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Abstract

Montmorillonite–illlite/muscovite mixed layer clay minerals with or without addition 
of Chlorella vulgaris microalgae powder were applied as a feed additive in white leg 
shrimp early stage PL 1 postlarvae (12 days post hatch), 2x Litopenaeus vannamei. 
Three independent experiments were conducted in four identical recirculation systems, 
each consisting of 4 aquaria with a water volume of 750 L and a flow through of 
250% per hour. With a stocking density of 150 post larvae in each aquarium per 0.5 
m2, representing super intensive conditions, the 2% application of the Friedland clay 
mineral demonstrated a positive effect onto L. vannamei survival, final total weight gain 
and partly reduced the feed conversion ratio (FCR) during three independent trials. In 
contrast application of 1% clay mineral reduced the shrimp performance compared 
with the control. Size distribution of shrimp was reduced for the 2% clay or the 2% 
clay/2% algae treatment groups, resulting in a lower maximum weight difference 
and lower standard deviation compared with the 1% clay treatment group and the 
control. Taking into account the higher survival rates and the observation that weak 
shrimps where directly consumed by the other animals in the aquaria, the clay mineral 
feed additive might have suppressed cannibalism and resulting in a more even size 
distribution and a healthier stock. The applied Chlorella vulgaris microalgae originated 
from a bioreactor attached to a power station fed with CO2, making a direct use of the 
microalgae products in combination with montmorillonite-illlite/muscovite mixed layer 
clay minerals as a feed additive for healthy aquaculture feeds possible.  

INTRODUCTION
Brackish water shrimps belonging to the family Penaeidae are 

a highly valuable food commodity. Although shrimps contributed 
only 6.5% to the total world aquaculture production by quantity, 
they represented 14% of the value of aquaculture products in 
2012. An increasing demand, limited production volumes and 
rising shrimp prices are responsible for this trend [1]. One of the 
main obstacles in shrimp production is disease problems, which 
regularly lead to higher mortality rates and production losses. 
Measures of disease control, stabilization of the immune system 
and improving the health status of the shrimps have been focused 
in former investigations [2-6].

The reduction of antibiotics and other chemicals used 
in shrimp production is important for an environmentally 
sustainable development of the global aquaculture [4,7-11]. 

Different feed additives, bioactive components and probiotics 
have been reported to support shrimp health and growth [12-
15] and have been discussed as an alternative for antibiotic use 
[3]. Feed additives like vitamins, minerals or plant compounds 
are well known for their positive effects and commonly used 
in shrimp aquaculture [15-17]. Especially algae and their 
compounds as feed ingredients have been suggested to support 
shrimp production [18-23]. 

Clay minerals have been demonstrated to have positive 
effects onto animal and even human health [24-27]. As an animal 
feed additive they bind and eliminate mycotoxins [28], improve 
weight gain, feed efficiency and egg production in poultry 
farming [29-31], and increase the average daily weight gain 
and performance in pig [32-35] and sheep farming [36]. Earlier 
studies suggest that the use of clay minerals might have beneficial 
effects during cultivation of aquatic organisms [37,38]. Clay was 
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used to increase turbidity and to reduce the bacteria level in the 
production water of cod larvae with indirect positive effects onto 
growth and survival [39]. Direct positive effects of different clay 
minerals as a feed additive onto growth and feed conversion in 
salmonid fish aquaculture were documented [40]. 

Friedland montmorillonite–illite/muscovite alternating 
sequence clay minerals have been reported being a highly efficient 
absorbent of mycotoxin from animal feed. 100% of Aflatoxin B1 
and Fumonisin, 80% of Ochratoxin and Zearalenone and 60% 
of T2-Toxin were absorbed during experimental investigations 
[41]. A significant reduction of inflammatory bowel diseases 
was reported by [26] through in situ perfusion of an extract of 
this clay mineral with rats. Friedland clay minerals are a highly 
efficient phosphate binder and assumed to have positive effects 
onto human kidney diseases [27]. As a feed additive, this specific 
clay mineral increased the body weight and feed intake in pig 
farming, milk production and feed intake in cow farming, and 
induced a significant increase in body weight gain and feed intake 
in chicken farming [42-44]. So far, clay minerals have not been 
applied in shrimp aquaculture, though these animals are highly 
intolerant to mycotoxins [45,46]. L. vannamei is surrounded by 
different clay minerals in the natural habitat, with a possible 
effect onto infectious shrimp disease agents. The purpose of the 
present study is to apply Friedland clay minerals as a feed additive 
for shrimp culture, with and without addition of the green algae 
Chlorella vulgaris. Possible reasons for the reported effects onto 
shrimp mortality, total biomass, growth performance and size 
range are discussed. 

MATERIALS AND METHODS

Experimental design

The experiments were conducted in four identical 
recirculation systems, each with a water volume of 750 L and a 
flow through of 250% per hour. Each system consisted of 4 glass 
aquaria (100 cm x 50 cm x 50 cm) with a volume of approx. 165 
L each combined with a filter unit including a biofilter, protein 
skimmer, sump and pipes (90 L). For each experiment, early 
stage larval White-Leg-Shrimps (Litopenaeus vannamei) were 
obtained as PL 1postlarvae (12 days post hatch) from Shrimp 
Improvement Systems LLC (SIS), 88081 Overseas Highway, 
Islamorada, FL 33036, USA. Before the experiment the shrimp 
larvae were acclimatized to the experimental conditions in 
a special 500 L acclimatization tank, and fed first with living 
Artemia for 2 days, and weaned with Artemia combined with the 
reference feed for 7-10 days.

During the feeding experiments all systems were filled with 
purified water, salted to a salinity of 13-15‰, and all tanks 
were randomly stocked with 100-150 PL 1 White-Leg-Shrimps 
(Litopenaeus vannamei). The water quality was monitored using 
Hach-Lange spectral photometer DR 3900 and Hach HQ40d 
portable meter (Hach Lange GmbH, Germany), and maintained in 
the optimum range (temperature 29-31 °C, salinity 13-16‰, pH 
7.7-8.0, dissolved oxygen 6.7-8.0 mg L-1, total NH3 0.01-0.07 mg 
L-1, nitrite 0.01-0.11 mg L-1, and nitrate 2.0-16.6 mg L-1) during 
the run of the experiments. The feed amount for each aquarium 
was calculated daily according to the biomass of the shrimp (5-
15% measured) during Experiment I, and kept unchanged during 

a prestudy and Experiments II and III. The reference diets were 
fed by automatic feeders 6-8 times a day. 

Experiments (prestudy, I-III)

A prestudy with stocking densities of 50, 100, 150 and 200 PL 
1 in each system with the use of the commercial feed Le Goussant 
was carried out for 60 days, monitoring survival rates and 
total biomass in four systems. During Experiment I the aquaria 
in each of the four systems were stocked with 150 post larvae 
(equals 300 PL m-2). As a control standard the commercial feed 
from the prestudy was used. The same feed was mixed with the 
feed additive of 1% clay, 2% clay and a mixture of 1.5% clay and 
0.5% algae paste (Chlorella vulgaris) originally obtained as a 
dilution from an algae bioreactor. This trial was carried out for 
60 days, and the feeding was adapted to the weekly-calculated 
biomass in each tank. The diets were formulated at IGV GmbH, 
Getreidemittelverarbeitung, Potsdam (Germany). During feed 
preparation, the new feed mixture was heated again above 90 °C.

For Experiment II each aquarium was stocked with 100 post 
larvae. The feeding was kept unchanged for the entire 44 days. 
Four different diets from the same raw material, with the clay 
mineral/algae additive added, were formulated at Research 
Diet Services BV, WijkbijDuurstede (the Netherlands), each in 3 
different pellet sizes (300-500 μm; 500-700 μm; 700-1400 μm). 
The reference diet contained fish meal (40.3%), shrimp meal 
(10%), squid meal (6%), wheat (13.53%), wheat flour (25%), 
fish oil (2%), vitamin premix (1.5%), Lecithin (1%), salt (0.6%) 
and Cholesterol (0.07%). The three test diets were produced 
including 1% clay additive, 2% clay additive and 2% clay powder 
combined with 2%microalgae meal (Chlorella vulgaris). The test 
diets were analyzed according to their feed composition and 
energy contents (Table 1).

Experiment III repeated Experiment II by testing the control 
diet, 2% clay powder and 4% of the clay additive (2%)/microalgae 
(2%) mixture for 32 days, using 150 post larvae of a new shrimp 
batch and a constant feeding regime. As a major difference, the 
new control group was kept in the best performing recirculation 
system from Experiment II (50:50 clay powder and microalgae 
mixture) and vice versa, excluding an experimental set up bias.

