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effect on feeding activity in fish larvae, 
whereas peptides with lower molecular 
weight (200 to 2,500 Da) are reported to 
have beneficial effects in terms of larval 
growth, survival and activity of the diges-
tive enzymes of the intestine. 

Optimal Content
Considering that protein compounds 

are hydrolyzed into peptides and amino 
acids in the intestine due to the activity of 
proteolytic enzymes, as well as the fact 
that di- and tripeptides are easily con-
verted into free amino acids, maintaining 
the proper balance of the above-men-
tioned dietary compounds is very impor-
tant in optimizing the absorption and use 

of the soluble protein fraction contained 
in the diet. 

In this sense, numerous studies have 
highlighted that the inclusion of free 
amino acids in fish diets has a beneficial 
effect on larval performance, but inclu-
sion above a determinate species-specific 
threshold can be detrimental to growth 
and survival. Thus, it is clear that free 
amino acids and protein hydrolysates can 
only partially replace the intact protein in 
fish larvae microdiets. 

As a rule of thumb and depending on 
the results from different nutritional 
dietary dose-response trials, the level of 
hydrolysate should not exceed 20 to 30% 
of the total protein level, based on the 
protein source and technology of hydro-
lysis, although this value must be refined 
for each species or group of species.

Trial: Hydrolysate Sources
The aquaculture feed industry continu-

ously seeks new ingredients to improve the 
formulation and performance of diets. In a 
recent study held under the framework of 
the Cenit-Acuisost (CDTI) project in 
Spain, the authors evaluated the substitu-
tion of fishmeal by commercial protein 
hydrolysates from yeast, Saccharomyces cere-
visiae (NORLAN LV), and pig red blood 
cells (NORLAN LX, PROALAN) in 
feeds for larval gilthead seabream, Sparus 
aurata. A control microdiet contained a 
fish protein concentrate obtained by 
grinding, enzymatic hydrolysis, filtration, 
concentration and dehydration of fish. 

Diets were tested in a nutritional dose-
response experiment that lasted 45 days. 
Live preys were substituted up to 60% 
with the microdiets during the Artemia 
feeding phase from 15 to 40 days after 
hatching at 18º C. The dietary treatments 
consisted of the standard feeding regime 
with enriched rotifers and Artemia, and 
five cofeeding regimens differing in the 
type of protein hydrolysate and level of 
fishmeal substitution (Table 1). 

The protein hydrolysates tested from 
pig blood and yeast had the same physical 

and biochemical properties, being soluble 
in water and showing similar 35 to 36% 
levels of free amino acids and 44% di- 
and tripeptides. In both cases, the average 
molecular weight of these hydrolysates 
was about 300 Da. 

Results
The effects of commercial protein 

hydrolysate inclusion in inert diets for 
gilthead seabream larvae were evaluated 
in terms of growth, survival and incidence 
of skeletal deformities. At the end of the 
trial, no differences in survival and 
growth performance were detected 
among larvae fed live prey and those fed 
different microdiets. 

However, results revealed that dietary 
treatments affected larval quality in the 
seabream larvae. Fish fed microdiets con-
taining protein hydrolysates from yeast 
and pig blood showed the same incidence 
of skeletal anomalies as those fed 
enriched rotifers and Artemia (10.2%). In 
particular, the incidences of skeletal 
deformities in fish fed the LV9 and 
LV12 microdiets were 15.0 and 12.0%, 
respectively, whereas those observed in 
fish fed the LX9 and LX12 diets were 9.7 
and 13.7%. 

Surprisingly, when comparing micro-
diets containing similar levels of fishmeal 
substitution by protein hydrolysates, but 
differing in the protein source and molec-
ular size of the hydrolysate, the test diets 
containing yeast and pig blood hydro-
lysates showed about half the number of 
deformities as those in fish fed the con-
trol formulation.

