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replicon particles were harvested and purified following an 18- 
to 24-hour incubation period (Figure 1). 

WSSV Challenge
To evaluate these vaccines, specific pathogen-free juvenile L. 

vannamei weighing 3 to 5 g were divided into treatment groups 
of 10 shrimp with three replicates per treatment. The experi-
mental groups received VP19 R.P. or VP28 R.P. via injection 
into the third abdominal segment. The positive control group 
was injected with an equivalent volume of 2% sodium chloride. 

After 72 hours, all the treatment groups were challenged by 
injection with WSSV, and the negative control group was 
injected with an equivalent volume of 2% sodium chloride. Mor-
tality was observed for 21 days with dead or moribund animals 
immediately removed from tanks. 

At termination of the experiment, VP19 R.P. and VP28 R.P. 

showed 70% and 40% survival, respectively. The positive control 
group had 20% survival (Figure 2). WSSV infection was con-
firmed via immunohistochemistry and quantitative real-time 
polymerase chain reaction testing. 

Perspectives
This study demonstrated that VP19 and VP28 expressed by 

R.P. provided protection against mortality due to WSSV. R.P. 
vaccination strategies hold promise for a field-deliverable prod-
uct. In addition, the flexibility and rapid turnaround of the R.P. 
platform would enable a vaccine to quickly be developed for a 
variety of shrimp viral pathogens as they emerge or reemerge. 
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Figure 2. Shrimp survival after challenge with WSSV. 

Medicinal herbs have been tested and 
used with good results in the control of 
viral and bacterial diseases in shrimp. 
Boerhaavia diffusa, commonly known as 
red hogweed and punarnava in Sanskrit, 
is a herbaceous plant of the family 
Nyctaginaceae. Known to have medicinal 
properties, the plant and its specific parts 
have a long history of use by indigenous 
and tribal people in India. The root juice 
is used to cure asthma, urinary disorders, 
leukorrhea, rheumatism and encephalitis. 

It is also commonly used as an 
immunostimulant in the traditional 
ayurvedic system. 

Plant Antiviral Properties
The roots of punarnava are a rich 

source of a basic protein used for induc-
ing systemic resistance in many suscepti-
ble crops against commonly occurring 
viruses. Studies have shown that the puri-
fied glycoprotein from punarnava exhibits 
strong antimicrobial activity against RNA 
bacteriophages. This protein or antiviral 
agent is active against tobacco mosaic 
virus, sunn hemp rosette virus and gom-
phrena mosaic virus when applied two to 

24 hours before inoculation by the 
respective inoculum of viruses. 

The root glycoprotein functions as a 
signal molecule and is of great interest 
because it has a role in stimulating the 
defense systems of plants against viruses. 
Owing to the high antiviral efficacy of 
punarnava, it was tested under field con-
ditions as well as against a few viral dis-
eases of economically important crops. 
The purified glycoprotein from punar-
nava reduced infection and multiplication 
of tomato yellow leaf curl virus, papaya 
ring spot virus and cucumber green mot-
tle mosaic virus. 

Resistance To WSSV
In research by the authors, compari-

sons of various dosages of punarnava 
revealed that it has strong antiviral prop-
erties against white spot syndrome virus 
(WSSV) in shrimp. Animals fed higher 
dosages of punarnava extract survived 
until the experiment was terminated 14 
days after WSSV infection. 

A possible mechanism for the antivi-
ral activity may be the reaction between 
the bioactive compound in the extract 

innovation

Dr. Sambhu Chithambaran
Faculty of Marine Sciences
King Abdulaziz University
Saudi Arabia
csambhu@yahoo.com

Dr. Sherly David
Department of Zoology
All Saint’s College
Thiruvananthapuram, Kerala, India

Summary:
A study carried out with the herb 
punarnava showed that it has anti-
viral properties in resisting WSSV 
infection and holds potential to 
promote growth in tiger shrimp. 
Increased survival was related to 
higher dosages of punarnava. Juve-
niles that received a supplementary 
diet containing punarnava herbal 
extract had greater weight gain 
than control animals after 120 
days of culture in earthen ponds. 
Hemocyte counts and RNA:DNA 
ratios were also higher in shrimp 
fed punarnava.

In testing, shrimp that received punarnava (top) were healthy and brighter in color 
than the control animals (bottom).    

Red Hogweed Fights WSSV,
Promotes Growth In Tiger Shrimp

Figure 1. Growth in 
weight of P. monodon.
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and the envelope proteins of the virus, 
which prevents the entry of the virus into 
the host. The bioactive compound may 
prevent the multiplication of the virus in 
the host cell. 

Another suggestion is that the bioac-
tive compound in punarnava might act as 
an immunostimulant like prophenoloxi-
dase, superoxide anion or nitric oxide of 
shrimp to enhance innate immunity 
against WSSV. The antioxidant property 
of the active compound protects the cells 
from the free radicals raised as a result of 
WSSV infection. 

Growth-Promoting Potential
Results from a pond trial clearly 

revealed the growth-promoting potential 
of an alcohol extract of punarnava in tiger 
prawns (Figure 1). Higher growth was 
observed in punarnava-fed shrimp when 
compared to a control. Maximum growth 
reached 10 ml/kg fed shrimp (Table 1). 
During sampling, the shrimp under treat-
ment were healthy, active and brighter in 
color than the control animals. 

The higher growth observed in the 
treatment group may have been due to the 
immunomodulatory effect of the bioactive 
compound in the herbal extract, which 

might have induced voluntary feed intake. 
Exogenous punarnava was found to 

increase digestive enzyme activity in the 
alimentary canals of goats by stimulating 
the acinar cells in their gastrointestinal 
tracts. The increase in feed-conversion 
efficiency of the shrimp that received the 
extract could be due to the increased 
digestive enzyme activity in the alimen-
tary canal or the increased rate of assimi-
lation (Table 2).  

Immunomodulatory  
Properties

A low-circulating hemocyte count is 
strongly correlated with greater sensitivity 
to pathogens, and higher total hemocyte 
counts in hemolymph is correlated with 
the health of shrimp. Quantitative assess-

ment of hemocyte populations has been 
proposed as a means to measure cellular 
immunological response in crustaceans. 

Three morphologically distinct types 
of hemocyte – hyaline, granular and 
semi-granular – have been identified in 
shrimp. These cell types demonstrate a 
variety of activities, including phagocyto-
sis, encapsulation and nodular aggrega-
tion. THC was reported to decrease sig-
nificantly in L. vannamei infected with 
Taura syndrome virus. 

