as

spontaneous reproduction in captivity, high resistance

to management and diseases and early acceptance of

inert diets.

As other freshwater fish species, P. dovii spawns big

eggs, its larvae contain a high amount of yolk reserves

and the stomach develops earlier than in marine species

(Lazo et al. 2011), facilitating the consumption of inert

diets from the beginning of its exogenous feeding.
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Despite this, its growth when fed inert diets is still lower

compared to that achieved with live food (Artemia

nauplii) (Quirós et al. 2014). According to Lazo (2000),

among the reasons that have been postulated on the

poor performance of formulated diets are: lack of

substances that stimulate their ingestion; they do not

stimulate the secretion of zymogens into the digestive

tract, or inhibit certain digestive enzymes already

present; they are deficient in essential nutrients (such

as amino acids, fatty acids and vitamins); they provide

essential nutrients but with inadequate chemical struc-

ture for digestion, absorption and efficient use, or in

improper proportions. Because of this, the evaluation of

larvae digestive capacity during ontogeny as well as the

determination of their nutritional requirements is

needed (Álvarez-González et al. 2008; Lazo et al.

2011).

Diet digestibility is very important because the

digestive system develops during the larval phase.

Because of the high protein requirement during this

phase, and the economic cost of high protein sources,

it is advisable to evaluate the quality of the protein

(Lazo 2000; Martı́nez-Montaño and Lazo 2012).

Because of the increasing prices of fish meal, main

protein source in aquafeeds, there is a trend to use

alternatives protein sources to partially replace it. Some

of these feedstuffs are from plant origin, which are

constrained by the presence of antinutritional factors

such as inhibitors of digestive proteases, affecting the

organism digestive process (Alarcón et al. 2001). The

in vitro tests of digestibility and enzymatic inhibition

are easy and fast tools to evaluate the bioavailability of

feedstuffs (Alarcón et al. 2001, 2002; Chong et al.

2002). Due to changes in the digestive capacity of

larvae, it is recommended to apply these tools during

larvae ontogeny to select the adequate feedstuffs to

formulate highly digestible diets for different larval

stages (Martı́nez-Montaño and Lazo 2012).

To improve the performance of formulated diets

for larvae and early juvenile of P. dovii, the objective

of this study was to evaluate different feedstuffs as

potential dietary ingredients. This was based on the

in vitro digestibility comparison of six protein sources

(from animal and plant origin) and the quantification

of the in vitro inhibitory effect of seven plant

ingredients on the protease activity. Our hypothesis

was that soybean meal has a lower digestibility than

animal meals and plants ingredients cause different

levels of proteases inhibition in dependence of the

larvae age. Digestibility and inhibition tests were

done using alkaline proteases because of their high

contribution to protein hydrolysis during the larval

phase (Moyano 2013) and because plant inhibitors

affecting fish gastric proteases have not been reported,

whereas inhibitors of pancreatic digestive proteases

are widely distributed among seed plants (Alarcón

et al. 2001).

Materials and methods

Reproduction and larvae culture

The reproduction and larvae rearing were done at the

hatchery unit of the Escuela de Ciencias Biológicas of

Universidad Nacional de Costa Rica. The broodstock

of P. dovii (1 male: 1 female) was maintained in 2 TM

tanks with a water recirculation system, a temperature

around 25 �C and a photoperiod of 9 h light: 15 h

dark. The spawners were fed with a commercial trout

feed three times per day (9, 13 and 17 h). P. dovii

larvae were obtained from spontaneous spawns

(500–1000 larvae each).

After hatching, all larvae were transferred and

randomly distributed into the aquaria (11 l each, 23

larvae l-1) of a recirculation system until the end of

the experiment. The water temperature was kept at

25–29 �C, dissolved oxygen at 6.0–6.5 ppm and NH3

at 0.05 ppm maximum. The photoperiod was kept as

in the spawner’s tanks. Larvae were fed in excess of

Artemia nauplii and metanauplii (about 250 ml-1)

from 5 DAH to 30 DAH. Before feeding, all feed and

feces wastes remaining were removed from the bottom

of the aquaria and during feeding the water flow was

stopped for 30 min to avoid feed losses.

