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he Content of Favorable and Unfavorable
olyunsaturated Fatty Acids Found in Commonly
aten Fish
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BSTRACT
hanges in diet during the past century have caused a
arked increase in consumption of saturated fatty acids

nd n-6 polyunsaturated fatty acids (PUFAs) with a con-
omitant decrease in the intake of n-3 PUFAs. Increased
sh consumption has been shown to be the only realistic
ay to increase dietary quantities of beneficial long-chain
-3 PUFAs such as eicosapentaenoic acid and docosa-
exaenoic acid and re-establish more balanced n-6:n-3
atios in the diets of human beings. Our objective in this
esearch was to characterize some of the relevant fatty
cid chemistry of commonly consumed fish, with a par-
icular focus on the four most commonly consumed
armed fish. To do this, 30 commonly consumed farmed
nd wild fish were collected from supermarkets and
holesalers throughout the United States. Fatty acid c o m -
osition of samples from these fish was determined
sing gas chromatography. The 30 samples studied con-
ained n-3 PUFAs ranging from fish having almost unde-
ectable levels to fish having nearly 4.0 g n-3 PUFA per
00 g fish. The four most commonly farmed fish, Atlantic
almon, trout, tilapia, and catfish, were more closely ex-
mined. This analysis revealed that trout and Atlantic
almon contained relatively high concentrations of n-3
UFA, low n-6:n-3 ratios, and favorable saturated fatty
cid plus monounsaturated fatty acid to PUFA ratios. In
ontrast, tilapia (the fastest growing and most widely
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armed fish) and catfish have much lower concentrations
f n-3 PUFA, very high ratios of long chain n-6 to long
hain n-3 PUFAs, and high saturated fatty acid plus
onounsaturated fatty acid to PUFA ratios. Taken to-

ether, these data reveal that marked changes in the
shing industry during the past decade have produced
idely eaten fish that have fatty acid characteristics that
re generally accepted to be inflammatory by the health
are community.
 Am Diet Assoc. 2008;108:1178-1185.

ompelling evidence demonstrating the health bene-
fits of n-3 polyunsaturated fatty acids (PUFAs) in
fish together with dwindling supplies of fish caught

rom the wild have spawned a dramatic expansion in
quaculture (an annual rate of increase of 9.2% compared
ith 1.4% for captured fish) (1-3). Although a great deal

f attention has been focused on the contamination of
armed fish populations with methyl mercury, polychlo-
inated biphenyls, and other organic compounds (4), little
as been published with regard to the effects of rapid
hanges in the fish industry on PUFA or saturated fatty
cid (SFA) levels in emerging, intensively farmed species
f fish. Our research reveals certain intensively farmed
pecies of fish contain PUFA profiles that have been
hown to be detrimental to human health.
In the United States, tilapia has shown the biggest

ains in popularity among seafood and this trend is ex-
ected to continue as consumption is projected to increase
rom 1.5 million tons in 2003 to 2.5 million tons by 2010,
ith a sales value of more than $5 billion (5). Based on

his growth, tilapia is now the second (to farmed Atlantic
almon) most widely farmed fish in the world. Catfish has
lso seen explosive growth, from 0.3 million metric tons
n 1994 to 0.7 million metric tons in 2003 (6). In contrast
o the dramatic increases in farmed fish, wild salmon
apture and wild tilapia capture has remained un-
hanged for the past 10 years (6).
The health benefits of the n-3 PUFAs in fish have been
ell documented (7). A meta-analysis examining fish con-

umption and coronary heart disease (CHD) in 13 cohort
tudies revealed an inverse relationship between fish con-
umption and CHD as well as sudden cardiac death,
here each 20 g/day increase in fish consumption was
ssociated with a 7% lower risk of fatal CHD (8). Long-
hain n-3 PUFAs such as eicosapentaenoic acid (EPA)
also referred to as 20:5) and docosahexaenoic acid (DHA)

also referred to as 22:6) found in oily fish are thought to

© 2008 by the American Dietetic Association
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e critical bioactive components that account for many of
he health benefits of fish. The mechanisms responsible
or their effects on cardiovascular disease and other com-
lex diseases are likely to be multifactorial. Based on a
arge body of evidence collected during the past three
ecades, the American Heart Association (AHA) recom-
ends that the general public eat at least two servings of
sh per week, cardiovascular disease patients consume
g EPA�DHA per day, and patients with hypertriglyc-

ridemia consume 2 to 4 g EPA�DHA per day (9).
The ratio of arachidonic acid (AA) to very long-chain

