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Abstract

An experiment was carried out to analyse the

effects of substituting fish-meal (FM) with soya

bean meal and shrimp protein hydrolysate (SPH)

on the percent survival, growth rate, feed efficiency

and molt frequency of redclaw crayfish hatchlings,

Cherax quadricarinatus. The experiment was per-

formed in a closed recirculating-water system over

a 56-day period. Five diets were tested: a control

diet (SPH0) comprising 100% FM without SPH,

and four diets with 2.5%, 5.0%, 10.0% and 15.0%

SPH substitution (diets SPH2.5, SPH5, SPH10 and

SPH15 respectively). Analysis of water quality indi-

cated that it was adequate to maintain a good

growth and survival of hatchlings. The results

showed that 100% survival was obtained for

hatchlings fed with SPH5, SPH10 and SPH15 diets.

Higher mean values of final weight were obtained

for the SPH5 diet. The highest weight gain was

observed in SPH2.5 and SPH5 diets. Hatchlings

showed similar specific growth rates for all diets.

The efficiency rate of the SPH15 diet was lower

compared to the other diets. Overall, individual

feed consumption was higher in hatchlings fed

diets of SPH5 and SPH15. It is recommended that

5.0% of SPH could be included in diets of hatchling

redclaw crayfish to improve their growth efficiency.

Keywords: protein hydrolysate, bioindicators,

feed efficiency, PER

Introduction

The Mexican shrimp industry produces around

130 000 metric tons of marine shrimp per year,

and generates between 30 000 and 39 000 metric

tons of waste in the form of shrimp heads, which

represent approximately 30% of body weight

(CONAPESCA 2009). This waste is deposited in

open-landfills, causing large amounts of contami-

nation (Shirai & Hall 1996). Fish processing

by-products are frequently used in the production

of fish-meal (FM) and oils by the aquaculture feed

industry. There have been increasing interests in

protein hydrolysates (PH), because these com-

pounds contribute towards improving feed palat-

ability. In addition, PH is used as feed attractants

and feed binders, as well as to stimulate the non-

specific immune defense system. Furthermore, PH

© 2012 Blackwell Publishing Ltd966

Aquaculture Research, 2013, 44, 966–973 doi:10.1111/j.1365-2109.2012.03102.x



has been used in practical diets, especially for fish

that are in the early stages of development. This is

because of the capacity for fish in these early

stages to digest these compounds, which is often a

limiting factor at first-feeding (Carvalho, Escaffre,

Oliva-Teves & Bergot 1997; Cahu, Zambonino-

Infante, Quazuguel & Le Gall 1999; Gildberg

2004; Sathivel, Smiley, Prinyawiwatkul & Bechtel

2005; Savoie, Francois, Le Cahu, Blier & Andreas-

sen 2006).

In general, PH provide a more digestible diet

and improve growth and survival rates, since the

amino acids of dietary proteins are mainly

absorbed as peptides or amino acids in newly

hatched fishes (Silk, Grimble & Rees 1985; Rust

1995; Roennestad, Rogas-Garcı́a, Tonheim & Con-

ceicao 2001; Savoie et al. 2006). Hence, incorpo-

rating a moderate dietary level of fish PH might

facilitate the onset of the adult mode of digestion

in developing fish (Cahu et al. 1999). However,

an experiment on turbot juveniles (Scophthalmus

maximus) showed that the replacement of FM

with fish PH did not improve growth or feed utili-

zation (Oliva-Teles, Cerqueira & Goncalves 1999).

In comparison, Savoie et al. (2006) observed a

general trend of higher survival in the spotted

wolfish Anarhichas minor when providing diets

that contained 20% PH, and suggested that the

amount of hydrolysis used might have been insuf-

ficient to induce specific digestive enzyme stimula-

tion in promoting larval growth during early

ontogeny.

In general, studies on the use of PH in practical

diets have developed over the last 10 years; how-

ever, information about decapod crustaceans

remains scarce (Harpaz 1997). In one study, Mackie

and Shelton (1972) used squid extract in the diet

of lobster Homarus gammarus, and found that it

stimulated feed ingestion, resulting in a higher

weight gain. Floreto, Bayer and Brown (2000)

found that a 50% substitution of FM by soya bean

meal (SBM) is effective for the same species of lob-

ster when used with an amino acid supplement.

