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New Techniques, Peptide Treatments 
Aid Intensive Shrimp Farm In Ecuador

PescaMaris S.A. is reviving the lost 
industry of intensive shrimp farming in 
Ecuador. Several years ago, white spot 
syndrome decimated the entire industry, 
but now PescaMaris has started its sec-
ond year of production. Located just out-
side Montecristi in the Manabi province 
of Ecuador, the 7-ha intensive site can 
equal the production of 150 ha of tradi-
tional open water ponds. 

“In intensive shrimp farming, the 
most critical requirement is to maintain 
the quality of the water, which in turn 
maintains the health of the population,” 
said Ernesto Cardenas, the general man-
ager of the operation. “We have found 
some unique combinations that allow us 
to improve our feed conversion, decrease 
the cost of our feed and ultimately 
increase our total output per hectare.” 

One key aspect PescaMaris credits for 
the improvement in its operation is the 
strategic use of fish peptide/nucleotide iso-
lates in several steps during production. 
Cardenas, who previously worked on feed 
formulation at the AgriPac Balanfarina 
feed company in Ecuador, has found mul-
tiple ways to catalyze the growth of the 
shrimp with peptide feed treatments. His 
efforts are supported by Representaciones 
Acuicolas, a local distributor that tests 
shrimp and tilapia feed programs and per-
forms analytical work utilizing peptides for 
bacteria fermentation.

Managing Water Quality
Inoculating ponds with good bacteria 

is a standard practice in high-quality 
shrimp operations, and it is even more 
critical for intensive farms. PescaMaris 

has enhanced this process by adding 
Bluewave PerfectDigest fish peptide iso-
lates during the bacterial “fermentation” 
process at the farm. The peptide/nucle-
otide base is produced at the Marine Pro-
tein S.A. factory in Manta, Ecuador. 

During the first 10 days of fermenta-
tion, sugar molasses at a ratio of 20 L/L 
bacteria is traditionally mixed with 1,000 
L of water to create a full batch to be 
added to the ponds. With this standard 
recipe, the molasses is the only food source 
for the bacteria in the holding tank.

In a new approach, PescaMaris 
includes 1 L of fish peptide isolates with 
10 L of molasses, which exponentially 
accelerates the growth of the bacteria. 
The increased population inside the fer-
mentation tank results in more bacteria 
reaching the water with each application 
and, ultimately, cleaner ponds with 
healthier shrimp. 

Lower-Cost Feed
Feed is the highest-cost component 

for commercial production, and Pesca-
Maris found a way to reduce feed costs 
using peptides. This process begins by 
replacing 20% of the manufactured feed, 
which costs about U.S. $31 for a 40-kg 
bag, with a blend of traditional fermented 
grain silage priced at only $8 for 40 kg. In 
order to bring the grain silage to shrimp 
feed quality, it must be “top dressed” with 
a combination of fish peptides, nucleo-
tides and fish fats/oils. At $4 per applica-
tion, the PerfectDigest FPc product 
brings the overall cost to about $12 for 40 
kg of the secondary feed.

The mix is allowed to set for about an 
hour prior to feeding, which allows the 
peptides to saturate the silage. The solu-
bility of the peptide product allows partial 
release when the feed hits the water. It 
serves as an attractant for the shrimp and 

Continuous aeration in the lined ponds helps support high stocking rates 
at the PescaMaris farm.

Mark Rottman
Bluewave
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Summary:
The PescaMaris shrimp farm in 
Ecuador is successfully practic-
ing intensive culture utilizing 
responsible practices that include 
minimal water exchange. Pesca-
Maris uses fish peptide isolates 
to accelerate probiotic bacteria 
growth and improve water quality. 
It also uses fermented grain silage 
“top dressed” with fish peptides, 
nucleotides and fish fats/oils to 
reduce feed costs and fishmeal 
consumption. When the peptides 
leach from the feed, bacteria form 
a floc that is fed upon by the 
shrimp.   

ensures they consume all of the low-cost 
silage material.

Top dressing grain silage with fish pep-
tide has direct implications when consider-
ing the use of other “waste” grain products, 
such as distiller dried grains, in aquaculture 
feeds. With massive amounts of low-cost 
distiller grains available and a newly 
designed program to treat them with fish 
peptides, shrimp farmers around the world 
could benefit from lower feed costs.

They can also improve feed conver-
sion by using a few techniques. For 
example, gently placing feeds into trays or 
nets and lowering them into ponds, 
rather than just throwing pellets, helps 
more of the feed reach the shrimp and 
not be lost in the water. 

Farm Treatments
Adding fish peptides to feed at the 

farm has some major advantages. For 
one, farmers can be sure of exactly how 
much peptide is being included in their 

feed programs. Feed mill recipes change 
– and with the recent high fishmeal prices 
and sometimes short supply, there has 
been pressure to reduce its inclusion, 
resulting in lower-performing feeds. 

At-farm top dressing with liquid pep-
tide products also assures that the pep-
tides have not been denatured during 
steam extrusion processes at the feed mill. 
This means the peptides have maximum 
bioactivity when they reach the water. 

In nature, shrimp eat raw marine 
components in their natural diets. Add-
ing peptides provides bioactive peptides 
and nucleotides in an uncooked condition 
– similar to the way they occur in nature. 
This allows a lower net inclusion rate of 
fish-based ingredients without affecting 
final performance. 

Some farmers are concerned that 
when the peptides leach from the feed, 
they are lost in the ponds. However, what 
they fail to realize is that the bacteria 
population in the water quickly consumes 
the peptides and forms a floc, which in 
turn is fed upon by the shrimp. 

Sustainable Production 
Having a small environmental foot-

print, water recycling and the use of by-
product feed ingredients to reduce fish-
meal use are the cornerstones of the 
program at PescaMaris.

As was previously stated, the farm 
currently operates on only 7 ha and pro-
duces about 13.5 mt shrimp/ha. This 
compares to the 650 kg/ha achieved at 
less-intensive farms. 

The facility has only limited quantities 
of high-salinity groundwater, so PescaMa-
ris recycles water through a large post-
pond holding area. When the ponds are 
drained, the water has several weeks to 
recover in the holding area, from which it 

can later be reused in subsequent ponds. 
During production cycles, the farm 

operates with zero water exchange. Instead, 
it maintains oxygen levels above 5 ppm by 
relying on the bacteria and continuous pad-
dlewheel aeration to keep the water clean.

Utilization of the liquid fish peptides 
on site in conjunction with the fermented 
grain lowers the total fishmeal content of 
the fed diets by about 20%, a reduction 
that can help reduce the impacts fof the 5 
mmt of fishmeal used in aquaculture each 
year. And since the products PescaMaris 
has chosen all come from by-product 
sources, this further reduces the impacts 
on wild-catch fishmeal. 

Economic Success
Farming is a business, and economic 

success is the final measure of the pro-
gram. At PescaMaris, the latest produc-
tion cycle has shown a great improvement 
over the last. The overall feed-conversion 
ratio has improved from 1.7 in 2009 to 
the current 1.3.

Currently, the ponds that utilize the 
peptide program are two weeks ahead of 
the neighboring control pond. Table 1 
shows a summary of shrimp performance 
from this cycle. Good market conditions 
prompted an early harvest at day 85 
instead of waiting until day 100. 
Although intensive farming is historically 
30% higher in unit cost of production 
than extensive farming, PescaMaris is 
nearing a unit cost similar to those 
achieved at extensive facilities.