-3 PUFAs (EPA and DHA) in diets of human beings
ppears to be an important factor that dictates the anti-
nflammatory effects of fish oils. Ingestion of fish or fish
il diets leads to a marked increase of EPA in membrane
hospholipids and in some cases, a concomitant decrease
n arachidonic acid. Wada and colleagues (10) recently
eported that increasing the ratio of EPA to arachidonic
cid in cellular phospholipids likely dampens prostanoid
ignaling with its largest effects on cyclooxygenase-1 in-
olving the production of prostaglandin D, E, and F.
iochemical data from the laboratory of Serhan and col-

eagues (11) also predict that changes in arachidonic acid
o EPA or DHA ratios shift the balance from proinflam-
atory prostaglandins, thromboxanes, and leukotrienes,

o protective chemical mediators known as resolvins and
rotectins, which are proposed to play a pivotal role in
esolving inflammatory response.

As discussed earlier, there have been dramatic changes
n the fishing industry during the past decade, with fish
irtually unknown 10 years ago now dominating the mar-
etplace. Changes in fish consumption patterns raise im-
ortant questions as to the effect of aquaculture on the
uality and quantities of key very long-chain PUFAs that
uman beings ingest. Although there has been some ev-

dence that aquaculture can cause modest changes in
oncentrations and ratios of PUFAs in Atlantic salmon,
ven that is not clearly established. For example, the US
epartment of Agriculture (USDA) database 20 reports

hat farm-raised Atlantic salmon contains more than 1 g
ietary arachidonic acid per 100 g fish (12). If this is
orrect, farmed salmon is by far the richest source of
rachidonic acid in most Western diets and raises impor-
ant questions regarding its consumption, especially by
ulnerable populations (12). The objective of this study
as to determine the current status of the PUFA content

n the most commonly eaten fish.

ATERIALS AND METHODS
eafood Sources
amples of a wide variety of fish were obtained in 2005
hrough seafood distributors on both the east and west
oast (Poseidon Seafood, Atlanta, GA; Red Chamber Co,
ernon, CA; and Trident Seafoods Corp, Seattle, WA).
amples from these distributors are representative of fish
hat would be served in restaurants and available in
upermarkets. In addition, farmed salmon were obtained
irectly from two Chilean companies, AquaChile and Ca-
anchaca. This is particularly relevant because 60% of

he farmed salmon obtained on the east coast is Chilean
n origin (personal communication with Alex Trent, exec-

tive director, The Salmon of the Americas). Additional 6
amples of farmed tilapia, catfish, trout, and salmon were
btained from farms in Wisconsin, Idaho, North Carolina,
cuador, Honduras, Norway, New Zealand, western Can-
da, and Chile and from supermarkets (Harris Teeter,
resh Market, Lowes, Publix, Wegman’s, and Winn
ixie) in Alabama, Florida, North Carolina, and Pennsyl-
ania. Samples of canned fish were purchased from su-
ermarkets locally (Winston-Salem, NC). The study was
esigned using availability sampling, as not all fish farms
nd fish distributors contacted were willing to provide
amples for analysis. Because the availability of many
sh is seasonal, restaurant distributors could only pro-
ide samples of fish currently in stock. All fish were
hipped overnight on dry ice. To ensure the integrity of
he tissue samples, all sections were immediately snap
rozen in liquid nitrogen and stored at �80oC until anal-
sis.

tudy Design
n initial study was conducted to examine the fatty acid
rofile of 30 species of wild and farmed fish by gas chro-
atography–flame ionization detection (see Figure 1).
pproximately 1 g sections of tissue were taken from each
sh in duplicate and analyzed as described below. These
sh were then analyzed based on their n-3 fatty acid
ontent. For all fish species, n�1, except: mahi mahi, cod,
alibut, sockeye salmon, where n�2; farmed tilapia,
here n�11; farmed catfish, where n�8; farmed Atlantic

almon, where n�16; and farmed trout, where n�7. A
econd study was then conducted to more closely examine
he fatty acid profile and ratios in the four most com-
only farmed fish, Atlantic salmon (n�16), tilapia

n�11), catfish (n�8), and trout (n�7).