Such differences in larval quality 
might be attributed to the different bio-
chemical properties of the hydrolysates, 
like the high fraction of water-soluble 
protein, the average weight of the hydro-
lysate and their high free amino acids 
content. These parameters might have 
promoted the harmonic morphogenesis 
of the larvae and consequently reduced 
the incidence of skeletal disorders. 

Ingredients Control LV9 LV12 LX9 LX12

Fishmeal
Fish protein hydrolysate
Yeast hydrolysate
Pig blood hydrolysate
Fish oil
Soy lecithin
Vitamin mixture
Mineral mixture
Betaine
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Table 1. Composition of experimental microdiets containing  
different types and levels of protein hydrolysates.
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Study: Oral Method Vaccinates 
Rainbow Trout Against IHNV

Infectious hematopoietic necrosis virus 
(IHNV) is the most significant viral patho-
gen for rainbow trout in the United States. 
It causes millions of dollars of losses in the 
U.S. state of Idaho, where over half of the 
country’s rainbow trout are farmed. 

Protecting fish from infections is an 
effective strategy against viral disease in 
aquaculture, and vaccination plays an 
important role in disease prevention. In 
the United States, the current vaccination 
method for rainbow trout against IHNV, 
immersion of the fish with a killed vac-

cine, does not provide sufficient exposure 
to the pathogen for adequate absorption 
and lifelong immunity. 

In Canada, a DNA vaccine for IHNV 
has been licensed for use in Atlantic 
salmon, Salmo salar. This vaccine is effec-
tive against the virus, but has not been seri-
ously considered for use in the U.S. rain-
bow trout industry because the required 
intramuscular injection is cost prohibitive. 

Oral Delivery Vaccine
The author’s research teams at Idaho 

State University, University of Idaho and 
Clear Springs Foods, Inc. are currently 
working on a system for oral delivery of 
IHNV DNA vaccine via fish feed that 
would provide a more practical vaccine deliv-
ery option. The goal of this research is to 
adapt the proven DNA vaccine for oral 
delivery to rainbow trout through encapsula-
tion with either a polymer – poly (D, L-lac-
tide co-glycolide), PLGA – or liposome 
with subsequent incorporation in fish feed. 

Trials with rainbow trout, Oncorhyn-
chus mykiss, and Atlantic salmon have 
shown that PLGA can potentially be used 
as an oral delivery vehicle. PLGA is acid 
resistant and thus can protect the vaccine 
through the gastrointestinal tract, allowing 

it to reach the hindgut of the fish.
Additionally, this copolymer is versa-

tile in that it can be formulated using vari-
ous portions of lactide and glycolide, 
which determine the rate of release of the 
vaccine under given conditions of acidity. 
Utilizing these polymer/vaccine particles 
allows the treatment to either lodge in the 
mucosal membranes of the fish or cross 
the membranes and enter the bloodstream, 
thus allowing sustained release of DNA 
plasmid that can last from hours to days. 

Liposome Assist
Mammalian research on oral delivery 

of plasmid DNA vaccines suggests lipo-
somes also can be used to protect plasmid 
DNA from acidic conditions and enzyme 
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Summary:
The authors’ research teams are 
currently working on a system for 
oral delivery of IHNV vaccine via 
fish feed. Their goal is to adapt 
the proven oral DNA-based vac-
cine given to salmon in Canada to 
rainbow trout through encapsula-
tion with a polymer or liposome. 
Preliminary results from a small 
challenge trial indicated the deliv-
ery of DNA vaccines via polymer 
particles increased survival of fish 
challenged with IHNV.  

Scanning electron micrograph of PLGA particles.

H2 = 1.37µm

H1 = 1.068 
µm
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Several chemicals have been used to 
anesthetize fish, but conventional anes-
thetics such as tricaine methane sulpho-
nate, 2 methilquinoline and 2-phenoxy-
ethanol are toxic to some species and can 
be expensive. Studies have proposed the 
use of anesthetics from natural sources as 
alternatives to conventional chemicals. 

Sold as Eugenol, 4-alyl-2-metoxy-
fenol has been proposed as an anesthetic/
sedative by several authors. The authors 
recently evaluated its efficacy as an alterna-
tive anesthetic for red tilapia fingerlings 
and breeders. 