In the present study, total hemocyte 
counts showed a notable increase in 
extract-fed shrimp compared to the con-
trol. This may have resulted from the 
stimulatory effect of compounds present 
in punarnava for the synthesis of hemo-
cytes in the body. 

The RNA:DNA ratio indicates the 
activity of protein synthesis and could be 
a sensitive tool for investigating the effec-
tiveness of different diets in promoting 
growth. In the present experiment, 
RNA:DNA ratios were higher in the 
treated shrimp than in the control ani-
mals (Table 3). A higher RNA:DNA 
ratio indicates high protein synthesis, 
which is also an index of growth per cell. 

DNA concentrations in cell nuclei are 
considered an index of cell numbers that 
contribute to the unit weight of tissue, 
while RNA concentrations relate to the 
metabolic functions of tissue. It can be 
inferred that the high growth rate 
observed in punarnava-fed shrimp may 
be due to the enhanced protein synthesis. 

Perspectives
The aqueous crude extract from the 

dried roots of punarnava was found signif-
icantly active against viruses that affect 
mung beans, watermelons, musk melons 
and gourds. In treated plants, the antiviral 
agent from punarnava not only decreased 
disease symptom severity but also pro-
tected the plants against infection.

Although numerous studies prove the 
antiviral property of punarnava against 
plant viruses, the authors’ research exam-
ined the impacts of punarnava in resisting 
WSSV in penaeid shrimp. The antiviral 
agent isolated from this plant was found 
to be a glycoprotein with a molecular 
weight of 16 to 20 kDa. Since it has 
strong activity against WSSV, further 
work on the isolation and characteriza-
tion of the active compound of the herb 
needs to be carried out to apply it further 
in shrimp culture.

Parameter Control 8 ml/kg 10 ml/kg

Initial length (mm)
Final length (cm) 
Initial weight (mg)
Final weight (g) 
Total biomass (kg)
Survival (%)
Weight increase (%)

18.0 ± 0.2
15.2 ± 0.3a

45.0 ± 0.1
20.1 ± 2.1a

1,467
73
0

18.0 ± 0.2 
17.0 ± 0.3b

45.0 ± 0.1
23.8 ± 2.3b

1,690
71
15

18.0 ± 0.2 
19.0 ± 0.3c

45.0 ± 0.1
25.4 ± 2.9c

1,778
70
22

Table 1. Growth of P. monodon fed diets with punarnava.

Parameter Control 8 ml/kg 10 ml/kg

Feed consumption (g)
Assimilation (g)
Feed-conversion efficiency
Feed assimilation efficiency (%)
Apparent protein digestibility (%)
Apparent lipid digestibility (%)

21.11a ± 1.03
16.89 ± 1.12
18.19a ± 2.73
70.11 ± 0.71
64.32 ± 0.01
76.12 ± 0.99

22.21ab ± 2.88
18.80 ± 1.12
21.00b ± 2.01
73.11 ± 0.01
65.30 ± 2.40
80.12 ± 3.60

24.01c ± 1.89
19.80 ± 1.12
24.79c ± 2.08
78.11 ± 0.72
70.12 ± 0.88
78.11 ± 0.23

Table 2. Feed utilization of P. monodon fed diets with punarnava.

Means with the same superscript are not statistically different (P < 0.01).

Parameter Control 8 ml/kg 10 ml/kg

Muscle

RNA (µ/g)
DNA (µ/g)
RNA:DNA

98.34 ± 2.86a

10.03 ± 0.52
9.80 ± 0.81a

103.33 ± 1.32b

11.12 ± 0.27
9.36 ± 0.33a

148.24 ± 2.07c

11.62 ± 0.44
13.48 ± 0.73b

Hepatopancreas

RNA (µ/g)
DNA (µ/g)
RNA:DNA

119.33 ± 1.02a

9.73 ± 0.13
13.20 ± 0.63ab

120.10 ± 1.02a

9.50 ± 0.09
12.61 ± 0.36a

136.73 ± 1.07b

9.30 ± 0.09
15.27 ± 0.72c

Table 3. RNA:DNA ratio in the muscle and hepatopancreas of shrimp.

Means with the same superscript are not statistically different (P < 0.01).

Since Taura syndrome virus (TSV) 
was first recognized as a shrimp disease in 
1992, it has caused serious economic losses 
to shrimp farmers throughout the world. 
Efforts in Thailand and the United States 
have been successful in controlling this 
disease through selective breeding pro-
grams to improve resistance. However, 
few protocols for controlling TSV infec-
tion in ponds have been reported.

Although Taura syndrome can appear 
in all culture phases of shrimp, the high-
est mortality usually occurs during the 
first month of the growout phase. 
Infected juveniles show pinkish to red-

dish color followed by black cuticular 
lesions, empty guts and expanded chro-
matophores. Histopathological exams of 
infected shrimp have shown multifocal to 
extensive areas of necrosis in the sub-
cuticular epithelium, connective tissue 
and adjacent striated muscle. 

Affected cells often display nuclear 
pyknosis and karyorrhexis (Figure 1). 
Due to this damage in the cuticular and 
sub-cuticular tissues, shrimp lose the 
ability to molt or may die in the process. 

Only after these tissues have recovered 
and are capable of using the minerals 
needed for molting can shrimp overcome 
the disease.

TSV Treatment 
The authors have established a proce-

dure to reduce the impacts of Taura syn-
drome virus (TSV) in the culture of 
Pacific white shrimp, Litopenaeus van-
namei. This procedure focuses on avoid-
ing the molting process of shrimp by lim-
iting culture conditions.

Once mortality is detected and TSV 
has been identified through histopathol-
ogy, real-time polymerase chain reaction 
or in situ hybridization, actions must be 
taken to keep shrimp from molting. 
These include zero water exchange, 
reduction of feed, increasing pH to 8.0 or 
above and strong aeration to keep opti-
mum water quality.

Feeding infected shrimp normally can 
cause molting and mortality thereafter. 
Therefore, in many cases, feeding should be 
reduced or stopped. The use of feed trays 
can help evaluate consumption and mortal-
ity, since moribund shrimp often gather in 

innovation

Carlos A. Ching
Technical  Manager
Nicovita – Alicorp SAA
Av. Argentina 4793
Callao, Peru
cchingm@alicorp.com.pe

Chalor Limsuwan, Ph.D.
Professor
Department of Fishery Biology
Kasetsart University
Bangkok, Thailand

Summary:
The authors have established a 
procedure to reduce the impacts 
of Taura syndrome virus in the 
culture of Pacific white shrimp. 
The procedure focuses on avoid-
ing the molting process of shrimp 
by limiting culture conditions. 
They stop water exchange, reduce 
the feed dose, maintain pH levels 
at 8.0 or above and avoid the use 
of chemicals such as fertilizers or 
antibiotics.