Survival
Feed-conversion ratio
Harvest shrimp size
Yield/ha
Days of cycle

85%
1.25
10 g

8.2 mt
84

Table 1. Recent shrimp 
performance at PescaMaris.

Farms can mix a portion of their feeds 
using lower-cost ingredients with the 
addition of fish peptides, nucleotides 
and fish fats/oils.
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Single-cell detritus (SCD) is a seaweed-based bioproduct 
produced through a combination of enzymatic and fermentative 
techniques. It can be prepared at particle sizes of 5 to 12 μ, mak-
ing SCD ideal for marine hatchery feeding apart from its biore-
mediatory and probiotic roles in culture systems.

SCD can be fed to the larvae of both finfish and shellfish. 
The use of SCD as feed has been studied with oysters and 
Artemia by Motoharu Uchida in Japan. At present, the authors’ 

lab is working toward the formulation and production of SCD 
for Penaeus monodon shrimp larvae as a replacement for unicellu-
lar algae. 

Trials have so far been successful. The expected break-
through would be a major development in shrimp hatchery feed-
ing technology by making nutrition management simpler and 
more cost-effective.

SCD Features
Some of the features that SCD offers include the fact that 

with crude protein levels up to 35%, it is relatively nutritious and 
could partially or fully replace microalgae as a feed in hatcheries.

SCD particles can be produced in various sizes, as per need 
and species. The high cell concentration of SCD is comparable 
to that of algal concentrates. It can act as a bioremediatory agent 
and has proven probiotic effects.

Mass preparation of SCD is somewhat easier than the pro-
duction and maintenance of microalgae. The production and use 
of SCD is an economically viable technology. In addition, sin-
gle-cell detritus can be stored up to a year at room temperature.

Fermentation
Fermentation is one of the oldest biotechnological tech-

niques that can be used for marine larval feed preparation. 
Uchida of Japan was the initiator of the formulation and produc-
tion of SCD for marine oyster hatcheries. 

For maximum utilization of the dietary potential of macroal-
gae, it is advantageous to perform thalli degradation under con-
ditions regulating the catabolic losses. Mechanical or enzymatic 
fragmentation is effective for this purpose. Using viable bacteria 
for degradation is another alternative.

Another interesting characteristic of the detritus diet is the 
attachment of bacteria to the surface of the detritus, which can 
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Summary:
Single-cell detritus is a seaweed-based bioproduct whose 
use as feed has been studied with oysters and Artemia. The 
authors are working toward the development of SCD for 
shrimp larvae. SCD has crude protein levels up to 35% and 
can be produced at high cell concentrations in various sizes, 
as per need and species. SCD technology is relatively eco-
nomical with an end product that can be stored up to a year 
at room temperature.

Single-Cell Detritus: Fermented, 
Bioenriched Feed For Marine Larvae

Seaweed processed into 
single-cell detritus is a 
high-protein productthat 
could supplement or replace 
microalgae in shrimp hatch-
eries.

be achieved by incubating the bacteria for several hours with 
axenically prepared SCD particles. This method has some useful 
functions, such as anti-pathogenic activity and a vitamin-pro-
ducing ability, and is expected to be useful in the development of 
a functional hatchery diet for suspension-feeding animals. The 
combination of lactic acid bacteria and yeast might have a syner-
getic effect for reducing the prevalence of pathogenic microbes 
in the production process.

Cellulase enzyme was used initially for the production of sin-
gle cell units. Fermentation of seaweed was carried out by inocu-
lating a lactic acid bacterium and yeast at a rate of 104 cfu/mL. 
A sugar substrate and nitrogen substrate were added to enhance 
the rate of fermentation and protein concentration. The process 
of fermentation was monitored continuously by estimating the 
lactic acid concentration, and measuring pH, microbial propaga-
tion rate and odor.

Two-Phase Protocol 
SCD production has two phases. The first phase is cellulo-

lytic enzymatic treatment of seaweed, which leads to single cell 
units. The enzymatic digest is further treated with bacteria and 
yeast in the second, fermentative phase. These two phases can be 
performed simultaneously or one by one.

Cellulolytic Phase
Algae have cellulose in their cell walls that keeps the cells 

intact. When cellulose is digested, the individual cells are 
released and become single cell units. The enzyme cellulase is 
used for this purpose with the end product of cellulolytic diges-
tion sugar. This phase has two roles: to produce single cell units 
and to produce sugars for the fermentative phase.

Fermentative Phase 
Two organisms are used in the fermentative phase to produce 

SCD: lactic acid bacteria and yeast. These organisms can be iso-
lated from the natural fermented seaweed or other sources. In 
2004, Motoharu Uchida used Lactobacillus brevis bacteria, and 
the yeasts Debaryomyces hanseii var. hanseii and Condida zey-
lanoides isolated from fermented Ulva. Bacteria like L. plantarum 
and L. casei can also be used for this purpose. Any suitable source 
of yeast can be used for fermenting the seaweed. 

In the authors’ work, a consortium of microbes including L. 
plantarum and S. cerevisiae was used to produce 5- to 12-μ SCD 
to feed shrimp in a larval-rearing system. Sugar substrate was 
added to increase the fermentation rate, and a nitrogen source 
was added to increase the protein concentration, which is essen-
tial for shrimp larvae.

Lactic acid bacteria and yeast utilize the sugar produced by 
cellulolytic digestion and produce lactic acid. This prevents other 
organisms from growing and thus preserves the SCD. 

Lactic acid bacteria also act as a probiotic and thus help to 
increase survival and maintain water quality. Yeast predomi-
nately acts as a bioremediatory agent, which enables culture sys-
tems to be run with little or no water exchange.

Large-Scale Production
SCD can be produced in large quantities in simple air-tight 

containers or more sophisticated fermentors or bioreactors spe-
cially designed for the purpose. The main difference between the 
two technologies is that it takes nearly two weeks for SCD to 
ferment in air-tight containers but only two to three days in a 
fermentor. Further, for purity and quality production, fermentors 
are recommended.
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Novel Soy Proteins, Oils Replace Fishmeal
To Achieve FIFO Under 1:1 In Amberjack

Aquaculture’s requirements for fish-
meal and fish oil are utilizing a large and 
increasing proportion of the world’s sup-
plies. The marine finfish that are most 
highly esteemed for their taste and health 
benefits have the highest need for these 
marine-sourced proteins and oils. Their 
expanded production may be stymied by 
the fishes’ (assumed) biological needs for 
the fatty acids and amino acids found 
most abundantly and ideally in forage fish 
products. 

Terrestrial agriculture producers have 
known for some time that specific fatty 
and amino acids need to be in animals’ 

diets. The sources of those proteins and 
oils, however, can be diverse. As stated in 
the recent United States Department of 
Agriculture/National Oceanic and Atmo-
spheric Administration collaboration The 
Future of Aquafeeds:  “Fishmeal and fish 
oil are not nutritionally required for fish 
to grow.”

In an effort to reduce the growing 
pressures on forage fisheries, Kona Blue 
Water Farms and the University of 
Nebraska have been pursuing research 
designed to maximize the levels of soy-
based proteins and oils in the diets of 
longfin amberjack or “kahala” (Seriola 
rivoliana), known commercially as Kona 
Kampachi.