Furthermore, Sharif, Chaudhari and Sahu (2000)

demonstrated the influence of ensiled fermented

fish in stimulating proteolytic activity and increas-

ing growth rates in the Malaysian giant prawn,

Macrobrachium rosenbergii.

There are practically no studies on the use of

PH in the redclaw crayfish, Cherax quadricarinatus.

However, there is sufficient information about spe-

cific nutritional requirements and practical diet

formulations of this species, which has improved

existing knowledge about its feed requirements.

For example many authors have reported an opti-

mum animal protein requirement level of 30–40%

(Jones 1995; Meade & Watts 1995; Ponce-Palafox,

Arredondo-Figueroa & Moreno-Rodrı́guez 1998;

Jacinto, Colmenares, Cerecedo & Cordova 2003;

Muzinic, Thompson, Morris, Webster, Rouse &

Manomaitis 2004; Thompson, Muzinic, Engler &

Webster 2005).

Due to the paucity of information about the use

of PH in crustacean’s diets, the goal of this work

was to evaluate the effect of different shrimp pro-

tein hydrolysate (SPH) levels in practical diets with

30% SBM substitution, on percent survival,

growth, food efficiency and molting frequency of

redclaw crayfish hatchlings, C. quadricarinatus.

Materials and methods

Experimental design

A randomized design of five diets and three repeti-

tions was carried out during a 56-day period. The

experimental system consisted in fifteen 20 L self-

cleaning plastic tanks using a density of four

hatchlings redclaw crayfish per tank. Each plastic

tank was equipped with a central drain and indi-

vidual water source connected to a common

water-recirculation system, which comprised two

settling tanks, a biological filter and a reservoir

tank. In total, 60 stage III juveniles (79.4 ±
0.89 mg; Levi, Barki, Hulata & Karplus 1999),

who were obtained from one female redclaw cray-

fish, were used in the experiment. The culture

system was located inside a controlled-temperature

laboratory with a constant 12:12 hours photope-

riod. Temperature and dissolved oxygen were

measured daily with an oxymeter YSI model 57

(Yellow Spring Instruments Incorporated, Yellow

Spring, OH, USA), pH with a Beckman pH

meter (Beckman Instruments, Inc., Fullerton, CA,

USA), total ammonia nitrogen (TAN), non-ionized

ammonia nitrogen (NH3) and total hardness were

measured weekly according to APHA-AWWA

(1985).

Experimental diets

Based on the nutritional requirements of the Aus-

tralian redclaw crayfish (Hernández, Rouse & Olvera

2002), five isocaloric and isolipidic diets were
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prepared using four levels of SPH (2.5%, 5.0%,

10.0% and 15.0%). The control diet (SPH0) was

prepared using 100% FM, whereas the other diets

contained 70% FM and 30% SBM substitution

(Table 1).

Diets were prepared by mixing all dry ingredi-

ents, except the starch, for 15 min. Oils were

added, and the diets were mixed for another

15 min. Starch was boiled and cooled before being

incorporated into the diet mixture (Olvera 1994).

Water was then added to produce a homogeneous

paste, which was passed through a grinder with

4 mm holes to form pellets. Pellets were then

placed on trays and dried at 40°C for 24 h in a

forced air dryer. Once dry, the diets were crushed

and sieved to the appropriate size for hatchlings.

The SPH was produced with shrimp heads that

were ground and mixed with 5% (v/w) sugar

cane solution, and Lactobacillus sp. bacteria were

inoculated. This mix was transferred to a column

reactor, which was placed in a temperature-con-

trolled room at 30°C. The molecular weight distri-

bution ranged from 27 to 0.23 kDa. Protein

fractions of 2.6, 2.0, 1.3 and 0.6 kDa indicated

high levels of protein breakdown during ensilation

(Cira, Huerta, Hall & Shirai 2002; Plascencia-Jato-

mea, Olvera-Novoa, Arredondo-Figueroa, Hall &

Keiko 2002).

