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Abstract

Characteristics and functional efficacy of digestive pro-

teases of Catla catla, catla, Labeo rohita, rohu and Hyp-

ophthalmichthys molitrix, silver carp were studied. Total

protease activity was significantly (P < 0.05) higher in rohu

(1.219 ± 0.059 U mg protein)1 min)1) followed by silver

carp (1.084 ± 0.061 U mg protein)1 min)1), and catla

(0.193 ± 0.006 U mg protein)1 min)1). Trypsin activity of

silver carp and rohu was 89–91% higher than catla.

Chymotrypsin activity was significantly (P < 0.05) higher

in silver carp compared with rohu and catla. The protease

activity of rohu and silver carp displayed bell-shaped

curves with maximum activity at pH 9; whereas in catla,

maximum activity was found between pH 8 and 11. In-

hibition of protease activity with soybean trypsin inhibitor

(SBTI), phenylmethylsulfonyl fluoride (PMSF) revealed the

presence of serine proteases and inhibition of activity with

N-a-p-tosyl-L-lysine-chloromethyl ketone (TLCK) and

N-tosyl-L-phenylalanychloromethane (TPCK) indicated the

presence of trypsin-like and chymotrypsin-like enzymes in

all these three carps. SDS-PAGE showed the presence of

several protein bands ranging from 15.3 to 121.9 kDa in

enzyme extracts of catla, rohu and silver carp. The sub-

strate SDS-PAGE evidenced the presence of various pro-

tease activity bands ranging from 21.6–93.7, 21.6–63.8

and 26.7–98.5 kDa for catla, rohu and silver carp respec-

tively. In pH-stat hydrolysis of Chilean fishmeal showed

significantly (P < 0.05) higher degree of hydrolysis com-

pared with soybean meal, silver cup (a commercial fish

feed of Mexico) and wheat flour, with enzyme

preparations of three fishes. The rate of hydrolysis was

significantly (P < 0.05) higher in silver carp compared with

others.
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Introduction

The ability of any fish to digest a given diet and absorption of

its nutrients depends on the presence and the quality of

digestive enzymes. Although several on-farm feeds are in use

in aquaculture, commercial fish feeds manufactured on the

basis of proper understanding of digestive physiology of fish

are yet to be established for most of the cultured species

(Seenappa & Devaraj 1995). As protein utilization is funda-

mental to growth, proteases have an important role to play in

the larval fish as in the adult. The digestive proteases of

different species showed variations (Chakrabarti & Sharma

2005), which may influence their digestive capability and

feeding habits. Carps are used in polyculture because they

occupy different feeding niches in the pond viz. some species

are phytoplankton feeders, others are omnivorous or zoo-

plankton feeders. Indian major carp, catla Catla catla, rohu

Labeo rohita and the silver carp Hypophthalmichthys moli-

trix, are extensively used in commercial fish culture

throughout India. In adult stage, catla is a zooplanktivore,

surface feeder, rohu is a predominantly mid column feeder,

planktophage (phytoplankton and zooplankton feeder)

(Jhingran 1991) and silver carp is a typical pelagic filter

feeder, feeding mainly on phytoplankton and detritus

(Opuszynski & Shireman 1995; Xie 1999).

Intensification of pond culture of carps has necessitated the

supply of nutritious and easily digestible supplementary feed.
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In choosing a protein source, fish meal is an option. But fish

meal is expensive and is in high demand. As a result, there is a

tendency to produce alternative plant-based feed. However,

plant protein has some disadvantages which are important to

consider before including it in feed. Plant protein may require

processing to eliminate or reduce anti-nutritional compounds

(Alarcón et al. 1999). These anti-nutritional compounds have

to be evaluated on the target species to avoid affecting phy-

siological functions in the species, such as reducing digestive

enzyme activities. Some well-documented anti-nutritional

factors for digestive proteases are the soybean trypsin inhib-

itor and tannins (Maitra & Ray 2003). In vitro methods of

evaluating protein digestibility are important as they are

rapid, less expensive and they allow close observation of the

dynamics of the breakdown of protein by using only small

amounts of raw materials (Grabner 1985). Thus, character-

ization of digestive proteases is essential along with the

quantitative estimations for the better understanding of

digestive capability of the cultured species and to assess pro-

tein ingredients in feed formulations (Moyano et al. 1996).