Tilapia Study
Five sex-reversed fingerlings with an 

average weight of 12.5 g and three breed-
ers with average weight of 1.07 kg were 

maintained in 10- and 40-L tanks, 
respectively. During the experiment, dis-
solved-oxygen concentration was 3.7 
mg/L, pH was 6.5 and water temperature 
averaged 25.7° C.

To determine anesthetic efficacy and 
optimal dosage, the fingerlings and 
breeders were exposed to concentrations 
of 5, 30, 45 and 60 µL/L and 30, 50, 70 
and 90 µL/L Eugenol, respectively. Each 
dose was evaluated in triplicate. 

The fish were maintained in a container 
of anesthetic until they showed a loss of 
reflex reactivity. Sedated tilapia were placed 
in pond cages to establish recovery time and 
percentage of survival after 72 hours.

Results
Based on the study work, suitable dos-

ing will depend on how long the desired 
activity takes to be performed with the 
anesthetized animals. If short induction 
and recovery times are required at least 
cost, suitable concentrations for tilapia fin-
gerlings and breeders would be 30 µL/L 
(Table 1) and 50 µL/L (Table 2), respec-
tively. These doses were used many times 
at commercial scale with good results.

The tilapia breeders required longer 
induction and recovery times than the 
juveniles due to their higher body weight. 
After 72 hours, there were no dead juve-
niles or breeders in any treatment evalu-
ated. When released from the pond cages, 
the tested tilapia exhibited normal activity.

The tilapia responses to Eugenol in 
all cases were the same. At the beginning 
of exposure, there was an acceleration of 

opercular movement, followed by a state 
of calm, decreased opercular rate, loss of 
equilibrium, little movement of caudal fin 
and, finally, total loss of reactivity. 

During recovery, the first activity 
noted was an increased opercular rate, 
followed by a movement of caudal and 
ventral fins. The fish were finally able to 
swim and react normally.

After anesthetic  exposure, the tilapia were placed in ponds for observation and recovery.

César Molina, M.S.
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Km 4.5 vía Duran-Tambo, Ecuador
Tambo, Ecuador
cmolinapoveda@gmail.com

Luis Vásconez
Procesadora Nacional  
  de Alimentos C.A.
Centro Comercial El Terminal
Guayaquil, Ecuador

Summary:
Studies have proposed the use of 
anesthetics obtained from natural 
sources as alternatives to con-
ventional chemicals. The authors 
recently evaluated the efficacy  
of the anesthetic Eugenol with 
a small sampling of red tilapia 
fingerlings and breeders. Eugenol 
was shown to be a safe and ef-
fective anesthetic for the fish. 
Suitable dosing will depend on 
how long the desired activity 
performed with the anesthetized 
animals takes.

Study Finds Alternative Anesthetic Safe
For Tilapia Fingerlings, Breeders 

Note: Treatments joined by a single horizontal 
bar were not significantly different (P > 0.05). 

Table 2. Average induction 
and recovery time for  

anesthetized tilapia breeders.

Anesthetic Treatment (µL/L)

30 50 70 90

Induction
5.99
min.

3.791
min.

3.73
min.

3.29
min.

Recovery
3.76
min.

5.10
min.

5.73
min.

6.17
min.

Table 1. Average induction 
and recovery time for  

anesthetized tilapia fingerlings.

Anesthetic Treatment (µL/L)

15 30 45 60

Induction
5.80
min.

3.61
min.

3.33
min.

2.49
min.

Recovery
3.20
min.

3.70
min.

4.91
min.

5.41
min.

Note: Treatments joined by a single horizontal 
bar were not significantly different (P > 0.05). 

digestion. Liposomes are a mixture of nat-
ural phospholipids, phospholipids modi-
fied by hydrogenation, synthetic phospho-
lipids and cholesterol. Given their lipo- 
philic properties, liposomes can facilitate 
the uptake of the DNA vaccine into cells. 