New Procedure Controls TSV 
In White Shrimp

Although this white shrimp recovered from a TSV attack, scars remain in affected areas 
of the cuticle after molting.  

Figure 1. This histopathological 
section shows both normal sub-
cuticular epidermal tissue (top) 
and the lesions caused by TSV 
in the subcuticular tissue  
of L. vannamei.   

Undamaged tissue

Damaged tissue unable 
to complete molting

10 um

Karyorrhexisw

Pyknosis

The higher growth 
observed in the treatment 
group may have been 
due to the immunomod-
ulatory effect of the 
bioactive compound 
in the herbal extract.
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the feed trays before mortality occurs. 
To keep pH at or above 8.0, liming 

treatments with calcium carbonate or cal-
cium hydroxide should be applied. Every 
day, pH readings should be taken at dawn, 
when the lowest pH level occurs and deci-
sions on applying lime can be made. 
Application of other chemicals like fertil-
izers or antibiotics should be avoided.

It is expected that a TSV attack at low 
salinity will be more critical due to the 
scarcity of minerals for molting. This has 
been noticed in field visits by the authors 
to low-salinity farms affected by TSV in 
Thailand and China. 

Moribund and dead shrimp should be 
collected from the pond every day. This 
will avoid further deterioration of the 
water quality and disease propagation 
through cannibalism. The most efficient 
way to collect dead shrimp is through the 
discharge gate or siphoning. 

Once the critical period of four to five 

days has passed and mortality stops, feed 
dose and water exchange should be 
resumed gradually. Remains of TSV-
affected areas can be readily seen in the 
shells of animals that have molted after a 
TSV attack. Usually, full recovery of 
shrimp can take two consecutive molts. 

Treatment Trial 
The authors’ procedure was tested in 

intensive culture on Naozhou Island in 
China’s Guangdong Province during the 
summer cycle of 2009. A marked differ-
ence in productivity was noted between 
the control and TSV treatment ponds 
(Table 1).

The trial area was affected by heavy 
typhoon rain at the end of the culture 
cycle. In spite of using up to 200 kg/ha of 
lime to increase pH, this could not be 
achieved, and mortality occurred prior to 
harvest. Due to the rain, survival in the 
treated ponds dropped from 80 to 50%.

Area (ha)
Stocking Density

(shrimp/m²) Yield (kg/ha) Weight (g) Survival (%)
Feed-Conversion 

Ratio Time (days)

Control* 0.64 146.8 4,770 13.0 25.4 2.54 87

Treatment* 0.75 147.0 11,540 15.7 50.3 1.26 78

Table 1. Average results of ponds with treatment against Taura syndrome infection (Treatment)  
and ponds without treatment (Control) in intensive shrimp culture in China.

* Comparative data averages results of 3 ponds/treatment with similar stocking density, larvae and area (N = 3).

The strong fluctuations of feed ingredient prices in combina-
tion with low market prices for fish and shrimp are challenging 
the profitability of aquaculture operations. This has accelerated a 
search for alternative formulations and feed additives to improve 
the cost efficiency of feeding under various scenarios of ingredi-
ent cost and availability. 

As demonstrated in trials, phytobiotic feed additives have the 
potential to enhance aquaculture productivity and reduce the 
impacts of diseases and parasites on farm economics.

Optimized Gut Health
The ban on the use of antibiotic growth promoters in poultry 

and pigs, and the subsequent search for alternatives, has rein-
forced the importance of gut health and the development of a 
stable, favorable gut microflora for feed efficiency, overall perfor-
mance and productivity. 

Fish and shrimp are highly exposed to exchanges of micro-
flora between the environment and their digestive systems. This 
increases the risk for the proliferation of unfavorable gut 

microflora or frequent destabilization of the microflora, which 
can affect the optimal functioning of the digestive systems. Fur-
thermore, the digestive systems of fish and shrimp are the main 
entry ports for bacterial and viral infections, which remain a 
major risk for the profitability of aquaculture production. 

Sustainable approaches to modulate the gut microflora in 
farmed animals include the use of selected bacteria to inoculate the 
gut (probiotics), specific nutrients that promote the development 
of selected bacterial strains (prebiotics) and natural compounds 
mostly derived from yeast and herbal extracts (phytobiotics). 

These approaches are capable of adjusting the microflora 
toward a composition that favors the development of beneficial 
bacteria and inhibits potentially pathogenic microorganisms. 
The latter strategies have the advantage of being easily applicable 
at the feed mill on large volumes of feed, which avoids major 
adaptations of the production protocols at the farm. 

Semi-Intensive Shrimp Trial
The authors developed a synergistic blend of phytobiotics 

selected for their bacteriostatic and bactericidal properties against 
pathogenic and potentially pathogenic bacteria in vitro. This 
blend was capable of promoting growth in feeding trials with 
healthy specimens of seabream, tilapia and white shrimp. For 
example, under controlled lab conditions, shrimp that received 
feed supplemented with Sanacore GM, a commercial phytobi-
otic growth promoter, had 20% greater growth and 4% lower 
feed conversion than shrimp fed a control without phytobiotics.

The efficacy of phytobiotics was tested for white shrimp at 
the Camaco farm (Grupo Calesa) in Panama during two pro-
duction cycles: the September 2009 to February 2010 dry season 
and March to November 2010 wet season. The dry season in 
Panama is characterized by unstable climatological conditions 
and strong temperature fluctuations which, in turn, affect shrimp 
growth and increase the impacts of white spot syndrome virus 
(WSSV). The wet season provides more suitable growth condi-
tions and generally results in better survival and productivity. 

The two treatments compared differed only with regard to 
the supplementation of the standard feed with the phytobiotic 
growth promoter. 

Results
The phytobiotic additive drastically improved survival, rais-

ing it 24% during the dry cycle and 18% during the wet cycle 
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Summary:
As demonstrated in trials, phytobiotic feed additives 
have the potential to enhance aquaculture productivity  
and reduce the impacts of diseases and parasites. A phy-
tobiotic feed additive improved survival up to 24% and 
yield up to 35% in shrimp when added to a control diet. 
In a study with Pangasius, dietary administration  
of a blend of botanical extracts improved performance 
by reducing the intensity of gill parasite infestation.

