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ABSTRACT

REPLACEMENT OF FISH MEAL WITH SOYBEAN MEAL IN DIETS FOR
ATLANTIC SALMON, SALMO SALAR, EFFECTS ON GROWTH, PROTEASE
ACTIVITY, DIGESTIBILITY AND INTESTINAL HISTOLOGY
By

Christopher Todd Weeks

Wild harvested seafood resources are at or near maximum sustained yields
worldwide. This has, in part, caused a significant increase in aquaculture production over
the last 50 years. Further expansion of farmed fish production is likely in order to meet
nutritional needs of a growing global human population. Since aquaculture depends
heavily on high quality fish meal (FM) as a feed ingredient, demand for fish meal is
expected to exceed global supplies in the near future. This could have major economic
impact on commercial aquaculture facilities raising carnivorous fish such as Atlantic
salmon. There has been increasing effort aimed at utilizing alternate protein sources to
help alleviate the growing demand for FM. Soybean meal (SBM), in particular, is
considered by many as a leading alternative to FM in formulated feeds for aquaculture.

Extensive research on SBM diets for carnivorous fish has identified various anti-
nutritional factors inherent to soya and other plant-based products. Among SBM anti-
nutritional factors, trypsin inhibitors can be a serious problem for salmonids because they
bind with protein digestive enzymes and interrupt nutrient absorption.

A series of experiments were conducted to examine effects of soybean trypsin
inhibitors (SBTT) and high nutrient dense (HND) practical SBM diets on Atlantic salmon

fingerlings and smolts. In the trypsin inhibitor studies, stock SBTI were added to



standardized semi-purified diets containing 50% crude protein and 19% crude fat at
graded levels from 0 - 60% SBM equivalencies. In one trial, small Atlantic salmon (17.5
+ 1.4 grams) were fed in triplicate either a commercial control or test diets containing 0,
15, 30, 45, and 60% SBM equivalency TI for a period of 8 weeks. No significant
differences were observed between growth rates of Atlantic salmon fed SBTI diets,
although the commercial control diet resulted in significantly lower growth rates than
those fed the test diets. There were no differences in feed conversion rate (FCR, 0.78—
0.83), protein efficiency ratio (PER, 0.24-0.27), or apparent protein retention (APR,
32.9-35.7%) between diets. Slight differences were observed in proximate body
composition data, but they did not appear to be related to SBTI levels. In another trial,
similar experimental diets containing an inert marker were fed to Atlantic salmon smolts
(89.2 + 4.1grams) for a period of 21 days. Slight differences were observed between
dietary SBTI levels in digesta dry matter and intestinal trypsin activity, and small
intestine trypsin activities varied over time. Neither apparent protein digestibility nor
body lipid compositions showed any affects from SBTI over the 21-day trial.

For the final experiment HND diets containing 30% FM and 0, 20, 25, 30%
SBM, or 24% FM with 20 and 30% SBM were fed to Atlantic salmon for 12 weeks. No
differences were observed in growth (SGR, 1.88-1.94), FCR (0.78-0.82), PER (2.20—
2.32), trypsin activity, or intestinal histology. A negative linear response was observed
between SBM content, body lipid composition, and fecal dry matter. Fish whole body
lipid composition decreased from 22.0% to 12.9% for 0% SBM and 30% SBM diet
groups respectively. Study findings indicate use of HND SBM diets may contribute to

protein sharing functions of Atlantic salmon to SBM carbohydrates.



This work is dedicated to all individuals contributing to the development for
sustainable aquaculture - past, present and future, especially my Mom - simple things like
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Chapter 1 — Introduction

Soybean meal (SBM) has been widely considered as a viable alternative protein
source for fish meal in formulated fish feeds for aquaculture (Hardy 1996, 2003,
Storebakken et al. 1998). Studies have shown, however, that SBM diets can lead to
significantly reduced growth rates and cause severe health problems for certain, mainly
carnivorous, fish species such as salmonids (Amesen et al. 1989, Refstie et al. 2000,
Krogdahl et al. 2003).

Atlantic salmon are an important commercial aquaculture species in the European
Union, and North and South America with total production in 2005 estimated at over 1.2
million metric tonnes (mmt) and an value of $4.7 billion US (FAO 2002-2007). Due to
increasing demands in salmon production and fish meal, a relatively large number of
studies have been conducted in effort to determine the maximum amount of dietary
fishmeal that can be replaced by SBM in Atlantic salmon and rainbow trout feeds (Hardy
2003). After over a decade of research the maximum safe level of dietary SBM in
formulated diets for these salmonid species remains uncertain.

In 2002, a collaborative project was funded by the United Soybean Board (USB),
Soy-in-Aquaculture Program, to examine the extent of SBM anti-nutritional properties in
formulated feeds for salmonids. The project was designed to develop a commercially
acceptable SBM based formulated feed for Atlantic salmon and other species. Michigan
State University (MSU), Department of Fisheries and Wildlife, was awarded a 2-year

project funded through the USB Soy-in-Aquaculture Program to examine effects of



trypsin inhibitors and SBM on Atlantic salmon. This dissertation describes the
experimental design, methods and results of studies conducted at MSU.