Previously, liposomes were used to 
deliver DNA to rainbow trout by water 
immersion. However, toxic effects to gill 
tissues were reported with this method. 
Delivery of liposomes in feed should help 
reduce toxic effects by reducing the amount 
of product that is directly in the water.

Vaccine Development 
IHNV is a member of the virus family 

Rhabdoviridae. A detailed analysis of the 
Western Regional Aquaculture Consor-
tium strain of INHV from southern Idaho 
revealed that IHNV has six virus genes. 
Among these genes, surface glycoprotein 
(G-gene) is the major antigen responsible 
for the serological properties of the virus. 

Using a vector similar to that used to 

produce the efficacious DNA vaccine in 
Canada, the authors cloned the G-gene 
from the Idaho strain of IHNV and grew 
it in Escherichia coli bacteria for mass pro-
duction. A solvent evaporation technique 
then created PLGA nanoparticles with 
approximately 2 µg DNA/mg PLGA. 

In Vivo Assessment
In current studies supported by the 

Idaho State Board of Education, lipo-
some/DNA complexes were developed by 
using a thin lipid film hydration method. 
It was estimated that 30% of the initial 
DNA was entrapped in the complex at a 
concentration of about 1.5 µg mg-1 of 
dried liposome. 

To assess the in vivo absorption of the 
PLGA/DNA nanoparticles and liposome/
DNA complexes by rainbow trout, a fluo-
rescent dye was included in the formula-
tions instead of DNA to provide a visual 
marker of tissue particle uptake. The 
PLGA nanoparticles were either applied 

directly to a commercial feed diet or resus-
pended in a buffer for delivery via intuba-
tion. The four treatment groups were con-
trol, oral feed, oral intubation and anal 
intubation. Fish tissues were assessed 96 
hours after delivery by fluorescent micros-
copy. 

The liposome trials are in the prelimi-
nary stages with only a few orally intubated 
fish in the trials. A small virus challenge 
trial was also conducted using PLGA/
DNA particles.

Results
No PLGA nanoparticles containing 

dye were detected within any intestinal tis-
sue sections of the control fish. In both 
trials, approximately 25 to 50% of the fish 
in the remaining three treatment groups 
had marked nanoparticles in the epithelial 
cells of their lower intestinal tracts 96 
hours after treatment. Liposome/DNA 
complexes were also seen in the lower 
intestinal tissues of trout at 48 hours after 
oral intubation. In addition, fish that 
received feed with PLGA/DNA particles 
had 30% greater survival than fish that 
were not vaccinated after virus challenge. 

The studies provided evidence for 
encapsulation and absorption potential of 
fluorescent nanoparticles and liposomes 
for fish fed nanoparticles top-coated on 
feed. This simple method of delivery to 
fish may prove useful for administering 
vaccines orally. However, to reduce parti-
cle loss, it may be better to incorporate the 
particles directly into the feed. 

The authors are currently working on  
a larger-scale trial to confirm these initial 
results and improve the efficiency of the 
delivery system so that is an economically 
viable option in the future. 

In comparison to the control (left), dyed nanoparticles were detected within intestinal 
tissue after consumption of treated feed.

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



78    March/April 2010      global aquaculture advocate         global aquaculture advocate      March/April 2010    79

advocacy

The World Wildlife Fund issued its Inter-
national Standards for Responsible Tila-
pia Aquaculture in December 2009. They 
are the first set of final standards produced 
through the WWF Aquaculture Dialogues 
series of roundtables. Many elements of the 
new WWF standards are similar to those 
found in GAA’s Best Aquaculture Practices 
standards for tilapia farms.

For the past decade, the Global 
Aquaculture Alliance has been creat-
ing programs to benefit the aquacul-
ture industry and standards to advance 
the cause of responsible aquaculture.

As evidence of our success to date, 
we are pleased to report that almost 
500,000 mt of seafood from BAP-certi-
fied facilities are currently entering the 
global marketplace on an annual basis – 
including shrimp, tilapia and catfish. 