Nutrition Research
Since 2007, there has been ongoing 

research to determine the ability of long-
fin amberjack to thrive on diets contain-
ing soy protein concentrate as a primary 
protein source. Additional work has 
examined this species’ ability to elongate 
the long-chain omega-3 fatty acid steari-
donic acid (STA) into eicosapentaenoic 
acid (EPA), which could lead to a 
reduced need for fish oil in diets. 

Early trials indicated not only an 
inability for the fish to elongate STA, but 
that the inclusion of soy concentrate in 
levels over 20% induced a severe reduction 
in growth and overall fish health. Follow-
ing some encouraging studies by Japanese 
and North American researchers, the 
authors’ efforts were refocused on increas-
ing soy concentrate inclusion, coupled 
with the non-essential amino acid taurine. 

Supplementing diets for longfin amberjack with taurine allowed greater replacement 
of fishmeal with soy protein concentrate.

Jennica Lowell, M.S.
Kona Blue Water Farms
P. O. Box 4239
Kailua Kona, Hawaii 96745 USA
jennica@kona-blue.com

Neil Anthony Sims, M.S.
Kona Blue Water Farms

Tom Clemente, Ph.D.
University of Nebraska-Lincoln
Department of Horticulture  
  and Agronomy
Lincoln, Nebraska, USA

Summary:
In a nutrition trial, longfin amber-
jack received two diets composed 
of 40% soy protein concentrate 
and 10% fishmeal, and a control 
diet with 20% fishmeal. The lipids 
in the experimental diets were 
either a blend of 50% fish oil and 
50% soybean oil high in STA or 
a blend of fish oil and standard 
soybean oil. The amberjack had 
somewhat greater growth on the 
soy-based diets.

By late 2008, fish reared on diets contain-
ing 40% soy protein concentrate with sup-
plementary taurine performed as well as 
fish fed a commercially prepared diet used 
in longfin amberjack production.

Feeding Trial
To confirm findings and assess which 

proteins and oils would be most applica-
ble in future amberjack diets, a trial was 
conducted in 2009 examining three diets. 
Two contained soy protein concentrate 
with variations in lipid sources, and the 
third control diet was the standard com-
mercial diet. 

Forty percent of the experimental 
diets was soy protein concentrate, and 
another 10% was fishmeal, resulting in a 
feed that was 50% protein. This was 
around half the level of fishmeal used in 
the standard commercial diet. The lipids 
in the experimental diets were either a 
blend of 50% fish oil and 50% soybean oil 
high in STA or a blend of fish oil and 
standard soybean oil, yielding a lipid con-
tent of approximately 18%. Five percent 
taurine was included in the experimental 
diets. 

Study Setup
The trial took place from July to 

October 2010. The fish were held in 
4,000-L round high-density polyethylene 
tanks at Kona Blue’s facility in Hawaii, 
USA, with three replicate tanks of each 
diet type. These tanks were supplied with 
flow-through, ambient temperature sea-
water filtered to 5 µ with an average flow 
rate of 40 L/minute. Tanks were aerated 
at all times. 

Fish were randomly selected for each 
replicate, and the total biomass in each 
tank was recorded. The increases in total 

biomass, average fish weight and feed-
conversion ratio were calculated. Initially, 
beginning when the animals were 
approximately 5 g in weight, the fish 
were fed three times daily to satiation. 
Once fish were greater than 100 g, the 
feeding schedule decreased to twice daily. 

Tanks were cleaned daily, and 
uneaten food was collected and accounted 
for. Mortalities were removed and exam-
ined when found. Feed intake was 
recorded each day, and fish were weighed 
once every four weeks. Following the 
trial, fish tissue was analyzed to ascertain 
fatty acid content.

Results
There was virtually no difference in 

growth rates between the test diets, with 
increased mean weights of 329 g and 328 
g over the three months. Fish reared on 
the control diet had a mean weight gain 
of only 274 g. 

The fatty acid profiles of the fish 
reflected the oils in the feed. Animals fed 
diets with increased levels of stearidonic 
acid had higher levels of alpha-linolenic 
acid and STA in their tissues, whereas fish 
fed diets with soybean oil had higher levels 
of linolenic acid in their tissues. The ani-
mals that ate the control diets had the 
highest amounts of EPA and docosa-
hexaenoic acid. Feed-conversion ratios for 
all three diets were between 0.96 and 1.0.

Perspectives
These results suggested that there is 

great potential for increasing the sustain-
ability of marine fish diets. The addition 
of supplementary taurine led to the dou-
bling of the amount of soy protein con-
centrate that could be included in longfin 
amberjack diets. 

The low fishmeal inclusion and low 
FCRs may in fact yield a wild fish 
in:farmed fish out (FIFO) ratio of less 
than 0.50, implying that this diet for this 
species could result in no net loss of 
marine protein. The fish oil levels 
resulted in FIFOs for the experimental 
diets of around 0.87. Ongoing work in 
2011 will rear animals to market size and 
confirm the applicability of soy protein 
concentrate as a feed ingredient by culmi-
nating with a consumer taste test.

A
ve

ra
ge

 F
is

h
 W

e
ig

h
t 

(g
)

350

300

250

200

150

100

50

0
	 7/8	 7/23	 8/7	 8/22	 9/6	 9/21	    10/6

Date
Figure 1. Growth of fish fed soy-based diets or a control.

50% Fish Oil, 50% Soy Oil w/STA

50% Fish Oil, 50% Soy Oil

Control Diet

Figure 2. Figure 2. Final average weights of fish.

400

350

300

250

200

150

1ught 

00

50

F
in

al
 W

e
ig

h
t 

(g
)

	 50% Fish Oil	 50% Fish Oil	 Control
	 50% Soy Oil	 50% Soy Oil	 Diet
	 w/STA

®

Global Aquaculture Alliance
St. Louis, Missouri 63129 USA
Web: www.gaalliance.org
E-mail: homeoffice@gaalliance.org

International Organizations:

JOIN GAA

Partner With the Leading 
Aquaculture 

Standards-Setting Group

GAA’s Best Aquaculture 
Practices certification 
standards are now 
implemented at 
aquaculture  facili-
ties for shrimp, 
salmon, tilapia, chan-
nel catfish and Pangasius. 
Hook into this sustainability chain by joining
GAA as an Association Member.



76    July/August 2011    global aquaculture advocate global aquaculture advocate     July/August 2011      77

Although consumers have certain 
expectations about product color, current 
production and processing technology 
make it difficult to produce catfish fillets 
with consistent color. When people see 
catfish fillets in varying shades of pink, 

white and yellow in the seafood case, they 
often question which color represents the 
best or freshest product. 

Color Standards
There are no standards for optimum 

colors or color grades in use by the 
United States catfish industry at this 
time. The salmon industry, however, has 
dealt with this issue and can be used as a 
model for the color grading of other fish. 

Salmon experts have developed stan-
dards and grades for both flesh color and 
skin color. Processing machinery can 
automatically evaluate each fillet and then 
calculate the most economic cut configu-
ration based on size, shape and color 
grade parameters. 