Efforts have been made to characterize the digestive protease

of three species of carps, and also to study the efficacy of their

digestive proteases to hydrolyse the protein present in differ-

ent types of commercially available fish diets.

Materials and methods

Sample preparation

Catla (364 ± 18 g), rohu (347 ± 15 g) and silver carp

(366 ± 8 g) were obtained from a local fish farm in Delhi,

India. Fishes were acclimated in plastic pools (450 L) under

controlled conditions (photoperiod: 12D : 12L, 28 ± 2 �C)
and were kept without food for 24 h. Then fish were dissected

in a cold room (temperature 4 �C). Whole digestive tract,

including hepatopancreas was taken out from each fish, cut

open, washed and were homogenized with ice-cold distilled

water. The homogenate was centrifuged at 12 500 g for

30 min at 4 �C. Three replicates were used for each species.

Supernatant was lyophilized and kept in refrigerator at

)80 �C until use. Lyophilized powder of each sample was

dissolved in cold distilled water (w/v 1 : 10) and centrifuged

at 6500 g for 10 min at 4 �C. Supernatants were kept at

)80 �C until analysis. The soluble protein of enzyme extracts

was measured according to Bradford (1976).

Enzyme assays

Total protease activity was estimated with azocasein (Garcı́a-

Carreño & Haard 1993). Approximately 10 lL sample was

incubated with 0.5 mL Tris-HCl buffer and 0.5 mL of 0.5%

azocasein (in 50 mMM Tris-HCl buffer, pH 7.5) for 10 min at

37 �C. Reaction was stopped with 0.5 mL of 5% TCA.

Sample was centrifuged at 14 300 g. Absorbance of super-

natant was recorded at 366 nm. Enzyme activity was

expressed as Units mg protein)1min)1. Trypsin and chym-

otrypsin activities were assayed using 1.0 mMM N-a-benzoyl-

DLDL-arginine-p-nitroanalidine (BAPNA, Sigma B-4875) and

0.1 mMM succinyl-Ala2-Pro-Phe-p-nitroanilide (SAPNA,

Sigma S-7388) in 50 mMM Tris-HCl buffer, pH 7.5 containing

20 mMM CaCl2 respectively (Erlanger et al. 1961). The opti-

mum pH and presence of calcium ions and substrates in the

reaction mixture helps in the rapid activation of trypsin and

chymotrypsin from their respective zymogen forms. The

absorbance was recorded at 410 nm for 3 min (Erlanger

et al. 1961). Activity unit was calculated by the following

equation:

Extinction coefficient of p-nitroaniline liberated from

chromogens of BAPNA and SAPNA is 8800.

Effect of pH on enzyme activity

The effect of pH on protease activity was measured using

Universal buffer (Stauffer 1989), pH ranging from 5.0 to 12.0

at 25 �C. Substrate, 0.5% azocasein was dissolved in each pH

buffer solution and the pH value was established. Substrate

was dissolved in each pH buffer solution prior to enzymatic

reaction. Then 10 lL enzyme extracts (supernatants obtained

from digestive tissue extracts) were mixed with 500 lL of

each pH buffer and 500 lL of respective pH buffered-sub-

strate. Reaction was stopped after 10 min with 500 lL of

20% TCA. Samples were centrifuged at 14 000 g for 5 min

and supernatants were separated from undigested substrate.

Absorbance of supernatants was recorded at 366 nm.