Larvae sampling and biometrics

Twenty larvae were sampled at 6, 15, 22, 30 DAH

before the initial feeding and kept 2 h in clear water to

allow the emptiness of digestive tract. Next, they were

killed with an overdose of tricaine methanesulfonate

(MS-222), measured with a stereoscopy (Olympus

329345 with ocular micrometer: ±0.07 mm) or

vernier (± 0.01 mm) and weighted with an analytical

balance (Sartorius 2492 ± 0.1 mg). Finally, larvae

were washed with distilled water and kept frozen at

-20 �C for further biochemical analysis.
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Preparation of enzymatic extracts and determination

of alkaline enzymatic activity

The enzymatic extracts were prepared according to

Alarcón et al. (2001). Briefly, the frozen larvae were

lyophilized, and then, the viscera bulk was removed

from each larva by cutting off the tail, head and dorsal

part of the body. Samples from the smallest larvae

were taken by removing their head and tail. Then

samples of each larvae stage were homogenized with

deionized water in a proportion of 30 mg tissues/ml

water using a tissue homogenizer (Contes). Next, the

homogenized sample was centrifuged at 16,000g, 4 �C
for 30 min (Hettich Mikro 200). The supernatant was

kept at -20 �C for further enzymatic analysis.

The measurement of total alkaline proteolytic

activity was done according to Walter (1984), incu-

bating the enzymatic extract with 0.5 % casein at pH

9.0 and 37 �C. One unit of enzymatic activity was

defined as 1 lg tyrosine released min-1, using the

tyrosine 0.005 molar extinction coefficient. All deter-

minations were done in triplicate, and the enzymatic

activity was calculated as:

Activity perml:U ml�1 ¼ D absorbance � FD mlð Þ
MEC tyrosine � T minð Þ

Total activity (per individual): U larvae-1 = (Uml-1)/N

Specific activity:U mgP�1 ¼ U ml�1

mg P=ml

where U: enzymatic activity units, D absorbance:

increment in absorbance respect to blank at 280 nm;

FD: final volume of enzymatic extract reaction/extract

volume; MEC: tyrosine molar extinction coefficient;

T: incubation time (min); N: number of larvae per

milliliter of enzymatic extract; mg P: mg of soluble

protein in extract.

The soluble protein concentration was determined

by Bradford (1976) using serum bovine albumin as

standard.

Inhibitory effect of some plant meals on alkaline

digestive proteases

For this test, larvae were obtained from spontaneous

spawns of hybrid females (# P. dovii 9 $ P.

managuensis) 9 # P. dovii since pure females were

not available at the moment of the study. These hybrid

females showed similar phenotypical traits and compa-

rable weight and size to P. dovii ones. Larvae samples

were taken at 6, 15, 22 and 30 DAH and the enzymatic

extract prepared as previously described, except for the

homogenized which was prepared using deionized

water instead of buffer. Total alkaline proteolytic

activity was calculated as in the previous section.

Seven plant ingredients were selected according to

their nutritional value and local availability: soybean

meal (solvent extract), wheat middlings and shorts,

corn powder, broken rice, oil palm kernel meal, rice

bran and polishing, and wheat powder (Table 1).

Table 1 Proximal

composition (% dry matter)

of feedstuffs evaluated

in the in vitro digestibility

and inhibition tests.