About Color
Color is measured by a variety of 

methods. Regardless of the method 
employed, three components are neces-
sary to see and evaluate color: a light 

source, an object and an observer. 
Light sources vary in color, and 

objects appear differently under different 
lighting conditions. Our brains have 
adapted to this, but mechanical devices 
like cameras must be told how to measure 
light. Almost everyone has seen a photo-
graph taken under fluorescent lights, in 
which peoples’ skin has a greenish hue, or 
a scene illuminated by candlelight, where 
things appear more yellow. 

A light’s color or color temperature is 
expressed by a unit called the kelvin (K). 
This measurement is called a temperature 
is because it was derived from a theoreti-
cal object called a “black body radiator.” 
When the radiator is heated, it changes 
from black to red to yellow to white to 
blue. The lower the kelvin rating, the 
“warmer” or more yellow the light. At 
higher ratings, light is “cooler” or more 
blue. Kelvin ratings for common light 
sources are shown in Table 1.
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Summary:
The author developed a protocol 
for the consistent measurement of 
catfish fillet color using a camera 
and properly calibrated software. 
The digital method accounts for 
both the amount and intensity of 
color over the entire fillet. This 
work resulted in a visual category 
scale that can be used by process-
ing line workers to separate catfish 
fillets into categories for different 
markets and pack similarly colored 
fillets in the same retail box.  

A preliminary “color 
spectrum” based on 
LAB color space 
values was created 
for catfish fillets.

Photo-Based Color Evaluation
Can Enhance Catfish Fillet Quality

Light Source Temperature (K)

Candle
Indoor tungsten

Indoor fluorescent
Outdoor sunlight
Outdoor shade

North sky

1,800
3,000
4,000
5,500
7,500
28,000

	 2542	 2576	 2578	 2579	 2560	 2549	 2547	 2548	 2543
	 82_12_9	 77_17_10	 79_14_11	 81_15_12	 86_14_14	 74_25_16	 69_26_18	 73_22_23	 72_29_35

Table 1. Light temperatures of common light sources.

Object, Observer
For this article, the object of evalua-

tion is the catfish fillet at the end of com-
mercial filleting prior to additional treat-
ment. Aspects such as the three-dimen- 
sional shape, color variations and color 
sheen of fillets can make color measure-
ment more complex than with “flat” 
products like paint. To avoid hot spots or 
shine in the photos, the fillets must be 
evenly lit.

A person can be a very effective 
observer of color and able to distinguish 
many shades and hues. However, people 
perceive colors differently and with vary-
ing sensitivity. The author therefore 
chose to use a camera and properly cali-
brated software as an unbiased, accurate 
and consistent observer. This method has 
been in use for some time in the salmon 
industry, and has been evaluated as equal 
to if not superior to using a high-tech 
colorimeter.

Color evaluation of catfish fillets can 
also be conducted using a photo spec-
trometer, which takes a highly calibrated 
and sensitive measurement, but of only a 
very small area. The variability in catfish 
tissue makes this approach problematic 
because it only measures small portions of 
the whole. With the camera and calibra-
tion software, it was possible to account 
for both the amount and intensity of 
color over the entire fillet. 

Photo Procedure
For the authors’ procedure, catfish fil-

lets taken directly from the processing 
line were placed on a uniform white cut-
ting board and placed in a box made of 
translucent material to form a light cube. 
Two sides of the cube were lit using 
3,150-K video spotlights. Sheets of white 
foam core were also placed under, in 
front of and behind the cube to avoid 
color contamination from nearby objects.

The fillets were photographed using a 
Canon 40D digital camera in the RAW 
image format. This format captures and 
maintains all information in the scene. 
JPEG-format images are typically ana-
lyzed and processed in camera by various 
algorithms, and the camera presents what 
it “thinks” you want. JPEG images are 
typically smaller in file size because some 
of the color data is compressed or dis-
carded altogether. 

Using the same lighting conditions, a 
photograph of a checkerboard array of 
standardized color patches called a color 
target was also captured. The color 
patches were “scientifically prepared” col-
ors that represent natural colors like 
human skin, blue sky and green foliage. 
With this photograph and the color cali-
bration software, it was possible to create 
a specific camera/lighting profile to use in 
the Photoshop program. 

Photoshop Scale
The photos were transferred to a com-

puter and run through a series of steps 
using Adobe Photoshop image-editing 
software. Manipulation of Photoshop 
made it possible to digitally extract the fil-
let from the background and determine 
the average color of the fillets within the 
LAB “color space” of the software.

Results from the analysis allowed the 

authors to create a color spectrum for the 
fillets. Sample fillets from across the 
spectrum were used to create three pri-
mary color categories. The validity of the 
color categories was tested by asking 
industry experts to place 100 fillets into 
one of the three categories. There was 
only a 68% agreement among the mem-
bers of the group regarding placement of 
the fillets.

Using the fillets with the highest 
agreement rates, a second version of the 
color chart was developed. Five groups of 
experts were then given identical sets of 
photographs of fillets and asked to place 
them into the three categories. There was 
a 92% agreement among the groups on 
which fillets fell into category one and 
88% agreement on the other two catego-
ries. 

The final result of the project was the 
“Cline Color Scale” for catfish fillets.

Perspectives
The catfish industry is facing many 

challenges in producing consistently 
high-quality, high-value products. This 
color scale is one tool that can be applied 
in refining catfish quality. Among the 
long-term goals of the catfish industry is 
the establishment of a set of best man-
agement practices that will provide cat-
fish fillets of consistent color, flavor and 
texture. 

In the meantime, this scale can be 
used by processing line workers to sepa-
rate catfish fillets into categories for dif-
ferent markets. At a minimum, it makes 
it possible to get similarly colored fillets 
into the same box to avoid confusion at 
the retail level. 

The Cline Color Scale allows processors to improve product quality by grouping catfish fillets with similar color.

	 Category 1	 Category 2	 Category 3

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

This method has been in 
use for some time in the 
salmon industry and has 
been evaluated as equal to 
if not superior to using a 
high-tech colorimeter.
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Nitrogenous wastes can accumulate in 
closed aquaculture ponds and recirculat-
ing systems, primarily in the forms of 
ammonia from animal excretion and 
decomposing organic solids such as 
uneaten feed. 

Ammonia can be removed from the 
systems and used directly as a nutrient by 
heterotrophic bacteria, algae or plants. 
Ammonia can also be removed from the 

system via nitrification, which is a two-
step process performed by autotrophic 
bacteria called nitrifiers. 

More specifically, oxidation of ammo-
nia to nitrite is typically performed by 
bacteria from the genus Nitrosomonas. 
Nitrite is then oxidized to nitrate by bac-
teria from the genus Nitrobacter. The 
nitrification process often takes place nat-
urally in ponds and recirculating system 
biofilters.

It is important to ensure nitrification 
is efficient in the conversion of ammonia 
and nitrite to nitrate because nitrate is the 
least toxic form. Ammonia and nitrite are 
toxic to aquatic animals at concentrations 
as low as 1 mg/L. Meanwhile, nitrate 
doesn’t become toxic to aquatic animals 
until concentrations are greater than 60 
mg/L. Some aquatic animals are more 
sensitive, while others exhibit greater tol-
erance to these nitrogenous wastes. 