Clay powder and microalgae

The clay mineral was mined in Friedland in Mecklenburg-
West Pomerania (Germany) by FIM Biotech GmbH. It is 
registered as “FIMIX (100% Friedland Clay Mineral) under EG 
(VO) 1060/2013”,currently registered as a montmorillonite-illite 
mixed layer clay mineral, with a positive EFSA opinion concerning 
product security and running efficacy tests. The Friedland clay 
minerals were formed in shallow marine environments as a 
result of sedimentation of volcanic tephra and eroded detrital 
material, and underwent early diagenesis. Due to complex 
formation history, the Montmorillonite Friedland clay minerals 
contain, among others, mixed-layered illite and muscovite, as 
well as kaolin [47]. It has a less montmorillonite content (40-
60%) compared with the bentonites (60-80%). Furthermore, it 
differs in its composition from all other clay mineral sources [48] 
with a mineral fingerprint, according to the following formula 
(Na0.58Ca0.03Mg0.10 Al2.22Fe3+

1.09Fe2+
0.18Mg0.59Si7.80 Al0.20O20(OH)4) [49]. 

It consists of SiO2 (57.9-59.5 % total weight, Al2O3(17.0-18.5%), 
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every two weeks. At the end of each experiment all shrimps were 
weighed and measured. Weight gain, specific growth rate (SGR, 
percentage weight gain per day), the feed conversion ratio (FCR) 
and survival were calculated for each group of shrimps.  

The data were analyzed by using One-Way ANOVA. 
Differences of means were evaluated for significance by the range 
test of TUKEY-HSD (p<0.05) for homogeneous variances and by 
the DUNNETT-T3 (p<0.05) test for inhomogeneous variances 
respectively. Calculations were performed with the SPSS 20.0 
software package [42].

RESULTS
The optimal stocking density for the system used in this study 

was determined from the prestudy. The best survival rates were 
observed at stocking densities of 100-150 shrimps per tank or 
200-300 post larvae per m2.

Experiment I

The results for this 60 days feeding trial are given in Table 2. 
During this experiment, the mean initial body weight of 0.047 g 
increased to 2.22-2.65 g. Best growth (final weight) was observed 
with the control (2.65 g), whereas treatment 1%, 2% and the 
mixture diet showed no significant final weights from 2.22-2.32 
g. Total weight gain was best in the control group with 265.43 g 
(100%), and not significant with the 2% treatment with 261.69 g 
(98.6%, Figure 1). Furthermore, for all other growth parameters, 
the control group achieved the best results (the treatment feed 
had additional feed processing compared with the control). The 
final biomass and total weight gain were significant higher than in 
the 1%-clay mineral treatment and higher than in the clay/algae 
mixture treatment. The treatment with 2% montmorillonite 
showed no significant differences with the control group. The 
SGR in the 2%-treatment-group was lower than in the other 3 
groups, with 6.43% d-1 growth per day compared to 6.73% d-1 
in the control group, 6.50% d-1 in the 1% treatment group and 
6.47% d-1 in the mixture treatment group. The lowest FCR was 
also observed in the control group (1.07), ranging between 1.2-
1.3 in the three tested groups. 

In contrast to the respective growth parameters, highest 
survival was observed in the 2% clay mineral treatment-group 
(79.75%), although there were no significant differences to the 
control group (68.10%) and to the clay/algae-group (68.75%, 
Figure 2). The 1% treatment-group achieved the lowest survival 
(56.25%). The physical and chemical water parameters showed 
no significant differences among the feeding groups during this 
experiment except salinity with significant slightly differences 
between all groups (Table 3). 

The size distribution of the final shrimp weight differed 
between the different treatment groups in all three experiments 
(Figs. 3-5). In experiment I the median, minimum and maximum 
weight (g) in the control, 1% clay, 2% clay and 2% algae/2% clay 
treatment groups was 2.68 (0.13, 5.50), 2.36 (0.4, 4.2), 2.28 (0.24, 
4.04), and 2.26 (0.75, 4.30), respectively. The most even size 
distribution was observed for the 2% algae/2% clay treatment 
group (Figure 3), resulting in a maximum weight difference of 
5.37 g (±0.84) for the control, compared with 3.8 g (±0.7) in the 

 Control 1% MMT1 2% MMT1 Mixture2

Nutrients Diet 1 Diet 2 Diet 3 Diet 4

Moisture (%) 5.4 5.8 6 8

Ash (%) 10.3 11.4 12.1 12.4

Protein (%) 40.8 40.6 40.4 39.2

Crudefiber (%) 2.3 2.3 2.5 2.3

Fat (%) 7.6 7.3 7.6 7.3

Fatty acid (%)     

C14:0 0.00 0.00 6.65 6.17

C16:0 23.84 23.94 22.11 22.65

C16:1 6.97 8.74 7.65 7.34

C18:0 4.83 4.61 5.08 4.25

C 18:1 n9c 19.25 18.79 18.01 17.67

C 18:2 n6c 17.85 17.05 16.14 16.45

C 20:1 2.84 2.7 2.58 2.53

C 18:3 n3 2.84 2.57 2.02 1.88

C 20:2 2.85 1.83 1.9 1.91

C 22:1 n9 0.00 1.92 0.00 0.00

C 23:0 0.00 0.00 0.81 0.79

C 22:2 0.00 0.00 0.00 0.91

C 20:5 n3 8.62 8.45 8.03 8.1

C 22:6 n3 10.11 9.4 9.02 9.35

Energy (kJ kg-1) 17,765.9 17,468.5 17,290.4 16,459.7

Energy (%) 100 98.3 97.3 92.7

Table 1: Nutrient and fatty acid content of diets from Exp II & III.

Abbreviations: Values are based on the analysis at LUFA, Rostock 
(Germany)1, MMT = Montmorillonite2, Mixture = for Exp II & III the clay/
algae mixture contained 2% clay and 2% algae powder.

Fe2O3(5.9-7.0%), K2O (2.8-3.5%), MgO (1.5-2.6%), Na2O (0.9-1.5 
%), TiO2(0.6-1.5), CaO (0.25-0.35), P2O5(0.09-0.15), and others 
(8.9-10.5%), or 23% Si, 9.6% Al, 3.8% Fe, 0.9% Mg, 0.2% Ca, 0.7% 
Na, 1.7% K, and 0.5% Ti. Other characteristics are the particle size 
of 90% ≤ 80 μm or 50% ≤ 25 μm, pH of 7.3, conductivity of 346 
μS, cation exchange capacity of 38 meq/100 g, and exchangeable 
cations of Ca, K, Mg, Na.

The microalgae Chlorella vulgaris originated form a photo-
bioreactor at a power station of the city Senftenberg (Vattenfall 
GmbH, Germany). FIM Biotech GmbH has developed a low-cost 
process, directly binding harvested Chlorella vulgaris dilution by 
using a defined Friedländer clay mineral, resulting in ready-to-
add mineral/algae composite as a feed additive. The protein-rich 
biomass, in our case produced from CO2-containing flue gases 
from a conventional power plant, resulted from sedimentation 
under the presence of magnesium, followed by a drying and 
downsizing process. The clay/algae mixture was suitable as a 
shrimp feed additive, with the clay mineral already approved in 
Europe as a feed additive material [41].

Data collection and statistical analyses

At the beginning of each experiment, initial weights of the 
shrimps were taken. During the run of the experiments, random 
samples of 35 individuals from each aquarium were measured 
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EXP I

group survival [%] final weight [g] final biomass [g] total weight gain [g] SGR1 [% d-1] FCR2

Control 68.10ab±9.43 2.65a±0.84 270.34a±25.14 265.43a±25.79(100%) 6.73a±0.10 1.07a±0.06

1%-Treatment 56.25a±9.11 2.32b±0.70 196.24b±23.34 190.38b±23.70(74.2%) 6.50ab±0.06 1.34b±0.12

2%-Treatment 79.75b±5.91 2.22b±0.61 265.64a±6.80 261.69a±9.40(98.6%) 6.43b±0.10 1.20ab±0.06

Mixture-Treatment 68.75ab±11.00 2.29b±0.60 234.83ab±23.95 231.67ab±25.54(87.3%) 6.47ab±0.22 1.23ab±0.10

EXP II

group survival [%] final weight [g] final biomass [g] total weight gain [g] SGR1 [% d-1] FCR2

Control 33.00a±10.61 2.85a±1.66 67.60a±19.10 62.50a±19.10 (100%) 5.79ab±0.76 1.15ab±0.13

1%-Treatment 16.25a±5.85 3.23a±2.20 32.34a±26.09 27.24a±26.09(43.7%) 3.75a±1.56 2.09b±1.03