Mean ± SD, n = 3

NFE nitrogen-free extract

Ingredients (meals) Protein Lipid NFE Ash

In vitro digestibility

Fish (Panama) 64.83 ± 1.85 14.13 ± 0.01 0.26 20.78 ± 0.01

Tuna by-products 58.83 ± 0.12 10.51 ± 0.16 6.25 24.41 ± 0.10

Poultry by-products 51.51 ± 0.44 35.28 ± 0.52 0.9 12.31 ± 0.11

Tankage 39.48 ± 1.20 19.67 ± 0.52 4.74 36.11 ± 0.67

Blood 89.60 ± 0.60 1.29 ± 0.11 0.04 9.07 ± 0.11

Soybean (solvent extract) 55.10 ± 0.01 3.96 ± 0.10 33.82 7.12 ± 0.03

Inhibitory effect

Wheat middlings and shorts 19.38 ± 075 7.78 ± 0.53 67.26 5.58 ± 0.01

Corn flour 11.65 ± 0.32 9.11 ± 0.42 76.07 3.17 ± 0.02

Broken rice 9.76 ± 0.13 4.32 ± 0.09 84.96 0.97 ± 0.02

Oil palm kernel 15.28 ± 0.48 10.33 ± 0.37 70.17 4.23 ± 0.05

Rice bran and polishing 13.86 ± 0.27 12.05 ± 0.40 62.26 11.83 ± 0.52

Wheat flour 12.50 ± 0.61 6.88 ± 0.32 79.55 1.06 ± 0.01
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Meals extracts were prepared according to Alarcón

et al. (2001) with some modifications. Each meal was

ground and sieved to a final particle size of 150 lm,

and 1 g of each meal (dry weight) was dissolved in

deionized water to a final volume of 10 ml (concen-

tration of 10 % w/v). The solution was kept in a water

bath with moderate shaking for 2 h at room temper-

ature, followed by 22 h at 4 �C. After this period, the
solution was centrifuged at 16,000g for 30 min at 4�C.
The recovered supernatant was kept at -20 �C until

used.

The inhibition percentage of the alkaline prote-

olytic activity by the meals was quantified as in

Garcı́a-Carreño et al. (1996). Briefly, for each activity

unit (AU) of total alkaline proteases present in a

volume of 20 ll of enzymatic extract 500 lg of meal

extract were added and buffer pH 9.0. This mixture

was incubated at room temperature for 60 min, and

then the residual proteolytic activity was measured

after adding casein 0.5 % and incubating the mixture

for 45 min at 37 �C. The reaction was stopped with

trichloroacetic acid (TCA) 20 % and centrifuged at

16,000g for 5 min. The absorbance of the supernatant

was read at 280 nm. For the blanks, the TCA was

added together with the casein. For the activity

controls, the meal was substituted by deionized water.

All determinations were done in triplicate.

The inhibition percentage (% I) was defined as the

percent reduction in enzymatic activity (calculated as

in the previous section) compared to the activity

control (without inhibitor).

%I ¼ 100

� DAbs feedstuff=DAbsControlð Þ � 100ð Þ;

where D Abs: the increment in absorbance respect to

blank.

In vitro alkaline digestibility of several ingredient

protein sources

The in vitro digestibility was determined for six meals

using 30-day-old P. dovii juveniles. The enzymatic

extracts were prepared using a 1:5 W:V proportion

(visceral weight: deionized water volume) and their

alkaline proteolytic activity quantified as described

previously. The ingredients evaluated, selected

according to their protein content, price and local

availability, were: fish (from Panamá), tuna (from by-

products), soybean, poultry (by-products), blood and

tankage meals (Table 1). All meals were ground to a

particle size of 75 lm.

The in vitro protein digestibility of meals was

determined using the pH–STAT technique, according

to Dimes and Haard (1994). Briefly, an ingredient

sample corresponding to 40 mg protein was mixed in

distilled water for 15 min, adjusting pH at 8.0. Next, an

enzymatic extract amount, equivalent to 12 AU of total

alkaline proteases, was added keeping pH at 8.0. The

final volume was adjusted to 5 ml with distilled water.

Titration time was 45 min, with continuous mixing at

room temperature (about 25 �C), using an automatic

titrator 906 Titrando (Metrohm Ltd, Switzerland).