The inclusion of a phytobiotic additive in shrimp feed increased 
survival and yield, especially during Panama’s dry season.

Join the world’s
leading

aquaculture
organization.

®

global aquaculture



78    May/June 2011    global aquaculture advocate global aquaculture advocate     May/June 2011      79

Rising feed
cost

Escalating
 sh meal price

Opportunistic
diseases

Environmental
impact

Low Shrimp
&  sh prices

Nutriad has developed innovative 
feed additives speci cally
to reduce the feed cost in  sh 
and shrimp production

Feed is the main cost 
in most aquaculture 
operations …

and the most dif cult one 
to reduce when ingredient 
prices are rising …

Tired of hearing 
only bad news?

AQUAGEST®  maximizes digestibility 
 and feed utilization 

ef ciency

AQUABITE®  enhances palatability
 and appetite

SANACORE® GM improves growth and 
productivity by promoting 
a healthy gut micro ora

info.aqua@nutriad.net
www.nutriad.net

applying nature for a healthy and sustainable future

AQUACULTURE PANAMA 2011
Panama City, Panama - May 11-13, 2011

WORLD AQUACULTURE 2011 
Natal, Brazil - June 6-10, 2011

✔

✔

00315 AD AQUA 92x254-2-1603.indd   1 16/03/11   17:53

over survival rates for the control groups (Figure 1). Harvested 
crop yields improved 35 and 7%, respectively, over yields for the 
controls during the dry and wet cycles (Figure 2).

The more significant effects of the phytobiotic product on 
survival and harvests during the dry cycle may be related to the 
fact that white spot syndrome outbreaks with similar frequency 
and severity were observed in both treatments. The synergistic 
blend of phytobiotics with antimicrobial activity may have pro-
tected the shrimp from coinfections with opportunistic bacteria, 
often the major cause of mortality in WSSV-infected shrimp. 

Pangasius Study
The rapid development of Pangasius hypophthalmus culture in 

Vietnam has led to intensive culture practices where stressors 
such as crowding and poor water quality are common. As a 
result, farmed catfish become susceptible to diseases and para-
sitic infestations such as monogenean ectoparasites on the gills. 

A study by the Department of Fish Pathology at Nong Lam 
University in Ho Chi Minh City, Vietnam, is evaluating the 
effects of dietary administration of Apex Aqua, a commercial 
blend of botanical extracts with anti-bacterial and anti-parasitic 
activities, on the performance and resistance of tra catfish against 
monogenean gill parasites.

A non-supplemented control feed and two feeds with differ-
ent dosage levels of the blend of botanical extracts – Apex 0.5 
and Apex 1, supplemented with 0.5 and 1 kg additive/mt feed – 
were evaluated. The eight-week trial was conducted in nine 2- x 
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Figure 1. Shrimp survival for control and treatment ponds in dry  
and rainy season production.
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Figure 2. Crop yield of shrimp in Panama for control and treatment 
ponds in dry and rainy season production. 
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4- x 1.5-m hapas with fingerlings of 9- to 11 g in a nursery pond 
located in Thotnot District, Cantho Province. Each hapa con-
tained 640 fish at a density of 80 fish/m2. The fish were fed the 
commercial diet twice daily to apparent satiation. 

The physicochemical parameters, temperature, dissolved oxy-
gen, ammonia and pH values of water in the pond were checked 
weekly and remained within acceptable ranges. Five fish from each 
hapa were examined weekly for monogenean infection in the gills. 

Results
The supplementation of the botanical complex improved the 

fish performance in terms of growth and feed conversion with sig-
nificant effects obtained only for the highest dosage (Table 1). 
Although not significant, there was a trend for improved survival 
with increasing dosage of the botanical extracts. Feed intake was 
not affected by the supplementation of the feed additive in this trial.

The intensity of monogenean infestation was significantly 
reduced from week two onwards for treatment Apex 1 and from 
week three for treatment Apex 0.5 (Figure 3). At the end of the 
trial, about 67% of the fish in the group supplemented with the 
higher dosage of the phytobiotic were infected with monogenean, 
while nearly all the fish in the other treatments were infected. 

Parameter

Treatment

Control
Botanicals
0.5 kg/mt

Botanicals
1.0 kg/mt

Initial weight (g)
Final weight (g)
Specific growth rate (%/day)
Feed intake (g/fish/day)
Feed-conversion ratio
Survival (%)

10.0a

67.6a

3.01a

1.46a

1.42a

83a

9.9a

69.9ab

3.05a

1.49a

1.41a

85a

10.3a

71.4b

3.13b

1.44a

1.34b

90a

Table 1. Performance of Pangasius fed 
different levels of botanical extracts over eight 
weeks. Different superscripts denote significant 

difference P < 0.05.
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Figure 3. Prevalence of monogenean infection in Pangasius fed 
different levels of botanical extracts for eight weeks.
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The addition of a botanical complex to feed significantly 
reduced the intensity of monogenean infestation in Pangasius.
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The supplementation of the botanical 
complex improved the fish performance 
in terms of growth and feed conversion 
with significant effects obtained only for 
the highest dosage.
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Extruders have been somewhat lim-
ited in terms of capacity when producing 
small-diameter floating or sinking aquatic 
feeds. Extruders require restriction or die 
hole number limitation for developing 
the back pressure and energy required for 
product expansion and the cooking effect 
for floating feeds. Extruders also require 
more holes or a greater open area for 
reduced expansion for sinking feeds. 

In either case, extruders typically have 
a 60 to 70% reduction in capacity for 
small feed production. A standard 5-6 
ton/hour extruder can produce 1-2 tons/
hour of either floating or sinking small-
diameter feeds or products less than 3 

mm in diameter. The relationship is sim-
ilar for larger-capacity extruders. 

How can we achieve higher capacities 
on basically the same machines? 

Preliminary Considerations
A general plant review is needed before 

changes can be implemented to achieve 
higher extruder capacity. Does your mixing 
and grinding system achieve a good mix on 
finely ground raw materials? Is your grind-
ing equipment designed to achieve a fine 
grind for small die openings at a signifi-
cantly higher capacity? It is recommended 
that all particles be one-third in diameter or 
smaller than the final die opening. 