2%-Treatment 32.00a±11.05 3.34a±1.29 73.45a±33.70 68.35a±33.70(110%) 5.89b±1.00 1.02ab±0.23

Mixture-Treatment 54.75b±7.80 3.18a±1.15 151.25b±4.67 146.15b±4.67 (234%) 7.70b±0.07 0.76a±0.01

EXP III

group survival [%] final weight [g] final biomass [g] total weight gain [g] SGR1 [% d-1] FCR2

Control 26.00a±10.46 1.14a±0.48 29.54a±8.10 27.58a±8.10(100%) 14.08a±0.48 1.37a±0.43

2%-Treatment 41.50a±15.86 0.95b±0.38 39.37a±7.45 37.41a±7.45 (135.5%) 13.55a±0.65 0.93a±0.16

Mixture-Treatment 45.00a±9.90 0.89b±0.36 40.15a±5.81 38.19a±5.81(138.4%) 13.25a±0.38 0.94a±0.17

Table 2: Shrimp growth and survival parameters during 3 different feeding experiments, means (± SD), groups with not sharing a superscript in the 
same column are significantly different (p<0.05, n=4), for Experiment I, mixture-treatment, the clay/algae mixture contained 1.5% clay and 0.5% algae 
powder, for Experiment II and III the clay/algae mixture contained 2% clay and 2% algae powder.

Abbreviations: 1SGR = Specific growth rate [% d-1] = (ln final weight-ln initial weight) x t-1 x 100; t = 60 days for Exp I, 44 days for Exp II and 32 days 
for Exp III,2 FCR = Feed conversion ratio = feed consumed [g] x weight gain [g]-1.

Figure 1 Weight gain [g] of L. vannamei during Experiments I-III.

1% clay treatment group, 3.8 g (±0.61) in the 2% clay treatment 
group, and 3.55 g (±0.60) in the mixture treatment group.

Experiment II

Experiment II was carried out for 44 days and results are 
given in Table 2. During the acclimatization phase in a separate 
holding tank, we recorded a problem with the biofilter resulting 
in ammonia (0.8 mg L-1) and nitrite (0.135 mg L-1) peaks, with 
possible negative effects onto shrimp post larvae survival in the 
following cultivation in the recirculation units. During the run of 
the experiment, water parameters were stable, with only slightly 
differences between the four treatment groups (Table 3).

Compared with Experiment I, the shrimp larvae had a 
significantly lower survival rate (Table 2). Comparing the 
four treatment groups, the clay/algae-treatment-group had a 
significant higher survival rate (54.75%) than those shrimps fed 
with the control diet (33.00%). The 1%-clay mineral treatment 
(16.25%) was lower, and the 2% clay mineral treatment (32.00%) 
group showed no significant better survival to the control group. 
All treatment groups (3.18-3.34 g) achieved a higher mean final 
weight than the control group (2.85 g), even though there were 
no significant differences. The shrimps fed the clay/algae mixture 
treatment diet had a significantly higher final biomass (151.25 
g) and weight gain (234%) compared with the control group 
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Figure 2 Survival [%] of L. vannameiduring Experiments I-III.

EXP I

Parameter
Oxygen pH Temperature Salinity Ammonia Nitrite Nitrate

[mg L-1] [°C] [‰] [mg L-1] [mg L-1] [mg L-1]

Control 6.75a±0.24 7.86a±0.46 30.69a±0.76 13.90a±0.18 0.05a±0.01 0.10a±0.08 15.23a±7.70

1% Clay 6.91a±0.22 8.09a±0.39 31.23a±0.56 13.63b±0.26 0.05a±0.02 0.10a±0.07 14.81a±6.75

2% Clay 6.78a±0.37 7.75a±0.41 31.08a±0.67 14.18c±0.31 0.05a±0.03 0.10a±0.05 14.70a±5.78

Mixture 6.95a±1.07 7.84a±0.41 31.12a±0.57 14.83d±0.15 0.06a±0.03 0.11a±0.08 16.65a±8.63

EXP II

Parameter
Oxygen pH Temperature Salinity Ammonia Nitrite Nitrate

[mg L-1] [°C] [‰] [mg L-1] [mg L-1] [mg L-1]

Control 7.80a±0.20 7.82a±0.09 30.34a±0.42 13.70a±0.35 0.07a±0.02 0.02a±0.01 2.94a±0.85

1% Clay 7.70ab±0.19 7.95b±0.05 30.77a±0.61 13.78a±0.19 0.05b±0.02 0.02a±0.01 2.53a±0.44

2% Clay 7.61ab±0.17 7.91ab±0.07 30.86a±0.50 14.08ab±0.27 0.05b±0.01 0.02a±0.00 3.03a±1.68

Mixture 7.52b±0.26 7.84ab±0.18 30.72a±0.42 14.33b±0.06 0.06ab±0.02 0.02a±0.01 3.20a±1.21

EXP III

Parameter
Oxygen pH Temperature Salinity Ammonia Nitrite Nitrate

[mg L-1] [°C] [‰] [mg L-1] [mg L-1] [mg L-1]

Control 7.75a±0.13 7.96a±0.14 30.64a±0.85 14.67a±0.12 0.01a±0.01 0.01a±0.00 2.42a±0.79

2% Clay 8.04b±0.16 7.76b±0.19 29.91a±1.01 15.37b±0.16 0.01a±0.01 0.01a±0.00 2.08a±0.89

Mixture 7.74a±0.15 7.92ab±0.14 30.23a±0.74 14.59a±0.13 0.03a±0.03 0.01a±0.00 2.22a±0.97

Table 3: Water parameters during Experiments I-III, means (± SD). Groups with not sharing a superscript in the same column are significantly different 
(p<0.05, n=4).

(100%). Shrimp larvae fed with the 2% clay mineral treatment 
diet had a slightly higher final biomass (73.45 g) and weight 
gain (110%) than the control group and the 1% treatment group 
(32.34 g; 43.7%), but without any significant differences. This 
was in contrast to the feed energy content, that was highest in 
the control feed compared with the 1% clay (-1.7%), 2% clay 
(-2.7%) and the 2% clay/2% algae (-7.3%) treatments (Table 1). 
Taking into account the energy contents, the adjusted biomass 
gain based on energy input was 113% (2% clay mineral), 44.5% 

(1% clay mineral) and 251% (2% clay/2% algae) compared with 
the control.

The size distribution of the final shrimp weight differed 
between the different treatment groups also at the end of 
Experiment II (Figure 4). The median, minimum and maximum 
weight in the control, 1% clay, 2% clay and 2% algae/2% clay 
treatment groups was 2.43 (0.14, 8.43), 2.96 (0.18, 8.43), 3.19 
(0.67, 6.21), and 3.31 (0.14, 6.21), respectively. The most even 
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Figure 3 Size distribution histogram of shrimp final weight [g] and different treatment groups of clay in Experiment I.

Figure 4 Size distribution histogram of shrimp final weight [g] and different treatment groups of clay in Experiment II.
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size distribution was observed for the 2% clay treatment group, 
resulting in a maximum weight difference of 5.54 g (±1.29), 
followed by the 2% algae/2% clay (6.07, ±1.15), 1% clay (8.25, 
±2.20) treatment group and the control (8.29, ±1.66, Figure 4). 

Experiment III

The results of Experiment III showed significant difference 
only between the control treatment groups with a greater final 
weight of 1.14 g compared to the other diets (Table 2). However, 
the 2% clay mineral treatment (41.50%) and the clay/algae 
mixture treatment (45.00%) groups had a higher survival rate 
than the control group (26.00%). As a result of the higher survival 
rate and shrimp number in the aquaria, the same feed intake and 
slightly reduced energy content, the mean final weight of the 
shrimps was lower in both treatment groups than in the control. 
However, weight gain (surviving shrimps x individual final 
weight) was 30-35% higher in both treatment groups compared 
with the control.

The SGR slightly better results in the control group compared 
to the 2% treatment and the clay/algae mixture (Table 2). The 
control had a higher FCR of 1.37 compared with a FCR of 0.93 for 
the 2% treatment group and 0.94 for mixture treatment group. 

The size distribution of the final shrimp weight differed 
between the three treatment groups in Experiment III (Figure 5). 
The median, minimum and maximum weight in the control, 2% 
clay and 2% algae/2% clay treatment groups was 1.01 (0.44, 3.20), 
0.87 (0.19, 2.12), and 0.84 (0.22, 2.60), respectively. The most 

even size distribution was observed for the 2% clay treatment 
group (Figure 5), resulting in a maximum weight difference of 
1.93 g (±0.38), compared with in the other treatment group (2.36 
g, ±0.36) and the control (2.76 g, ±0.47). 