atty Acid Methyl Esters Analysis of Fish Samples
pproximately 1 g from each fish was weighed and ho-
ogenized in 10 mL/g deionized water at high speed for

igure 1. n-3 Fatty acid concentrations of common fish species.
oncentrations of total n-3 fatty acids (18:3, n-3; 18:4, n-3; 20:4, n-3;
0:5, n-3; 22:5, n-3; 22:6, n-3) were determined using gas chroma-
ography–flame ionization detection3 as described in the text. Concen-
rations in each fish are expressed as milligrams of total n-3 per 100 g
et weight fish. For all fish, (n�1), except: mahi mahi, cod, halibut,

ockeye salmon (n�2); farmed tilapia (n�11); farmed catfish (n�8);
armed Atlantic salmon (n�16); and farmed trout (n�7).
0 seconds. An aliquot was taken for fatty acid methyl
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ster analysis following a modification of the protocol by
etcalfe and colleagues (13). Tubes were prepared con-

aining 25 �g triheptadecanoin (17:0) (Nu-Check Prep,
lsyian, MN) in hexane as an internal standard. Homog-
nates were saponified with ethanol and 50% potassium
ydroxide at 60oC for 30 minutes. Following base hydro-

ysis, neutral lipids (ie, nonsaponifiable lipids) were ex-
racted and discarded. A second hexane extraction re-
ulted in isolation of the liberated fatty acids and fatty
cid methyl esters were derived using 12% boron trifluo-
ide in methanol. Fatty acid methyl esters were dissolved
n isooctane.

as Chromatography–Flame Ionization Detection Conditions
he system consists of an HP 5890 Series II gas chro-
atograph (Agilent Technologies, Inc, Santa Clara, CA)
ith direct-on-column inlet, HP 7673 auto-injector (Agi-

ent Technologies, Inc, Santa Clara, CA), FID, Varian
elect for FAME (part no. CP7420, Varian, Inc, Palo Alto,
A) column (100 m�0.25 mm id) with a 1 m�0.53 mm id
recolumn. Carrier gas (hydrogen) was at 20 psi head
ressure, 1.25 mL/min at 90°C; carrier�make-up gas (ni-
rogen) at 20 mL/min. Temperature program was 90°C
or 0.5 minute; 10°C/min to 150°C; 2.5°C/min to 200°C;
.5°C/min to 220°C, hold 20 minutes. Total run time was
0 minutes plus a 5-minute equilibration. Component
eaks were identified by retention time comparison to
urified standards and standard mixtures. Data were
eported as milligrams fatty acid per gram fish.

tatistical Analysis
escriptive statistics, such as means, were calculated
sing Excel (version 11.8211.8202, 2003, Microsoft Corp,
edmond, WA).

ESULTS
-3 PUFA
nitial studies were carried out to survey the n-3 concen-

igure 2. Percentage of fatty acids in fish containing �500 mg n-3
atty acids/100 g fish. Concentrations of total n-3 polyunsaturated fatty
cids (PUFAs) (18:3, n-3; 18:4, n-3; 20:4, n-3; 20:5, n-3; 22:5, n-3;
2:6, n-3), total n-6 PUFAs (18:2, n-6; 18:3, n-6; 20:3, n-6; 20:4, n-6),
otal monounsaturated fatty acids, and total saturated fatty acids were
etermined by gas chromatography–flame ionization detection. Fish
re ordered based on their percentage of n-3 PUFAs. For all fish (n�1),
xcept: farmed salmon (n�23), farmed trout (n�7) and sockeye
almon (n�2).
rations and n-6: n-3 ratio of 30 commonly eaten fish. b

180 July 2008 Volume 108 Number 7
igure 1 shows the concentrations of n-3 PUFAs per 100 g
approximately 3.5 oz) portion in these fish. As expected,
here are marked differences in the concentrations of n-3
UFAs in different species of fish, with the salmon and
rout species having the higher concentrations of n-3s.
ased on these initial data, fish species were divided into

hree categories; those that contained �500 mg (Category
), those that contained between 150 and 500 mg (Cate-
ory 2), and those that contained �150 mg n-3 fatty acids
er 100 g fish (Category 3).