The degree of protein hydrolysis (DH) was calcu-

lated according to Adler-Nissen (1986):

DH ¼ B� NB � 1=a� 1=MP � 1=htot � 100%

where B: NaOH volume (ml) used for keeping pH at

8.0 during the reaction time; NB: normality of the

alkaline (0.1 N); a: mean dissociation grade of a-
amino acids released during hydrolysis, according to

Adler-Nissen (1986), at pH 8.0 and reaction temper-

ature around 25 �C is 1 a-1 = 1.5; MP: crude protein

mass in the reaction mixture, calculated by multiply

nitrogen concentration (N) obtained with Kjeldahl

method (1883) per an adequate conversion factor (fN);

htot: total content of protein peptide bonds, expressed

as equivalents to peptide bonds per kilogram (or

milliequivalents per gram), with 8.0 meq g-1 as a

good approximation (Adler-Nissen 1986).

Determinations were done in triplicate and base

lines by duplicate. Casein was used as reference

protein with a DH of 100, and as a result, to each

ingredient it was assigned a proportional digestibility

value related to that of casein.

Statistical analysis

To determine differences in growth, enzymatic activ-

ity and digestibility, the mean values of data were

analyzed by applying a one-way ANOVA. The

homogeneity of variances and the normal distribution

were tested according to the Levene and Shapiro–Wilk

tests. Treatment means comparison was done using the

LSD test with 95 % confidence intervals. All analyses

were realized using the software Statgraphics Centu-

rion XVI (StatPoint Technologies Inc., 2010).
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Results

Fish Growth

At the beginning of the exogenous feeding, the larvae

weight and length were 4.73 ± 0.08 mg and

8.53 ± 0.06 mm, respectively. After 30 days of cul-

ture (30 DAH), fingerlings had a weight and length

24.6 and 2.4 times higher than the initial values,

respectively (Fig. 1).

Larvae presented an exponential growth for weight

(W = 2.282e0.131(DAH), r2 = 0.996) and length

(L = 6.852e0.035(DAH), r2 = 0.989), showing differ-

ences between larvae age (P\ 0.05).

Alkaline enzymatic activity

Enzymatic activity was detected from the beginning of

exogenous feeding at 6 DAH. The specific alkaline

activity fluctuated along larvae development, showing

a reduction at 22 DAH, whereas total alkaline

proteolytic activity increased with culture time from

0.11 ± 0.00 to 5.58 ± 0.06 U larvae-1 at 30 DAH

(about 51 times more). The specific proteolytic

activity showed a similar pattern (Table 2).

Inhibitory effect of some vegetable meals

on alkaline digestive proteases

All plant meals reduced the alkaline proteolytic

activity of P. dovii hybrid larvae. The soybean and

wheat middlings and shorts showed the highest inhi-

bition percentages (92.5 and 89.5 %, respectively),

whereas wheat flour (14.1 %) and broken rice meal

(23.3 %) had the lowest values (Fig. 2; Table 3,

P\ 0.05).

Further, differences between fish stages were

detected, e.g., 30 DAH fingerlings were more sensible

to proteases inhibitors present in most meals, except

for soybean, oil palm kernel and wheat middlings and

shorts. The highest inhibition percentages were

detected for corn and soybean meals (Fig. 3; Table 3,

P\ 0.05).

In vitro alkaline protein’s digestibility of several

ingredients

The weight and length of juvenile used were

164 ± 23 mg and 23.48 ± 1.04 mm, respectively.

The total and specific alkaline proteolytic activities

were 5.4 U larvae-1 and 26.4 U mg-1 soluble pro-

tein, respectively, whereas the proteolytic activity per

volume was 44.08 U mL-1.