Impressive as that number is, we 
know we are not the “only game in 
town.” There are other organizations 
that share our goal of advancing the 
cause of responsible aquaculture 
through standards setting and certifi-
cation. We know the marketplace 
needs more seafood, and it is clear that 
growth can only come through aqua-
culture – responsible aquaculture.

So in this spirit, we would like to 
congratulate the World Wildlife Fund 
(WWF) for releasing its long-awaited 
tilapia standards. This is an important 
step for WWF, which launched its 
admittedly exhaustive dialogue process 
in 2004.

As much as we would all like to 
bring order to the chaotic world of 
aquaculture standards setting and cer-
tification, we predict that the market-
place will ultimately embrace a range 
of standards. There will be room for a 
business-to-business standard as well 
as a standard that focuses on a select 
segment of the production chain, such 
as farms or processing plants. There 
will also be a place for standards that 
focus exclusively on food safety or 
social responsibility. 

While we appreciate the existence 
of specific standards that address dif-
ferent needs, different markets and 
different products, it is clear that the 
current marketplace is looking for a 
comprehensive standard. 

We know that buyers and consum-
ers are seeking standards such as those 
in GAA’s Best Aquaculture Practices 
(BAP) program, which focus on the 
whole spectrum of the production 
chain to include food safety, traceabil-
ity, the environment, social responsi-
bility and animal welfare at the hatch-
ery, farm and processing levels. Such 
comprehensive standards offer the 
greatest benefit to producers by reduc-
ing the number of different audits and 
also providing clarity and the greatest 
assurance to the marketplace. 

At the same time, we’ve heard 
from plenty of key buyers in the mar-
ketplace that they are tired of trying to 
figure out the benefits of each group’s 
standards, the differences between 
them and the value they bring to the 
selling proposition. 

Over the past few years, we’ve met 
with leaders from major aquaculture 
stakeholders and have had extensive 
discussions with them about “stan-
dards fatigue.” They’re just plain tired 
of the proliferation of standards 
because, bottom line, they and their 
customers are confused by it all. 

So what do we at GAA suggest? 
We believe the time has come to har-

monize these standards and their various 
certification processes. 

We have, as many of you know, 
attempted to harmonize our compre-
hensive BAP standards with other 
standards-setting programs. We will 
continue to work toward agreements 
to harmonize standards and the way 
they are certified. 

However, we also think that any 
understandings that are reached – and 
we suggest that other aquaculture 
stakeholders feel the same way – 
should result in a hierarchy of stan-

dards along the lines of the successful 
Leadership in Energy and Environ-
mental Design (LEED) rating system 
for the construction industry. The 
third-party, point-based LEED sys-
tem serves as a tool for validating 
green features and their environmental 
and economic performance in build-
ings of all types and sizes.

This is the direction we think 
makes sense for aquaculture. This is 
where we should all be headed.

So if we look through that lens at 
the newly released WWF tilapia stan-
dards, what do we see?

For sure, WWF deserves to be 
congratulated for the fact that its 
6-year-old dialogue process has finally 
borne fruit. But when we take a closer 
look at the WWF standards, what we 
see is that the “fruit” looks a lot like 
ours. Frankly, if you do an “apples to 
apples” comparison, and we have, 
there’s really very little difference 
between WWF’s standards and ours. 
While imitation is the sincerest form 
of flattery, this “first-edition release” 
from WWF is not consistent with 
what we – and we suspect others in 
the aquaculture community – had 
been expecting. 

We believe that GAA’s process of 
developing and continuously improving 
Best Aquaculture Practices standards 
that work for producers and buyers is 
the path we must follow to do the most 
good for the aquaculture community. 
We suggest that our process, which has 
created standards for shrimp, tilapia 
and catfish, offers the best hope for 
expanding the global supply of aquacul-
ture products. At 500,000 mt – and 
counting – of BAP product on the 
world market today, we think the mar-
ketplace agrees with us. 

