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BSTRACT
t is the position of the American Di-
tetic Association (ADA) and Dieti-
ians of Canada (DC) that dietary fat
or the adult population should pro-
ide 20% to 35% of energy and em-
hasize a reduction in saturated fatty
cids and trans-fatty acids and an in-
rease in n-3 polyunsaturated fatty
cids. ADA and DC recommend a
ood-based approach for achieving
hese fatty acid recommendations;
hat is, a dietary pattern high in
ruits and vegetables, whole grains,
egumes, nuts and seeds, lean protein
ie, lean meats, poultry, and low-fat
airy products), fish (especially fatty
sh high in n-3 fatty acids), and use of
onhydrogenated margarines and
ils. Implicit to these recommenda-
ions for dietary fatty acids is that
nsaturated fatty acids are the pre-
ominant fat source in the diet. These
atty acid recommendations are made
n the context of a diet consistent with
nergy needs (ie, to promote a health-
ul body weight). ADA and DC recog-
ize that scientific knowledge about
he effects of dietary fats on human
ealth is incomplete and take a pru-
ent approach in recommending a re-
uction in those fatty acids that in-
rease risk of disease, while promoting
ntake of those fatty acids that benefit
ealth. Registered dietitians play a piv-
tal role in translating dietary recom-
endations for fat and fatty acids into
ealthful dietary patterns for different
opulation groups.
Am Diet Assoc. 2007;107:

599-1611.

OSITION STATEMENT
t is the position of the American Die-
etic Association and the Dietitians of
anada that dietary fat for the adult

0002-8223/07/10709-0016$32.00/0
doi: 10.1016/j.jada.2007.07.024
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2007 by the American Dietetic Associat
opulation should provide 20% to 35%
f energy and emphasize a reduction
n saturated fatty acids and trans-
atty acids, and an increase in n-3
olyunsaturated fatty acids. The
merican Dietetic Association and Di-
titians of Canada recommend a food-
ased approach for achieving these
atty acid recommendations; that is, a
iet high in fruits and vegetables,
hole grains, legumes, nuts, lean pro-

ein (ie, lean meats, poultry, and low-
at dairy products), fish (especially
atty fish high in n-3 fatty acids), to-
ether with the use of nonhydroge-
ated margarines and oils.

ecommendations for the intake
of dietary fat and fatty acids
have been made for healthy pop-

lations as well as for prevention and
reatment of chronic disease (1-12).
he guidance issued generally is con-
istent in recommending a decrease
n the intake of saturated fatty acids
SFA) and trans-fatty acids (TFA),
nd in recommending 20% or 25% to
5% of energy from fat. This can be
ccomplished by a reduction in SFA
nd TFA, which results in a decrease
n energy intake, or by partial or com-
lete replacement of SFA and TFA
ith unsaturated fatty acids and car-
ohydrates or to a lesser extent with
rotein within the recommendations
ade for macronutrients. Recent rec-

mmendations also recognize the im-
ortance of n-3 fatty acids. An in-
rease in n-3 polyunsaturated fatty
cids (PUFA) can be attained by
hoosing fats and oils high in �-linole-
ic acid (ALA), and increasing con-
umption of fish, particularly fatty
sh. This paper evaluates the evi-
ence of benefits and adverse effects
or lack thereof) of dietary fatty acids
o issue dietary recommendations for
otal fat, SFA, TFA, monounsatu-
ated fatty acids (MUFA), and n-6
nd n-3 PUFA for healthy individu-
ls. The endpoints used to determine

isks and benefits are based largely a

ion Journal
n lipid and lipoprotein responses be-
ause they respond to changes in di-
tary fatty acids and because they are
mportant risk factors for cardiovas-
ular disease (CVD). Moreover, ele-
ated biomarkers of inflammation are
ssociated with CVD and numerous
etabolic disorders that are respon-

ive to dietary fat (13). Research re-
ating the role of dietary fatty acids to
nflammatory and immune disorders
oes not suggest that among healthy
opulations, different recommenda-
ions are needed for fat and fatty acid.

