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ABSTRACT

This study determined the effect of different shrimp head meal (SHM) levels (0, 5, 15, 25 and 30%) in practical
diets for Caribbean white shrimp juveniles Litopenaeus schmitti (0.29 + 0.0025 g). A totally randomized
experimental design was carried out under laboratory conditions during 54 days. There were no significant
differences (p > 0.05) in survival of shrimps in all treatments evaluated. This result indicated that SHM included
at 5, 15 and 25% in diet promoted growth. The relation of SHM inclusion level in diet with final weight (FW), food
conversion rate (FCR) and protein efficiency ratio (PER) were described by the following quadratic equation: FW =
0.8023 + 0.0604 S - 0.0018 S2, 2 =0.81; FCR = 8.0019 - 0.6081 S + 0.0164 S2, R?2 =0.82 and PER = 0.3695 +
0.0677 S - 0.0018 S2, R2 =0.93, respectively; which suggested that optimum SHM inclusion level in practical diets
was 17%. Chemical score showed that the first and second limiting amino acid were arginine and histidine in all
experimental diets.
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RESUMEN

Se evalué el efecto de diferentes niveles de inclusion (0, 5, 15, 25 y 30 %) de harina de cabeza de camarén (HCC)
en dietas practicas para juveniles de camaron blanco del Caribe Litopenaeus schmitti (0.29 + 0.0025 g). Se
desarroll6é un disefio experimental completamente aleatorizado en condiciones de laboratorio durante 54 dias. No
se encontraron diferencias significativas (p > 0.05) en .cuanto a supervivencia entre los tratamientos evaluados.
Los resultados indicaron que la inclusién de 5, 15 y 25 % de HCC en el alimento promovié6 el crecimiento. La
relacion del nivel de inclusién de HCC en la dieta con el peso final (PF), el factor de conversion del alimento (FCA)
y la tasa de eficiencia proteica (TEP) fueron descritas por las siguientes ecuaciones cuadraticas: PF = 0.8023 +
0.0604 S - 0.0018 S2, R2=0.81; FCA = 8.0019 - 0.6081 S + 0.0164 S2, R2 =0.82 y TEP = 0.3695 + 0.0677 S -
0.0018 S2, R2 =0.93, respectivamente, lo que sugiere un nivel de inclusién 6ptimo de 17 %. El computo quimico
mostré que el primer y segundo aminoacido limitante fueron la arginina y la histidina en todas las dietas
experimentales.

Palabras clave: harina de cabeza de camardn; dietas; juveniles; cultivo de camaroén; Litopenaeus schmitti.

Formulated feed plays an important role as the
source of nutrients, and protein is recognized as
one of the most principal dietary component
(Goytortuia-Bores et al., in press). Levels of protein
in commercial shrimp feed vary between 30 and
50%, and most feeds contain some fish meal
protein (Martinez-Cordoba et al., 2003). Several
previous studies have evaluated various alternative
protein sources (Galindo, 2000; Davis and Arnold,
2000; Olvera-Novoa and Olivera-Castillo, 2000;
Cruz-Suarez et al., 2004; Yu, 2004; Villarreal et al.,
2004; Villarreal et al., 2006).

Shrimp head meal is commonly used in feed for
shrimp culture, it is an excellent source of mineral,
chitin, cholesterol, phospholipids and the fatty
acids, 20:503 and 22:6w3. Shrimp meal also
serves as an attractant with high concentration of
glycine betaine (Hertrampf and Farooq, 2001) and
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its use is usually limited by fiber content (Akiyama
et al., 1991). Ideally, alternative ingredients should
have satisfactory nutritional quality for the
cultivated species, and be economically practical
(D’Abramo and Lovell, 1991).Shrimp head meal
has been used as protein source in other penaeid
shrimp species foods (Lim and Dominy, 1992;
Gallardo et al, 2002; Villarreal et al., 2004;
Molina-Poveda and Morales, 2004; Pedroza-Islas et
al, 2004; Jaime-Ceballos et al.,, 2004) but only few
authors have evaluated its effects (Fenucci et al.,
1982; Chen et al., 1985; Cruz-Suarez et al., 1993).

There are not previous studies on the use of HSM
in diets for the Caribbean white shrimp L. schmitti.

This study was conducted to determine the
optimum inclusion level of shrimp head meal
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(SHM) in feed formulations for juvenile white
shrimp L. schmitti under laboratory conditions.