Enzyme inhibition

Protease inhibition assay was performed using different spe-

cific inhibitors (Garcı́a-Carreño 1992). Soybean trypsin

inhibitor (SBTI, 250 lMM in distilled water) and Phenyl methyl

sulfonyl fluoride (PMSF, 100 mMM in 2-propanol) were used as

Activity units ¼ ðAbs410=minÞ � 1000�mL of reaction mixture

Extinction coefficient of chromogen�mgeprotein in reaction mixture
:

S. Kumar et al.
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inhibitors for proteases belonging to the serine class. N-a-p-

tosyl-LL-lysine chloromethylketone (TLCK, 10 mMM in 1.0 mMM

HCl, pH 3.0) and N-tosyl-LL-phenylalanine chloromethylke-

tone (TPCK, 5 mMM in methanol) were used as specific inhib-

itors for trypsin and chymotrypsin respectively (Garcı́a-

Carreño 1992). Commercial porcine trypsin and bovine

chymotrypsin were used as enzyme controls. 10 lL enzyme

preparations were incubated with different inhibitors (v/v

1 : 1 ratio) for 1 h at 25 �C. The assay was performed for total

protease activity. Sample without inhibitors served as control.

Reduction in enzyme activity in treated samples was recorded

as % inhibition. Each assay was carried out in triplicate.

SDS-PAGE and substrate SDS-PAGE

SDS-PAGE was performed according to Laemmli (1970) for

electrophoretic separation of protein in crude enzyme ex-

tracts. Enzyme extracts were diluted (1 : 1) in sample buffer

containing SDS but without reducing agent. Samples were

not boiled before loading onto gels. Protease compositions of

enzyme extracts were recorded after separation of proteases

by substrate SDS-PAGE as described in Garcı́a-Carreño

et al. (1993). Electrophoresis was performed at 4 �C with a

constant current of 20 mA. Samples containing 5 mU en-

zyme activity was loaded onto gel for each enzyme extract.

After electrophoresis, gel was washed and immersed in

30 mg g)1 casein (in 50 mMM Tris-HCl buffer, pH 7.5) for

30 min at 5 �C, and then temperature was raised to 25 �C for

90 min. The protein was fixed and stained. Clear zones in

blue background were observed as enzyme activity bands.

The protease class in the enzyme extracts of three species

was evaluated using specific protease inhibitors (Garcı́a-

Carreño & Haard 1993). Samples containing 5 mU activities

were incubated with different inhibitors viz. SBTI (250 lMM),

PMSF (100 mMM), TLCK (10 mMM) for 1 h at 25 �C prior to

substrate SDS-PAGE. After incubation samples were diluted

(1 : 1) with sample buffer and subjected to substrate SDS-

PAGE. After electrophoresis, gels were treated as described

in legend of Fig. 3b. A conspicuous reduction in intensity of

the activity bands was recorded as inhibition and compared

with the activity bands of untreated samples.

In vitro digestibility study

The degree of hydrolysis of casein, soybean meal, a com-

mercial fish feed available in Mexico and Chilean fish meal

were evaluated by the pH-stat method (Pedersen & Eggum

1983) modified by Dimes & Haard (1994), using enzyme

extracts of catla, rohu and silver carp. pH-stat analysis was

carried out with a 718 stat Titrino (Metrohom Ion Analysis,

Switzerland) using Metrodata Menu computer programme.

Enzyme extract (200 lL) previously adjusted at pH 8.0,

containing 0.25 U protease activity (Units activity of enzyme

extracts were adjusted by dilution with distilled water for the

comparison of hydrolytic efficiency of different species) was

added to the substrate containing 0.08 g protein. The reac-

tion mixture was maintained at 27 �C, using a jacketed

reaction vessel and temperature controlled circulating water

bath. The reaction was monitored for 1 h. Each assay was

carried out in triplicate. The degree of hydrolysis (DH%) was

calculated using the following equation:

DH% ¼ B� NB � 1=1:4� 1=0:08� 1=8� 100;

Where B is the amount of solution (mL) of NaOH con-

sumed to maintain the reaction mixture at pH 8.0; NB is the

normality of the NaOH solution; 1.4 is the average degree of

dissociation of the a-amino groups related with the pK of the

amino groups at pH 8.0 and 27 �C; 0.08 is the amount of

crude protein (g) in the reaction mixture, and 8 is the milli-

equivalents of peptide bonds per g protein.