DISCUSSION
Clay minerals are commonly used as a feed ingredient in land 

based animal husbandry, e.g. chicken-, pig- or cow- farming. As 
a feed additive, they have been demonstrated to have positive 
effects onto the treated animals, e.g. clay minerals can improve 
weight gain, feed efficiency and egg production in poultry farming. 
A significant increase in average weight gain was observed by 
adding 1-3% bentonite to the feed [30]. Similar results under 
1-2% treatments with sodium bentonite were found by [31]. 
They monitored a higher feed intake and weight gain and lower 
FCR in the treated animals. Other studies noticed an increase 
in average daily weight gain and growth performance in pig 
farming. A slight increase in feed intake, weight gain and feed 
conversion for growing pigs by the use of 0.15% montmorillonite 
was reported by [34]. In a second study, they repeated these 
results for weanling pigs by using 0.2% montmorillonite [35]. 
This challenges the application of these feed additives also for 
fish and shrimp aquaculture.

In the cultivation of aquatic animals clay was used to increase 
turbidity and to reduce the bacteria level in the production 
water of cod larvae, and observed indirect positive effects onto 
growth and survival [39]. Under the clay treatment the larvae 
had a slightly higher dry weight and a 20-25% better survival. 

Figure 5 Size distribution histogram of shrimp final weight [g] and different treatment groups of clay in Experiment III.
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The application of clay minerals in rainbow trout aquaculture 
was studied with direct positive effects onto growth and feed 
conversion [40]. The major outcome of his study was that the 
efficiency of the additive depended on the source of the clay 
mineral as well as the given amount, resulting in an increase in 
weight gain of 10% at a clay content in the trout feed of 2 and 
5%. This is in the range of the results in the present study, where 
the Friedland clay mineral demonstrated a positive effect onto 
Litopenaeus vannamei survival, final total weight (110%) and FCR 
at 2% (with or without algae additive) in three independent trials 
(Table 2). On the other hand, the application of 1% clay mineral 
reduced the shrimp performance in the present trials compared 
with the control. Furthermore, the effects of montmorillonite clay 
minerals were analyzed onto Nile tilapia (Oreochromis niloticus) 
growth with the use of 0.15% montmorillonite in the fish diets 
[37]. A slight enhancement of growth performance and survival 
was observed. According to our results, this might be caused by 
an underestimate of the needed amount (0.15 vs. 2%) or the kind 
of clay mineral that was used.

Clay minerals have many medical and therapeutically 
effects onto animal and human health [24,25,51], due to 
desirable physical and physico-chemical properties, such as high 
adsorption capacity, specific surface area, swelling capacity, and 
reactivity to acids [24,52]. They are used in the pharmaceutical 
industry in many different forms, and administered either orally 
or topically e.g. as antiseptics, disinfectants, and even anti-
inflammatories [25]. Montmorillonite has been demonstrated 
to have positive effects onto the intestinal microflora and 
antibacterial activities [53,54]. The influence of montmorillonite 
on the intestinal microflora, digestibility and digestive enzyme 
activities in the Nile Tilapia, Oreochromis niloticus was studied 
by [38]. They recorded an improvement of growth performance, 
reduction of intestinal aerobic bacterial counts and effects onto 
the composition of the intestinal microflora. Furthermore, they 
recorded an improvement of the digestibility of dry matter and 
crude protein, and improved enzyme activities of total protease, 
amylase, lipase and alkaline phosphatase. The antibacterial 
activity of the montmorillonite resulted in positive enzyme 
activities, promoting digestion and adsorption of dietary nutrition 
[38]. The specially characterized Friedland montmorillonite–
illite/muscovite mixed layer clay mineral used in the present 
study has similar production and health promoting effects in 
animal husbandry. As a feed additive, this specific clay mineral, 
already known as a highly efficient mycotoxin binder, increased 
body weight and feed intake in pig farming, milk production and 
feed intake in cow farming, and induced a significant increase 
in body weight gain (approx. 10%) and feed intake in chicken 
farming [43-45]. A significant reduction of inflammatory bowel 
diseases was reported through in situ perfusion of an extract of 
this clay mineral with rats [26]. According to [27], Friedland clay 
minerals are a highly efficient phosphate binder, and assumed to 
have positive effects onto human kidney diseases. The use of clay 
minerals was reported to reduce Ammonium from wastewater 
[55]. The present study demonstrates, based on higher survival 
rates, such positive effects of this clay mineral also onto an 
invertebrate aquaculture species, and under recirculation 
aquaculture and experimental conditions. Possible negative 
effects such as nutrient binding capacities have not been tested 
so far.

We could observe significant different growth performance, 
survival rates, SGR, FCR and final size distribution of the tested 
shrimps under Friedland clay mineral application. The initiate 
stocking density with 200-300 post larvae m-2 was high, the glass 
aquaria without major hiding possibilities and a high ammonium 
load at the beginning of the second experiment represented 
non-favorable conditions for the shrimps during the run of the 
experiments. Experiment I showed better survival (79.75%) but 
less weight gain (262 g) in the 2% montmorillonite treatment 
group, compared with 68% and 265 g in the control. This is in 
contrast to the treatment of the test diets that were heated 
above 90 °C compared with the control diet, possibly affecting 
its nutritional value. Consequently, the control diet without 
feed additive and higher energy content should have performed 
better than the test diets including the feed additive. This is a 
good explanation for the lower final weight and the higher FCR 
observed for the three test groups. The total final weight gain of 
the 2% treatment group is caused by the highest survival rate 
during this experiment. 

This results of the first experiment is supported by the 
other two experiments, where the water conditions where non-
favorable (Experiment II) for the post larvae survival. Shrimps 
with the feed additive treatment demonstrated significant better 
survival, though the energy content of the feed was reduced 
between 1.7 and 7.3%. Especially after the high ammonium 
values during the acclimatization phase, shrimps treated with the 
clay/algae feed reached 234% of the weight gain compared with 
the control group, and an obvious lower FCR. This was repeated 
in Experiment III, with the best growth performance under 
treatment with 2% montmorillonite with or without microalgae 
powder. Though the three independent experiments achieved 
different shrimp performances, based on a different feed 
treatment before the experiments and water quality during the 
weaning phase, the same trend was observed. We can conclude 
that under three different scenario using different imported 
charges of post larvae, survival rates and total weight gain 
increased under treatment of 2% Friedland montmorillonite. On 
the other hand, the 1% feed additive showed a lower performance 
compared with the control, underlining the statement by [40] that 
not only the origin but also the concentration effects the growth 
performance in rainbow trout. Also in aquatic invertebrates, 
digestibility of nutrients might be supported through the clay 
feed additive, as described by earlier authors [37,38,53] and also 
for the higher vertebrates [34,35,43-45]. 

An important observation is the reduced size range of the 
clay mineral treatment groups after the three independent 
experiments, where the 2% clay additive performed best, 
resulting in the most uniform size distribution of the shrimps 
(Figures. 3-5). During experiment II, the 2% clay/2 % algae feed 
additive performed best while the 2% clay had a more similar 
size range after Experiments I and III. Taking into account the 
higher survival rates and the observation that weak shrimps 
where directly consumed by the other animals in the aquaria, 
less cannibalism might be the reason for this result. High stocking 
densities of shrimps cause increasing interactions between the 
single shrimp individuals, resulting in cannibalism and increasing 
mortality rates [56-58]. In our experiments, the stocking 
densities of 200-300 Shrimps per m2 are comparable to super 
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intensive aquaculture conditions. In addition, the glass aquaria 
without substrate are an extreme environment for the shrimps, 
leaving them especially vulnerable to cannibalism, thus resulting 
in a high size distribution and a low survival. Under such super 
intensive conditions it is necessary to maintain a healthy stock 
with unsusceptible and resistant animals, possibly promoted by 
the Friedland clay minerals with and without Chlorella vulgaris 
microalgae. 

The applied Chlorella vulgaris microalgae originated from 
a bioreactor attached to a power station fed with CO2. Algae 
as a feed additive in aquaculture resulted in positive effects 
onto the cultivated organisms, such as promoting general 
health, antibacterial, antifungal and antiviral effects or the 
supplementation with nutrients, vitamins and other ingredients 
[39,59-61]. Shrimps are natural algae grazers in shrimp ponds 
and different algae have been reported to be of importance for 
the cultivation of larval shrimps [62,63]. The Friedland clay 
minerals can be used for an efficient and low cost harvesting of 
microalgae suspension. We could demonstrate that a combination 
of the C. vulgaris microalgae with the beneficial Friedland clay 
mineral is applicable for shrimp cultivation, additionally making 
a direct use of bioreactor produced microalgae for a healthy 
shrimp aquaculture possible. It is recommended that also other 
microalgae species and their combinations with the Friedland 
clay minerals should be tested in future studies.