Proximate chemical analyses of ingredients,

diets and redclaws organisms of each diet were

performed according to the standard methods of

the AOAC (1984). Before realize redclaws protein

analysis, the muscle of each individual was

dissected and separated.

Feeding strategies

The hatchlings were acclimated 15 days prior to

the experiment. Five days before the beginning of

the experiment, the experimental diets were

proportionally added to the diet to improve con-

sumption. Twenty hours before initiating the

experiment, no food was provided to the hatch-

lings. A proportion of 6% of total body weight

divided in two rations was provided daily (9:00

and 17:00 hours). A complete census of the popu-

lation was recorded regularly, with hatchlings

being measured, weighed and counted every week.

After absorbing excess water with a paper towel,

each redclaw was individually weighed, and the

body length (mm) was measured from the eye-

stalks to the tip of the telson. Before the daily feed-

ing routine, leftover food was collected with a

300 lm plastic mesh tied to the end of a siphon.

All molts were removed and counted.

Table 1 Formulation and proximate composition of diets

containing different percentages of shrimp protein hydro-

lysate (SPH)

Ingredients

Diets*

SPH0 SPH2.5 SPH5 SPH10 SPH15

Brown fish-meal † 46.4 31.4 29.0 24.4 17.4

Soya bean meal‡ 0 20.6 20.6 20.6 20.6

SPH§ 0 2.6 5.2 10.4 15.6

Fish oil¶ 2.3 3.1 3.3 3.7 4.3

Corn oil 6.0 5.8 5.5 5.1 4.6

Corn starch 29.5 20.8 20.5 20.1 21.8

Vitamin premix** 1.0 1.0 1.0 1.0 1.0

Mineral premix†† 1.0 1.0 1.0 1.0 1.0

CMC‡‡ 3.0 3.0 3.0 3.0 3.0

a-celullose 10.8 10.8 10.8 10.8 10.8

Proximate composition (% wet wt.)

Moisture 10.4 2.8 3.5 4.8 3.7

Crude protein 34.5 34.9 34.9 35.1 35.2

Ether extract 11.0 11.5 11.3 11.7 11.3

Ash 8.9 8.3 8.5 7.9 7.9

Crude fibre 7.9 8.5 9.0 9.7 8.7

NFE§§ 27.3 34.0 32.8 30.8 33.4

Gross energy

(MJkg�1)

17.61 17.65 17.61 17.65 17.69

*SPH0 (100% of fish-meal); SPH2.5 (70% of fish-meal + 30% of

soya bean flour + 2.5% of hydrolysate); SPH5 (70% of fish-

meal + 30% of soya bean flour + 5% of hydrolysate); SPH10

(70% of fish-meal + 30% of soya bean flour + 10% of hydroly-

sate); SPH15 (70% of fish-meal + 30% of soya bean

flour + 10% of hydrolysate).
†Brown fish-meal: 64.64% protein; 7.88% lipids; 12.53% ash;

5.90% moisture; 0.05% fiber; nitrogen free extract (NFE) 9.0%.
‡SBM: 43.55% protein; 2.03% lipids; 6.12% ash; 6.54% mois-

ture; 2.38% fiber; nitrogen free extract (NFE) 39.38%.
§SPH: 28.87% protein; 8.82% lipids; 5.74% ash; 5.86% mois-

ture; 2.38% fiber; nitrogen free extract (NFE) 48.33%.
¶Menhaden fish oil (Sigma-Aldrich Quı́mica, S.A., Toluca,

Estado de México, México).
**Vitamin premix (mg kg�1 diet) (Roche Chemistry, Basel,

Switzerland) ; Thiamine, 60; Riboflavin, 25; Niacin, 40; Vita-

min B6, 50; Pantothenic acid, 75; Biotin, 1; Folic acid, 10;

Vitamin B12, 0.2; Choline, 600; Myoinositol, 400; Vitamin

Stay C, 200; Vitamin A, 5000 IU; Vitamin E, 100; Vitamin D,

0.1; Vitamin K, 5 (Conklin, 1997).
††Mineral premix (mg kg�1 diet) (Roche Chemistry); Magne-

sium sulphate, 5.1; Sodium chloride, 2.4; Potassium chloride,

2; Ion sulphate, 1; Zinc sulphate heptahydrate, 0.2; Cupric sul-

phate pentahydrate, 0.0314; Magnesium sulphate anhydrous,

0.1015; Cobalt sulphate, 0.0191; Iodine calcium, 0.0118;