Effective Nitrification
Factors that influence nitrification 

efficiencies include the amount of nitrog-
enous waste, nitrifier population and 
types, biofilm thickness, alkalinity, oxy-
gen levels and temperature. If healthy 
populations of both ammonia- and 
nitrite-oxidizing bacteria are not present, 
then no nitrification will occur. 

This is the case for a new biofilter 
that has no bacteria. It typically takes four 
to eight weeks to initiate a new biofilter 
using earlier techniques, which prescribe 
no additions other than ammonia. Fur-
thermore, sometimes a biofilter that is 
established can fail and needs to be 
restarted. In both cases, a bacterial prod-
uct that is rich in both ammonia- and 

nitrite-oxidizing bacteria could provide 
the means to mitigate ammonia and 
nitrite. 

Nitrifier Product
Novozymes Biologicals, Inc., a bio-

tech company based in Salem, Virginia, 
USA, has developed a nitrifying bacteria 
product that is rich in both types of nitri-
fiers needed to convert ammonia into 
nitrate. This liquid product, PondPro-
tect-L, is primarily a combination of 
Nitrosomonas eutropha ammonia-oxidizing 
bacteria and Nitrobacter winogradskyi 
nitrite-oxidizing bacteria, both of which 
are great candidates for typical aquacul-
ture waters.

Novozymes teamed with Virginia 
Tech to conduct research on the effec-
tiveness of this product in a controlled 
bench-scale study and on a production 
scale at a shrimp farm in Virginia. In 
both cases, recirculating aquaculture sys-
tems (RAS) were tested with white 
shrimp, Litopenaeus vannamei, at salini-
ties ranging approximately 10-15 g/L.

Bench Study
The bench-scale study was conducted 

in six 150-L recirculating systems with a 
new biofilter. Three systems were inocu-
lated with the bacteria product and three 
systems did not receive any bacteria. 
Thirty juvenile shrimp were stocked in 
each system and fed the same type and 
amounts of food. Nitrification rates in 
the inoculated systems had significantly 
lower levels of both ammonia and nitrite 
(Figure 1).

Quantitative polymerase chain reac-
tion testing was used to verify the pres-
ence of the desirable Nitrobacter win-
ogradskyi nitrifying bacteria strain in the 
inoculated systems. 

Production-Scale Application
During the first year of operation, a 
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David D. Kuhn, Ph.D.
Department of Food Science 
  and Technology
Virginia Tech
Blacksburg, Virginia, USA
davekuhn@vt.edu

David J. Drahos
Senior R & D Group Leader
Novozymes Biologicals, Inc.
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Summary:
Healthy populations of both 
ammonia- and nitrite-oxidizing 
bacteria must be present in aqua-
culture systems to support the 
nitrification of potentially toxic 
ammonia to nitrite, with further 
oxidation to less problematic 
nitrate. A new commercial nitri-
fying product was found capable 
of inoculating a new biofilter 
or a failing biofilter with viable 
populations of both ammonia- and 
nitrite-oxidizing strains of bacteria 
in recirculating systems.

Nitrifier Product Improves
Nitrification In RAS

Microscopic and fluorescence views of the nitrifier product show the activity of the nitrifiers.  

	 A. Phase Contrast	 B. All Viable Bacteria	 C. Nitrobacter Species, 29% of Total

commercial-scale RAS shrimp farm 
observed occasional spikes of ammonia 
and long-sustained spikes of nitrite, 
which significantly impaired the health of 
shrimp in the production-scale raceways. 

To mitigate these pollutants from 
compromising shrimp production, the 
nitrifying bacteria product was applied to 
the systems. Shortly after application, 
nitrite levels began to decrease signifi-
cantly and continued to drop to levels con-
sidered safe for shrimp culture (Figure 2).

Perspectives
Many aquaculture operations rely on 

nitrification for the removal of toxic 
nitrogenous constituents such as ammo-
nia and nitrite from the culture water. 
This process relies on a healthy popula-
tion of nitrifying bacteria. 

The use of a commercial nitrifying 
product can inoculate a new biofilter or a 
failing biofilter with viable populations of 
both ammonia- and nitrite-oxidizing 
strains of bacteria. Even though the nitri-
fying bacteria product tested was initially 
designed for pond applications, it per-
formed well in recirculating systems.
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Figure 1. Nitrite 
concentrations 
in control tanks 
containing 
juvenile shrimp.

Figure 2. Nitrite 
concentrations 
in an RAS shrimp 
production race-
way after addition 
of a nitrifier 
product. 

N
it

ri
te

-N
it

ro
ge

n
 (

m
g/

L
)

13

12

11

10

9

8

7

6

5

4

3

2

1

0
April 5	 April 15	 April 25	 May 5	 May 15	 May 25	 June 4	 June 14

Date

Nitrifier Product Added

GROBEST GLOBAL  
  SERVICE, INC.
125 E. Santa Clara St., #7
Arcadia, CA 91006 USA
Tel. +1.626.445.9990 
mail@grobestusa.com



80    July/August 2011    global aquaculture advocate global aquaculture advocate     July/August 2011      81

Essential oils, also known as volatile 
oils, are highly scented compounds of fra-

grant grasses, trees and plants. The word 
“essential” suggests that essential oils are 
vital to the life of plants, but this is not the 
case. The word “essential” is derived from 
the word “quintessence,” which can be 
defined as the “pure and concentrated 
essence of a substance.” Essential oils con-
tain most of the plants’ active substances.

Many essential oil mixtures have been 
used for centuries in traditional medicine 
in the treatment of bacterial and viral dis-
eases, inflammation, pain and even some 
forms of cancer. Today, they are com-
monly found as ingredients in cosmetics, 
perfumes, cleaning products and flavorings 
for food and drinks. 

As the popularity of essential oils 
increases, products specific to the domestic 
livestock and aquaculture markets have 
emerged. These products – often sold as 

feed additives – appear to be associated 
with realized performance gains. Several 
studies have focused on unraveling the 
mode of action of the oils. It seems the 
modulation of gut microflora plays an 
important role, but many questions remain 
on how the additives provide their appar-
ent medicinal effects.

At the animal level, research with 
domestic livestock suggests that essential 
oils may improve growth and feed effi-
ciency, and increase the ability to ward off 
diseases. Although fewer studies using the 
oils in fish have been conducted, the data 
also suggest that essential oils have bene-
fits in improving growth and controlling 
diseases. 

Current Research
At the Thad Cochran National 

Warmwater Aquaculture Center in Stone-
ville, Mississippi, USA, the authors con-
ducted a trial to examine the effects of a 
commercial matrix-encapsulated essential 
oil (Biomin P.E.P. MGE) on weight gain, 
specific growth rate, feed-conversion ratio 
(FCR) and survival of channel catfish. 

Groups of 50, 32.4 ± 1.7-g fish per tank 
were randomly assigned to two treatments 
with five replicate tanks per treatment. 
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Summary:
Essential oils appear to be associ-
ated with performance and health 
gains in livestock. In research with 
channel catfish, the inclusion of 
an essential oil product in feed 
resulted in greater feed consump-
tion and weight gain in fish than 
a control diet without the additive 
provided. In addition, fillets from 
fish fed the oil tended to have 
higher amounts of protein and 
less fat. The modulation of gut 
microflora may play an important 
role in the efficacy of essential oils.

Essential Oils Increase Weight 
Gain In Channel Catfish

Research with domestic livestock that suggested essential oils can improve growth, feed 
efficiency and the ability to ward off diseases is carrying over to aquaculture species.