Statistical analysis

All data were statistically analysed by one-way ANOVAANOVA (using

SPSSSPSS programme) and Duncan’s Multiple Range test

(Montgomery 1984) to assess differences in enzyme activities.

Level of significance was P < 0.05.

Results

Total protease activity

Among these three carps, total protease activity was signifi-

cantly (P < 0.05) higher in planktophage rohu (1.219 ±

0.059 U mg protein)1 min)1), followed by herbivore silver

carp (1.084 ± 0.061 U mg protein)1 min)1) and zooplank-

tivore catla (0.193 ± 0.006 U mg protein)1 min)1) (Fig. 1).

Trypsin and chymotrypsin activity

Trypsin activity of silver carp (0.297 ± 0.019 U mg protein)1

min)1) and rohu (0.354 ± 0.016 U mg protein)1 min)1)

were 89–91% higher than catla (0.032 ± 0.007 U mg

protein)1 min)1). Chymotrypsin activity was significantly

(P < 0.05) higher in silver carp (0.594 ± 0.042 U mg

protein)1 min)1) than rohu (0.498 ± 0.007 U mg protein)1

min)1) and catla (0.253 ± 0.009 U mg protein)1 min)1)

(Fig. 1).

Digestive proteases of three carps

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

� 2007 Blackwell Publishing Ltd Aquaculture Nutrition 13; 381–388

383



Effect of pH on enzyme activity

Digestive protease activity of rohu and silver carp displayed

bell-shaped pH curve and showed maximum activities at pH

9.0. In contrast, catla digestive protease activity showed a

broad pH range, maximum activity being in the pH range

8.0–11.0 (Fig. 2). In acidic pH range, e.g. at pH 6.0 enzymes

of catla, rohu and silver carp retained 61.0%, 74.2% and

81.8% of their maximum activities. In these three species of

carps, proteolytic enzyme activity was maximum in alkaline

pH range.

Inhibition of enzyme activity

Inhibition of enzyme activity was evaluated with different

specific inhibitors (Table 1). A total of about 67.4–77.9%

protease activity was inhibited by SBTI in these three species

evaluated. PMSF reduced the enzyme activity by 59.1–

79.6%. The significant reduction in total protease activities

by SBTI and PMSF revealed the presence of protease

belonging to serine group in all these three species. TLCK, a

specific inhibitor for trypsin, reduced azocasein hydrolysis by

29.7–40.2%. TPCK, the specific inhibitor for chymotrypsin,

showed 29.3–35% inhibition of enzyme activity.

SDS-PAGE and substrate SDS-PAGE of protein and

protease

The protein composition of all enzyme extract was evaluated

by SDS-PAGE. Several protein bands were found in enzyme

extracts of these three species (Fig. 3a). Molecular weight of

protein bands was species-specific and ranged from 15.3 to

Figure 2 Effect of pH on protease activity of catla, rohu and silver

carp.

(a) (b)

Figure 1 Total protease, trypsin and

chymotrypsin activities (mean ± SE) of

catla, rohu and silver carp (n ¼ 3).

Table 1 Inhibition (%) of protease activity in three different species

of carp with specific inhibitors

Inhibitors Catla Rohu Silver carp

SBTI 67.4 ± 2.27 b 78.1 ± 2.05 a 77.9 ± 0.93 a

PMSF 59.1 ± 4.71 c 79.6 ± 0.70 a 65.3 ± 5.81 b

TLCK 29.7 ± 6.53 c 34.5 ± 5.40 b 40.2 ± 1.82 a

TPCK 35.0 ± 2.89 a 29.3 ± 4.36 c 32.4 ± 3.83 b

Mean values within the row not sharing a common letter are sig-

nificantly (P < 0.05) different.

S. Kumar et al.
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121.9, 21.6 to 121.9 and 26.7 to 121.9 for catla, rohu and

silver carp respectively.