When using a 1-mm final die open-
ing, the raw material particles should be 
in the 300-μ−diameter range. Can your 
conveyors handle higher rates of small-
diameter products? Generally, drying 
capacity is limiting, as dryers for small-
diameter products are larger or require 
additional drying area. Sifting and dust 
control should also be evaluated. 

Be aware of the potential changes 
required for the use of this technology to 
increase production rates to avoid moving 
the bottleneck to a different location. 

Streamlining Extrusion
The authors studied extrusion and 

streamlined the process in order to achieve 
higher rates for small-diameter feeds. This 
was accomplished and patented for both 
single- and twin-screw extruder designs. 

The traditional cone screw was 
removed, and a divergent cone screw was 
placed on the single-screw extruder. The 
twin-screw model required some additional 
modifications, but basically was converted 
to a single-screw extruder at the critical 
point of the process, the end of the extruder 
barrel. This allowed the additional open 
area needed in both cases, as well as main-
tained the ratio of distance from the cone 
screw to the final die for expansion control 
on floating feed production. 

These developments allowed final 
dies with increased hole population, 
which was needed for increased capaci-
ties. They also allowed elimination of 
flare-out dies, which did increase the hole 
numbers but also decreased evenness in 
overall pellet uniformity. The distance or 
length of flare-out die adapters results in 
less expansion in floating feeds. 

The benefits of the new technology 
allow the final screw to be close to the die 
and increase hole population for floating 
feeds, which yields higher capacities, 
increased percentage of floating feeds and 
greater expansion.

Sinking Feeds
Similar capacity problems existed 

when making small-diameter sinking 
feeds such as shrimp feeds. Knowing that 
aquatic feed producers generally make a 
range of products, a die to increase sink-
ing feed capacity as well as density 
needed to be developed for use alone or 
in conjunction with the diverging-cone 
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Summary:
The authors designed changes for 
single- and twin-screw extruders 
that streamlined the extrusion pro-
cess to achieve higher output rates 
for small-diameter aquafeeds. The 
new technology moves the final 
screw close to the die and increases 
hole population for floating feeds, 
which yields higher capacities,  
increased percentage of floating 
feeds and greater expansion. An 
oblique tube die for higher sinking 
feed capacity increases cooking, de-
creases expansion, controls pressure 
drop and increases retention time.

Extruder Design Changes Increase  
Production Capacity For Small-Diameter Feeds

The authors’ diverging 
cone head and oblique 
tube die allow high-
capacity shrimp feed 
production by extru-
sion.

screw discussed above. 
An oblique tube die was engineered 

and patented for increased sinking feed 
capacities for products at or under 3 mm 
in diameter. Densities have been averaging 
in the 650 g/L range with this new tech-
nology, which allows three times the die 
hole population. The long tubes associated 
with this device increase cooking, decrease 
expansion, control pressure drop and 
increase retention time. The tubes’ inter-
nal design gives a uniform cross-sectional 
flow, and thus the pellets are very uniform. 

Feeding Trial 
The question always remains after 

changing a feed production process 
whether the change adversely affects the 
growth rate of the animals to be fed. Feed 
was therefore produced and shipped to 
Texas A & M University in Port Aransas, 
Texas, USA, where the second author fed 
shrimp to verify their growth. The feed 
was a proven formula with reduced fish-
meal content and increased vegetable 
proteins that was readily accepted by 
most white shrimp. 

Pacific white shrimp, Litopenaeus van-
namei, of 0.26 g initial weight were 
stocked in 100 tanks at 5 shrimp/tank for 
a 35-day trial. The water was filtered and 
recirculated with salinity, temperature and 
dissolved oxygen checked daily. Ammonia, 
nitrite, nitrate and pH levels were mea-
sured weekly. The light regimen was 12 
hours dark and 12 hours dim daily. 

The shrimp were fed 15 times daily, 
and the unconsumed feed was removed 
daily. Water recirculation was 4,193% 
daily in this clean water system with no 
natural productivity at salinity levels 
between 25 and 37 ppt. The shrimp:area 
ratio was equal to 150 shrimp/m3 placed 
in water with a temperature range of 29 
to 31° C and oxygen levels above 5 ppm. 
The pH was held between 8.0 and 8.2, 
and ammonia, nitrite and nitrate were at 
very acceptable low levels. 

The percentage of survival for all 
treatments in the trial was over 90%. The 
linear growth phase was reached at week 
4 and expected to continue at 1.7 g/
shrimp/week (Table 1). If this is extrapo-
lated out, the final result would be about 
30 shrimp/kg in 16 to 18 weeks. 

Perspectives
Interest in the extrusion of shrimp 

feeds has mostly centered on the ability 
to modify the formula and achieve 
growth at a lower cost. This has been 
possible for years, for extruders can han-
dle higher levels of vegetable proteins and 
lower levels of fishmeal, resulting in feed 
with good characteristics as well as lower 
cost and good shrimp growth rates.

Other additional points of interest 
include the fact that extruded shrimp 
feeds do not require binders other than 
the 10 to 15 % starch normally included 
in feed formulas. Formulators can use 
least-cost formulation programs with 
lower restrictions. 

Cleaner feed from the pasteurization 
effect of an extrusion cooker is achieved. 
There is less leaching in extruded feeds 
due to the binding effect of the extrusion 
process. Extrusion is famous for increased 
digestibility from cooking ingredients for 
most animals. 

The main point, however, is economics. 
Make a quality feed with a lower cost with 
the same growth results. This can now be 
accomplished at high extrusion rates. 

Week
 

Weight (g)
Weight 

Change (g)

0
1
2
3
4
5

0.26
0.65
1.30
2.60
4.30
6.00

Initial
0.39
0.65
1.60
1.70
1.70

Table 1. Estimated weekly 
shrimp growth rate.

A redesign of screw extruders can produce floating and sinking feeds at much higher 
capacity.
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Yellowtail, Seriola quinqueradiata, is 
an important commercial fish species that 
is cultured mainly in the southern parts of 
Japan. The fish are usually distributed to 
markets fresh on ice. Browning of the 
dark meat during distribution is a serious 
problem that results from oxidation 
between myoglobin and lipid in the fish 
flesh. The discoloration occurs more rap-
idly when frozen fillets or slices of yel-
lowtail are thawed. 

To control the darkening of fish meat, 
dietary supplementation with antioxi-
dants has been considered effective. Most 
consumers tend to prefer foods contain-
ing natural additives – such as extracts 
from fruits and vegetables – over those 
with artificial food additives. 