MATERIAL AND METHODS
Ingredients and experimental diets

Shrimp head meal was prepared at the Centro de
Investigaciones Pesqueras (CIP) facilities at Ciudad
de La Habana, Cuba. It was prepared from heads
on fresh commercially culture L. schmitti The
ingredients were boiled, oven-dried in a forced-air
at 50°C for 12 h, ground in a hammer mill, and
stored in plastic bags under refrigeration until
used.

Five experimental diets were formulated containing
0, 5, 15, 25 and 30% SHM (Table 1). Control diet
contained fish meal, soybean meal and torula
yeast as main protein sources.

Before preparing the experimental diets, all
ingredients were ground in a hammer mill and
passed through a 350 pym mesh sieve. The dry
ingredients of each diet were mixed thoroughly in a
food mixer before an oil mixture (shark liver and
sunflower oils) was added. After the oil was
dispersed, water was added (approximately 50% of
the total “as is” ingredient weight) and finally
mixed. The resulting mixture was pelleted using a
meat grinder and a 2 mm die. The pellets were
dried in a forced-air oven at 50°C for 12 h. Diets
were analyzed in triplicate using AOAC (1995)
procedures for crude protein (N x 6.25), ether
extract and crude fiber. The gross energy values of
diets were calculated from Cuzon and Guillaume
(1997), with 21.3 kJ g! for protein, 17.6 kJ g for
carbohydrate and 39.1 kJ g'! for lipid.

Chemical score was also determined according to
Garcia (1993), where amino acid composition of L.
schmitti juveniles served as reference (Gallardo et
al.,, 1989) and amino acid composition of protein
sources was taken from Diaz-Guzman (1996).

Feeding trial

A feeding trial was conducted during 54 days in
the Nutrition Laboratory at CALISUR Commercial
Hatchery (Manzanillo, Granma province, Cuba).
Juveniles of L. schmitti were obtained from the
commercial nursery (CALISUR Farm, Rio Cauto,
Granma province, Cuba). The trial was performed
in 25 plastic containers (0.65 x 0.40 x 0.265 m)
containing 30 1 filtered seawater (0.5 pm) and UV-
sterilized to reduce bacterial contamination.
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Constant aeration was provided via air stones
using a 5 HP turbo blower. To maintain the water
quality and eliminate faecal residues or food
remains, a 30% water exchange was done daily. A
photoperiod of 12:12 h light: dark cycle was used
throughout the experiment. Temperature, salinity
and dissolved oxygen were monitored daily before
water exchange (27.5 £ 0.22°C; 36 = 0.57 ppt; 5.3

0.13 mg 1! respectively), whereas pH and
ammonium concentration were determined once in
week (8.1 + 0.08 and 0.19 + 0.03 mg I!
respectively).

Shrimp specimens were individually weighed to
nearest 0.01 g using a digital balance. Ten shrimp
juveniles with an average initial weight of 0.29 %
0.0025 g (mean * standard deviation) were placed
into each tank (stocking density related to bottom
surface area: 40 shrimp m-2).

Dietary treatments were randomly assigned to the
tank and the shrimps were fed at 10% of the
biomass, distributed manually twice a day (50% at
09:00 hours and 50% at 16:00 hours). Rations
were adjusted daily, after noting the presence or
absence of residual feed.

At the conclusion of the day trial, final weight (FW),
growth rate (GR), survival (S), feed offered, feed
conversion ratio (FCR) and protein efficiency ratio
(PER) were determined for each replicate of each
treatment as follows: GR (%) = [(final mean weight
— initial mean weight) / initial mean weight] x 100;
S (%) = (final number of shrimp / initial number of
shrimp / initial number of shrimp) x 100; FCR =
feed offered / [(final biomass — initial biomass) + %
(initial average weight + final average weight)
(number of death organisms)]; PER = [(final
biomass - initial biomass) + %2 (initial average
weight + final average weight) (number of death
organisms)] / total protein offered.

Statistical analysis

Normality and variance homogeneity of data were
evaluated wusing the Kolmogorov-Smirnov and
Bartlett’s tests. The dependence of FW, FCR and
PER on the percent of inclusion level of SHM was
determined using a quadratic equation (Shearer,
2000):