Protease activity zones of enzyme extracts of catla, rohu

and silver carp by substrate SDS-PAGE are shown in

Fig. 3b. Some protease activity zones were similar in catla

and rohu. But species-specific protease activity bands with

different electromobility in each species were also visible. The

numbers of protease activity bands were 10 in catla (26.7–

93.7 kDa), eight in rohu (21.6–69 kDa) and eight in silver

carp (26.7–98.5 kDa).

Substrate SDS-PAGE showed the protease activity bands

were inhibited by SBTI, PMSF and TLCK (Fig. 4). In catla

high MW (93.7, 86.6 and 69 kDa) activity bands were

inhibited by PMSF. Activity bands of 63.8 and 59.8 kDa

were inhibited by SBTI and TLCK, whereas the activity

bands of 52.4, 48.4 and 32.5 kDa were inhibited by SBTI,

PMSF and TLCK. The activity band of 26.7 kDa was

inhibited by TLCK only (Table 2).

In rohu, the activity bands of 69 and 63.8 kDa were

inhibited by PMSF and TLCK, on the other hand the

activity band of 59.8 kDa was inhibited only by PMSF. The

activity bands of 44.1, 32.5 and 21.6 were inhibited by all

inhibitors. The activity band of 48.4 was inhibited by SBTI

and TLCK whereas the activity band of 26.7 kDa was

inhibited by SBTI and PMSF (Table 2).

In silver carp, PMSF inhibited almost all the activity

bands. The activity bands of 86.6, 69, 32.5 and 26.6 kDa

were inhibited by SBTI. Whereas the activity bands of 86.6,

69, 59.8, 48.4 and 32.5 kDa were inhibited by TLCK

(Table 2).

(a) (b)

Figure 3 (a) SDS-PAGE of enzyme

extract of catla, rohu and silver carp.

Samples were diluted (1 : 1) with sample

buffer. Lane 1: (M) molecular weight

markers comprising Phosphorylase b

(97 000), Bovine serum albumin

(66 000), Ovalbumin (45 000), Carbonic

anhydrase (30 000), Trypsin inhibitor,

soybean (20 100) and a-Lactalbumin

(14 400); Lane 2: (C) catla; Lane 3: (R)

rohu; Lane 4: (SC) silver carp. 20 lg
protein was loaded onto gel for each

enzyme extract. After electrophoresis,

gel was stained with Coommassie

Brilliant Blue for 3 h and washed.

(b) Substrate SDS-PAGE. Gel was pre-

pared according to Laemmli (1970).

Figure 4 Zymogram of enzyme extracts

of catla, rohu and silver carp. Samples

containing 5 mU activity were incubated

with different inhibitors for 1 h before

loading onto gel. Lane 1: (M) molecular

weight markers as in Fig. 3; Lanes 2, 6

and 10: control, enzyme extract without

inhibitor; Lanes 3, 7 and 11: enzyme

extract incubated with SBTI; Lanes 4, 8

and 12: enzyme extract incubated with

PMSF; Lanes 5, 9 and 13: enzyme ex-

tract incubated with TLCK. After elec-

trophoresis, gels were treated as

described in Materials and methods

section.

Digestive proteases of three carps
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The activity bands of trypsin-like enzyme were observed in

enzyme extracts. The molecular weights of observed trypsin-

like enzymes were 26.7, 32.5, 48.4, 59.8 and 63.8 kDa for

catla, as evidenced by inhibition with SBTI and TLCK

(Table 2). In rohu, the MW of trypsin-like enzymes were 69,

63.8, 48.4, 44.1, 32.5 and 21.6 kDa. In silver carp, the MW of

observed trypsin-like enzymes was 86.6, 69, 59.8, 48.4 and

32.5 kDa (Fig. 4).

In vitro hydrolysis with pH-stat

Among various protein sources, casein showed significantly

(P < 0.05) higher degree of hydrolysis with different digestive

enzymes (2.9–6.2%), except rohu (1.2%). The hydrolysis of

Chilean fish meal with different enzyme preparations was

significantly (P < 0.05) higher than silver cup and soybean

meal. Among these three fish species, Chilean fish meal

showed significantly (P < 0.05) higher degree of hydrolysis

with the enzyme extract of rohu (Table 3). The degree of

hydrolysis of silver cup ranged from 0.9 to 1.6% with dif-

ferent enzyme extracts. Silver carp showed significantly

(P < 0.05) higher degree of hydrolysis (DH%) than catla and

rohu regardless of protein sources, except soybean meal.