ategory 1 Fish
igure 2 and Figure 3 show the percentage of n-3 PUFAs,
-6 PUFAs, monounsaturated fatty acids (MUFAs), and
FAs in a given fish. Fish in each category have been
rranged from highest to lowest percentages of n-3
UFAs. All fish within Category 1 (Figure 2) with the
xception of bronzini contained high concentrations of n-3
UFAs relative to n-6 PUFAs. It is noteworthy that sock-
ye salmon contained both high concentrations of n-3
UFAs and low concentrations of n-6 PUFAs resulting in
very favorable n-3 to n-6 ratio. Coho salmon, Copper
iver salmon, and farmed rainbow trout also contained
eneficial concentrations and ratios of n-3 PUFAs and n-6
UFAs. Although farmed Atlantic salmon contained high
oncentrations of n-3 PUFAs, they also contained much
igher concentrations of n-6 PUFAs.

ategory 2 Fish
xamination of Category 2 fish (containing between 150
nd 500 mg n-3 per 100 g fish) revealed that most fish in
his category also had favorable n-3 to n- 6 ratios with two
otable exceptions (Figure 3). Both farm-raised tilapia
nd farm-raised catfish had considerably higher concen-
rations of n-6 PUFAs when compared to n-3 PUFAs. In

igure 3. Percentage of fatty acids in fish containing between 150 and
00 mg n-3 fatty acids/100 g fish. Concentrations of total n-3 poly-
nsaturated fatty acids (PUFAs) (18:3, n-3; 18:4, n-3; 20:4, n-3; 20:5,
-3; 22:5, n-3; 22:6, n-3), total n-6 PUFAs (18:2, n-6; 18:3, n-6; 20:3,
-6; 20:4, n-6), total monounsaturated fatty acids, and total saturated
atty acids were determined by gas chromatograph–flame ionization
etection. Fish are ordered based on their percentage of n-3 PUFAs. For
ll fish (n�1), except: farmed catfish (n�8), farmed tilapia (n�11),
nd halibut and cod (n�2).
oth cases, this resulted in n-6 to n-3 ratios �2.
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ategory 3 Fish
ish in Category 3 (Figure 4) contained �150 mg n-3 per
00 g fish. Because of the relatively small concentrations
f total PUFAs, these fish add less to dietary PUFA
ntake. Interestingly, although these contain relatively
ow concentrations of PUFAs, most of the fish within this
ategory contain similar quantities of n-3 and n-6 PUFAs.
una, the second most consumed fish in the United
tates falls into this category and contains slightly more
-6 PUFAs relative to n-3 PUFAs (5).

armed Fish Comparisons
hese initial observations raised questions as to the
ealth benefits of the fatty acids in several commonly
aten fish and more specifically two intensively farmed
sh, tilapia and catfish. To more directly address the
uestion of levels of PUFAs in intensively farmed fish,
dditional samples of the most commonly consumed
armed fish—farmed salmon, tilapia, catfish, and trout—
ere gathered from major fish distributors and grocery

tores in different geographic locations within the United
tates. Figure 5A illustrates the concentrations of n-3
UFAs in individual samples from each of the four spe-
ies. As expected from data shown in Figure 1, farm-
aised salmon and trout contained the highest concentra-
ions of n-3 PUFAs. In the case of trout, there was a great
eal of variability depending on where the fish was ac-
uired. This variability is also seen in tilapia and possible
easons are addressed below. There were relatively low
oncentrations of n-3 PUFAs in both tilapia and catfish.
his is important because the vast majority of tilapia and
atfish available for consumption in the United States is
armed, not wild.

Epidemiologic studies and clinical trials in both human
eings and nonhuman primates have correlated SFA�
UFA:PUFA ratios with atherosclerosis progression and

ncreased risk of cardiac events (14-16). Figure 5B shows
his ratio in farmed salmon, tilapia, catfish, and trout.

