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SUMMARY 

An experiment was undertaken with 70 crayfish 

(Cambarellus moctezumae) obtained at Xochimilco 

Channels (CIBAC), using an artificial diet enriched with 

a probiotic (Lactobacillus), and as control, the same diet 

but without probiotic. The experiment was performed for 

24 weeks in two acrylic tubs (35org/tub) of 1 m
2
 x 0.40 

cm depth, with 200 L of water. The temperature was kept 

at 25º±2ºC. Each week the organisms were weighted and 

measured and at the completion of the experiment the 

relative growth Rate (TCR) and the condition Factor 

(KM) would be determined. The average weight of the 

crayfish at the beginning of the experiment was 0.560 

±0.160 g. At week 24 of the experiment, the organisms 

fed with the enriched diet reached a weight of 3.167 

±0.156 g and with the control diet 1.292 ±0.112 g. The 

TCR values of the diet with probiotic indicate that major 

growth occurs within the first 8 weeks, while in the case 

of the control diet, it can be observed at the completion of 

the experiment. This can be corroborated with the KM. 

The enriched diet allowed organisms to have a better 

wellbeing along the whole experiment, on the contrary, 

with the control diet, the benefit is slightly observed on 

week 24. The main objective of this investigation is the 

addition of probiotics to the diet of these organisms in 

order to obtain a major gain of weight in order to be able 

to solve the problems raised by the commercial 

exploitation thereof. 

 

Key words: Cambarellus montezumae, TCR, KM, 

Probiotics. 

 

 

INTRODUCTION 

Within aquaculture activity, the growth and 

the fattening of organisms are phases that can be 

considered as overcome in most cultures. The 

ecological and economical importance of 

crustaceous has conducted for the last years to 

further deepen in the knowledge of their biology as 

a basic requirement for the efficient use thereof. 

Crayfish are one of the few crustaceous that live in 

brooks, continental lacustrine deposits.  They live 

both in temperate as well as in tropical climate, 

therefore, they are the most important, big and long-

lived members of macro benthonic sweet 

aquaculture communities, and for this reason, they 

have successfully invaded a great variety of 

habitats, are resistant to humidity and temperature 

variations and present important adaptations that 

allow them to subsist even if body waters dry up 

(Rodríguez 1991). This development has been based 

more in a practical knowledge such as shrimp and 

crayfish (Rodríguez and Carmona 2002).
 

Cambaroides crayfish, given its 

characteristics, is considered as a great potential 

organism for culture and it has been affirmed that 

these are the only crustaceans that have been 

successfully cultivated in temperate regions (Iheu 

and Bernardo 1993). Crayfish are invertebrates that 

dominate macro-benthos of different latitudes in the 

world.  There are approximately 500 species divided 

into three families: Astacidae, Cambaridae and 

Parastacidae, among which the genera such as 

Astacus, Austropotamobius, Cherax, Euastacus, 

Orconectes, Pacifastacus and Procambarus have a 

commercial and recreational importance (Marshall 

and Orr 1960) 

Crayfish has various nourishment uses as it 

is consumed in rural populations in different parts of 
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the world, specially in ethnic groups, in Europe, in 

the United States as  a luxury dish as it is greatly 

accepted by high income populations. Investigations 

about nourishment requirements for crustaceans are 

relatively recent, and definite solutions that may 

solve the problems posed by commercial 

exploitation have not been reached yet (Marshall 

and Orr 1960).
 

One aspect that should be considered for the 

success of this culture is nutrition (Castro et al. 

2003). It is frequently observed that the food 

employed does not have the nutrients that species 

require for an optimum growth, mainly in the first 

part of their life, which is critical in all species, as it 

is here where major mortality can occur.  At a 

global level, inert food is used with well-balanced 

nutritional ingredients, but there is also the 

possibility to use living organisms, susceptible to be 

modified in their nutritional contents (Latournerié et 

al. 2006). 

Therefore, the objective of this investigation 

was to increase the weight and size of wild crayfish 

using an artificial diet enriched with a probiotic 

based on lactobacillus, obtained from the digestive 

tract of the angel fish Pterophyllum scalare. 

 

 

MATERIAL AND METHODS 

70 wild crayfish were obtained from the 

species Cambalellus montezumae from Xochimilco 

channels adjacent to the Centro de Investigación 

Biológica y Acuícola de Cuemanco (CIBAC), 

which were placed in two 1.0 m diameter and 0.40m 

depth acrylic tubes, filled with 200L of water (35 

organisms/tube).  Temperature was kept at 25º ± 

2ºC, the pH in 6-7 and the oxygen at a concentration 

over 2 mg/L. In order for the organisms to have 

protection liars, 20 sections of 2.0 cm diameter and 

5cm long were installed, as well as the plant 

Ceratophyllum demersum (hornwort).  

In order to feed crayfish, a control diet was 

prepared. The material used to elaborate the diet is 

described in table 1. 