All ingredients increased their degree of protein

hydrolysis along time. Tankage showed the highest

increment in final degree of hydrolysis (3.04) and

in vitro protein alkaline digestibility (113.92 %), even

more than casein. Next, it was followed by Panama

fish meal (2.0 and 74.92 %) and poultry by-products

(1.87 and 69.99 %). Contrary, blood (1.01 and

38.07 %) and soybean (0.53 and 19.82 %) meals had

the lowest values for the same variables (Table 4;

Fig. 4).

Discussion

Growth

Yolk reserves of P. dovii larvae last a few more days

after exogenous feeding and they present a stomach

with gastric glands at the time of the first feeding (6

DAH) (Valverde-Chavarrı́a et al. 2013), similarly to

Petenia splendida larvae (Treviño et al. 2011).

According to Gisbert and Williot (1997), large yolk

reserves in fish larvae could facilitate the transition to

exogenous feeding and be advantageous for any delay

in transition.

The larvae growth was slightly lower to that found

by Quirós et al. (2014) with P. dovii larvae (at 15

DAH), which may be attributed to the effect of the

lower culture density used by the latter author, as
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proved with pikeperch larvae (Sander lucioperca L.)

by Szkudlarek and Zakęś (2007).

Alkaline proteolytic activity

The presence of alkaline proteolytic activity since

the beginning of exogenous feeding has been also

observed in larvae of Clarias gariepinus (Garcı́a-

Ortega et al. 2000), Oreochromis niloticus (Teng-

jaroenkul et al. 2002), O. mossambicus (Lo and

Weng 2006), Cichlasoma urophthalmus (López-

Ramı́rez et al. 2011), Petenia splendida (Uscanga-

Martı́nez et al. 2011) and Cichlasoma trimaculatum

(Toledo-Solı́s et al. 2015). These enzymes are the

Table 2 Alkaline proteolytic activity in enzymatic extracts of P. dovii hybrid larvae

Parameter/larvae age 6 DAH 15 DAH 22 DAH 30 DAH

Proteolytic activity (U ml-1) 5.28 ± 0.16a 18.3 ± 0.28b 12.3 ± 0.19c 33.3 ± 0.38d

Total proteolytic activity (U larvae-1) 0.11 ± 0.00a 0.80 ± 0.01b 1.43 ± 0.03c 5.58 ± 0.06d

Specific proteolytic activity (U mg P-1) 0.89 ± 0.12a 2.93 ± 0.14b 2.45 ± 0.26b 5.00 ± 0.22c

Mean ± SE, n = 3. Different letters in the same row mean significant differences (P\ 0.05)

Fig. 2 Inhibition percentage (%) of alkaline digestive proteases

for several plant feedstuffs tested with P. dovii hybrid larvae of

6, 15, 22 and 30 DAH (mean ± SD). Means with different

letters for each meal indicated significant difference between

larvae stages (P\ 0.05)

Table 3 Inhibition percentage (%) of alkaline digestive proteases in P. dovii hybrid larvae of 6, 15, 22 and 30 DAH (mean ± SE,

n = 3) using several plant feedstuffs

DAH Plant feedstuffs

Soybean Wheat middlings Corn Broken rice Oil palm kernel Rice bran Wheat

6 57.61 ± 4.34e 46.74 ± 2.87d 19.57 ± 0.00ab 23.28 ± 0.86b 32.61 ± 1.09c 32.75 ± 0.86c 14.13 ± 1.88a

15 90.15 ± 0.76f 87.12 ± 0.76e 74.95 ± 0.74d 41.07 ± 0.74b 40.33 ± 0.74b 59.85 ± 1.31c 33.34 ± 0.76a

22 77.69 ± 1.48d 83.65 ± 1.26e 62.26 ± 2.18bc 51.57 ± 1.26a 87.42 ± 3.33e 63.52 ± 2.52c 56.88 ± 1.49ab

30 92.47 ± 3.32 cd 89.54 ± 3.27bcd 96.23 ± 1.92d 81.99 ± 0.00ab 78.56 ± 0.86a 81.99 ± 4.13ab 87.03 ± 1.51bc

Means with different letters in the same indicated significant difference between feedstuffs type (P\ 0.05)
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first type to be detected and are capable of acting

before the digestive tract completeness (Moyano

et al. 1996); their appearance seems to be genetically

programmed (Zambonino-Infante and Cahu 2001,

Lo and Weng 2006). The increment in the alkaline

proteolytic activity from 6 DAH onwards agrees

with Quirós et al. (2014) and with the presence of

acidophilic granules (zymogens or enzymatic pre-

cursors) in the pancreas (Valverde-Chavarrı́a et al.