CONCLUSION
White leg shrimp (Litopenaeus vannamei) post larvae, 12 days 

post hatch (PL 1), were fed with different diets including Friedland 
montmorillonite– illlite/muscovite mixed layer clay minerals as 
a feed additive with or without the addition of Chlorella vulgaris 
green algae. Positive effects on shrimp growing parameters were 
found in three independent experiments, especially with an 
application of 2% clay minerals. The addition of 1% clay minerals 
in the diets had no positive effects or reduced the performance 
compared with the control. Addition of microalgae in the diets 
(mixture with clay mineral) showed comparable effects onto 
shrimp growth to the 2% montmorillonite treatment. Friedland 
montmorillonite clay minerals as a feed ingredient resulted in 
a higher biomass gain after the run of the experiments. Though 
having a reduced individual weight gain compared with the 
control also caused by a reduced energy content of the feed, 
higher survival rates and a more even size distribution of  L. 
vannamei resulted in the best performance of the shrimps with 
2% montmorillonite. The more homogenous size heterogeneity 
of shrimps in combination with Chlorella vulgaris and 
montmorillonite (2%/2%) also indicated a positive effect of the 
feed onto shrimp cohorts under the experimental super intensive 
conditions. We affiliate this with a suppressed cannibalism in 
the aquaria. In conclusion, Friedland montmorillonite–illlite/
muscovite mixed layer clay minerals have beneficial effects 
onto White leg shrimp (Litopenaeus vannamei) survival and 
performance at a concentration of 2% with and without addition 
of Chlorella vulgaris green algae. 

ACKNOWLEDGEMENTS
The present study was financially supported through 

FIM Biotech GmbH (Shrimp Health I and II) and the Chair of 
Aquaculture and Sea-ranching, University of Rostock.

REFERENCES 
1. FAO. World Wide Web electronic publication. 2014. 

2. Wyban JA, Swingle JS, Sweeney JN, Pruder GD. Development and 
commercial performance of high health shrimp using specific pathogen 
free (SPF) brood stock Penaeus vannamei. Orlando. Proceedings of the 
Special session on Shrimp Farming, The World Aquaculture Society.
Aquaculture.1992; 92: 254-260. 

3. Moriarty DJW. Diseases control in shrimp aquaculture with probiotic 
bacteria. In: Microbial Biosystems: New Frontiers. Proceedings of the 
8th International Symposium on Microbial Ecology (ed. by Bell C.R., 
Brylinsky M.& Johnson-Green P). Atlantic Canada Society for Microbial 
Ecology, Halifax, Canada. 1999. 

4. Nhan DT, Wille M, Schryver PD, Defoirdt T, Bossier P, Sorgeloos 
P. The effect of poly ß-hydroxybutyrate on larviculture of the giant 
freshwater prawn Macrobrachiumrosenbergii. Aquaculture. 2010; 
302: 76-81. 

5. Newaj-Fyzul A, Al-Harbi AH, Austin B. Review: Developments in the 
use of probiotics for disease control in aquaculture. Aquaculture. 
2014; 431: 1-11. 

6. Rairat T, Chuchird N, Limsuwan C. Effect sangrovit WS on growth, 
survival and prevention of Vibrio harveyi in rearing of Pacific white 
shrimp (Litopenaeus vannamei). Kasetsart University Fisheries 
Research Bulletin. 2013; 37: 19-29. 

7. Holmström K, Gräslund S, Wahlström A, Poungshompoo S, Bengtsson 
BE, Kautsky N. Antibiotic use in shrimp farming and implications for 
environmental impacts and human health. International Journal of 
Food Science and Technology. 2003; 38: 255-266.

8. Cabello FC. Heavy use of prophylactic antibiotics in aquaculture: 
a growing problem for human and animal health and for the 
environment. Environ Microbiol. 2006; 8: 1137-1144. 

9. Defoirdt T, Boon N, Sorgeloos P, Verstraete W, Bossier P. Alternatives 
to antibiotics to control bacterial infections: luminescent vibriosis in 
aquaculture as an example. Trends Biotechnol. 2007; 25: 472-479. 

10. Defoirdt T, Sorgeloos P, Bossier P. Alternatives to antibiotics for the 
control of bacterial disease in aquaculture. Curr Opin Microbiol. 2011; 
14: 251-258. 

11. Burridge L, Weis JS, CabelloF, Pizarro J, Bostick K. Chemical use in 
salmon aquaculture: A review of current practices and possible 
environmental effects. Aquaculture. 2010; 306: 7-23. 

12. Felix N, Sudharsan M. Effect of glycine betaine, a feed attractant 
affecting growth and feed conversion of juvenile freshwater prawn 
Macrobrachiumrosenbergii. Aquaculture Nutrition. 2004; 10: 193-
197. 

13. Huang X, Zhou H, Zhang H. The effect of Sargassum fusiforme 
polysaccharide extracts on vibriosis resistance and immune activity of 
the shrimp, Fenneropenaeus chinensis. Fish Shellfish Immunol. 2006; 
20: 750-757. 

14. Nimrat S, Boonthai T, Vuthiphandchai V. Effects of probiotic forms, 
compositions of and mode of probioticadministration on rearing of 
Pacific white shrimp (Litopenaeus vannamei) larvae and post larvae. 
Animal Feed Science and Technology. 2011; 169: 244-258.

15. Rico A, Phu TM, Satapornvanit K, Min J, Shahabuddin AM, Henriksson 
PJG et al. Use of veterinary medicines, feed additives and probiotics in 
four major internationally traded aquaculture species farmed in Asia. 
Aquaculture. 2013; 412-413: 231-243. 

16. New MB. A review of dietary studies with shrimp and prawns. 
Aquaculture. 1976; 9: 101-144.

17. Gräslund S, Holmström K, Wahlström A. A field survey of chemicals 

http://www.fao.org
http://www.researchgate.net/publication/237651865_DEVELOPMENT_AND_COMMERCIAL_PERFORMANCE_OF_HIGH_HEALTH_SEIWIMP_USING_SPECIFIC_PATHOGEN_FREE_%28SPF%29_BROODSTOCK_PENAEUS_VANNAME1
http://www.researchgate.net/publication/237651865_DEVELOPMENT_AND_COMMERCIAL_PERFORMANCE_OF_HIGH_HEALTH_SEIWIMP_USING_SPECIFIC_PATHOGEN_FREE_%28SPF%29_BROODSTOCK_PENAEUS_VANNAME1
http://www.researchgate.net/publication/237651865_DEVELOPMENT_AND_COMMERCIAL_PERFORMANCE_OF_HIGH_HEALTH_SEIWIMP_USING_SPECIFIC_PATHOGEN_FREE_%28SPF%29_BROODSTOCK_PENAEUS_VANNAME1
http://www.researchgate.net/publication/237651865_DEVELOPMENT_AND_COMMERCIAL_PERFORMANCE_OF_HIGH_HEALTH_SEIWIMP_USING_SPECIFIC_PATHOGEN_FREE_%28SPF%29_BROODSTOCK_PENAEUS_VANNAME1
http://www.researchgate.net/publication/237651865_DEVELOPMENT_AND_COMMERCIAL_PERFORMANCE_OF_HIGH_HEALTH_SEIWIMP_USING_SPECIFIC_PATHOGEN_FREE_%28SPF%29_BROODSTOCK_PENAEUS_VANNAME1
http://ag.arizona.edu/azaqua/tilapia/tilapia_shrimp/moriarty.PDF
http://ag.arizona.edu/azaqua/tilapia/tilapia_shrimp/moriarty.PDF
http://ag.arizona.edu/azaqua/tilapia/tilapia_shrimp/moriarty.PDF
http://ag.arizona.edu/azaqua/tilapia/tilapia_shrimp/moriarty.PDF
http://ag.arizona.edu/azaqua/tilapia/tilapia_shrimp/moriarty.PDF
http://www.sciencedirect.com/science/article/pii/S0044848610000992
http://www.sciencedirect.com/science/article/pii/S0044848610000992
http://www.sciencedirect.com/science/article/pii/S0044848610000992
http://www.sciencedirect.com/science/article/pii/S0044848610000992
http://www.sciencedirect.com/science/article/pii/S0044848613004249
http://www.sciencedirect.com/science/article/pii/S0044848613004249
http://www.sciencedirect.com/science/article/pii/S0044848613004249
http://www.thefishsite.com/articles/1844/effect-of-sangrovit-ws-on-growth-survival-and-prevention-of-vibrio-harveyi-in-pacific-white-shrimp/
http://www.thefishsite.com/articles/1844/effect-of-sangrovit-ws-on-growth-survival-and-prevention-of-vibrio-harveyi-in-pacific-white-shrimp/
http://www.thefishsite.com/articles/1844/effect-of-sangrovit-ws-on-growth-survival-and-prevention-of-vibrio-harveyi-in-pacific-white-shrimp/
http://www.thefishsite.com/articles/1844/effect-of-sangrovit-ws-on-growth-survival-and-prevention-of-vibrio-harveyi-in-pacific-white-shrimp/
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.2003.00671.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.2003.00671.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.2003.00671.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.2003.00671.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16817922
http://www.ncbi.nlm.nih.gov/pubmed/16817922
http://www.ncbi.nlm.nih.gov/pubmed/16817922
http://www.ncbi.nlm.nih.gov/pubmed/17719667
http://www.ncbi.nlm.nih.gov/pubmed/17719667
http://www.ncbi.nlm.nih.gov/pubmed/17719667
http://www.ncbi.nlm.nih.gov/pubmed/21489864
http://www.ncbi.nlm.nih.gov/pubmed/21489864
http://www.ncbi.nlm.nih.gov/pubmed/21489864
http://www.sciencedirect.com/science/article/pii/S0044848610003297
http://www.sciencedirect.com/science/article/pii/S0044848610003297
http://www.sciencedirect.com/science/article/pii/S0044848610003297
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00292.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00292.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00292.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00292.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16326114
http://www.ncbi.nlm.nih.gov/pubmed/16326114
http://www.ncbi.nlm.nih.gov/pubmed/16326114
http://www.ncbi.nlm.nih.gov/pubmed/16326114
http://www.sciencedirect.com/science/article/pii/S0377840111003166
http://www.sciencedirect.com/science/article/pii/S0377840111003166
http://www.sciencedirect.com/science/article/pii/S0377840111003166
http://www.sciencedirect.com/science/article/pii/S0377840111003166
http://dx.doi.org/10.1016/j.aquaculture.2013.07.028.
http://dx.doi.org/10.1016/j.aquaculture.2013.07.028.
http://dx.doi.org/10.1016/j.aquaculture.2013.07.028.
http://dx.doi.org/10.1016/j.aquaculture.2013.07.028.
http://www.sciencedirect.com/science/article/pii/0044848676900557
http://www.sciencedirect.com/science/article/pii/0044848676900557
http://www.ncbi.nlm.nih.gov/pubmed/12535973