The ingredients shrimp, broccoli and carrot were 

boiled separately until the shrimp became Pink and 

the broccoli and carrot were tender (a fork 

penetrates without difficulty).  At the same time 10g 

of bacteriological agar were dissolved in 500 mL of 

hot water.  Once the agar was dissolved, the 

container was placed onto a heating surface to boil 

the solution three or four times until the medium 

was clear. 
 

 
 

Once the bacteriological agar is prepared, in 

a 2L capacity Blender, 100mL of water were added 

and all humid ingredients were blended, then the 

dry components were added. Once the nutritionals 

components were blended, 500 mL of 

bacteriological agar were added, finally adding 100 

mL of lactobacillus solution (La3), previously 

obtained from the digestive tract of the angel fish 

Pterophyllum scalare (Monroy et al. 2009). The 

material was placed in plastic coolers in order to 

obtain 28 ±1 g of food cubes. 

The weight and size average of crayfish at 

the inception of the experiment was 0.560 ±0.160 g 

and 2.585 ±0.283 cm. The organisms were weighted 

and measured (final length from beginning of face 

to end of furca) every week, for 24 weeks.  In the 

same week of weight and total length measurement, 

tubs were cleaned to maintain optimum culturing 

conditions. 

With the data of the weight and the total 

length, average weights and sizes were obtained, 

relative growth rate (TCR), as well as the degree of 

wellbeing (KM) of the population, in each of the 24 

weeks of the experiment. The formulas used were 

taken from the experiment performed by Castro et 

Table 1. Diet formulation of an experimental diet for 

crayfish based on shrimp and bacteriological agar. 

 

Ingredients  Quantity (g) 

Small Shrimp*  400 

Broccoli*  200 

Carrot*  100 

Apple  100 

Tabasco banana  100 

Kiwi  100 

Calcium  0.5 

Vitamins and minerals  0.5 

B complex  0.5 

Bacteriological Agar  10 g 
 

*Previously boiled 
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al. (2009) and the formula of the condition factor of 

Medina (1979).
 

 

 

 
 

 

With respect to the statistical analysis 

performed to the weight and size of the individuals 

in every week of the experiment, in order to ensure 

the normality of the information, an analysis of a 

stem and leave was performed, as well as Box Plot.  

In addition, a descriptive analysis was performed to 

obtain the average values and the ± D.S. thereof.  A 

two-channel variance analysis (ANDEVA) was 

applied to the values every four weeks to determine 

the existence of significant differences (p < 0.05) 

(Kachigan 1991, Tatsuoka 1970).
  
The SYSTAT 10 

program (Systat Software Inc., Calif. USA) was 

used for the statistical handling of the information.  

In addition, a regression analysis was 

performed (Sokal and Rohlf 1981)
 
both for the rate 

of growth of the weight and the length, with the 

help of the statistical program Excel 2003 

(Microsoft Corp. Washington, USA). 

 

RESULTS 

The average weight values every four weeks 

of experimentation are included in table 2. 

The organisms of the control diet presented a gain 

in weight of only 0.762 g; while those fed with the 

enriched diet was 2.607 g (Fig. 1). With respect to 

the relative growth rate, the organisms with the 

control diet present a major weight increase towards  

 

 

 

 

the end of the experiment; while animals fed with a 

diet with probiotic, the increase is present along the 

weeks, the highest levels occur during the first eight 

weeks of the experimentation (Fig.2). 

With relation to the condition factor or 

degree of wellbeing of the population, regarding the 

size and weight, these indicate that the control diet 

does not supply the necessary requirements in order 

for the size to correspond to the weight of the 

animals, but until the completion of the experiment 

(24 weeks); while the organisms fed with an 

enriched diet the values are over the initial KM, 

which are maintained along the whole experiment 

(Fig.3). 

Regarding the survival of the organisms, the 

enriched diet presented a value of 90%, while the 

organisms fed with the not enriched diet reached 

only a 60%. 

 

 

Table 2. Weight (g) and total length (cm) mean values 

(±S.D.), of C. montezumae along 24 weeks of 

experimentation. 

 

Week Size 

Weight of crayfish 

Control diet 
Diet + 

probiotic 

0 2.585 0.560 0.560 

S.D. ±0.328 ±0.283 ±0.160 

4 2.860 0.609 0.890 

S.D. ±0.123 ±0.132 ±0.158 

8 3.020 0.662 1.319 

S.D. ±0.134 ±0.143 ±0.149 

12 3.106 0.759 1.781 

S.D. ±0.162 ±0.126 ±0.153 

16 3.168 0.995 2.243 

S.D. ±0.191 ±0.119 ±0.148 

20 3.215 1.046 2.705 

S.D. ±0.151 ±0.115 ±0.157 

24 3.254 1.292 3.167 

S.D. ±0.121 ±0.112 ±0.156 
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Fig.2.- Relative growth rate (RGR) values with respect to the weight of the C. montezumae fed with the two 

experimental diets.  Same letters in the week indicate no significant differences (p<0.05). 

 
Fig. 1.- Values of the growth curve with respect to the weight of the C. montezumae fed with two experimental diets. 