Y =ap + a1S + axS?
where Y represents FW (or FCR or PER), ao, ai, as,

are regression coefficients and S is the inclusion
level of SHM. The inclusion level yielding the
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Table 1. Ingredient composition (g 100 g diet!) and proximate analysis (g 100 g dry wt!) of practical diets

containing increasing levels of SHM

Diets

SHM-0 SHM-5 SHM-15 SHM-25 SHM-30
Fish meala 29 24 20 15 10
Soybean mealP 25 33 27 22 22
Wheat mealc 28 20 20 20 20
Torula yeastd S 5 S 5 5
Shark liver oile 1 1 1 1 1
Sunflower oilf 1 1 1 1 1
Vitamin and mineral premixs 2 2 2 2 2
CaCOsh 3 3 3 3 3
PO4(CO3)ot 2 2 2 2 2
Binder 2 2 2 2 2
Zeolitek 2 2 2 2 2
Vitamin C 0.25 0.25 0.25 0.25 0.25
SHM! 0 5 15 25 30
Proximate analysis™
Crude protein (N x 6.25) 34.71 36.41 36.38 36.16 35.41
Ether extract 5.80 6.23 6.70 7.42 7.31
Crude fiber 2.57 3.32 3.19 3.37 3.59
Gross energy (kJ g'1) 15.2 15.2 15.2 15.3 15.3

a Anchoveta fish meal (Engraulis sp.) CORPESCA S.A. Chile

b Soybean meal (Molinera de Santiago de Cuba, Cuba)
¢ Wheat meal (Rice Co., USA)

d Torula yeast (ICIDCA, MINAZ, Cuba)

¢ Shark liver oil (Tburonera de Cojimar, Cuba)

f Sunflower oil (Empresa de Aceites y Grasas, Ciudad Habana, Cuba)

¢ Vitamin and mineral premix (Formula of the Union of Companies feeds MINAGRI. Cuba, for commercial feeds
for shrimp culture. One metric ton of premix. Retinol 12.500. UI; Thiamine 10.000 mg; Riboflavin 20.000, mg;
Pyridoxine 10.000 mg; Cianocobalamin 40,0 mg; Ascorbic acid 500.000 mg; Cholecalciferol 0,5 2.400.000 UI; DL-
a-tocoferol 100.000; Menadione 4.000 mg; Pantothenic acid 40.000 mg; Choline chloride 1.600. mg; Folic acid
2.000 mg; Nicotinic acid , 140.000 mg; Biotin 1.000 mg; Inositol 300.000 mg; Paraminobenzoic acid 35.000 mg;
Cobalt 200 mg; Copper 2.000 mg; Iron 20.000 mg; Iodine 1.500 mg; Manganese 40.000 mg; Zinc 20.000 mg;

Selenium 100,0 mg)

hCaCQOs (Cargill, USA)

PO4(CO3)2 (Cargill, USA)
iCarboxymethylcellulose sodium

kZeolite (Yacimiento Tasajeras, Villa Clara, Cuba)
Prepared in laboratory

mValues are means of three determinations

optimum values of FW, FCR or PER (Yn) was
calculated from the previous equations as:

Ym = - a1(2a2)-1

This model quadratic model fits dose-response
relations on the basis of mathematical and/or
biological principles (Gurure et al., 1995).

ANOVA and Tukey’s HSD test were used to test for
possible significant differences on FW, GR and S.
In order to determine the possible effect of
population density within experimental units on
growth parameters, linear regression analysis were
conducted to define the possible relationship.
Significance level was set at p = 0.05 for all cases.
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Procedures available in STATISTICA 6.0 were used
to conduct analyses. GR and S datas were
transformed to arc sinc values prior to statistical
analysis.

RESULTS

Final weight of white shrimps fed diets SHM-5,
SHM-15 and SHM-25 were significantly higher (p <
0.05) compared to that of shrimp fed diets SHM-0
and SHM-30 (Table 2). Juvenile shrimps fed diet
SHM-0 showed the poorest FW and GR. Survival
did not differ significantly (p>0.05) among
treatments and it was in the range of 75 — 92.5%.
Differences in growth were attributed to diets
rather than the population density since final
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Table 2. Response of L. schmitti juveniles after 54 days of feeding on experimental diets

containing

increasing levels of shrimp head meal (mean tstandard deviation, n = 5)

Diet Final weight (g) Survival (%) Growth rate (%)
SHM-0 0.73 £ 0.098¢ 75.0 £ 10.02 151.7 £ 10.896¢
SHM-5 1.195£0.017= 80.0+11.5a 312.07 £+ 5.9762
SHM-15 1.20 £0.1372 87.5+£12.62 313.79 + 47.362 2
SHM-25 1.198 £ 0.0952 85.0+12.9a 312.9 £32.881=2
SHM-30 0.958 = 0.093P 92.5+£9.572 230.17 £ 32.147"

Values within the same column with different superscripts are significantly different (p<0.05).

growth was not found to depend significantly on
the percentage of survival (r = 0.39, p > 0.05).