Central

Palm et al. (2015)
Email:  

Ann Aquac Res 2(1): 1008 (2015) 10/11

and biological products used in shrimp farming. Mar Pollut Bull. 2003; 
46: 81-90. 

18. Davis DA, Samocha TM, Bullis RA, Patnaik S, Browdy C, Stokes A et 
al. Practical diets for Litopenaeus vannamei, (Boone. 1931): working 
towards organic and/or all plant production diets. In: Avancesen 
Nutricion Acuicola VII. Memoriasdel VII SimposiumInternacional 
de NutricionAcuicola. 16-19 Noviembre, 2004. Hermosillo, Sonora, 
Mexico.

19. Jaime-Ceballos B, Villarreal H, Garcia T, Pérez-Jar L, Alfonso E. Effect 
of Spirulina platensis meal as feed additive on growth, survival 
and development in Litopenaeus schmittishimp larvae. Revista de 
Investigaciones Marinas. 2005; 26: 235-241.

20. Patnaik S, Samocha TM, Davis DA, Bullis RA, Browdy CL. The use of 
HUFA-rich algal meals in diets for Litopenaeus vannamei. Aquaculture 
Nutrition. 2006; 12: 395-401.

21. Hanel R, Broekman D, GraafSde, Schnack D. Partial Replacement of 
Fishmeal by Lyophylized Powder of the Microalgae Spirulinaplatensis 
in Pacific White Shrimp Diets. The Open Marine Biology Journal. 2007; 
1: 1-5.

22. Ju ZY, Forster IP, Dominy WG. Effects of supplementing two species of 
marine algae or their fractions to a formulated diet on growth, survival 
and composition of shrimp (Litopenaeus vannamei). Aquaculture. 
2009; 292: 237-243.

23. Ju ZY, Deng DF, Dominy W. A defatted microalgae 
(Haematococcuspluvialis) meal as a protein ingredient to partially 
replace fishmeal in diets of Pacific white shrimp (Litopenaeus 
vannamei, Boone, 1931). Aquaculture. 2012; 354: 50-55.

24. Carretero MI, Pozo M. Clay and non-clay minerals in the pharmaceutical 
industry Part I. Excipients and medical applications. Applied Clay 
Science. 2009; 46: 73-80.

25. Carretero MI, Pozo M. Clay and non-clay minerals in the pharmaceutical 
and cosmetic industries Part II. Activeingredients. Applied Clay 
Science. 2010; 47: 171-181.

26. Breitrück A, Sparmann G, Mitzner S, Kerkhoff C. Establishment of a 
novel extracorporeal bowel model to study luminal approaches to 
treat inflammatory bowel disease. Disease Models & Mechanisms. 
2013; 6: 1487-1493. 

27. Fraunhofer. Treating chronic kidney disease using clay minerals. 
Research News of the Fraunhofer-Gesellschaft. 2014; 01.

28. Huwig A, Freimund S, Käppeli O, Dutler H. Mycotoxin detoxication of 
animal feed by different adsorbents. Toxicol Lett. 2001; 122: 179-188. 

29. Quisenberry JH. The Use of Clay in Poultry Feed. Clays and Clay 
Minerals. 1968; 16: 267-270.

30. Tauqir NA, Nawaz H. Performance and Economics of Broiler Chicks Fed 
on Rations Supplemented with Different Levels of Sodium Bentonite. 
International Journal of Agriculture & Biology. 2001; 3: 149-150.

31. Salari H, Kermanshahi H, Moghaddam HN. Effect of Sodium Bentonite 
and Comparison of Pellet vs Mash on Performance of Broiler Chickens. 
International Journal of Poultry Science. 2006; 5: 31-34. 

32. Colling GF, Thomasson SA, Ku PK, Miller ER. Sodium Bentonite in 
Swine Diets. Journal of animal science. 1980; 50: 272-277. 

33. Lindemann MD, Blodgett DJ, Kornegay ET, Schurig GG. Potential 
ameliorators of aflatoxicosis in weanling/growing swine. J Anim Sci. 
1993; 71: 171-178. 

34. Hu CH, Xia MS, XuZR, Xiong L. Effects of Copper-bearing 
Montmorillonite on Growth Performance and Digestive Function of 
Growing Pigs. Asian-Australas. J. Anim. Sci. 2004; 17: 1714-1720.

35. Hu CH, Gu LY, Luan ZS, Song J, Zhu K. Effects of montmorillonite-zinc 
oxide hybrid on performance, diarrhea, intestinal permeability and 
morphology of weanling pigs. Animal Feed Science and Technology. 
2012; 177: 108-115.

36. Walz LS, White TW, Fernandez JM, Gentry LR, Blouin DC, Froetschel 
MA. Effects of fish meal and sodium bentonite on daily gain, wool 
growth, carcass characteristics, and ruminal and blood characteristics 
of lambs fed concentrate diets. Journal of Animal Science. 1998; 76: 
2025-2031. 

37. Hu CH, Xu Y, Xia MS, Xiong L, Xu ZR. Effects of Cu2+-exchanged 
montmorillonite on growth performance, microbial ecology and 
intestinal morphology of Nile tilapia (Oreochromis niloticus). 
Aquaculture. 2007; 270: 200-206.

38. Hu CH, Xu Y, Xia MS, Xiong L, Xu ZR. Effects of Cu2+-exchanged 
montmorillonite on intestinal microflora, digestibility and digestive 
enzyme activities of Nile tilapia. Aquaculture Nutrition. 2008;14: 281-
288.

39. Attramadal KJK, Tøndel B, Salvesen I, Øie G, Vadstein O, Olsen Y. 
Ceramic clay reduces the load of organic matter and bacteria in marine 
fish larval culture tanks. Aquacultural Engineering. 2012; 49: 23-34.

40. Smith RR. Recent advances in nutrition: clay in trout diets. Salmonid. 
1980; 4 : 16-18. 

41. FIM Biotech (pers. comm.). FIM Biotech GmbH, Am Kupfergraben 6a, 
D-10117 Berlin. Germany. 

42. SPSS Inc. Statistic Software Package, Chicago, IL, USA. 2013.

43. Männer K. Efficacy and tolerance of supplemented FIMIX E 558 
(Bentonit-Montmorillionit E 558) in broiler chickens from 1 to 35 d 
of age. Tolerance study of FIMIX E 558 (code: GM 4/13), Report to 
FIM Biotech GmbH, Institute of Animal Nutrition, University of Berlin. 
2013a. 