Treatment
Initial 

Weight (g)
Final  

Weight (g)
Weight 
Gain (g)

Specific Growth 
Weight Feed Conversion Ratio Survival (%)

Control diet
Diet with essential oil
Standard error

33.40
31.40
1.94

88.40a

112.80b

2.48

53.4a

76.90b

2.17

1.30a

1.50b

0.03

1.51
1.36
0.06

89.5
90.0
4.8

Table 1. Growth performance of channel catfish fed diets with and without an essential oil additive 
for 12 weeks. Values with different letters within columns are significantly different (P < 0.001).

1�Specific growth rates were calculated from the formula ((ln (BW2) – ln (BW1)/(t)) x 100 where BW1 and BW2 are initial and final weights, respectively, and t is feeding period (days).  
2Feed conversion ratios were calculated as ingested food (g)/weight gain (g).
3SE is the pooled standard error of the mean.
a,bWithin columns, values with different letters are significantly different (P < 0.001).

TWO GREAT EAS EVENTS FOR 2011 - 
Mark your planning!

Trondheim, Norway
AUGUST 17-18, 2011 

(during Aqua Nor 2011)

Rhodes, Greece
OCTOBER 18-21, 2011

UPSCALING aquaculture 
systems

Mediterranean Aquaculture 2020

Aquaculture Europe 2011 will be the most 
innovative event of European aquaculture to 
date, bringing together research institutions, 
academia and the industry.

Sessions will address vital questions affecting 
the development of Mediterranean 
aquaculture over the next decade, with reviews 
of the importance of aquaculture in EU food 
production; the sustainability of aquaculture 
feeds and the implementation of selective 
breeding strategies in aquaculture. A review of 
current EU-funded research programmes will 
highlight their relevance to the current and 
future production practices. 

Aquaculture Europe 2011 will establish 
benchmarks of future research that will lead to a 
clear foresight of the development dynamics of 
Mediterranean aquaculture 2020.

The conference will include an international 
trade show, Farmers’ Day and a student 
workshop. It will provide a platform to showcase 
European initiatives in aquaculture. 

The AQUA NOR FORUM is organised by 
the European Aquaculture Society (EAS) every 
second AQUA NOR, and provides a forum for 
science, industry, consumers and policy makers 
to review developments in the aquaculture sector 
and to discuss the key issues that affect those 
developments.

AQUA NOR FORUM 2011 will address one 
of the critical constraints to the development of 
aquaculture in Europe – notably access to sites 
with high water quality to ensure high quality 
aquaculture products. By up-scaling production 
systems an increase in productivity can be 
obtained for any specific site; but this must be 
compliant with legislation, with regard to fish 
welfare, with regard to husbandry and especially 
with regard to the environmental impacts of 
increased production systems.

The FORUM will be arranged during Aqua 
Nor 2011 and will take the format of three 
sessions, each of some 2 hours duration, where 
presentation of the issues and discussion of the 
solutions will be the priority. 

Updates posted regularly at www.easonline.org
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Treatment 1 was a control with a 32%-
crude protein floating commercial diet. 
Treatment 2 used the same diet with the 
addition of the essential oil at 200 g/mt. 

The 1.15-m3 tanks were supplied with 
recirculated pond water and aeration. The 
fish were fed once a day to apparent satia-
tion for 12 weeks and weighed every four 
weeks. Water quality was monitored 
throughout the study. At the end of the 
study, fillets from two fish per tank were 
analyzed for protein and fat.

Results
Water temperature and dissolved-oxy-

gen concentrations averaged 32.9° C and 
9.3 mg/L, respectively. Total ammonia 
nitrogen and nitrite averaged 0.34 and 
0.01 mg/L, respectively. By week 8, fish in 
treatment 2 gained more weight (51.4 ± 

1.9 versus 37.3 ± 5.1 g/fish) and had a 
higher specific growth rate (1.8 ± 0.1 ver-
sus 1.5 ± 0.1) than the controls (P < 0.03). 

At the end of the study, fish that 
received the essential oil product gained 
more weight (76.9 ± 2.0 versus 53.4 ± 3.2 
g/fish) and had a higher specific growth 
rate (1.5 ± 0.1 versus 1.3 ± 0.1) than the 
controls (P < 0.001) (Table 1). In addition, 
fish fed the essential oil consumed more 
feed (104.3 ± 3.6 versus 79.6 ± 3.0 g/fish), 
suggesting an increase in feed palatability.

There was an improvement in FCR 
(1.36 versus 1.51) in fish that received the 
essential oil, although it was not statisti-
cally different (P > 0.05). The survival 
rates of about 90% were similar in both 
treatments, as no natural outbreaks of dis-
ease were recorded. Fillet composition 
analysis showed that the amount of fat in 

the fillets of fish fed the essential oil was 
lower (16.1 versus 18.7%), and the amount 
of protein was higher (79.6 versus 76.5%) 
compared to controls (P < 0.09).

Perspectives
The results showed that fish fed an 

essential oil consumed more feed and gained 
more weight. In addition, fillets from fish 
fed the oil tended to have higher amounts of 
protein and lower amounts of fat. 

The mechanisms through which the 
essential oil increased weight gain were 
not determined in this study, but may be 
related to an increase in appetite. The 
addition of essential oils to catfish diets 
may prove beneficial in improving the pal-
atability of feed as well as the growth effi-
ciency of channel catfish. 

Snooks are high-value, tropical diadro-
mous fish. Six species occur along the 
Western Atlantic coast. Two are consid-
ered candidate species for aquaculture: the 
fat snook, Centropomus paralellus; and the 
common snook, Centropomus undecimallis. 
The closest Asian relative to the fat snook 

is the barramundi, Lates calcarifer. This 
species has a high dietary lipid require-
ment above 140 g/kg. 

Although spawning and hatchery 
techniques have been well established for 

the fat snook in Brazil, data is lacking on 
the species’ nutritional requirements. 

Study Setup
In a study at the Instituto de Ciências 

do Mar (Labomar), five isonitrogenous 
slow-sinking diets with 483.9 ± 3.2 g/kg 
crude protein were extruded in a lab. One 
kilogram of all the diets contained 410 g 
of salmon meal, 200 g of soybean meal, 
120 g of poultry by-product meal, 100 g 
of wheat flour, 20 g of a vitamin and 
mineral premix, 11 g of magnesium sul-
fate, 10 g of soybean oil, 7 g of synthetic 
binder, 7 g of monobicalcium phosphate 
and 3 g of potassium chloride. About 0.3 
g of vitamin C and 0.1 g of ethoxyquin 
were also included.

Only fish oil inclusion varied at the 
cost of kaolin at 11.3, 31.7, 52.1, 72.5 
and 92.9 g/kg. As a result, the lipid con-
tents of the diets reached 100, 120, 140, 
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Summary:
Work at the Instituto de Ciências 
do Mar is evaluating the optimum 
growth response of fat snook to 
the lipid and energy content in 
diets. In a study using five diets 
with varied fish oil contents, there 
was no statistical difference in 
fish performance among feeding 
treatments, although visceral fat 
indexes increased with higher  
dietary lipid content. The opti-
mum dietary lipid level for fat 
snook was estimated at 122 g/kg. 
Their gross energy requirement 
was 4,216 kcal/kg.

