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ABSTRACT. An experimental study was carried out during seven weeks to preliminarily evaluate the effect 
of the dietary inclusion of powder from the tuber Lasianthaea podocephala, commonly known as the San 
Pedro daisy or pionilla, as a feed additive on the production parameters, food consumption, and nutritional 
condition of the white shrimp, Litopenaeus vannamei, intensively farmed under laboratory conditions. 
Hypothetically, the additive should improve these parameters as it does when used for humans. The powder 
was included at different levels (0 [Control], 0.2 [T1] and 1 g kg-1 [T2]) in a commercial shrimp feed. The 
tuber powder exhibited a free amino acid profile being arginine (8.59 mg g-1) and glutamine (3.36 mg g-1) the 
most abundant. Feed consumption was not influenced by any treatment; however, the survival and the overall 
production responses were higher in both treatments using the powder (T1 and T2) compared to the control. 
No significant differences were detected in muscle concentrations of lactate and glucose, although higher 
protein and lower cholesterol concentrations were observed in shrimp reared in the control. The lower 
cholesterol concentration of shrimp from the control could be associated to a poor nutritional status. In 
conclusion, addition of the powder of San Pedro daisy did not improve the feed consumption, but apparently 
had a positive effect on survival, production response and nutritional status of shrimp. These responses could 
be associated to an hypothetic effect of some plant components at a nutritional-molecular level, or to a 
possible antimicrobial effect; however, further specific studies are needed. 
Keywords: dietary attractants, plant tuber, plant additives, vegetal additives, shrimp nutrition, muscle 
parameters. 

 
    Evaluación preliminar del polvo de tubérculo de San Pedro daisy 

    (Lasianthaea podocephala), como aditivo alimenticio en el cultivo intensivo de 
    camarón (Litopenaeus vannamei) bajo condiciones de laboratorio 

 
RESUMEN. Se realizó un experimento durante siete semanas para evaluar, de manera preliminar, el efecto de 
la inclusión dietaria del polvo de tubérculo Lasianthaea podocephala, comúnmente  conocida como San Pedro 
daisy o pionilla, como aditivo alimenticio, sobre los parámetros de producción, consumo de alimento, y 
condición nutricional del camarón blanco (Litopenaeus vannamei), cultivado bajo condiciones de laboratorio. 
Hipotéticamente, el aditivo debiera mejorar estos parámetros como lo hace cuando es usado en humanos. El 
polvo fue incluido a diferentes niveles (0 [Control], 0,2 [T1] y 1 g kg-1 [T2]), en un alimento comercial para 
camarón. El polvo de la planta mostró un perfil de aminoácidos donde la arginina (8,59 mg g-1) y glutamina 
(3,36 mg g-1) fueron los más abundantes. El consumo de alimento no fue influenciado por alguno de los 
tratamientos; sin embargo, la supervivencia y, en general, las respuestas productivas fueron mejores en ambos 
tratamientos que utilizaron el polvo (T1 y T2) en comparación con el control. No se detectaron diferencias 
significativas en las concentraciones musculares de lactato y glucosa, aunque se observaron altas y bajas 
concentraciones de proteína y colesterol en camarones criados en el tratamiento control. La baja concentración 
de colesterol en los camarones del tratamiento control podría estar asociada a un pobre estado nutricional. La 
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inclusión del polvo de la planta San Pedro daisy no incrementó el consumo de alimento, pero aparentemente 
tuvo un efecto positivo en la supervivencia, respuesta productiva y estado nutricional del camarón. Estas 
respuestas podrían asociarse a un hipotético efecto de algún componente de la planta a nivel nutricional-
molecular, o a un posible efecto antimicrobiano; sin embargo, se necesitan estudios específicos adicionales. 
Palabras clave: atractantes dietarios, tubérculo de planta, aditivos de plantas, aditivos vegetales, nutrición de 
camarón, parámetros musculares. 