44. Männer K. Tolerance of supplemented FIMIX E 558 (Bentonit-
Montmorillionit E 558) in dairy cattle during a 56-day-feeding period. 
Tolerance study of FIMIX E 558 (code: C 1/13), Report to FIM Biotech 
GmbH, Institute of Animal Nutrition, University of Berlin. 2013b. 

45. Männer K. Tolerance of supplemented FIMIX E 558 (Bentonit-
Montmorillionit E 558) in multiparous sows during one complete 
reproductive cycle. Tolerance study of FIMIX E 558 (code: SL 4/13), 
Report to FIM Biotech GmbH, Institute of Animal Nutrition, University 
of Berlin. 2013c. 

46. Bautista MN, Lavilla-Pitogo CR, Subosa PF. Aflatoxin B, Contamination 
of Shrimp Feeds and its Effect on Growth and Hepatopancreas of 
Pre-adult Penaeusmonodon. Journal of the Science of Food and 
Agriculture. 1994; 65: 5-11.

47. Ostrowski-Meissner HT, LeaMaster BR, Duerraq EO, Walsh WA. 
Sensitivity of the Pacific white shrimp, Penaeusvannamei, to aflatoxin 
B1. Aquaculture. 1995; 131: 155-164.

48. Henning KH, Kasbohm J. Mineral composition and genesis of fine-
grained sediments of Quaternary and Praequartenary in East Germany 
with special emphasis on “Friedlander Clay Minerals”. Institute of 
Geological Sciences, Ernst-Moritz-Arndt-University of Greifswald, 
Annual Meeting of the DTTG. 1998; Report 6: 147-167 [in German]. 

49. FIM Biotech. FIM Biotech GmbH, Am Kupfergraben 6a, D-10117 
Berlin, Germany. 2012.

50. Kumpulainen S, Kiviranta L. Mineralogical and Chemical 
Characterization of Various Bentonite and Smectite-Rich Clay 
Materials, Finland, Clays in Natural & Engineered Barriers for 
Radioactive Waste Confinement, 4TH International Meeting-March 
2010 NANTES, FRANCE, P/GEO/PC/06. 

http://www.ncbi.nlm.nih.gov/pubmed/12535973
http://www.ncbi.nlm.nih.gov/pubmed/12535973
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.uanl.mx/utilerias/nutricion_acuicola/VII/archivos/10AllenDavis.pdf
http://www.researchgate.net/profile/Humberto_Colmenares/publication/255610683_EFFECT_OF_Spirulina_platensis_MEAL_AS_FEED_ADDITIVE_ON_GROWTH_SURVIVAL_AND_DEVELOPMENT_IN_Litopenaeus_schmitti_SHRIMP_LARVAE/links/00b4953c7ff7c7fe12000000.pdf
http://www.researchgate.net/profile/Humberto_Colmenares/publication/255610683_EFFECT_OF_Spirulina_platensis_MEAL_AS_FEED_ADDITIVE_ON_GROWTH_SURVIVAL_AND_DEVELOPMENT_IN_Litopenaeus_schmitti_SHRIMP_LARVAE/links/00b4953c7ff7c7fe12000000.pdf
http://www.researchgate.net/profile/Humberto_Colmenares/publication/255610683_EFFECT_OF_Spirulina_platensis_MEAL_AS_FEED_ADDITIVE_ON_GROWTH_SURVIVAL_AND_DEVELOPMENT_IN_Litopenaeus_schmitti_SHRIMP_LARVAE/links/00b4953c7ff7c7fe12000000.pdf
http://www.researchgate.net/profile/Humberto_Colmenares/publication/255610683_EFFECT_OF_Spirulina_platensis_MEAL_AS_FEED_ADDITIVE_ON_GROWTH_SURVIVAL_AND_DEVELOPMENT_IN_Litopenaeus_schmitti_SHRIMP_LARVAE/links/00b4953c7ff7c7fe12000000.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00440.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00440.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2006.00440.x/abstract
http://benthamopen.com/ABSTRACT/TOMBJ-1-1
http://benthamopen.com/ABSTRACT/TOMBJ-1-1
http://benthamopen.com/ABSTRACT/TOMBJ-1-1
http://benthamopen.com/ABSTRACT/TOMBJ-1-1
http://www.sciencedirect.com/science/article/pii/S0044848609004141
http://www.sciencedirect.com/science/article/pii/S0044848609004141
http://www.sciencedirect.com/science/article/pii/S0044848609004141
http://www.sciencedirect.com/science/article/pii/S0044848609004141
http://www.sciencedirect.com/science/article/pii/S0044848612002670
http://www.sciencedirect.com/science/article/pii/S0044848612002670
http://www.sciencedirect.com/science/article/pii/S0044848612002670
http://www.sciencedirect.com/science/article/pii/S0044848612002670
http://www.sciencedirect.com/science/article/pii/S016913170900177X
http://www.sciencedirect.com/science/article/pii/S016913170900177X
http://www.sciencedirect.com/science/article/pii/S016913170900177X
http://www.sciencedirect.com/science/article/pii/S0169131709002816
http://www.sciencedirect.com/science/article/pii/S0169131709002816
http://www.sciencedirect.com/science/article/pii/S0169131709002816
http://www.ncbi.nlm.nih.gov/pubmed/24046362
http://www.ncbi.nlm.nih.gov/pubmed/24046362
http://www.ncbi.nlm.nih.gov/pubmed/24046362
http://www.ncbi.nlm.nih.gov/pubmed/24046362
https://www.fraunhofer.de/en/press/research-news/2014/january/Treating-chronic-kidney.html
https://www.fraunhofer.de/en/press/research-news/2014/january/Treating-chronic-kidney.html
http://www.ncbi.nlm.nih.gov/pubmed/11439224
http://www.ncbi.nlm.nih.gov/pubmed/11439224
http://www.allnaturalpetcare.com/Animal_Nutrition_Research/Use_of_Clay_in_Poultry_Feed.pdf
http://www.allnaturalpetcare.com/Animal_Nutrition_Research/Use_of_Clay_in_Poultry_Feed.pdf
http://www.fspublishers.org/published_papers/78704_..pdf
http://www.fspublishers.org/published_papers/78704_..pdf
http://www.fspublishers.org/published_papers/78704_..pdf
http://www.researchgate.net/publication/45948579_Effect_of_Sodium_Bentonite_and_Comparison_of_Pellet_vs_Mash_on_Performance_of_Broiler_Chickens
http://www.researchgate.net/publication/45948579_Effect_of_Sodium_Bentonite_and_Comparison_of_Pellet_vs_Mash_on_Performance_of_Broiler_Chickens
http://www.researchgate.net/publication/45948579_Effect_of_Sodium_Bentonite_and_Comparison_of_Pellet_vs_Mash_on_Performance_of_Broiler_Chickens
http://www.cabdirect.org/abstracts/19801411920.html;jsessionid=0C27F8D870AB6F48EFB60C66D64160A7
http://www.cabdirect.org/abstracts/19801411920.html;jsessionid=0C27F8D870AB6F48EFB60C66D64160A7
http://www.ncbi.nlm.nih.gov/pubmed/8384193
http://www.ncbi.nlm.nih.gov/pubmed/8384193
http://www.ncbi.nlm.nih.gov/pubmed/8384193
http://ajas.info/journal/view.php?number=20884
http://ajas.info/journal/view.php?number=20884
http://ajas.info/journal/view.php?number=20884
http://www.sciencedirect.com/science/article/pii/S0377840112002763
http://www.sciencedirect.com/science/article/pii/S0377840112002763
http://www.sciencedirect.com/science/article/pii/S0377840112002763
http://www.sciencedirect.com/science/article/pii/S0377840112002763
http://www.ncbi.nlm.nih.gov/pubmed/9734851
http://www.ncbi.nlm.nih.gov/pubmed/9734851
http://www.ncbi.nlm.nih.gov/pubmed/9734851
http://www.ncbi.nlm.nih.gov/pubmed/9734851
http://www.ncbi.nlm.nih.gov/pubmed/9734851
http://www.sciencedirect.com/science/article/pii/S004484860700110X
http://www.sciencedirect.com/science/article/pii/S004484860700110X
http://www.sciencedirect.com/science/article/pii/S004484860700110X
http://www.sciencedirect.com/science/article/pii/S004484860700110X
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2007.00531.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2007.00531.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2007.00531.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2007.00531.x/abstract
http://www.sciencedirect.com/science/article/pii/S0144860912000179
http://www.sciencedirect.com/science/article/pii/S0144860912000179
http://www.sciencedirect.com/science/article/pii/S0144860912000179
http://pubs.er.usgs.gov/publication/1013704
http://pubs.er.usgs.gov/publication/1013704
http://www.fimbio.de/htdocs_de/unternehmen/impressum.html
http://www.fimbio.de/htdocs_de/unternehmen/impressum.html
http://www-01.ibm.com/software/analytics/spss/
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740650103/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740650103/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740650103/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740650103/abstract
http://www.researchgate.net/publication/248340113_Sensitivity_of_the_Pacific_white_shrimp_Penaeus_vannamei_to_aflatoxin_B_1
http://www.researchgate.net/publication/248340113_Sensitivity_of_the_Pacific_white_shrimp_Penaeus_vannamei_to_aflatoxin_B_1
http://www.researchgate.net/publication/248340113_Sensitivity_of_the_Pacific_white_shrimp_Penaeus_vannamei_to_aflatoxin_B_1
http://www.friemin.de/htdocs_de/home/impressum.html
http://www.friemin.de/htdocs_de/home/impressum.html
http://www.nantes2010.com/doc/abstracts/data/pdf/315_P_GEO_PC_06.pdf
http://www.nantes2010.com/doc/abstracts/data/pdf/315_P_GEO_PC_06.pdf
http://www.nantes2010.com/doc/abstracts/data/pdf/315_P_GEO_PC_06.pdf
http://www.nantes2010.com/doc/abstracts/data/pdf/315_P_GEO_PC_06.pdf
http://www.nantes2010.com/doc/abstracts/data/pdf/315_P_GEO_PC_06.pdf