Mushroom Extract
The cultivation of mushrooms has 

become increasingly popular due to sev-
eral new uses for mushrooms. Along with 
the greater cultivation has come an 
according amount of solid waste from the 
spent mushroom culture medium, which 
has been increasingly discarded as indus-
trial waste. 

Previous studies have shown that cer-
tain mushrooms have antioxidative activi-
ties. Active compounds, including certain 
phenolic compounds, ergothioneine and 
polysaccharides, have been found in the 
extracts of different species of mush-
rooms.

Feeding Trial
In a feeding trial carried out in Naga-

saki prefectures in Japan, the authors pre-
pared a hydrophilic extract with hot water 
from the spent culture medium of Lenti-

nula edodes to examine its effects on the 
lipid and color of the dark meat of yel-
lowtail.

Two-year-old yellowtail with 4.1 ± 0.1 
kg body weight and 61.6 ± 1.1 cm fork 
length were selected at random, divided 
into three groups and reared in three 
cages. Fish in all three groups were fed 50 
g of a commercial yellowtail diet daily dur-
ing the first week of the feeding trial. 

After this adaptation period, one 
group of fish was daily fed 50 g of the 
commercial diet with 5% mushroom 
extract, and another received the same 
diet with 10% mushroom extract. Fish in 
the control group were continuously fed 
the commercial diet without the extract 
supplementation. After two weeks of 
feeding, the fish in all groups did not 
receive feed for five days.

Results
There was no mortality during the 

feeding and following non-feeding peri-
ods. Changes in fork length, body weight, 
liver weight and coefficient of fatness of 
the yellowtail during the feeding period 
reflected no significant differences among 
the three groups of yellowtail.

Changes in total lipid hydroperoxides 
(HPO) of yellowtail dark meat during 
chilled storage are shown in Figure 1. 
HPO accumulation in the dark meat of 
the control yellowtail increased with pro-
longation of storage time. After feeding 
the mushroom extract supplement for two 
weeks, the accumulated amounts of HPO 
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Summary:
In a trial, lipid oxidation and 
metmyoglobin formation in the 
dark meat of yellowtail during 
chilled storage were significantly 
controlled by feeding mushroom 
extract to the fish as a supplement. 
There was no mortality during the 
feeding period, and the fish grew 
normally. These results showed 
the mushroom extract may be a 
promising source of natural anti-
oxidants that can be used in aqua-
culture to improve the quality of 
fish meat.

Mushroom Feed Additive Stabilizes
Lipid, Color Of Yellowtail Meat

The addition of mushroom extract in feed helped retain more of the original color 
of the yellowtail dark meat after three days of chilled storage. 

were significantly (P < 0.05) suppressed 
when compared to those of the control 
group after three days of chilled storage at 
0 to 2° C (Figure 1A). However, changes 
in the HPO content of dark meat were 

not significantly different between the 
treatment groups fed the mushroom sup-
plement and the control group after five 
days of starvation (Figure 1B).

Changes in the percentage of metmyo- 

globin (metMb) in yellowtail dark meat 
during chilled storage for three days are 
shown in Figure 2. The formation of 
metMb in the dark meat of yellowtail fed 
mushroom extract at the 5 and 10% levels 
was significantly (P < 0.05) delayed when 
compared to the control group (Figure 
2A). The delay in metMb formation in 
dark meat by feeding the mushroom 
extract supplement remained five days 
after ending feeding (Figure 2B).  

The changes in color of yellowtail 
dark meat correlated with HPO and 
metMb concentrations as shown in Fig-
ure 3. These results strongly supported 
the concept that the discoloration of yel-
lowtail dark meat was caused by con-
certed oxidation between myoglobin and 
lipid. The process can lead to formation 
of metMb, which continuously plays a 
role as an intermediate to oxidize lipid in 
fish meat and thus result in discoloration.

By visual comparison, the red color of 
the dark meat of yellowtail fed the mush-
room extract supplement at the 5% and 
10% levels still remained after three days of 
chilled storage, whereas the dark meat of 
control fish turned completely brown under 
similar storage conditions. In this case, the 
mushroom extract might act as an antioxi-
dant to suppress oxidation of myoglobin 
and lipid. Therefore, the fresh color of yel-
lowtail dark meat can be stabilized.
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Figure 3. Correlations among contents of total lipid hydroperoxides, color tones 
and metmyoglobin concentrations of yellowtail dark meat during ice storage.
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Figure 1. Total lipid hydroperoxides during chilled storage of dark meat of yellowtail fed 
two weeks (A) and after five days of non-feeding (B).
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Figure 2. Metmyoglobin concentrations during chilled storage of dark meat of yellowtail 
fed two weeks (A) and after five days of non-feeding (B).
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knowledge of product development made them “the perfect 
choice to lead Harvest Select further into the seafood industry.”

“Our goal is to maintain our high standards while expanding 
and utilizing new opportunities available with other seafood and 
aquaculture products,” Rhodes said. “We stand by Harvest Select 
Seafood products with excellent customer support and a profes-
sional sales network to deliver the seafood you want, when you 
need it.”

For more information, visit www. harvestselect.com or e-mail 
randy@harvestselect.com.

Skretting Introduces Shrimp 
Hatchery Feeds

Following trials in several countries, Skretting is launching 
shrimp hatchery feeds to complement the growout feeds it already 
produces. The postlarvae hatchery feed range --  produced at low 
temperature to retain nutritional value at a specialist plant in 
Vervins, France -- provides larval and postlarval nutrition for both 
black tiger and white shrimp. 

The feeds have 62% digestible protein compared with the con-
ventional 50% protein and are green in color as a result of includ-
ing algal products. Skretting P.L. is formulated to be introduced 
at the zoea stage, directly after the diatoms and freshly hatched 
Artemia nauplii. Available in several size grades from 50-100 μ  to 
500-800 μ, it can provide the nutrition needed through to sale. 

As part of the launch, Skretting will conduct road shows and 
workshops to present the company as a new supplier for shrimp 
hatcheries. For more information, visit www.skretting.com.

Umami Sustainable Seafood  
Records $42M Quarterly Tuna Sales

Umami Sustainable Seafood Inc., a fish-farming company 
supplying sashimi-grade northern bluefin tuna to the global mar-
ket, expects to report U.S. $42 million in sales for approximately 
2,200 mt of bluefin tuna for the quarter ended March 31. For the 
previous nine months, sales totaled $56 million for 2,800 mt of 
bluefin tuna.