___________________ 
Corresponding author: Luis Rafael Martínez-Córdova (lmtz@guaymas.uson.mx) 

 
INTRODUCTION 

One of the problems faced by shrimp farmers is the 
occasional low feed consumption associated to diverse 
factors such as molting (Muhlia-Almazan & García-
Carreño, 2002), stress (Mercier et al., 2006), farming 
temperature (Hewitt & Duncan, 2002), low attrac-
tability and/or palatability of offered feed (Samocha et 
al., 2004), among others. In particular, low feed 
consumption may result in deterioration of the nutri-
tional condition of the farmed organisms, leading to 
poor responses of growth, survival, biomass, and feed 
conversion ratio. In consequence, the above-mentio-
ned scenario causes negative impacts on the economic 
feasibility of farms. 

Feed formulations have been complemented with 
diverse kind of attractants, to solve the above-
mentioned problems (Tacon, 1989); these additives 
can be from animal or vegetal origin, and in some 
cases, synthetic. Herein, several products of animal 
origin including fish meals, fish oils, squid, fish 
hydrolysates and others, have shown good perfor-
mance as feed attractants for the white shrimp, 
Litopenaeus vannamei (Nunes et al., 2006), blue 
shrimp, L. stylirostris (Suresh et al., 2011), crayfish, 
Cherax quadricarinatus (Saoud et al., 2008) and other 
decapods. The disadvantages of these products are 
their high costs and in some cases their low availa-
bility. 

Several vegetal products have been also evaluated 
as additives in shrimp feedstuffs for diverse purposes. 
For instance, vegetal-derived products have been used 
as antimicrobial, immunestimulant and probiotic 
additives (Zadeh et al., 2010; Vaseeharan et al., 2011; 
Harikrishnan et al., 2012). Maqsood et al. (2013) 
documented that plant polyphenolic compounds can 
serve as potential additives for preventing quality 
deterioration or to retain the quality of fish and fish 
products. However, information about the use of 
vegetal additives as attractants in shrimp aquafeeds is 
yet scarce. Silva-Neto et al. (2012) reported the 
effectiveness of Spirulina meal as attractant for L. 
vannamei, included at very low levels in the 
formulated feed. 

Purified substances such as L-amino acids or 
biogenic amines (Mendoza et al., 1997; Smith et al., 
2005), have shown their potential as attractants for 
farmed shrimp or fishes. Some tubers as potatoes and 
others contain high concentrations free amino acids 
(FAA), and consequently could have potential for 
such purpose (Brierley et al., 1999). 

A wild plant, Lasianthaea podocephala (Asterales: 
Asteraceae), commonly known as San Pedro daisy, 
pionilla in Spanish, inhabits the north of Mexico. Its 
tuber is used in the traditional human herbal medicine 
as appetizer, and to control microbial and/or parasite 
diseases. Preliminary unpublished experiments revea-
led that L. podocephala tuber contained FAA such as 
glutamine and arginine, which are considered as 
attractants in the aquatic medium.  

Based on the above information, it is plausible to 
hypothesize that the inclusion of an extract of the plant 
can similarly serve for shrimp as efficiently as for 
humans.  The aim of our experiments was to evaluate 
the effect of two inclusion levels of L. podocephala 
tuber powder in a commercial shrimp feedstuff, on the 
feed consumption, production parameters, and nutri-
tional condition of the white shrimp, L. vannamei, 
intensively cultured under laboratory conditions. 

MATERIALS AND METHODS 

The study was conducted over seven weeks in the 
facilities of DICTUS, the Department of Scientific and 
Technological Research of the University of Sonora, 
at Hermosillo, Sonora, Mexico.  