Chromium chloride, 0.051 (Tacon et al., 1989).
‡‡Carboxymethyl-cellulose (CMC; Sigma).
§§NFE: nitrogen free extract = 100 - (%moisture + %protein +

%lipids + %fiber + %ash).
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Data analysis

All the redclaws of each tank were weighed as a

group and counted weekly, to determine the per-

cent survival, growth performance, feeding effi-

ciency and molting frequency. Percent survival (S)

was expressed as the percentage (%) of live hatch-

lings at the end of the experiment, and was calcu-

lated as: S = 100 9 (Nf � Ni), where Nf is the

final number of live redclaws and Ni is the initial

number. Weight gain (WG) was expressed as

the percentage of mean weight increase of all

redclaws in the tank, and was calculated as:

WG = (Wf � Wi) / (Wi) 9 100, where Wf is the

final weight in mg and Wi is the initial weight in

mg. Individual feed consumption (IFC) was expressed

in mg day�1, and was calculated as: (ΣIFC weekly

/ t) 9 100, where t is time. Specific growth rate

(SGR) was expressed as the percentage of weight

per day, and was calculated as: SGR = [100 9

(Natural log final weight � Natural log initial

weight) / time in days]. The feed conversion ratio

(FCR) was estimated as the dry weight offered (FO)

divided by the total weight gain (TWG), which

was calculated as: FCR = FO (dry weight) / TWG.

The protein efficiency rate (PER) was expressed as

the unit of protein consumed (UPC), and was cal-

culated as: PER = TWG / UPC (New 1987).

Statistical analysis

Initially, tests of normality and homoscedasticity

tests were performed. The results were then com-

pared using a one-way ANOVA (P < 0.05), followed

by Tukey’s multiple range test to identify statistical

differences among treatment averages, using Stat-

istica 6.0 for Windows computer software (Stat-

Soft, Inc., Tulsa, OK, USA).

Results

Water quality

Evaluation of the averages of all the water quality

parameters in the closed recirculating-water system

during the 56-day experimental period showed

that the values were maintained within the tolera-

ble limits for the species. Water temperature

(29.0 ± 1.5°C), dissolved oxygen (5.1 ± 0.12 mg

L�1), pH (8.8 ± 0.25) and total hardness (342 ±
30.9 mg L�1) remained stable, with small varia-

tions, during this period. In contrast, nitrogen

components, such as total ammonia nitrogen

(0.05 ± 0.014 mg L�1) and non-ionized ammonia

(0.015 ± 0.014 mg L�1), exhibited larger varia-

tions, but did not exceed the tolerable limits of the

species.

Growth bio-indicators

The mean total weight of the hatchlings at the

beginning of the experiment (Table 2) showed no

significant differences (P < 0.05); however, at the

end of the experimental period significant differ-

ences (P < 0.05) were observed for the different

diets. The SPH2.5 and SPH5 diets yielded highest

weight gain, whereas other diets exhibited no sig-

nificant differences. The SPH15 diet had highest

value of FCR, and was significantly different

(P < 0.05) to the other diets. All hatchlings

showed similar SGR, with no significant difference

(P < 0.05) among the experimental diets; how-

ever, there was a trend toward higher SGR in the

SPH5 diet. The PER had a lower value in the

SPH15 diet, and was significantly different

(P < 0.5) to the others diets. Individual feed con-

sumption was highest in the last week of culture,

Table 2 Percent survival, growth, and feed utilization of Cherax quadricarinatus hatchlings fed diets with different per-

centages of shrimp protein hydrolysate (SPH)

Diet SPH0 SPH2.5 SPH5 SPH10 SPH15 SE

Initial weight (mg) 90 ± 10a 70 ± 10a 80 ± 20a 70 ± 10a 80 ± 20a 3.741

Final weight (mg) 1700 ± 400a 1800 ± 500a 2100 ± 400b 1550 ± 300a 1800 ± 400a 90.0