hereas trout and salmon contain favorable ratios of �2,
ilapia and catfish contain ratios of SFA�MUFA:PUFAs

igure 4. Percentage of fatty acids in fish containing �150 mg n-3
atty acids/100 g fish. Concentrations of total n-3 polyunsaturated fatty
cids (PUFAs) (18:3, n-3; 18:4, n-3; 20:4, n-3; 20:5, n-3; 22:5, n-3;
2:6, n-3), total n-6 PUFAs (18:2, n-6; 18:3, n-6; 20:3, n-6; 20:4, n-6),
otal monounsaturated fatty acids, and total saturated fatty acids were
etermined by gas chromatograph–flame ionization detection. Fish are
rdered based on their percentage of n-3 PUFAs. For all fish (n�1),
xcept mahi mahi (n�2).
f approximately 4. m
The ratios of n-6:n-3 PUFAs are shown in Figure 5C. As
nticipated from results shown in Figure 2, both farm-
aised Atlantic salmon and trout have ratios well below 1,
hereas both tilapia and catfish have ratios �2. Total n-3
nd n-6 PUFAs are often reported when assessing the
ealth benefits of a fish. However, 18 carbon n-3 or n-6
UFAs such as �-linolenic acid and linoleic acid, respec-

ively, are poorly converted to very long-chain n-3 or n-6
UFAs by human beings (17). Because 20 to 22 carbon
ery long-chain fatty acids are likely responsible for most
f the biological activities attributed to fish, determining
oncentrations of very long-chain n-3 and n-6 PUFAs is
ost critical when considering the health benefits of fatty

cids in given fish (11,18). Consequently, the ratios of the
wo primary 20 carbon n-6 and n-3 eicosanoid pathway
ubstrates, arachidonic acid and EPA, were determined
Figure 5D). Both farmed tilapia and catfish contained
igh arachidonic acid:EPA. Although there was a great
eal of variability in the arachidonic acid:EPA ratio in
arm-raised tilapia, the average ratio was approximately
1:1, with two fish samples harvested in Central America
ontaining more than 20 times more arachidonic acid
han EPA. The ratio of PUFAs in these fish is high pre-
ominantly because they contain high quantities of
rachidonic acid, with an average of 134 mg and 67 mg
rachidonic acid for tilapia and catfish, respectively, with
ome tilapia samples from Central America containing
300 mg arachidonic acid per 100-g portion. To put this

nto perspective, a 100-g portion of hamburger (80% lean)
ontains 34 mg arachidonic acid, whereas a doughnut
ontains 4 mg arachidonic acid and 100 g pork bacon
ontains 191 mg arachidonic acid (19). For individuals
ho are eating fish as a method to control inflammatory
iseases such as heart disease, it is clear from these
umbers that tilapia is not a good choice. All other nutri-
ional content aside, the inflammatory potential of ham-
urger and pork bacon is lower than the average serving
f farmed tilapia. In contrast to tilapia and catfish, farm-
aised salmon and trout contained low ratios of arachi-
onic acid to EPA (approximately 0.2), largely due to
heir high concentrations of EPA. These data with farmed
almon are consistent with a recent study by Hamilton
nd colleagues (12) and are in contrast to those reported
y the USDA (19), which states that farm-raised Atlantic
almon contains much higher levels of arachidonic acid
1,152 mg/100g) and an arachidonic acid to EPA ratio of
.9:1.

ISCUSSION
aken together, these data raise important questions
egarding the influence of aquaculture in changing the
attern of consumption of key fatty acids known to affect
he health of human beings. The most rapidly expanding
sh in terms of world and US consumption, tilapia, as
ell as farmed catfish, have several fatty acid character-

stics that would generally be considered by the scientific
ommunity as detrimental. First, they have much higher
FA�MUFA:PUFA ratio than other farmed or wild fish.
atios this high in diets have been shown to be directly
ssociated with increases in SFA and MUFA in choles-
erol esters of low-density lipoprotein particles and in-
reased atherogenesis in both human beings and nonhu-

an primates (14-16). Although SFAs have long been

July 2008 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1181
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ssociated with atherosclerosis, recent studies suggest
hat the desaturation of saturated fats such as stearate to
leic acid by stearoyl-coenzyme A desaturase appears to
e an essential step in mediating the induction of obesity,
nsulin resistance, and dyslipidemia (20-23). Conse-
uently, ratios this high would be predicted to induce, not
rotect from, diseases such as atherosclerosis.