Recommendations for dietary fat
nd fatty acids for treatment of dis-
ase or clinical practice are outside
he scope of this paper. However, a
rief discussion of the relationship of
pecific fatty acids to different dis-
ases/conditions is provided when ap-
ropriate. For those with hyperlipid-
mia, the American Dietetic Associa-
ion’s (ADA’s) updated Hyperlipidemia
vidence Analysis Library (14) provides
useful “Guide for Practice,” which in-

ludes recommendations for modify-
ng dietary fatty acid intakes for man-
ging hyperlipidemia/dyslipidemia.
n addition, Dietitians of Canada’s
DC’s) Practice-based Evidence in
utrition service provides practice
uidance (15).

ATS IN THE FOOD SUPPLY
atty acids are the major form of di-
tary fat (mainly as triglycerides).
atty acids are classified based on
hether or not the fatty acid carbon

hain contains no double bonds
SFA), one double bond (MUFA), or
ore than one double bond (PUFA),

nd the configuration of the double
onds (cis or trans). In addition,
UFA are further classified based on
he position of the first double bond
rom the methyl terminus of the fatty
cid as n-6 or n-3 fatty acids. MUFA
ound in the diet are largely n-9 fatty
cids, with small amounts of n-7 fatty

cids. The Figure presents the struc-
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ADA REPORTS

1

ure of different fatty acids, their bio-
ogical actions, and common food
ources. Humans are unable to syn-
hesize n-6 or n-3 fatty acids, thus
hese fatty acids are essential dietary
utrients.
SFA are present in relatively high

mounts in animal fats and tropical
egetable oils. Meat and dairy prod-
cts contribute approximately 60% of
FA in the diet in the United States
nd Canada. Animal fats contain pre-
ominantly palmitic acid (16:0) and
tearic acid (18:0). Tropical vegetable
ils, such as palm kernel and coconut

Fatty acid classification Structur

Saturated fatty acids
Lauric acid C12:0
Myristic acid C14:0
Palmitic acid C16:0
Stearic acid C18:0

Monounsaturated fatty acids
cis-configuration

Palmitoleic acid C16:1
Oleic acid C18:1

trans-configuration
Elaidic acid C18:1

Vaccenic acid C18:1

Polyunsaturated fatty acids
n-6 fatty acids

Linoleic acid C18:2

Arachidonic acid C20:4

Conjugated linoleic acid C18:2 (v

n-3 fatty acids
�-linolenic acid C18:3

Eicosapentaenoic acid C20:5
Docosapenteonoic acid C22:5
Docosahexaenoic acid C22:6

igure. Fatty acids in the food supply—str
ipoprotein.
ils, contain high amounts of lauric r

600 September 2007 Volume 107 Number 9
nd myristic acid. SFA are formed by
ndustrial hydrogenation (addition of
ydrogen atoms to unsaturated bonds
reating saturated bonds) of vegeta-
le oils. Fully hydrogenated fats are
igh in stearic acid.
Partial hydrogenation results in

he formation of a large number of
ositional and geometric isomers of
he naturally occurring cis-fatty ac-
ds. A major TFA in industrially hy-
rogenated oils is elaidic acid (t9-18:
), although many other trans-
somers are formed. TFA are present
n ruminant meat and milk fats as a

Biological actions

Raises total, LDLa, and HDLb cholest
increases some hemostatic/throm
that promote thrombosis

Does not increase total, LDL, and HD

Decreases total and LDL cholesterol
substituted for saturated fat and d
total cholesterol compared with d
carbohydrate

Raises total and LDL cholesterol sim
saturated fat, decreases HDL vs s
and raises the total-to-HDL ratio m
saturated fat; induces systemic in
and endothelial dysfunction

Not established

Decreases total and LDL cholesterol

Precursor for eicosanoids (prostaglan
thromboxanes, leukotrienes)

nts) Anti-cancer properties, decreases bo
growing animals

Decreases cardiovascular risk throug
mechanisms including platelet fun
inflammation endothelial cell func
compliance, arrhythmia