 

DISCUSSION 

The elaboration of this food was selected 

according to the nourishing habits of crayfish, as 

they have been classified as detritivorus (Avault and 

Brusnon 1990), herbivore, (Iheu and Bernardo 

1993); of opportunist habits (DÁbramo and 

Robinson 1989) and omnivorous (Rodríguez 1999, 

Villareal 1991, Wiernicki 1984). It is known that 

Cambaroides fed at the bottom due to their inability 

to swim impedes them to capture agile prey. In 

addition, as other crustaceans, they present a 

cannibalistic behavior, which is closely related to 

the season of the year, the age and the contribution  

 

of animal protein to the diet (Guan and Wiles 1998, 

Marshall and Orr 1960, Rodríguez and Carmona 

2002). It is for this reason that the quality of the 

food used in this experiment was adequate in order 

to obtain a better growth in the organisms, but 

above all confirm that the addition of a probiotic to 

the diet permits to accelerate the growth rate.  

In general, it has been considered that the 

use of artificial diets, as the only nutritional feeding 

source of aquatic microorganism, gives results 

under the optimum, consequently causing a 

decrease not only in the growth rate (size), but also 

in weight, as well as other characteristics such as  
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pigmentation of the exoskeleton.  On the other hand, 

when diets that present adequate stability in water 

are integrated it allows these organisms to have an 

adequate growth, as well as the conditions of the 

culture media (Jussila 1997).  It could be observed 

in the stability of the diet provided by the 

bacteriological agar, which impedes the 

disintegration of the material in the water and 

consequently losing the nutritional content of the 

ingredients incorporated, but mainly the 

lactobacillus employed and its incorporation to the 

digestive tract of animals. 

Another effect of the stability of the diet in 

water allowed it to be incorporated according to free 

demand, which was only added when organisms had 

finished all the food. Compared to other 

experiments where the supply of food portions is 

used, which may be low, and the effect thereof upon 

the growth of organisms is poorly reflected 

(Clifford 1994, Cortés 1998, Cortés et al. 2004, 

Jussila 1997, Mills et al. 1994, O´Brien 1994), as 

well as a better maintenance of the culture system 

(Cortés et al. 2004, Jussila 1995). 

In relation to temperature, it was maintained 

according to what various authors have mentioned 

(Jussila 1997, Holdich and Lowery 1998, Mills et 

al. 1994, Morrissy 1992, Morrissy 1990), which is 

26ºC and a minimum of 20-23ºC. Variations in 

temperature may cause stress in these organisms  

 

and a diminution in their growth, as these organisms 

are poikilothermal. That is the reason why 

variations of temperature should not fluctuate 

beyond 3ºC. Winberg (1956); Fry (1971), Díaz et 

al. (2006) mention that the temperature is a 

guideline factor that controls processes such as the 

activity, consumption of food and growth of 

poikilotherms. Therefore, keeping cultures without 

fluctuations will allow a better use of the energy of 

the diet for such processes. Given the foregoing, a 

recommendation could be for external cultures, 

recipients should be buried in order to avoid wide 

temperature variations (Jussila 1995, Jussila 1997). 

Another factor to consider is the density of 

the organisms, due to concentrations of ammonium 

in water, which may affect the growth of organisms. 

Ackefors et al. (1994) mentions that densities over 

25 org m
2
 do not accumulate high concentrations of 

ammonium, therefore a 50% water replacement is 

sufficient to maintain levels low.  The same happens 

with dissolved oxygen (Ackefors and Lindqvist 

1994) and the pH (Aiken and Waddy 1992, Jussila 

1997). 

With respect to survival, the use of 

lactobacillus in the diet allowed it to maintain over 

90% (Monroy et al. 2009). Mortality found could be 

the result of stress in the organisms, with the 

handling of measuring the size and weight every 

week. It is important to mention that with the non-

 
 

Fig.3.- Condition factor values (FC) of C. montezumae fed with the two experimental diets. 
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enriched diet, mortality was over 40%. This 

coincides with the data of Cortés et al. (2004), 

although in this work, it is also related the mortality 

found in the molt process, which did not occur in 

this experiment. Montemayor et al. (2010) presents 

survival values in P. regiomontanus from 50-70% 

compared to what was found with our 90% values 

with the diet enriched with lactobacillus. In both 

cases, diets with animal protein were used, 

Montemayor et al. (2010), with squid and ours with 

shrimp, but additionally enriched with a probiotic. It 

is important to mention the difference regarding the 

weight gain presented in the work of Montemayor et 

al. (2010), although they work with P. clarkii and P. 

regiomontanus, organisms that reach larger sizes 

and therefore greater weights. Weight increase is 

1374 – 2333 % more, while in C. montezumae is 

645%. The gain in weight per day is 0.05 and 0.04 

g/day in P. clarkii and P. regiomontanus and in C. 

montezumae is 0.01 g/day.  

 

CONCLUSIONS  

 We can assure that the use of lactobacillus, 

in spite that it is a diet enriched with animal and 

vegetal protein, which can supply the necessary 

requirements to crayfish, allows accelerating the 

growth rate of organisms and maintain a weight-size 

relation (degree of wellbeing) better than animals in 

culturing. 
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