oncerns Regarding Dietary Arachidonic Acid
he concentrations of n-6 PUFAs and more specifically
he long-chain n-6 PUFA arachidonic acid in farmed tila-
ia and catfish are very high. In fact, these fish contain
ome of the highest levels of arachidonic acid found in
uman beings’ food chain. There is a controversy among
cientists in this field as to the importance of arachidonic
cid or n-6:n-3 ratios vs the concentration of long-chain
-3 alone with regard to their effects in human biology
24,25). Harris and colleagues (26) have published several
rticles indicating that dietary arachidonic acid or n-6:
-3 ratios have no influence on CHD. This tenet is based
n several lines of reasoning. First, an earlier study in 10
ealthy male volunteers showed no proaggregation ef-
ects of high doses of dietary arachidonic acid and no
ffects on what the authors termed immune function (26).
econd, a recent study showed that supplementation of a
apanese diet with 840 mg arachidonic acid had no effects
n platelet function (27). Given the limitations of these
tudies, it is difficult to understand how either of these
tudies speaks to the issue of whether or not dietary
rachidonic acid or ratios of long-chain n-6:n-3 fatty acids

igure 5. Concentrations of n-3 polyunsaturated fatty acids (PUFAs) (p
atios of n-6 PUFAs to n-3 PUFAs (panel C), and ratios of arachidonic
oncentrations of total n-3 PUFAs (18:3, n-3; 18:4, n-3; 20:4, n-3; 20
-6; 20:4, n-6), total monounsaturated fatty acids, and total saturated
sh in the United States by gas chromatography–flame ionization de
arm-raised catfish (n�8), and farm-raised trout (n�7).
ave an effect on disease progression in vulnerable pop- t

182 July 2008 Volume 108 Number 7
lations. In the former study, dietary arachidonic acid
aused more than four-fold increase in the ex vivo capac-
ty of peripheral blood mononuclear cells from these vol-
nteers to produce leukotriene B4. Given the central role
hat leukotrienes play in the pathology of disease in hu-
an beings, especially inflammatory disease, this cer-

ainly questions the conclusion that there was no effect of
rachidonic acid. In the latter study, arachidonic acid was
ed to a Japanese population and fatty acid measure-
ents of platelets in phospholipids or triglycerides were

aken. The Japanese population consumes huge quanti-
ies of n-3 fatty acids each day from birth (�800 mg/day
ormally and �800 mg/day EPA�DHA in the study diet).
onsequently, it would be predicted that the high concen-

rations of EPA already in platelet phospholipids would
revent a marked change in the arachidonic acid:EPA
atio or in platelet aggregation as a result of an increase
n arachidonic acid. However, without platelet phospho-
ipid data, it is not possible to make that determination.

The real question is whether or not dietary arachidonic
cid affects disease progression in vulnerable popula-
ions. In this regard, several studies, including Neilson
nd colleagues (28-31), indicate that there is a strong in
ivo correlation between arachidonic acid consumption
nd eicosanoid production. The first reported study of
ral administration of highly enriched esterified arachi-
onic acid to human beings was carried out in 1975 at
anderbilt University in John Oats’ laboratory and dem-
nstrated a marked increase in urinary prostaglandin E
etabolites as well as a significant reduction in the

), ratios of saturated�monunsaturated fatty acids to PUFAs (panel B),
AA) to eicosapentaenoic acid (EPA) (panel D) in common farmed fish.
3; 22:5, n-3; 22:6, n-3), total n-6 PUFAs (18:2, n-6; 18:3, n-6; 20:3,
acids were determined in the four most commonly consumed farmed
n. Farm-raised Atlantic salmon (n�16), farm-raised tilapia (n�11),
anel A
acid (
:5, n-
fatty
tectio
hreshold necessary to induce secondary, irreversible ag-
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regation of platelets (30). Most disturbingly, several in-
ividuals were removed from that study due to concerns
egarding platelet reactivity. Other vulnerable popula-
ions markedly overproduce eicosanoids. For example,
everal polymorphisms related to leukotriene generation
ave been identified in asthmatic populations and a large
roportion of asthmatics overproduce leukotrienes
32,33). Interestingly, these patients are 11 times more
ikely to respond to cysteinyl leukotriene blockers than
sthmatics who do not overproduce leukotrienes (34,35).
more recent study by Dwyer and colleagues (36) dem-

nstrated a strong association between a polymorphism
n the 5-lipoxygenase gene promoter and an increase in
ntima-media thickness (a common measurement of car-
iovascular risk). Interestingly, dietary arachidonic acid
as associated with enhanced atherogenesis in this ge-
otype. In contrast, increased dietary intake of EPA and
HA blunted this effect. The diet–gene interactions ob-

erved in these studies were specific to these fatty acids.
onsequently, with respect to individual diseases, in-

reases in arachidonic acid likely have different effects
epending on the specific eicosanoids produced, the cell
ype that is activated, the disease in question and, as
ore recent studies are informing us, on the genotype of

he individual afflicted.