2013). The sharp increment in proteolytic activity at

the end of the larvae stage (approximately at 28

DAH) may be attributable to the complete develop-

ment of the digestive system and its bigger size

(Valverde-Chavarrı́a et al. 2013)

Inhibitory effect of some plant meals on alkaline

digestive proteases

Apart from the nutritional requirements knowledge, in

order to formulate diets to maximize the fish larvae

growth, it is also recommended to evaluate the quality

of different feedstuffs using tools such as in vitro

techniques to determine not only (a) the digestive

proteases inhibition potential of plant origin feedstuffs

but also (b) the protein alkaline digestibility of animal

and plant protein sources. These results will help with
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Table 4 Degree of alkaline protein hydrolysis (DH) and

alkaline protein digestibility (%) for several dietary protein

sources with 30-day-old P. dovii juvenile

Ingredients HG Digestibility

Casein 2.67 ± 0.07 100.00 ± 2.62a

Tankage 3.04 ± 0.17 113.92 ± 6.17b

Fish meal Panama 2.00 ± 0.09 74.92 ± 3.4c

Poultry by-products 1.87 ± 0.08 69.99 ± 2.68c

Tuna fish meal Costa Rica 1.41 ± 0.13 52.85 ± 4.72d

Blood meal 1.01 ± 0.06 38.07 ± 2.03e

Soybean meal 0.53 ± 0.00 19.82 ± 0.00f

Mean ± SD, n = 3. Means with different letters are significant

different (P\ 0.05)
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a better selection of dietary ingredients in feed

formulations.

The use of plant feedstuffs to replace fish meal in

larvae diets has drawn little attention, especially

related to its inhibitory effect on larvae alkaline

proteases. The inhibitory effect of plant ingredients on

the alkaline proteolytic activity of P. dovii hybrid

larvae was influenced by the larvae stage (Fig. 2),

which could be attributed to the temporal changes in

the digestive tract and proteases level during ontogeny

(Quirós et al. 2014). According to this, it is advised to

formulate diets for the different larvae stages taking

into consideration those ingredients with lower pro-

teases inhibition and higher digestibility. In some

marine and other freshwater fish species, the inhibitory

effect of plant meals varied depending on the ingre-

dient type, amount used and species (El-Sayed et al.

2000; Alarcón et al. 2001; Chong et al. 2002; Pérez

et al. 2003; Santigosa et al. 2008; Rodiles et al. 2012).

Independent of larvae stage, soybean meal and

wheat middlings and shorts showed the highest in vitro

proteases inhibition (P\ 0.05) agreeing with that

reported for Piaractus mesopotamicus (Pérez et al.

2003), Lutjanus argentiventris and L. novemfasciatus

(Alarcón et al. 2001). The reduction in growth and

feed utilization in O. niloticus, when substituting

dietary fish meal with soybean meal, reported by El-

Sayed et al. (2000), could be affected by proteases

inhibitors present in soybean. Indeed, it is known that

soybean possesses proteases inhibitors (such as Kunitz

and Bowman–Birk) which exert an effect on specific

proteases and also possesses phytates which form

indigestible complexes with protein (NRC 2011).