Decreases risk of sudden death thro
mechanisms including platelet fun
endothelial cell function, arterial c
and arrhythmia and has beneficia
nervous system development and

re, function, and common food sources. L
esult of biohydrogenation of unsat- f
rated fatty acids in the rumen. The
ajor TFA in ruminant meat and
ilk is vaccenic acid (t11-18:1), with

maller amounts of other TFA.
MUFA are present in vegetable,

ut, and seed oils, as well as in meats
nd dairy products. The major dietary
UFA is oleic acid (18:1n-9). Oleic

cid is present in high amounts in
live oil, canola oil, mid-oleic sun-
ower oil, and other mid- and high-
leic vegetable oils, peanuts, pista-
hios, almonds, and avocados. PUFA
re found in vegetable, nut, and seed
ils with the amounts of n-6 and n-3

Common food sources

l and
c factors

Coconut oil
Butter fat, coconut oil
Most fats and oils

holesterol Most fats and oils, cocoa
butter, fully hydrogenated
vegetable oils

en
eases
ry

Some fish oils, beef fat
Most fats and oils, nuts,

seeds, avocados

to
rated fat,
e so than
mation

Partially hydrogenated
vegetable oils

Butterfat, meat

Liquid vegetable oils, nuts,
seeds

s, Meat, poultry, fish, eggs

fat in Butterfat, meat

ultiple
n,
, arterial

Flaxseed, canola oil,
soybean oil, walnuts

multiple
n,

pliance
ects on
lth

Fish oil, algae
Fish oil, algae
Fish oil, algae

�low-density lipoprotein; HDL�high-density
e

ero
boti

L c

wh
ecr

ieta

ilar
atu
or

flam

din

aria dy

h m
ctio
tion

ugh
ctio
om
l eff
hea

uctu DL
atty acids varying greatly. The major
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ADA REPORTS
ietary PUFA are the 18-carbon n-6
inoleic acid (LA) and the n-3 ALA. LA
18:2n-6) is the parent fatty acid of
he n-6 fatty acids and is present in
igh amounts in soybean, corn, saf-
ower, and sunflower oils. ALA (18:
n-3) is the parent fatty acid of the
-3 fatty acids and is highest in flax-
eed, canola and soybean oils, and
alnuts. �-Linoleic acid (18:3n-6) is
resent in foods in very small
mounts, except for evening primrose
nd borage oils. The desaturation (ad-
ition of double bonds) and elongation
addition of carbon atoms) of LA and
LA to longer carbon chain PUFA oc-

urs in phytoplankton and animal
ells. LA is elongated to arachidonic
cid (ARA), and ALA is converted to
icosapentaenoic acid (EPA; 20:5n-3)
nd docosahexaenoic acid (DHA; 22:
n-3) animal cells. Fish and seafood,
articularly fatty fish such as mack-
rel, herring, salmon, tuna, and trout,
s well as oysters, are the richest di-
tary sources of the n-3 longer carbon
hain PUFA, EPA, and DHA. The ma-
or dietary sources of ARA are meat,
oultry, and eggs.
Conjugated linoleic acids (CLA) are

UFA in which the double bonds oc-
ur on adjacent carbons. Small
mounts of CLA are present in the
ilk and meat of ruminants. A major
LA is cis-9, trans-11 18:2, termed c9,

11 18:2, which has one trans- and
ne cis-bond, compared to the all cis-
A, which is c9,c12 18:2. CLA are not
lassified as TFA for the purpose of
ood labeling, or in regulations relat-
ng to TFA in Canada. The trans-fat
abeling rules in the United States
nd Canada do not differentiate
mong TFA from ruminant animals
nd industrial hydrogenation, but do
xempt conjugated dienes (CLA) from
abeling. Thus, all trans fats, includ-
ng ruminant trans fats, but exclud-
ng CLAs, are included on the Nutri-
ion Facts label, regardless of origin.