oncerns Regarding the Use of Nutrition Databases to Assess
isk

second argument that has been used to support the
ontention that dietary arachidonic acid or n-6 to n-3
atios has little relevance are studies that have examined
he relationship of either the fatty acid composition of
arious tissues acquired in the course of a number of
tudies or the fatty acid composition of food ingested from
ood frequency questionnaires to cardiovascular risk. In
egard to the latter, the USDA National Nutrition Data-
ase is most frequently used to determine the fatty acid
omposition of foods. With regard to fish, if one scans the
ost recent version (Release 20) and examines farm-

aised Atlantic salmon or tilapia, there were two and
hree data points, respectively, used to obtain the fatty
cid quantities in the nutrient chart. It is not clear if
hese are analyses from one, two, or three fish. Most
roubling is that farm-raised salmon is listed as having
,150 mg arachidonic acid and 618 mg EPA per 100 mg
ortion. Our study taking duplicate samples from 28 fish
hroughout North America and the study by Hamilton
nd colleagues (12) that measured 459 farm-raised At-
antic salmon indicate that there is approximate five
imes more EPA than arachidonic acid in current stocks
f farm-raised salmon and arachidonic acid concentra-
ions are several-fold lower than indicated in Database
0. Indeed, this is good news for consumers who are
ngesting farm-raised Atlantic salmon. The news is not so
ood with tilapia; here, Database 20 states there is 30 mg
rachidonic acid per 100 mg in tilapia. However, our
tudy shows that the amount of arachidonic acid depends
argely on where the fish is obtained, with Central Amer-
can tilapia containing as much as 10 times the 30 mg
uggested by the USDA database. Because farm-raised
tlantic salmon and tilapia are major sources of fish for
any individuals in the United States, using databases
uch as Database 20 to determine relationships of ara- s
hidonic acid to disease will likely lead to wrong conclu-
ions. For example, using this database in a population
hat eats large amounts of farm-raised Atlantic salmon
ith resulting cardiovascular benefit will give the false

mpression that dietary arachidonic acid is beneficial in
ardiovascular disease.

etabolism of Cellular and Tissue Arachidonic Acid and EPA
imilarly, meta-analyses examining the relationship be-
ween tissue arachidonic acid levels and cardiovascular
isk have been interpreted to show no relationship. How-
ver, the tissues analyzed have arachidonic acid ranges
rom �5% of total fatty acids to �25% of fatty acids. Even
orse is the fact that some of the analyzed tissues are
ighly enriched in triglycerides and others in phospholip-

ds. Biochemical studies have established that arachi-
onic acid is incorporated into triglycerides (via de novo
lycerolipid biosynthesis) (37) and phospholipids (via ar-
chidonic acid-phospholipid remodeling) by different
echanisms depending on the concentration of arachi-

onic acid presented to cells (38). In addition, arachidonic
cid in different glycerolipids is located in different cel-
ular pools and locations. Arachidonic acid in remodeled
hospholipids is mobilized for eicosanoids (39) whereas
rachidonic acid in triglycerides is not (40). Thus it is
nlikely that simple analyses that place all arachidonic
cid pools together will be able to predict with any preci-
ion whether dietary arachidonic acid is an important
isk factor for disease in human beings.
Although the effect of altering the dietary ratio of ara-

hidonic acid:EPA has yet to be determined, it is known
hat increasing EPA relative to arachidonic acid both in
itro and in vivo blocks prostaglandin formation from
rachidonic acid by inhibiting cyclooxygenase-1 (41-43).
n addition, cells such as platelets can convert EPA to
hromboxane A3 via cyclooxygenase-1 (44,45). EPA may
lso increase production of prostacyclin, which has been
hown to diminish platelet aggregation (46). Another crit-
cal effect of increasing EPA:arachidonic acid is that it
nhances the formation of prostaglandin E3 (PGE3) from
PA utilizing cyclooxygenase-2 (47,48). PGE3 is thought

o block inflammation, whereas arachidonic acid derived
GE2 may promote inflammation. More recently, both
PA and DHA have been shown to be converted into
nti-inflammatory mediators known as resolvins and pro-
ectins (11,18). Consequently, the ratio of arachidonic
cid to long-chain n-3 PUFAs in diets of human beings is
ikely to be an important factor that regulates the balance
f arachidonic acid and fish oil-derived eicosanoids pro-
uced.