Labomar Study Defines Optimal Dietary
Lipid, Energy Content For Fat Snook

A juvenile fat snook at Labomar in Brazil.
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Figure 1. Optimum dietary lipid requirements of juvenile fat snook between 6.47 ± 2.42 g 
and 38.2 ± 12.5 g in body weight.
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160 and 180 g/kg with corresponding 
gross energy levels between 17.0 and 19.7 
MJ/kg. 

Hatchery-reared juvenile snook of 
6.47 ± 2.42 g were stocked in 30 round 
1,000-L outdoor tanks at 10 fish/m3. Six 
replicate tanks were assigned for each 
tested diet. The tanks were subjected to a 
daily water exchange of one-third of the 
total water volume. 

The snook were fed three times daily 
by hand broadcasting to apparent satia-
tion and reared for 96 days. Fish wet 
body weight was checked individually 
every 24 days of rearing. 

Results
Over the rearing period, dissolved 

oxygen was kept above 90% saturation, 
while water salinity, pH and temperature 
reached 34.7 ± 1.85 ppt, 8.56 ± 0.19 and 
30.7 ± 0.7° C, respectively. Ammonia, 
nitrite and nitrate nitrogen concentra-
tions increased significantly through the 
experiment, varying from 0.27 to 0.42, 
0.020 to 0.103, and 0.88 to 1.58 mg/L, 
respectively. 

At harvest, there was no statistical 
difference in fish performance among 
the different feeding treatments (Anova, 
P > 0.05). Fish reached 38.2 ± 12.5 g in 
body weight and gained 317.0 ± 40.0 g/
m3 in biomass. Fish attained a specific 
growth rate of 1.92 ± 0.12% or 0.34 ± 
0.04 g/day. No fish mortality was 
observed during the culture period. The 
mean final feed-conversion ratio reached 
1.77 ± 0.25 with a protein retention 
ratio of 1.19 ± 0.17. 

There was a significant (P < 0.05) 
increase of the viscerosomatic and vis-
ceral fat indexes with an increase in the 
lipid content of the diets. This indicated 
the highest fat accumulation in the vis-
ceral cavities of fish was due to high fat 
input in the diets. 

Based on broken-line regression anal-
ysis, the optimum dietary lipid level for 
fat snook was estimated at 122 g/kg (Fig-
ure 1). Their gross energy requirement 
was 4,216 kcal/kg.

Unlike barramundi, juvenile fat snook 
do not require high lipid-content diets. 
The snook exhibited high tolerance to 
confinement, disease resistance and ease 
of management.

Landmark Report Finds Farmed 
Seafood Key To Food Security 

Blue Frontiers: Managing the 
Environmental Costs of Aquacul-
ture, a comprehensive new anal-
ysis by the WorldFish Center 
and Conservation International 
of the world’s major aquaculture 
production systems and species, 
offers a first-ever global assess-
ment of trends and impacts of 
cultivated seafood. 

The report concluded the 
demand for aquaculture products 
will continue to grow over the next 
two decades, and that the industry 
needs to meet this demand with 

improved efficiencies and reduced environmental impacts.
Among the landmark report’s major findings were two key 

highlights. The environmental impacts of aquaculture vary dra-
matically by country, region, production system and species. 
Also, aquaculture is more efficient and less damaging to the 
environment than other animal protein production systems such 
as beef and pork, and likely to be among the most important 
sources of protein for human health and nutrition in growing 
urban populations in many parts of the developing world. 

For more information, contact Anne Delaporte of the 
WorldFish Centre at a.delaporte@cgiar.org.

Preferred Freezer Services  
Focuses On China

Preferred Freezer Services, a global leader in temperature-
controlled warehousing, is committed to addressing the rapidly 
changing consumption trends in China through the construction 
of additional facilities.

John Galiher, president and CEO of Preferred Freezer Ser-
vices, has identified the need for continued expansion of mod-
ern, energy-efficient and safe, temperature-controlled ware-
houses within China.

Preferred Freezer Services’ expansion plan has commenced 
the planning and development of 14 locations in China. The tar-
geted cities include Beijing, Tianjin, Shenzhen and Shanghai. 
Currently, two fully automated facilities in Shanghai totaling 
over 44,700 m2 are near completion in Lingang Logistics Park 
and Wai Gao Qiao. The Lingang facility will open in the third 
quarter of 2011.

“Preferred Freezer Services is very proud to participate in the 
development of China’s cold chain supply and logistics industry,” 
Tim McLellan, managing director of international business 
development, said. “Our model (can help) China meet its 
demands for properly handled food products.”

For more information on the China facilities, contact 
McLellan at +86-139-1755 5748 or tmclellan@pfsl.com. For 
more on all North American facilities, please visit www.pre-
ferredfreezer.com or contact Daniel DiDonato at  
+1-973-820-4040. 

New Astec Center To Support 
U.K. Aquaculture

The new Astec Aquaculture Business and Science Centre is 
expected to play an instrumental role in the growth of the aqua-
culture industry, both in the United Kingdom and overseas.

The purpose-built resource in Northumberland, North East 
England, is uniquely placed to pump a constant supply of near-
tropical-temperature, flow-through seawater to its state-of-the-
art aqua laboratories, which are fitted with special equipment to 
support a broad range of commercial and research activities.  

“Our intention is to create a thriving community of like-
minded industry experts operating in a culture where experiences 
and knowledge are shared, and opportunities are explored 
together,” Kevin Haddrick, chief executive of Astec, said.

Astec offers private, customizable laboratory, office and outdoor 
production space for all types of aquaculture businesses and research 
projects. Its links with other research institutions, the North East 
science community and universities mean that businesses and 
individuals based at the center can benefit from valuable support 
and advice to help them develop and commercialize their ideas.  

For further information on Astec, e-mail info@ 
astecaquaculture.com.

Shellfish Treatment Replaces 
Sulfite Products 

Traditionally, hazardous sulfite-based products have been used 
within the shellfish processing industry as a treatment to prevent 
melanosis (black spot). Thanks to a new product from Scottish 
company Shellfish Treatments Ltd., that is no longer necessary. 

The ST 500 sulfite-free treatment controls unsightly mela-
nosis for up to 14 days in fresh shrimp, prawns and shellfish. 
Seafood treated with ST 500 is delivered to market retaining its 
natural colors, flavors and textures. There are none of the adverse 
tastes, odors or bleaching effects associated with sulfite use.

Pat Mair, quality control manager at Laeso Fish in the 
United Kingdom, said: “As an MSC-accredited company, we are 
always looking at ways to deliver sustainable products with the 
highest quality to our clients. … ST 500 is the best sulphite-free 
anti-melanosis product we have ever worked with.”

“The market realizes the time is right to move away from sulfite-
based products, as consumers now demand that their food is more 
natural with fewer hazardous additives,” said Ruary McGregor, man-
aging director of Shellfish Treatments Ltd. “We are now actively 
seeking distribution partnerships throughout the world.” 