A single-factor experimental design, with three 
replicates per treatment, was performed. Treatments 
consisted of two levels of inclusion of L. podocephala 
tuber powder in a commercial shrimp feed, with 35% 
of crude protein (Camaronina 35, by Agribrand 
PurinaR), and a control without the inclusion of the 
product. Nine plastic cages (60 L in capacity and 40 L 
of operative water volume) with cap and placed in a 
metallic ad-hoc structure were used as experimental 
units. Shrimp postlarvae (Pl-12), with an individual 
weight of 0.06 g, obtained from a commercial shrimp 
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hatchery located near to our laboratory were stocked 
at a rate of 25 organisms per unit (125 m-2). 
Continuous aeration was applied to each unit along the 
trial to maintain dissolved oxygen (DO) levels above 
4.5 mg L-1. A weekly water exchange of 25% was 
performed, sufficient to discharge the unconsumed 
feed, feces and molts, and to maintain an adequate 
water quality. 

Physical and chemical parameters of the water 
were monitored. Temperature, salinity, dissolved 
oxygen, and pH were estimated daily by using a 
multiparameter sensor YSI 6600; total ammonium 
nitrogen (TAN), nitrite-nitrogen (N-NO2), nitrate-
nitrogen (N-NO3), and orthophosphates (P-PO4) were 
quantified weekly by spectrophotometry with a 
HACH DR-4000 equipment. 

For the preparation of the experimental feeds, the 
tubers were cut in small slices with a knife (~0.5 cm), 
and dried in a stove at 60°C for 12 h; afterwards, the 
tuber pieces were grinded in an industrial mill (GE 
Motors & Industrial Systems), up to 40 microns. The 
tuber powder was incorporated into shrimp feed. A 
commercial feed (Camaronina, Purina®) was pulve-
rized in a Hobbart®  mill, and mixed to the powder at 
rates of 2 and 10 g kg-1 (treatments T1 and T2, 
respectively). Finally, hot water was added to 
reconstitute the feed using a pelletizer mill. The pellets 
were dried for 12 h, cut at 2 mm in length, and passed 
through a mesh to eliminate powder. A similar amount 
of commercial feed was submitted to the same 
pulverization and reconstitution process, but no tuber 
powder was added. 

Feed was supplied twice a day in feeding trays 
(10x10 cm), and the ration was daily adjusted 
considering the apparent consumption, as suggested 
by Salame (1993). Unconsumed feed, feces, molts and 
dead organisms were siphoned daily out of the units. 

At the end of the trial, all shrimp were counted and 
weighed (SartoriousR balance/precision 0.01 g) to 
determine the final weight, survival and biomass. The 
feed conversion ratio (FCR) was calculated as the 
amount of feed consumed over the gained biomass. 
Specific growth rate was calculated as:  

 
  SGR =    ln (Final.weight)_ln(Initial.weight)    100 

T1 _T0 
where T1-T0 was considered as the number of days of 
the experiment. 

Samples of 10 individuals were taken from each 
unit, de-headed and peeled; then, 100 mg of muscle 
were macerated and homogenized with 1 mL deio-
nized water. Muscle homogenates were centrifuged at 

10°C and 10000 rpm for 30 min (SIGMA 2-16K). 
Finally, samples of the supernatant (10 µL) were taken 
to estimate the concentration of protein, glucose, 
lactate and cholesterol. The quantifications were asse-
ssed by following the microplate technique proposed 
by Hernández-Lopez (2001), using specific commer-
cial kits (RANDOX) for each parameter. 

The free amino acid (FAA) profile of the tuber 
powder was estimated following the method described 
by Vázquez-Ortiz et al. (1995) with modifications. 
One g of powder was homogenized with 20 mL of 
trichloroacetic acid (TCA 7.5%); thereafter, 5 g of the 
homogenate were mixed and homogenized with 100 
mL of TCA (7.5%). The sample was then centrifuged 
at 4°C and 4000 rpm for 15 min (Beckman J2-21). 
The supernatant was removed and filtered through 
Whatman Nº1 filter. Finally, the filtered sample was 
analyzed in a HPLC using an automated injection 
system (Aligent 1100); 10 µL of sample were mixed 
with 10 µL of OPA (o-phtalaldehyde) and analyzed. 