ow Did We Get Here?
here are several factors that may contribute to the
arked differences observed in the fatty acid profiles of

ilapia. Tilapia is a very hardy fish that grows rapidly on
ormulated feeds that contain lower protein levels, higher
arbohydrate levels, and a wide range of fat sources com-
ared with many other carnivorous farmed species (5).
hey are easy to breed and can be cultured intensively
nd economically in systems ranging from rural ponds to

ituations where the nutrition is exclusively dependent
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n commercially formulated diets. Fish from the most
ntensively farmed system are typically fed higher levels
f the 18 carbon n-6 fatty acid linoleic acid from vegetable
ils as part of the feed (49). This, in turn, is efficiently
onverted through two desaturation steps and an elonga-
ion step to arachidonic acid that is found in tissues.
ilapia appears to represent an important example
here an intensely farmed fish has a much higher con-

ent of SFA, MUFA, and linoleic acid leading to high
oncentrations of arachidonic acid and high n-6:n-3 ra-
ios. Unfortunately, aquaculture, which holds such prom-
se as a PUFA source from fish, can give rise to detrimen-
al and potentially harmful PUFAs when fatty acid
recursors of those PUFAs fed to fish are not taken into
ccount.
Numerous clinical studies have been conducted with

he conclusion that increased fish consumption reduces
he risk of CHD (50). In addition, the AHA recommends
hat individuals consume fish at least twice per week.
lthough the AHA does specify fatty or oily fish as pref-
rable, specific types of fish are not highlighted as espe-
ially healthful or especially unhealthful. Without being
iven certain fish to either look for or avoid, the general
opulation is likely to purchase the fish that is most
eadily available at the supermarket, or the fish that
osts the least. Farmed tilapia certainly fits into both
ategories. Since 2000, shipments of frozen tilapia fillets
rom China to the United States (representing 66% of
mports) have risen from 4 million to 140 million lb.
hinese frozen tilapia fillets averaged $1.38 per lb in
006, about even with the previous 2 years (51). Although
onvenience and price will clearly be important drivers in
he marketplace, our study shows that the drastically
ifferent nutrition profiles must be taken into account
hen deciding on or recommending fish to consume.
This study has several limitations. First, although fish
ere sampled from a wide variety of sources throughout

he United States and other countries, it would be impos-
ible to sample fish from every source worldwide. Notably
bsent from this study are fish from Asian and European
ources. In addition, the analyses focus on fish that are
ommonly eaten in the United States, whereas fish often
aten in other parts of the world may have been neglected
rom the study. A final limitation of this study is that the
ampling of fish was not random. The sampling was
ased on which species were available and which distrib-
tors were willing to provide samples for analysis. Al-
hough every effort was made to sample fish from a wide
ariety of geographical locations, it was not possible to
ample all locations and fish species equally.

an Tilapia Offer Public Health Benefits or Harm?
espite recommendations from organizations such as the
HA to increase fish consumption in general, this study
hows that not all fish are created equal. The initial
verview of fish alone shows that there is a range of n-3
atty acid content from practically none to nearly 4,000
g per 100 g fish. Closer inspection of the four most

ommonly farmed fish, Atlantic salmon, tilapia, catfish,
nd trout, reveals yet another discrepancy in the general
deal that it is healthful to eat fish. Whereas farmed
tlantic salmon and farmed trout have some of the high-

st levels of n-3 fatty acids, combined with low levels of

1

184 July 2008 Volume 108 Number 7
rachidonic acid, farmed tilapia and catfish have low
evels n-3 fatty acids along with levels of arachidonic acid
o high they can be considered detrimental. Taken to-
ether with tilapia’s explosive growth and its relatively
nexpensive price at best gives vulnerable populations a
alse sense of security in their dietary choices and at
orst renders them more vulnerable. Clearly it is neces-

ary to educate the population on the health differences
etween species of fish to negate the widely held belief
hat eating any fish is beneficial.

his research was funded by National Institutes of
ealth (NIH) Grant P50 AT0027820 from the National
enter for Complementary and Alternative Medicine

NCCAM) and the Office of Dietary Supplements (ODS).
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