The research conducted at MSU was originally intended as a 2-phase
experimental design to examine affects of trypsin inhibitors in SBM-based diets on
Atlantic salmon. Phase I of the design focused on the effect of growth, feed
consumption, digestibility, and pancreatic proteolytic enzyme activity of juvenile and
smolting Atlantic salmon (Sa/mo salar) fed purified diets with graded levels of trypsin
inhibitors. The second phase of this research project was initially intended to examine
effects of trypsin inhibitors in SBM-based diets containing practical feed ingredients
under different processing conditions.

Based on results obtained by other researchers in the Soy-in-Aquaculture Program
in 2003 and an extensive literary review, MSU expanded the focus of the research
scheduled in phase II to include a detailed assessment of commercial SBM diets for
Atlantic salmon. The overall goal of this study was to develop a potentially
commercially viable, practical diet for Atlantic salmon containing the highest level of

SBM possible based on best available knowledge.

Study Hypothesis

Hypothesis:

Based on literature review and recent unpublished study data the maximum level
of SBM incorporation into formulated diets for Atlantic salmon is expected to be
in the range of 20-30% wet ingredient weight without adverse affects on growth,

feed efficiency, and/or other observable fish health characteristics.




Study Description

This dissertation is presented in 7 chapters. This first chapter provides a brief
introduction of the research undertaken at MSU and the hypothesis developed by the
researcher in regards to SBM diets for Atlantic salmon. Chapter 2 is a literature review
providing relevant background information of the status of SBM as an alternative protein
source in formulated diets for Atlantic salmon.

Chapters 3 and 4 describe two phase I trypsin inhibitor feed trials completed in
2003. Chapter 5 - Fixed Formulation Model Development of Practical High Energy
SBM Diets for Atlantic Salmon (Salmo salar), draws upon widely dispersed information
available specifically on Atlantic salmon diet formulations to develop a practical feed
formulation model. Diet formulation model parameters are provided in the Appendix.
Chapter 5 was added for potential use as a “blueprint” for anyone initiating a similar
exercise. Chapter 6 - Replacement of FM with SBM in High Energy Practical Diets of
Smolting Atlantic Salmon (Salmo salar), provides details and results of the 2004 practical
SBM diet study on Atlantic salmon. This study was designed to determine maximum
levels of SBM that can be safely added to commercially viable diets for Atlantic salmon
based on best available knowledge.

Chapter 7 summarizes the research results and hypothesis testing. The chapter

also provides conclusions and recommendations for further research.



Chapter 2 - Literature Review: Effects of Soybean Meal as an Alternative Protein
Source in Formulated diets for Atlantic Salmon (Salmo salar)

Introduction

Global production from capture fisheries and aquaculture supplied about 140
million metric tonnes (mmt) of food fish in 2004 (FAO 2006). According to Wijkstrém
(2003), human consumption of seafood products is expected to increase to approximately
121 mmt by the year 2010, and 271 mmt by 2050. Most experts agree that wild capture
fisheries are at maximum yield at about 100 mmt per year. Global aquaculture
production must increase then in order to meet projected demands in seafood
consumption.

According to the Food and Agriculture Organization of United Nations (FAO),
current expansion rates observed in world aquaculture production combined with
anticipated needs for human consumption of seafood products are expected to cause a
global shortage of fish oil by the year 2010 and fish meal by 2015 (New and Wijkstrém,
2002). In arecent survey of 600 fish species, 77% of the world’s marine fish stocks are
estimated to be either fully exploited, over exploited or depleted (FAO 2004). Adding to
this dilemma are reports and highly publicized news events linking elevated contaminant
levels found in farmed Atlantic salmon destined for human consumption to fish meals
and oils used to manufacture aquaculture feeds (Hites et al. 2004, Foran et al. 2005).
Based on current trends, future demands for high quality fish meals and oils are likely to
have severe economic impacts on global aquaculture production. Clearly, incentives
exist for the development of alternate protein and lipid sources for use in formulated

feeds for aquaculture.



Atlantic Salmon

Indigenous to the North Atlantic, the native range of Atlantic salmon (Salmo
salar) extends from the Arctic Ocean and Baltic Sea to Portugal in the east, and from
Iceland, to Southern Greenland, Canada, and Northern US in the western Atlantic
(Netboy 1974 in Danie et al. 1984). Original landlocked populations existed in Maine,
New Brunswick and Nova Scotia, and transplanting has occurred to literally hundreds of
inland lakes (Danie et al. 1984). Distinct segments of Atlantic salmon from Maine have
been listed as either endangered or threatened under the Endangered Species Act of 1973.

Atlantic salmon are cold water carnivorous species with a preferred water
temperature range of 8-18°C (Sedgewick 1988, Jensen et al 1991). Adults can survive in
both fresh and salt water. They are an anadromous - wild adults return from the ocean or
landlocked lakes to spawn in gravel areas of freshwater streams, and iteroparous - s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>