Regression analysis showed that there was a
significant relationship between FW and SHM
inclusion level (Fig. 1a), described by the quadratic
equation:

FW = 0.8023 + 0.0604 S - 0.0018 S2

From this equation, the inclusion level yielding
maximum final weight of juveniles was:

Y =16.77

For FCR values a significant response to SHM
inclusion level in diet was described by the
equation (Fig. 1b):

FCR =8.0019 - 0.6081 S + 0.0164 S2

The percent SHM inclusion level yielding lower
FCR was:

Y = 18.54

Polynomial regression analysis between PER and
SHM inclusion level in diet (Figure 1c) indicated a
PER peak at the inclusion level of 18.81 (PER =
0.3695 + 0.0677 S - 0.0018 S2).

The chemical score (Fig. 2) showed that the first
and second limiting amino acids were arginine and
histidine all experimental diets.

DISCUSSION

Protein levels of experimental diets (average 35.67
* 0.76) used in this study were close to the range
considered optimal for L. schmitti (Galindo, 2000).

The results indicate that using SHM for juvenile L.
schmitti promotes growth. Growth of juveniles can
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be significantly improved by SHM inclusion at 5,
15 and 25%. Other authors have found that SHM
has also been beneficial in diet for other penaeid
species (Cruz-Suarez et al.,, 1993; Cuzon et al,
1994; Goytortua, 2007).

Fitting a quadratic model showed that the
maximum FW response would occur at inclusion
level of 17% and better FCR and PER at inclusion
level of 19%.

Similar results obtained with growth parameters
were observed for FCR. The efficiency in FCR was
sensitive to the inclusion of SHM. Differences in
FCR values may derive from improved protein
quality content in diets with SHM, or from higher
consumption levels of these diets. Further studies
that take into account uneaten feed must be
conducted to determine effective consumption, and
to elucidate the role of these factors in feed
efficiency.

PER was also improved by the inclusion of SHM in
the diets, possibly as an effect of increased
palatability and protein digestibility. A high
palatability minimizes the time the feed remains
uneaten, and thereby minimizes nutrient losses
through leaching (Tacon et al., 2000).

Mazid et al. (1997) reported that protein quality
also affects PER values. In the present study,
dietary protein content was similar among diets,
but different PER values suggested differences in
dietary protein quality. Nevertheless, PER results
must be interpreted carefully because this
parameter assumes that all protein is used for
growth (Tacon, 1989). The high PER in shrimp fed
SHM-15 diet suggests a better utilization of dietary
protein.

High chitin levels in shrimp meals are not well
digested (Meyers et al., 1973). Galindo (2000)
assessed different protein sources in L. schmitti
diets at 30% inclusion level. Relative growth and
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PER were lower in shrimp fed with diet containing
SHM, it may derive from chitin content as in our
results and the low in vitro digestibility shown by
this protein source (Akiyama et al., 1989; Galindo,
2000).
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Fig. 1 Nutritional response of Litopenaeus schmitti
juveniles to SHM inclusion level in diet a) final
weight (FW) b) food conversion ratio (FCR) c)
protein efficiency ratio (PER)
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Crustacean meals are known to improve the
palatability of diets for shrimps. Fox et al. (1994)
observed that the inclusion of SHM in diets for
juvenile Penaeus monodon significantly improved
palatability, when compared to a diet based on fish
meal.

Like other crustacean meals, SHM contains
nitrogenous compounds such as amino acids,
peptides, and nucleotides that have been identified
as feeding stimulants for several species (Cruz-
Suarez et al., 1993; Harpaz, 1997; Lee and Meyers,
1997; Smith et al., 2005).

This response is possibly the result of a slightly
higher content of some basic essential amino
acids, as reported in Ezquerra et al. (1997). An
indication of the biological value of the dietary
protein is the lysine and arginine dietary
relationship. Hence, in SHM-15 diet the lysine:
arginine ratio is closer to those recommended for
shrimp by Akiyama et al. (1992). It is probably that
this improvement in amino acid profile due to the
incorporation of SHM to the diets could be the
cause of the growth enhancement of the organisms
observed in the present experiment.

Williams et al. (2005) demonstrated that SHM
contained a growth factor; nevertheless research is
necessary to determine specific roles that SHM
may play in improving the quality of diets for the
shrimp species.Our results indicated that SHM can
be included between 5-25% in diets for L. schmitti.
However, an optimum of 17% is suggested.
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