“We are extremely satisfied with the yield from this season’s 
harvests at our farm facilities,” said Oli Steindorsson, chairman 
and chief executive officer of Umami. “We are confident that our 
sustainable practices will give Umami a distinct advantage over 
our competitors.”

Umami bases production on a 3.5-year growth cycle in pens. 
Longer time in captivity allows fish to grow to larger and more 
valuable sizes before harvesting, which also lessens the impacts of 
established fishing quotas.

Umami operates Kali Tuna, a Croatian aquaculture operation 
in the Adriatic Sea, and Baja Aqua Farms, a facility in Mexico 
that raises bluefin tuna in the Pacific. The growth of the company 
is based on the sustainable management of resources and econom-
ically sound practices. For more information, visit www. 
umamiseafood.com. 

75 Years: Zeigler Looks  
To Future, Reflects On Past

A lot has changed in 75 years, and Zeigler Bros., Inc. is 
proud of its long and successful history as an international feed 
supplier. The company has come a long way from humble begin-
nings in a water-powered grist mill along the Conewago Creek 
to become a leading global supplier of nutritional technologies.

Founded near Gettysburg, Pennsylvania, USA, in 1935 by 
Ty and LeRoy Zeigler, the company initially served the local 
livestock and poultry industries. In the 1950s, Zeigler began 
manufacturing aquaculture diets. When Dr. Tom Zeigler took 
charge in 1967, his vision led to further aquafeeds as well as the 
first nutritionally complete diets for pets and biomedical 
research. 

Zeigler has in many ways grown up alongside modern-day 
aquaculture. Early on, the company was a premier supplier of 
fish feeds in the U.S. In the 1980s, it expanded into shrimp 
nutrition while working closely with the industry pioneers. Zeig-
ler is now international, licensing nutritional technologies to feed 
operations in Panama, Belize, Brazil and Mexico. 

As Zeigler transitions into its third generation under Tom’s 
sons, Matt and Tim, it remains family-owned and customer-
focused. Yet Zeigler also keeps an eye to the future with ongoing 
efforts to address new challenges in the aquaculture industry.  

FDA Seafood HACCP Guide 
Sessions Scheduled

The United States Food and Drug Administration (FDA) is 
planning a national broadcast to introduce the latest edition of its 
long-awaited Fish and Fishery Products Hazards and Controls 
Guidance, the so-called Seafood HACCP Guide. The guide is 
FDA’s effort to assist processors in the development of HACCP 
plans and serves as a tool for authorities in evaluating the plans. 

Anticipating the new guidance, the Seafood HACCP Alli-
ance (SHA) has planned a series of half-day Seafood HACCP 
Update Sessions starting in June in San Francisco, California; 
Dallas, Texas; Providence, Rhode Island; Orlando, Florida; 
Annapolis, Maryland; Chicago and Battle Creek, Michigan. 
Following the initial training in the U.S., similar courses will be 
arranged for international audiences, which can include anyone 
across all sectors of seafood commerce.

Each HACCP session will also be accompanied by a 
HACCP Trainer Requalification Course to introduce SHA’s 
new training curriculum and model HACCP plans based on the 
FDA guide. All sessions and courses are free, but participants 
should purchase copies of the new guide (http://ifasbooks.com). 
Preregistration is required – see http://afdo.org/Training/
HACCP/2011Update.cfm.

Soley Biotechnology Markets  
SPF Tilapia Fingerlings

Soley Biotechnology Institute has begun to provide the first 
specific pathogen-free (SPF) tilapia fingerlings in the world. Its 
Nile tilapia, Oreochromis niloticus; and gold tilapia, O. mossambi-
cus; are bred to resist Streptococcus agalactiae, S. iniae, Aeromonas 
hydrophila and Flexibacter columnaris.

The fast-growing, disease-resistant tilapia also tolerate cold 
well and offer excellent feed conversion. Soley can produce about 
200,000 99.8% male fingerlings monthly. The fish do not receive 
hormones or antibiotics, and are not genetically modified. 

Soley Biotechnology Institute is a research institute that has 
worked largely with microalgae since 2000. Its staff has mastered 
the behavior patterns of a range of microalgae and successfully 
cultivated and applied the algae for various purposes and at all 
scales. Soley has governmental permissions for working on 
microalgae for biodiesel, cosmetic and medicinal applications, as 
well as related equipments, tools and facilities.

For more information, visit www.soley.cn/products/ 
spf-tilapia.html.

Harvest Select Launches  
New Division 

Harvest Select Catfish, 
a vertically integrated and 
privately owned catfish pro-
cessor in Alabama, USA, 
has launched a new divi-
sion: Harvest Select Sea-
food. The Harvest Select 
Seafood product line 
includes farm-raised striped 
bass, gulf oysters and 

shrimp, farm-raised alligators, whiting, mussels and clams, as 
well as other wild-caught and farmed species. 

Harvest Select Seafood originated three years ago, when the 
Harvest Select team met to look for ways to diversify and expand 
product offerings. Randy Rhodes, president, said the group was 
formed with input from his highly experienced sales team, whose 
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After 75 years of operation, Zeigler Bros. remains a family business.

Book Review 
The Shrimp Book 

The much anticipated 
publication The Shrimp 
Book (2010; Nottingham 
University Press, United 
Kingdom; ISBN 978-1-
904761-59-4) is now 
available. Edited by well-
known shrimp pathologist 
Dr. Victoria Alday-Sanz – 
who has been a prominent 
columnist for the Global 
Aquaculture Advocate for 
over a decade – this book 

brings together the knowledge of world experts in a 
central reference source on the current state of 
shrimp production.

With chapters contributed by 67 authors repre-
senting the spectrum of shrimp biology and aquacul-
ture, this book addresses a varied and diverse reader-
ship, including shrimp researchers and producers at 
every step of the shrimp-farming value chain.

The 920-page, hard-bound book is organized 
into six sections. The “General” section, written by 
Global Aquaculture Alliance President Dr. George 
Chamberlain, covers the history of shrimp farming 
and the trends and future prospects of small-scale 
shrimp farmers. “The Shrimp” discusses the anat-
omy, development and ontogeny of larval shrimp; 
shrimp immune systems and genetics.

The “Production Systems” section includes chap-
ters on various culture methods, pond soil and water 
quality management; maturation and selective breed-
ing, certification and viral diseases. Subedited by D. 
A. Davis, the “Feeds and Feeding” section includes 
comprehensive reviews of shrimp nutrition, raw 
material optimization and sustainability, and practi-
cal aspects of feed management. 