Weight gain (%) 1788 ± 305a 2471 ± 326b 2525 ± 333b 2114 ± 418a 2150 ± 314a 687.41

SGR (% day�1) 3.20 ± 0.3a 3.23 ± 0.5a 3.29 ± 0.4a 3.16 ± 0.6a 3.23 ± 0.6a 0.0213

FCR 1.5 ± 0.4a 1.6 ± 0.3a 1.6 ± 0.2a 1.7 ± 0.3a 2.1 ± 0.2b 0.509

Protein efficiency rate 2.0a 1.9a 1.9a 1.7a 1.4b 0.1067

Individual feed consumed (mg day�1) 3.5a 3.9a 4.8b 3.6a 4.8b 0.285

Percent survival (%) 75b 92a 100a 100a 100a 4.85

Average values having different superscript letters in column are significantly different (P < 0.05).

SE, standard error.
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and was significantly (P < 0.05) higher in the

SPH5 and SPH15 diets (Fig. 1; Table 2). The inclu-

sion of SPH5 to improve growth efficiency in red-

claw hatchlings resulted in highest weight gain,

highest final weight and 100% survival.

At the end of the experiment, all diets yielded

higher percent survival compared to SPH0, which

had a 75% survival (Table 2).

Molting frequency

At the end of the experiment, a total of 115 molts

were collected. No significant difference (P < 0.05)

was observed in the total number of molts among

the experimental diets. However, the highest num-

ber of molts was registered with diets SPH5 and

SPH10. Molting frequency increased in direct rela-

tion to the time of the experiment, until the sixth

week (Fig. 2). The greatest growth in crayfish

(SHP5 diet) was associated with diets that had

highest number of molts (SHP5 and SHP10).

Muscle content

The results of the protein muscle content are

shown in Table 3. The protein content of the

SPH0 diet was significantly different (P < 0.05) to

the other diets.

Discussion

The general conditions under which this study

was conducted appeared suitable for the growth of

redclaw crayfish hatchlings. All water quality

parameters were maintained within acceptable

limits, according to Masser and Rouse (1993),

Ackefors (1994), Medley, Jones and Avault (1994)

and Kibria, Lam, Fairclough and Nunegoda

(1997), showing no effect on percent survival and

growth rates.

The highest growth rate was observed in hatch-

lings fed with the SPH5 diet. This result is similar

to that obtained by Hernández et al. (2002). The

authors tested SBM inclusion levels ranging from

25% to 50% in redclaw juveniles, and found that

30–35% protein and 30% SBM substitution were

required. However, these experiments were per-

formed under semi-intensive conditions, where

redclaws had access to natural food items that

may have fulfilled part of their protein require-

ments. Webster, Tidwell, Goodgame, Yancey and

Mackey (1992) suggested that diets containing a

combination of protein resources might allow for

the use of high SBM percentages without growth

reduction. Muzinic et al. (2004) reported that

juvenile redclaws (0.2–3.1 g) may be fed a practi-

cal diet in which all FM is replaced by 80% SBM.

Furthermore, Thompson et al. (2005) suggested

that juvenile redclaws might be fed a practical diet

with a combination of plant-protein ingredients,

without FM, if protein levels are 35%.

Figure 2 Number of molts in the different diets

through the experimental period.

Table 3 Protein muscle composition of Cherax quadrica-

rinatus hatchlings fed experimental diet

Diets Protein (%)

SPH0 26.51a

SPH2.5 30.53b

SPH5 28.81b

SPH10 28.80b

SPH15 29.05b

Average values with the same superscript letters in column are

not significantly different (P < 0.05).

Figure 1 Mean individual food consumption (IFC)in

the different diets through the experimental period.
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These studies demonstrate that it is possible to

substitute FM with SBM in practical diets for

redclaw juveniles. Manomaitis (2001) evaluated

protein requirements of two age classes of juvenile

redclaw crayfish, and reported that small organ-

isms (0.02 g) required 40% dietary protein,

whereas a diet containing 30% protein was suffi-

cient for larger (3.0 g) redclaws. In our study

using redclaw hatchlings weighing 0.079 g on

average, 35% of dietary protein was sufficient to

obtain acceptable results with 30% SBM substitu-

tion and SPH levels of 2.5–15.0%.