GAA Statement On WWF Tilapia Standards
Marketplace Seeks Comprehensive Standards – 
Time For Harmony
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Aquaculture 2010
March 1-5, 2010
San Diego, California, USA
Phone: +1-760-751-5005
Web: www.was.org/WasMeetings/ 
meetings/Default.aspx?code=AQ2010

ACUI 2010 – International  
Aquaculture Exhibition of Galicia
March 2-4, 2010
Galicia, Spain
Phone: +34-986-488-875
Web: www.acui.es/index.php/en/

Victam Asia 2010
March 3-5, 2010
Bangkok, Thailand
Phone: +31-33-246-4404
Web: www.victam.com/?i=71

International Boston  
Seafood Show
March 14-16, 2010
Boston, Massachusetts, USA
Phone: +1-207-842-5500
Web: www.bostonseafood.com

Fish Africa/Aquaculture Africa
March 16-18, 2010
Cape Town, South Africa
Phone: +27-11-7837250
Web: www.exhibitionsafrica.com

Aqua Sur
March 24-27, 2010
Puerto Montt, Chile
Phone: +56-2-756-5400
Web: www.aqua-sur.cl/2010/feria_en.php

ILDEX Vietnam Aquaculture 
Conference 2010
March 26, 2010
Ho Chi Minh City, Vietnam
Phone: +66-2-978-2519
Web: www.ildex.com/page-2010- 
vietnam-aqua.php

Middle East Aquaculture  
and Fishing Show
March 29-31, 2010
Dubai, United Arab Emirates
Phone: +971-4-3365161
Web: www.fishingandaquacultureme.com

A P R I L

Seoul Seafood Show
April 8-10, 2010
Seoul, Korea
Phone: +82-2-6000-2800
Web: www.seoulseafood.com

Urner Barry’s Executive  
Conference and Marketing  
Seminar
April 25-27, 2010
Las Vegas, Nevada, USA
Phone: +1-732-240-5330, ext. 217, 261
Web: www.urnerbarry.com/executive/

European Seafood Exposition
April 27-29, 2010
Brussels, Belgium
Phone: +1-207-842-5500
Web: www.euroseafood.com

M A Y

International Conference  
& Exhibition on Shrimp  
Aquaculture
May 5-7, 2010
Jakarta, Indonesia
Phone: +024-70194598
Web: www.aquaculture-mai.org

International Sea Lice  
Conference
May 9-12, 2010
Victoria, British Columbia,  
Canada
Phone: +1-250-751-4862
Web: www.sealice2010.com

Aquaculture Canada/ 
NIAA Cold Harvest
May 16-19, 2010
St. John’s Newfoundland, Canada
Phone: +506-529-4766
Web: www.aquacultureassociation.ca/
meeting/aquaculture-canada-2010

Aquaculture U.K. 2010
May 19-20, 2010
Aviemore, Scotland
Phone: +0044-0-1862-892188
Web: www.aquacultureuk.com

National Restaurant  
Association Show
May 22-25, 2010
Chicago, Illinois, USA
Phone: +1-202-331-5900
Web: www.restaurant.org/show/

Australasian Aquaculture
May 23-26, 2010
Hobart, Tasmania
Phone: +61-437-152-234
Web: www.australian- 
aquacultureportal.com/
austaqua/aa10.html

International Symposium  
on Fish Nutrition and Feeding
May 31-June 4, 2010
Qingdao, China
Phone: +86-532-82032145
Web: www.isfnf2010.com

J U N E

AquaVision
June 7-9, 2010
Stavanger, Norway
Phone: +47-9137-7825
Web: www.aquavision.org

Global Conference  
on Aquaculture 2010
June 9-12, 2010
Bangkok, Thailand
Phone: +39-0657052428
Web: www.aqua-conference2010.org

International Aquaponics  
and Tilapia
June 13-19, 2010
St. Croix, U.S. Virgin Islands
Phone: +340-692-4158
Web: www.uvi.edu/sites/uvi/Pages/ 
AES-Aquaculture-International_ 
Aquaponics.aspx?s=RE

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

calendar
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