For more information, contact McGregor at +44-7-984-984-
777 or rm@st500.com.

industry news

People, Products, Programs
Please send short news items and photos for consideration to:
Darryl E. Jory
5661 Telegraph Road, Suite 3A
St. Louis, Missouri 63129 USA
E-mail: editorgaadvocate@aol.com
Fax: +1-419-844-1638
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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

A U G U S T

Aquaculture in the Classroom 
Teacher Workshop
August 1-3, 2011
Fort Pierce, Florida, USA
Phone: +1-772-242-2506
Web: www.fau.edu/hboi/Aquaculture/
AQacted_WorkshopSchedule.php

Australian Prawn Farmers  
Assocation/Australian  
Barramundi Farmers  
Association Conference
August 3-5, 2011
Sydney, New South Wales, Australia
Web: www.apfa.com.au/events/

 
 

Aqua Nor 2011
August 16-19, 2011
Trondheim, Norway
Phone: +47-73-56-86-40
Web: www.nor-fishing.no/index.php?
page=aqua-nor-2011&hl=en_US

S E P T E M B E R

Asian Seafood Exposition
September 6-8, 2011
Wanchai, Hong Kong
Phone: +852-3105-3961
Web: www.asianseafoodexpo.com

Genomics in Aquaculture  
Symposium
September 14-17, 2011
Heraklion, Crete, Greece
Phone: +30-28210-83960 
Web: www.gial2011.com

Acvapedia 2011
September 15-18, 2011
Tulcea, Romania
Phone: +40745454938
Web: www.acvapedia.ro

 
 

O C T O B E R

Fish Culture Techniques  
Workshop
October 17-19, 2011
Fort Pierce, Florida, USA
Phone: +1-772-242-2506
Web: www.fau.edu/hboi/Aquaculture/
AQacted_WorkshopSchedule.php

Aquaculture Europe 2011
October 18, 2011
Rhodos, Greece
Phone: +32-59-32-38-59
Web: www.easonline.org/meetings/
aquaculture-europe-event/ae-2011

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
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In tilapia fed the vegetable oil diet, 
the bioconversion of 18:2 omega-6 to 
longer and more unsaturated fatty acid 
was quite efficient, resulting in similar 
final content of arachidonic acid in tilapia  
fed the fish oil diet, which provided a 
dietary source of this fatty acid. The 
GIFT tilapia fed the vegetable oil diet 
had higher contents of ARA, EPA and 
DHA than red hybrid tilapia.

Dietary lipid source significantly con-
tributed to higher apparent in vivo 
delta-6 desaturase and elongase activity 
on 18:2 omega-6 and 18:3 omega-3, with 
fish fed the vegetable oil diet having sig-
nificantly higher activities (Figure 1). 
Delta-6 desaturase activity on 18:2 
omega-6 and 18:3 omega-3 was signifi-
cantly higher in GIFT tilapia compared 
to red hybrid tilapia. In fish fed the fish 
oil diet, the dietary supply of 18:3 
omega-3 was minimal, and thus the 
majority of delta-6 desaturation acted on 
18:2 omega-6. 

Perspectives
Overall, total fatty acid beta-oxidation 

and delta-5 and delta-6 desaturation were 
higher in fish fed the diet with vegetable 
oil compared to values for fish on the fish 

oil diet. Independently from the diet, 
GIFT tilapia showed significantly better 
and more efficient fatty acid neogenesis 
and bioconversion activities compared to 
red hybrid tilapia. 

This observation, coupled with the 
ever-increasing need for replacing fish oil 
in aquafeed formulations, further rein-
forces the zootechnical advantages of cul-
turing these improved Nile tilapia strains. 

Therefore, the farming of improved tila-
pia strains is not only a more economi-
cally viable option, but also a more envi-
ronmentally friendly one, as the cultiva- 
tion of these tilapia strains may rely less 
heavily on marine-derived raw materials 
for aquafeed production. 

Editor’s Note: This article was based 
on a paper published in the journal 
Aquaculture (2011).
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Figure 1. Apparent in vivo desaturation, elongation and beta-oxidation for 18:2 n-6 
and 18:3 n-3 in tilapia fed a fish oil or blended vegetable oil diet for 14 weeks. 
Different letters indicate statistical significance.
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We Support SeaShare
Join the seafood industry’s effort to end hunger. Give to SeaShare.

206-842-3609  •  www.seashare.org

Alaska Ocean Seafood • Alaska Trawl Fisheries • Alyeska Seafoods • American Seafoods Group • Arctic Fjord, Inc • Arctic 

Storm, Inc. • At-Sea Processors Association • Bornstein Seafoods, Inc. • Captain Marden’s Seafoods, Inc. • Glacier Fish 

Company • Icelandic Seafoods •  Kent Warehouse & Labeling • Kyler Seafood, Inc. • Makah Tribal Fisheries • North Coast 

Seafoods Corp.  •  KONO New Zealand •  North Pacific Seafoods, Inc. • Ocean Beauty Seafoods • Ocean Cuisine International • 

Offshore Systems, Inc • Orca Bay Seafoods • Pacific Seafood  Processors  Association • Pier Fish Company, Inc. • Seafreeze

Starbound  LLC  •  Stoller  Fisheries  •  Supreme  Alaska Seafoods • Trident Seafoods • UniSea, Inc. • Wanchese Fish 

Company • Alaska Air Forwarding • Alaska Marine Lines • Bellingham Cold Storage • Burlington Northern and 

Santa Fe Railroad • CityIce Cold Storage • Coastal Transportation, Inc. • CSX Transportation • Diversified Business 

Communications • Fry Trucking • Horizon Lines • Labeling Services Inc. • Mundt McGregor LLP • North East 

Refrigeration Terminals • Northland Services, Inc. • Phillips Seafoods • Western Cartage • Rubicon Resources 
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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 Janet Vogel at 
janet.vogel@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
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Aquaculture Systems Technologies, LLC	 57 
Aqua 2012	 41
Aquamar Internacional	 84 
AquaNor Forum	 80
Aquatic Eco-Systems, Inc.	 49
Aquaculture Europe 2011	 80
BioWish Technologies	 24
Camanchaca Inc.	 OBC
Eastern Fish Co.	 25
Emperor Aquatics, Inc.	 59
Gregor Jonnson Inc.	 36
Grobest Global Service, Inc.	 79
Guabi Animal Nutrition	 29
Martek Biosciences Corp.	 33
Megasupply	 13
Meridian	 47
Marine Products Export  
  Development Authority	 31
Mulligan Printing Co.	 45
Nutriad	 54
OxyGuard International A/S	 44
Pacific Supreme Co.	 21
Preferred Freezer Services	 IFC
Prilabsa	 66
Red Chamber Group	 68
Reef Industries, Inc.	 18
Sea Port	 39
Seajoy	 51
SeaShare	 87
Sunwell	 73
Trace Register	 23
Uni-President Vietnam Co., Ltd.	 27
Urner Barry	 62
Wenger	 43
XL-Maquinarias	 73
YSI	 28
Zeigler	 IBC

global aquaculture

Advertising Office
5161 Telegraph Road, Suite 3A
St. Louis, Missouri 63129 USA

Reach
The Leaders...

Advertise in the Advocate.

GAA Corporate 
Members 

Save 15-30%!

Contact Janet Vogel 
at

Tel.: +1-314-293-5500
Fax: +1-314-293-5525 

or 
E-mail: janet.vogel@gaalliance.org 

To take advantage of special 
ad rates for multiple insertions, too!

 advertising

T.M.

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

+

Product of

USA



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