Discussion

In the present study, total protease activity was significantly

higher in planktophage rohu followed by phytoplanktivore

silver carp and zooplanktivore catla. Herbivorous fish try to

compensate the lower amount of available proteins in their

diet by increasing consumption rate and enzyme production

(Hofer 1982). Sabapathy & Teo (1995) also observed similar

results with rabbitfish Siganus canaliculatus. Protease activity

has been described in catla (Phadatae & Srikar 1988;Kumar

et al. 2000), but the knowledge of enzyme classes is limited

particularly for catla and rohu. In the present study, chym-

otrypsin activity was always higher (1.5–8 folds) than trypsin

activity.

The pH values for maximum protease activity in different

enzyme extracts had been observed in alkaline range. The

maximum protease activity observed at pH 9 for rohu and

silver carp and pH 8–11 for catla. This study indicates the

alkaline nature of digestive proteases present in these species.

This may be due to absence of functional stomach in these

three species. Several researchers also showed maximum

protease activity at pH range of 8.0–10.0 in the intestine of

carps (Jonas et al. 1983), rainbow trout and Atlantic salmon

(Torrissen 1984), halibut and turbot (Glass et al. 1989).

Erzsebet et al. (1983) found that in silver carp, enzyme

activity increased slightly between pH 2 and pH 6, followed

by a smaller plateau-like ranged at pH 7–8 and above pH 8,

the activity increased again. Bitterlich (1985) observed that

trypsin and amylase of silver carp had pH optima of 8.3.

Carp and tench had proteolytic activity at neutral and

alkaline pHs, whereas only very low activity was observed at

acid pHs (Hidalgo et al. 1999).

Use of protease inhibitors with known specificity is helpful

in the characterization of proteases class. Reduction in inten-

sity of protease activity bands in samples treated with SBTI

and TLCK was evidence of trypsin-like, and by SBTI and

PMSF was evidence of chymotrypsin-like enzymes (Lemos

et al. 2000). TLCK and TPCK are the specific inhibitors of

trypsin and chymotrypsin, respectively, binds to the histidine

residue within the active site (Shaw et al. 1965). Inhibition

study of digestive proteases with SBTI, PMSF, TLCK and

Table 2 Molecular weight of protease activity bands inhibited by

SBTI, PMSF and TLCK in three species of carps

Protease activity bands

molecular weight (kDa) Catla Rohu Silver carp

98.5 A A IP

93.7 IP A IP

86.6 IP A ISIPIT

69 IP IPIT ISIPIT

63.8 ISIT IPIT A

59.8 ISIT IP IPIT

52.4 ISIPIT A A

48.4 ISIPIT ISIT IPIT

44.1 A ISIPIT A

32.5 ISIPIT ISIPIT ISIPIT

28.4 ISIP A A

26.7 IT ISIP ISIP

21.6 A ISIPIT A

A, absent; IS, activity band inhibited by SBTI; IP, activity band

inhibited by PMSF; IT, activity band inhibited by TLCK.

Table 3 Degree of hydrolysis (DH%) of

different protein sources was performed

with a pH-stat method using commercial

and carp digestive enzymes

Source of protein

Commercial

enzymes Catla Rohu Silver carp

Casein 3.9 ± 0.14 b 2.9 ± 0.08 c 1.2 ± 0.08 d 6.2 ± 0.08 a

Soybean meal 0.9 ± 0.14 b 0.5 ± 0.00 c 1.7 ± 0.16 a 1.8 ± 0.08 a

Silver cup 0.9 ± 0.08 b 1.0 ± 0.08 b 1.1 ± 0.08 b 1.6 ± 0.00 a

Chilean fish meal 2.3 ± 0.14 b 1.0 ± 0.08 c 2.1 ± 0.13 b 3.1 ± 0.08 a

Mean values within the row not sharing a common letter are significantly (P < 0.05) different.