Data of water quality parameters, as well as those 
of final weight, FCR, protein, glucose and lactate, 
were analyzed by a one-way ANOVA, as they showed 
to be normal (Kolmogorov-Smirnov), and homos-
cedastic (Bartlett). Post-hoc comparisons were 
performed by a Tukey test. Final biomass and 
cholesterol data were analyzed by a non-parametric 
Kruskal-Wallis test (Zar, 1999). Survival and SGR 
were analyzed by a chi-square test, while feed 
consumption was analyzed by one-way repeated 
measures ANOVA. A significance level of P < 0.05 
was considered. 

RESULTS 

Sixteen different FAA were found in the San Pedro 
daisy powder, from which arginine (8.6 mg g-1), 
glutamine (3.4 mg g-1), tyrosine (0.7 mg g-1) and 
histidine (0.5 mg g-1) were the most abundant (Table 
1). 

No significant differences among treatments were 
detected for DO (4.5-4.9 mg L-1), temperature 
(27.5°C), salinity (35.5-35.7 psu), TAN (0.29-0.38 mg 
L-1), N-NO2 (0.23-0.26 mg L-1) and N-NO3 (2.7-3.3 
mg L-1). However, P-PO4 levels were significantly 
higher in C (1.2 mg L-1), compared to T1 and T2 (0.4-
0.6 mg L-1). pH was also higher in C (6.9) compared 
to T1 and T2 (6.7). 

Regarding production parameters, some significant 
differences were observed among treatments and the 
control (Fig. 1). Survival was significantly higher in 
both treatments (T1 & T2), compared to the control. 
The final weight reached by shrimp was significantly 
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Table 1. Free aminoacid profile of San Pedro daisy 
(Lasianthaea podocephala) tuber powder. SD: standard 
deviation. 

 
higher in T1 (1.80 g) compared to C (1.58 g), whereas 
T2 (1.63 g) was not statistically different from T1 and 
C. However, no significant differences were detected 
for SGR among C (6.1% day-1), T1 (6.5% day-1) and 
T2 (6.4% day-1). The final biomass was almost 2-fold 
times greater in T1 and T2 compared to C, whereas 
FCR was around 50% higher in C, compared to both 
treatments. Feed consumption increased through time, 
but it was statistically similar among treatments (Fig. 
2). 

Regarding to tissue parameters, no significant 
differences among treatments were detected for 
glucose (3-5 mg g-1), and lactate (2.0-3.5 mg g-1) (Fig. 
3). However, the protein level was higher in shrimp 
from the control (~80 mg g-1) compared to both 
treatments (55-65 mg g-1); in contrast, cholesterol 
levels were significantly higher in T1 (5.5 mg g-1) and 
T2 (12.4 mg g-1) compared to the control (0.9 mg g-1) 
(Fig. 3). 

DISCUSSION 

The relatively high content of some FAA in the tuber 
powder, such as arginine, glutamine, tyrosine and 
histidine, initially suggested that it could have a good 
potential as attractant for aquafeeds, considering that 
FAA plays an important role on the attractability and 
chemoreception of aquatic organisms (Velez et al., 
2007; Silva-Neto et al., 2012). However, the feed 

consumption observed herein, did not support the 
above hypothesis, considering that consumption was 
not increased by the addition of the tuber powder in 
any of the treatments. Surprisingly, the overall 
production response was better in shrimp fed on diets 
containing 2 or 10 g kg-1 of the tuber powder, 
compared to those fed on the commercial diet without 
the ingredient. 