Contrary, Chong et al. (2002) detected low enzymatic

inhibition for soybean in Symphysodon spp. Wheat

meal and their by-products also showed proteases

inhibition in other species, such as adults of O.

niloticus, Sparus aurata and Solea senegalensis

(Moyano et al. 1999). Also different to our results, it

has been reported that wheat derivatives had lower

proteases inhibition than rice by-products (polishing

with hulls) in adults of P. mesopotamicus and Odon-

testhes bonaeriensis (Pérez et al. 2003).

Similar to our findings, corn meal has shown an

inhibitory effect on alkaline proteases (specifically on

trypsin) (Jamal et al. 2012). As proteases inhibitors

were detected in kernel oil palm meal (KOPM), their

presence may explain partly the growth reduction

found with O. aureus when fed KOPM at 10 % or

higher levels (Iluyemi et al. 2010). However, biocon-

version processes such as fermentation with Tricho-

derma koningii has improved the protein digestibility

of KOPM in tilapia hybrids (Ng et al. 2002; Hem et al.

2008). In order to improve the nutritional quality of

feedstuffs, it has been suggested also thermic treat-

ments to inactivate to some extent these proteases

inhibitors (Alarcón et al. 2001).

At different larvae stages, the inhibitory effect of

the plant ingredients tested seem to be related to the

development of the digestive system and alkaline

proteases level. According to this, at 6 DAH, the

inhibition rates are lower compared to those obtained

at 30 DAH, when the digestive system is complete and

of bigger size. These differences in results suggest an

apparent effect on inhibition of feedstuffs type,

processing and species, especially when comparing

data from different fish ages.

In vitro alkaline protein’s digestibility of several

ingredients

In relation to the in vitro alkaline protein digestibility,

our results with P. dovii fingerlings (30 days old) agree

with those found by Álvarez-González et al. (2008)

with juveniles of another carnivorous cichlid, Petenia

splendida. They obtained low digestibility values for

soybean and blood meals and high values for casein,

poultry by-products and fish meals. Similar results were

also found with other carnivorous fishes, Centropomus

undecimalis (Concha-Frı́as 2008) and Sparus aurata

juveniles (Alarcón et al. 2002). In these works, casein,

fish meal and tankage showed the highest values and

blood and soybean meals the lowest.

According to Uscanga-Martı́nez et al. (2011), the

digestibility of different protein sources is related to

the fish feeding habits, having the carnivorous fish

higher capacity to hydrolyze meals from animal

origin. These could explain the higher in vitro

digestibility values obtained for most animal ingredi-

ents showed by P. dovii juvenile. It is possible that the

higher hydrolysis values obtained with tankage and

Panama fish meal (whole fish) were derived from a

higher proportion and accessibility of basic (arginine

and lysine) and aromatic amino acids (phenylalanine,

tyrosine, tryptophan) from these ingredients, facilitat-

ing the proteolytic activity.

Despite that tankage presented the highest

digestibility, it contains an imbalance amino acid
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profile when compared to fish meal, concluding that

both criteria must be taking in consideration for

ingredient selection. The low digestibility of blood

meal could be related to its imbalance amino acid

profile and high iron level, which could interfere with

the digestive process and in consequence with fish

growth, agreeing with Álvarez-González (2003).

Additionally, lower digestibility values presented by

plant origin protein source (soybean meal) may be

related to its content of proteases inhibitors and other

antinutritional factors (Martı́nez-Montaño and Lazo

2012).

Based on these results, new studies may be planned

to substitute fish meal (partly or completely) with

poultry by-products or tankage in diets for P. dovii

larvae or fingerlings, taking in consideration the aa’s

profile of these meals.

In conclusion, alkaline proteases from P. dovii

larvae and fingerlings were inhibited at different levels

for all the plant feedstuffs evaluated. P. dovii juveniles

presented a higher in vitro protein digestibility for

most animal protein ingredients evaluated, in contrast

to plant protein sources (e.g., soybean meal). It is

advisable to validate these results in vivo, to test other

ingredients and use enzymatic extracts from distinct

stages of the life cycle of P. dovii in order to formulate

adequate diets according to the digestive capability of

different fish stages.
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