S. Kumar et al.
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TPCK had been determined in the present study. Significant

inhibition of protease activity with SBTI and PMSF showed

the abundance of serine proteases in these three species.

In the present study, several proteases having high

molecular weight were found. Presence of several trypsin-like

and chymotrypsin-like enzymes showed the variation in the

isomeric form of these enzymes in different species. The MW

of observed trypsin-like and chymotrypsin-like enzymes

varied in these three fishes, which may highlight the species-

specificity of proteases. In the present study high MW tryp-

sin-like enzymes were observed in catla (26.7–63.8 kDa),

rohu (21.6–69 kDa) and silver carp (32.5–86.6 kDa).

Rathore et al. (2005) also observed high molecular weight

trypsin-like enzymes (16.6–58.8 kDa) during early develop-

ment of catla. The activity bands of trypsin-like enzymes (24

and 58.1 kDa) were also observed in hybrid of silver

carp · bighead carp (Chakrabarti et al. 2006). Moyano et al.

(1996) also identified bands of high molecular weight

(23.5–95 kDa) trypsin-like enzymes in the digestive system of

gilthead seabream. Different feeding habits of catla, rohu and

silver carp may influence the composition of digestive pro-

tease. In silver carp, highly intense band of 26.7 kDa, the

expected chymotrypsin was observed, which may be the

reason for better performance of enzyme extract in in vitro

hydrolysis of all protein substrates than other species

(Table 3).

In in vitro hydrolysis study, casein showed higher degree of

hydrolysis than other protein sources. The reason may be,

the casein is a pure, highly digestible protein, free of anti-

nutritive factors. In fact, it contains all the essential amino

acids, and the basis of its use as a digestion protein standard.

Among other commercial feedstuffs, Chilean fishmeal

showed higher DH% compared with soybean meal and

Silver cup. In an in vitro digestibility study, Eid & Matty

(1989) had incubated different protein sources with intestinal

extract of common carp Cyprinus carpio. They found that

fish meal diets containing 140 and 270 g kg)1 protein had

apparent digestibility of 90.2% and 93%; casein (180 and

360 g kg)1 protein), 91.5 and 83.2; soybean (100 and

200 g kg)1 protein), 84.2% and 85.3%; sunflower (80

and 160 g kg)1 protein), 64.2% and 66.1% and fish meal plus

soybean meal (182 g kg)1), 86.5%. When studying digesti-

bility of protein feed sources by carp digestive enzymes,

Chilean fish meal was better digested than Silver Cup and

soybean meal, due to the presence of inhibitors in soybean

meal. Protease inhibitors present in soybean meal were found

responsible for the retardation of growth of grass carp

(Dabrowski & Kozak 1979). Dabrowski et al. (1989) sug-

gested that the increase in secretion of pancreatic proteases

caused by the soybean protease inhibitors does not com-

pensate for the decrease in the efficiency of dietary protein

digestion. Apparent absorption of amino acid in carp fed

soybean meal was much lower than rainbow trout, catfish

and grass carp (Dabrowski 1983). Enzyme preparation from

silver carp, when compared with the other carps, digested all

feedstuff more adequately. Ronaldo et al. (1986) found that

gelatin was the most digestible protein for milkfish Chanos

chanos; casein, defatted soybean meal and fish meal were

moderately digestible (50–90%).

Conclusion

This study provides insight to understand the protein digestion

capabilities of three species of carps. Regardless of feeding

habits, they possess some similar type of digestive proteases,

but differ in digestive capability. Difference in the types of

protease may reflect their efficiency to hydrolyse the protein

used as food source. Further purification of proteases is re-

quired to understand the specific properties and their efficacies

to hydrolyse protein rich diets to be used for a potential

aquaculture. The information of digestive proteasemayhelp in

the formulation of ideal artificial diet of the cultured species.
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