Central

Palm et al. (2015)
Email:  

Ann Aquac Res 2(1): 1008 (2015) 11/11

Palm HW, Sörensen H, Knaus U (2015) Montmorillonite Clay Minerals With or Without Microalgae as a Feed Additive in Larval White Leg Shrimp (Litopenaeus 
vannamei). Ann Aquac Res 2(1): 1008.

Cite this article

51. Slamova R, Trckova M, Vondruskova H, Zraly Z, Pavlik I. Clay Minerals 
in animal nutrition. Applied Clay Science. 2011; 51: 395-398. 

52. Ayari F, Srasra E, Trabelsi-Ayadi M. Characterization of bentonitic 
clays and their use as adsorbent. Desalination. 2005; 185: 391-397.

53. Droy-Lefain MT, Drouet Y, Schatz B. Sodium glycodeoxycholate and 
spinability of gastrointestinal mucus: protective effect of smectite. 
Gastroenterology. 1985; 88: 1369. 

54. Holešová S, Valášková M, Hlavác D, Madejová J, Samlíková M, Tokarský 
J, et al. Antibacterial kaolinite/urea/chlorhexidine nano composites: 
Experiment and molecular modelling. Applied Surface Science. 2014; 
305: 783-791. 

55. Eturki S, Ayari F, Jedidi N, Ben Dhia H. Use of Clay Mineral to Reduce 
Ammonium from Wastewater. Effect of Various Parameters. Surface 
Engineering and Applied Electrochemistry. 2012; 48 (3): 276-283.

56. Reid B, Arnold CR. The Intensive Culture of the Penaeid Shrimp 
Penaeusvannamei Boone in a Recirculating Raceway System. Journal 
of the World Aquaculture Society. 1992; 23: 146-153.

57. Williams AS, Davis DA, Arnold CR. Density-Dependent Growth and 
Survival of Penaeussetiferus and Penaeusvannamei in a Semi-Closed 
Recirculating System. Journal of the World Aquaculture Society. 1996; 
27: 107-112.

58. Main KL, Van Wyk P. Farming Marine Shrimp in Freshwater Systems: 
An Economic Development Strategy for Florida - Final Report. Harbor 
Branch Oceanographic Institution, Florida Department of Agriculture 
and Consumer Services, USA. 1999. 

59. Mustafa MG, Nakagawa YH. A review: dietary benefits of algae as an 
additive in fish feed. The Israeli Journal of Aquaculture-Bamidgeh. 
1995; 47: 155-162. 

60. Guedes AC, Malcata FX. Nutritional value and uses of microalgae in 
aquaculture, In: Aquaculture, Dr. Zainal Muchlisin (Ed.). 2012; 59-78. 

61. Priyadarshani I, Rath B. Commercial and industrial applications of 
micro algae-a review. J. Algal Biomass Utln. 2013; 3: 89-100. 

62. Otoshi CA, Montgomery AD, Look AM, Moss SM. Effects of Diet and 
Water Source on the Nursery Production of Pacific White Shrimp 
Litopenaeus vannamei. Journal of the World Aquaculture Society. 
2001; 32: 243-249. 

63. Nunez M, Lodeiros C, De Donato M, Graziani C. Evaluation of 
microalgae diets for Litopenaeus vannamei larvae using a simple 
protocol. Aquaculture International. 2002; 10: 177-187. 

http://www.researchgate.net/publication/251527659_Clay_minerals_in_animal_nutrition
http://www.researchgate.net/publication/251527659_Clay_minerals_in_animal_nutrition
http://www.sciencedirect.com/science/article/pii/S0011916405006430
http://www.sciencedirect.com/science/article/pii/S0011916405006430
http://www.researchgate.net/publication/264755259_Antibacterial_kaoliniteureachlorhexidine_nanocomposites_Experiment_and_molecular_modelling
http://www.researchgate.net/publication/264755259_Antibacterial_kaoliniteureachlorhexidine_nanocomposites_Experiment_and_molecular_modelling
http://www.researchgate.net/publication/264755259_Antibacterial_kaoliniteureachlorhexidine_nanocomposites_Experiment_and_molecular_modelling
http://www.researchgate.net/publication/264755259_Antibacterial_kaoliniteureachlorhexidine_nanocomposites_Experiment_and_molecular_modelling
http://link.springer.com/article/10.3103%2FS1068375512030064#page-1
http://link.springer.com/article/10.3103%2FS1068375512030064#page-1
http://link.springer.com/article/10.3103%2FS1068375512030064#page-1
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1992.tb00763.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1992.tb00763.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1992.tb00763.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1996.tb00600.x/abstract/
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1996.tb00600.x/abstract/
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1996.tb00600.x/abstract/
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1996.tb00600.x/abstract/
http://fisheries.tamu.edu/files/2013/09/Farming-Marine-Shrimp-in-Freshwater-Systems-An-Economic-Development-Strategy-for-Florida-Final-Report.pdf
http://fisheries.tamu.edu/files/2013/09/Farming-Marine-Shrimp-in-Freshwater-Systems-An-Economic-Development-Strategy-for-Florida-Final-Report.pdf
http://fisheries.tamu.edu/files/2013/09/Farming-Marine-Shrimp-in-Freshwater-Systems-An-Economic-Development-Strategy-for-Florida-Final-Report.pdf
http://fisheries.tamu.edu/files/2013/09/Farming-Marine-Shrimp-in-Freshwater-Systems-An-Economic-Development-Strategy-for-Florida-Final-Report.pdf
http://www.academia.edu/1488969/A_Review_Dietary_Benefits_of_Algae_as_an_Additive_in_Fish_Feed
http://www.academia.edu/1488969/A_Review_Dietary_Benefits_of_Algae_as_an_Additive_in_Fish_Feed
http://www.academia.edu/1488969/A_Review_Dietary_Benefits_of_Algae_as_an_Additive_in_Fish_Feed
http://www.intechopen.com/books/aquaculture/nutritional-value-and-uses-of-microalgae-in-aquaculture
http://www.intechopen.com/books/aquaculture/nutritional-value-and-uses-of-microalgae-in-aquaculture
http://jalgalbiomass.com/paper14vol3no4.pdf
http://jalgalbiomass.com/paper14vol3no4.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2001.tb01102.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2001.tb01102.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2001.tb01102.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.2001.tb01102.x/abstract
http://link.springer.com/article/10.1023%2FA%3A1022102032684#page-1
http://link.springer.com/article/10.1023%2FA%3A1022102032684#page-1
http://link.springer.com/article/10.1023%2FA%3A1022102032684#page-1

	Montmorillonite Clay Minerals With or Without Microalgae as a Feed Additive in Larval White Leg Shri
	Abstract
	Introduction
	Materials and methods
	Experimental design
	Experiments (pre study, I-III) 
	Clay powder and microalgae 
	Data collection and statistical analyses 

	Results
	Experiment I 
	Experiment II 
	Experiment III 

	Discussion
	Conclusion
	Acknowledgements
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Table 3
	Figure 3
	Figure 4
	Figure 5