“Biosecurity and Shrimp Health Management” 
discusses state-of-the-art approaches to shrimp dis-
eases, biosecurity, diagnostic technology, epidemiol-
ogy, health management and other relevant topics. 
The last section, “Post-Harvest Issues,” presents 
information on global shrimp production and trade, 
microbiological safety and quality management. 
Importantly, each chapter includes comprehensive 
reference sections that readers will find very useful.

Overall, this book represents an extraordinary 
effort by many prominent researchers involved in 
penaeid shrimp studies. It is a comprehensive and 
educational reference for most major topics related 
to current penaeid shrimp biology and commercial 
culture. Anyone involved in shrimp aquaculture 
research and production will find its information of 
great value.
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M A Y

Aquafeed Horizons International 
Conference
May 3, 2011
Cologne, Germany 
Web: www.feedconferences.com/id7.html

Victam International 2011
May 3-5, 2011
Cologne, Germany 
Phone: +31 33 246 4404,  
+44 1737 763501
Web: www.victam.com/?i=77

European Seafood Exposition
May 3-5, 2011
Brussels, Belgium 
Phone: +1-207-842-5504
Web: www.euroseafood.com

Aquaculture Canada
May 8, 2011
Quebec City, Quebec, Canada
Phone: 506-529-4766
Web: www.aquacultureassociation.ca/
meeting/aquaculture-canada-2011

Panama Camaron 2011
May 11-13, 2011
Panama City, Panama 
Web: www.camaron.grupoenlaze.com/
index_archivos/Page378.htm
 

Opportunities In Aquaculture 
Workshop
May 12-13, 2011
Fort Pierce, Florida, USA
Phone: +1-772-242-2506
Web: www.fau.edu/hboi/ 
Aquaculture/AQacted

Alltech International Animal 
Health And Nutrition Industry 
Symposium
May 22-25, 2011
Lexington, Kentucky, USA
Phone: +1-859-887-3328
Web: www.alltech.com/symposium

Interpescas 2011
May 26-29, 2011
Aveiro, Portugal
Phone: +351-243-370174

Polfish 
May 31-June 2, 2011
Gdansk, Poland
Phone: +4858-554-93-62
Web: www.polfishfair.pl

J U N E

World Aquaculture 2011
June 6-10, 2011
Natal, Brazil
Phone: +1-760-751-5005
Web: www.was.org/WasMeetings/ 
meetings/Default.aspx?code=WA2011

Vietfish
June 28-30, 2011
Ho Chi Minh City, Vietnam
Phone: +84-8-62810442
Web: www.vietfish.com.vn

J U L Y

Japan International Seafood  
& Technology Expo
July 27-29, 2011
Tokyo, Japan
Phone: +81-3-5775-2855
Web: www.exhibitiontech.com/
seafood/e_tokyo_gaiyou.html

calendar

Seafood and  
Aquaculture Events
Send event listings in English to:
Event Calendar
5661 Telegraph Road, Suite 3A
St. Louis, Missouri 63129 USA
homeoffice@gaalliance.org 
fax: +1-314-293-5525

New Q.R. Program Links Print To Digital – Fast!
The Global Aquaculture Advocate has added a great new option for advertising: Quick Response Codes. 

Q.R. codes – small patterned blocks that resemble barcodes used on product packaging – allow smartphone users with appropriate  
applications to “scan” your ad and automatically link to a wide range of digital content. 

Jump to your home page. Launch a video. Distribute a timely text announcement. Q.R. codes can change with each issue to feature 
your most up-to-date information or promotion.

Try the samples below. You’ll find the linking works from a printed page or straight off your computer screen. The Q.R. codes are 
scalable, flexible – and FREE  with your print ad placement in the Advocate.

To participate in this exciting technology, just indicate on your ad order form that you want a Q.R. connection. GAA can generate a 
unique code and add it to your artwork based on your marketing needs and the type of material you submit. You see a proof before  
publication, of course.

The Q.R. content can reside on your website or ours. Many file formats are possible, but a nominal fee may apply for design/produc-
tion work, if needed.

If you have questions about Q.R. options or other advertising in the Global Aquaculture Advocate, please contact Susan Chamber-
lain at sales@gaalliance.org or +1-314-293-5500. We’re “The Global Magazine for Farmed Seafood,” and we’re evolving to help you 
reach your advertising audience as effectively as possible.

Q.R. 101 
Millions of phone users around the world are already using Quick Response 
technology. To get started, install an application like i-nigma, Mobiltag or  
Optiscan from your favorite app store. These typically free apps are available 
for most current smartphones.

Launch the app and follow the instructions for your particular program. Some 
scan automatically, while others require the use of your phone’s camera. 
Either way, it’s easy.

Not all phones and apps handle Q.R. content equally, of course. And some 
types of web content (like Flash-driven sites) are not compatible. But Q.R. 
works well for most users most of the time.

Need ideas on how to apply Q.R.? Visit http://www.fastcompany.com/ 
1720193/13-creative-ways-to-use-qr-codes-for-marketing for a few  
starters, then get really creative.

Link to 
a website

Link to  
a video

Send a
text message

global aquaculture

®

Meet With GAA In Natal, Brazil!

Register for World Aquaculture 2011 as a member of GAA and save $95! 

Visit the Global Aquaculture Alliance booth during the World 
Aquaculture Society conference and expo in Brazil. Get the latest 
on Best Aquaculture Practices certification. Register for GOAL 
2011. Pick up a free copy of the Global Aquaculture Advocate, too.

World Aquaculture 2011
June 6-10 – Booth #217

FREE GIFT!
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As you know, feed is only one aspect of successful aquaculture. Zeigler’s 
unique technology transfer program is another. Consisting of plant design 
and process engineering, aquaculture nutrition, quality assurance, training, 
operations support, R&D and the Zeigler brand name, it’s everything you 
need—all under one roof.

www.zeiglerfeed.com

800.841.6800
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Memorable Meals 
Made in Minutes

Camanchaca Inc. • 7200 N.W. 19th Street • Suite 410 • Miami, FL USA 33126

Call 800.335.7553 •  www.camanchacainc.com
Pesquera Camanchaca S.A. • El Golf 99-Piso 11 • Las Condes, Santiago, Chile • www.camanchaca.cl 

Breaded Mussels • Mussel Meat • Mussels in the Shell • Gourmet Salmon Portions • Langostino Lobster Tails

Mussel Meat in Butter Garlic Sauce
Serving Suggestion