Most existing studies have focused on using a

vegetal protein, such as SBM, to substitute animal

proteins; however, there is limited information

about the use of chemo-attractant substances that

are incorporated in practical diets for freshwater

decapod crustaceans. Therefore, it is difficult to

compare the efficiency of SPH inclusion in practi-

cal diets. However, SBM cannot be used as the sole

source of protein, because it is low in certain

essential amino acids (Floreto et al. 2000) and

because anti-nutritional components are present

(Ezquerra, Garcı́a-Carreño & Haard 1997). Some

ingredients, such as PH, have been reported to

possess healthy and nutraceutical properties, and

have been used as supplements to enhance the

properties of feed (Haard 2001).

Harpaz and Steiner (1990) and Harpaz (1997)

reported the inclusion of betaine as a chemo-

attractant in juveniles of the Malaysian giant

prawn M. rosenbergii under laboratory conditions.

The diets used in this experiment were prepared

with 30% vegetal protein, 6% lipids and 6 mL

betaine. The results showed a 17% increase in

weight gain for juveniles fed with diets containing

betaine compared to the control diet. This result

indicates that this substance has an effect on feed

consumption and growth rates. Similar results

were obtained in the current study. Our results

indicate that SPH has a stimulating effect by

increasing feed consumption, with an optimal con-

centration of 5% resulting in improved growth

rates in redclaw hatchlings.

Hernández et al. (2002) reported that juvenile

redclaw crayfish presented different growth

responses when fed with practical diets containing

different levels of crude protein (25–50%) and lipid

(4–12%). The authors recorded higher weight gain

(917.05%) in diets containing 35% crude protein

(based on FM) and 4% lipid. In our experiment,

the highest weight gain (2,525%) was obtained

with the SPH5 diet, which contained 35% crude

protein (30% SBM) and 12% lipid. The different

growth rates obtained in these two experiments

might be related to the size of the hatchlings; for

example, we used stage III juveniles with an aver-

age weight of 0.079 ± 0.001 g, whereas Hernán-

dez et al. (2001) used hatchlings of 0.2 ± 0.1 g.

The SGR obtained in our experiment was similar

among diets, fluctuating from 3.20 to 3.29. This

result was comparable to that obtained by Her-

nández et al. (2002) who registered average values

ranging from 2.23 to 3.49. The FCR (1.5–2.1) in

the current study was the equivalent to that of

other tests under laboratory conditions (Hernández

et al. 2002) for this species.

The average values of PER obtained in our

experiment indicated a better approach to the use

of crude protein. This is because PER was stimu-

lated by the larger inclusion of SPH, which is

responsible for increasing protein digestibility.

The IFC was subject to variation during the

experiment. These variations might be due to sev-

eral factors, such as frequency of molting (termed

ecdysis). Ecdysis is a direct way to estimate

growth, and involves a complex physiological pro-

cess. According to a study by Terwilliger and

Dumler (2001), feed availability influences molting

frequency more than water temperature in crusta-

ceans. In our experiment, water temperature was

constant through the experiment, thus the molting

frequency was only affected by diet.

The results of the present study indicate that

juvenile redclaws may be fed a diet of 35% crude

protein when 44% of FM is substituted by SBM,

and 5% SPH is included. Low concentrations of PH

may benefit redclaws, because a controlled degree

of hydrolysis is required to maintain low quantities

of free amino acids. The results of our study pro-

vide evidence supporting that the feed may contain

all the nutritive requirements for redclaws. How-

ever, if protein in feeds is not in the appropriate

form for the physiological requirements of redc-

laws, it cannot be completely assimilated, and will

be released into the pond water. The suggested diet

showed adequate percent survival, growth, feed

consumption and molting frequency. Therefore,

reducing the amount of protein derived from FM

in parallel to including vegetable-proteins and 5%

SPH could reduce feed costs and increase the yields

of producers. However, more research is required

to investigate the relationship of replacing other

vegetable-protein sources combined with the use of
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attractant substances, such as shrimp head silage

hydrolysate.
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