In general, the survival was low in all treatments 
(≤50%), probably associated to crowding stress caused 
by the high density and cannibalism, considering that 
water quality parameters were adequate and not 
altered in any treatment. However, the lower survival 
and production response of shrimp reared in control 
treatment could be associated to a possible malnu-
trition status; for instance, shrimp from control 
exhibited higher protein and lower cholesterol 
concentrations compared to those from T1 and T2. 
Low cholesterol concentrations have been associated 
to poor nutritional status of crustaceans (Pascual et al., 
2006), because of the versatile physiological roles that 
cholesterol can play, and considering that it cannot be 
biosynthesized de novo by crustaceans (Palacios & 
Racotta, 2007). Moreover, the cholesterol levels found 
in shrimp from the control are lower than those of 
shrimp (L. vannamei) undergoing reproductive 
exhaustion (Palacios et al., 1999); thus, the low 
cholesterol level is a serious scenario for shrimp 
growth and survival, because the lack of cholesterol 
per se does not cause mortality, but increases the 
physiological and immunological susceptibility of 
shrimp. 

The inclusion of the tuber powder did not influence 
the feed consumption of shrimp; however, considering 
the production response and some of the physiological 
parameters measured, it is possible that some compo-
nents of the powder could have an effect on the 
cholesterol absorption by shrimp. To confirm such 
hypothesis, further studies are needed, as well as to 
isolate the different components of the plant tuber. 

In addition, the better survival and production 
response of shrimp from T1 and T2 could be related to 
a better health status caused by the addition of the 
powder. For instance, some plant tubers have been 
reported to exhibit antimicrobial properties (Kim et 
al., 2005), improving the resistance of shrimp to 
diverse pathogens, similarly as reported for some 
microbial immunostimulants (Flores-Miranda et al., 
2011). One of the few studies about L. podocephala 
reported that it contains enantiomer, (R)-(-)-
curcuphenol, which has exhibited activity against 
Staphylococcus aureus and Vibrio anguillarum 
(Ghisalberti et al., 1979). However, the study of 
additional parameters is necessarily to evaluate the 
health status of shrimp. 

Aminoacid Concentration 
(mg g-1) SD 

Aspartic acid 0.000 0.000 
Glutamic Acid  0.310 0.006 
Glutamine 3.361 0.207 
Serine 0.050 0.002 
Asparagine 0.302 0.011 
Histidine 0.516 0.164 
Arginine 8.595 0.573 
Glicine 0.097 0.013 
Treonine 0.192 0.027 
Taurine 0.114 0.014 
Alanine 0.000 0.000 
Tyrosine 0.695 0.015 
Metionine 0.000 0.000 
Valine 0.039 0.004 
Phenylalanine 0.006 0.002 
Isoleucine 0.001 0.000 
Leucine 0.007 0.000 
Lisine 0.054 0.007 
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Figure 1. Production response of white shrimp postlarvae fed on commercial diets containing 0 (C), 2 (T1) and 10 (T2) g 
kg-1 of San Pedro daisy tuber powder (Lasianthaea podocephala). SGR: specific growth rate, FCR: feed conversion ratio. 
Different letters above bars indicate significant differences (P < 0.05) 
 

 
 

 
 

 
 
 
 
 
 
Figure 2. Individual feed consumption per week, of 
shrimp fed on commercial diets containing 0 (C), 2 (T1) 
and 10 (T2) g kg-1 of San Pedro daisy tuber powder 
(Lasianthaea podocephala). Y-axis indicates the weekly 
amount of feed consumed by shrimp. 
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Figure 3. Concentration of different tissue parameters of shrimp fed on commercial diets containing 0 (C), 2 (T1) and 10 
(T2) g kg-1 of San Pedro daisy tuber powder (Lasianthaea podocephala). 
 

Despite the fact that our results demonstrated that 
the dietary inclusion of San Pedro daisy did not 
promote the feed consumption by shrimp, the data 
suggest that its inclusion have a positive effect on the 
survival and growth response of shrimp reared under 
high densities. Thus, it is important to evaluate the 
particular properties of the plant that enhanced the 
survival, production response and cholesterol concen-
tration in muscle of shrimp. Finally, the plant tuber 
could be considered as a source of arginine and 
glutamine for other purposes besides aquaculture. 
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