The fatty acid composition of common
ietary fats and oils are presented in Ta-
le 1 (available at www.adajournal.org).
he US Department of Agriculture’s Nu-
rient Data Laboratory (16) and the Ca-
adian Nutrient File (17) provide excel-
ent resources on the nutrient content
f foods, including fatty acids. The
eep It Managed database (18) is an

nteractive software program that pro-
ides information about the n-3 and n-6
atty acid content of 9,000 food serv-

ngs. t
ATTY ACID RECOMMENDATIONS
he Dietary Reference Intake (DRI) re-
ort on macronutrients recommended
hat SFA and TFA be as low as possible
hile consuming a diet that provides
n adequate intake of all essential nu-
rients (12). The Dietary Guidelines for
mericans 2005 (9) recommended
10% of calories from SFA, and that
FA consumption be as low as possible.
he American Heart Association’s

AHA) Diet and Lifestyle Recommen-
ations recommended that SFA intake
e �7% of calories, and that TFA be
1% of calories (5). Likewise, the Nu-

rition Recommendations and Inter-
entions for Diabetes 2007 (1) recom-
end that SFA be �7% of calories and

hat TFA be minimized. The Canadian
iabetes Association recommended that
FA be �10% of calories and that use of
rocessed foods containing SFA and TFA
e limited (http://www.diabetes.ca/Files/
utritional_guide_eng.pdf). The upper

imit of 35% calories from fat was based
n data to show that higher fat intakes
re associated with a greater intake of
nergy and SFA. The lower limit for fat
ntake was set to minimize the increase
n plasma triglyceride and decrease in
igh-density lipoprotein (HDL) choles-
erol levels that occurs with high in-
akes of carbohydrates.

The DRI report and the Dietary
uidelines for Americans 2005 recom-
end an acceptable macronutrient

istribution range of 5% to 10% di-
tary energy from n-6 PUFA, and
.6% to 1.2% of energy from n-3
UFA, but did not set a Recom-
ended Dietary Allowance or Esti-
ated Average Requirement for indi-

idual fatty acids. The DRI report on
acronutrients (12) provided an Ad-

quate Intake (AI) for n-6 and n-3
atty acids, which is an intake equiv-
lent to the observed median intake
n the United States. The AI for n-6
atty acids is 17 g/day for men 19 to 50
ears, 12 g/day for women 19 to 50
ears. The AI for ALA is 1.6 and 1.1
/day for men and women 19 to older
han 70 years of age, respectively
12). These intakes are equivalent to
bout 5% to 6% energy from LA and
.5% energy from ALA. The DRI re-
ort on macronutrients also noted
hat EPA and DHA can provide up to
0% of total dietary n-3 fatty acids,
hich is based on median consump-

ion patterns for these fatty acids in

he United States. Mean intakes of y

September 2007 ● Journal
A and ALA are about 5% and 0.5% of
ietary energy in Canada (19).
This position paper emphasizes

hat the AI are the observed median
ntakes of n-6 and n-3 fatty acids for
he US population, and should not be
onfused with the Recommended Di-
tary Allowance or with those intakes
f fatty acids that confer the lowest
isk of disease. For primary preven-
ion of coronary heart disease (CHD),
he US Dietary Guidelines Advisory
ommittee (20), AHA (5,6), the Na-

ional Heart Foundation of Australia
21), and the United Kingdom Scien-
ific Advisory Committee (10) all rec-
mmend two servings of fish per
eek, preferably fatty fish, providing
bout 450 to 500 mg EPA and DHA
er day. The National Health and
edical Research Council (2006) Nu-

rient Reference Values for Australia
nd New Zealand recommend 610
g/day for men and 430 mg/day for
omen for chronic disease risk re-
uction (http://www.nhmrc.gov.au/
ublications/synopses/_files/n35.pdf).
he National Academies (22) re-
ently recommended that adolescent
ales, adult males, and females
ho will not become pregnant, as
ell as adult males and females who
re at risk of CVD consume two 3-oz
ervings of fish per week. The report
cknowledged that females who are
r may become pregnant or who are
reastfeeding, and children up to
ge 12 may benefit from consuming
wo 3-oz servings of seafood, espe-
ially those with higher concentra-
ions of EPA and DHA.

DA and DC Position on Fat and Fatty
cids
DA and DC concur with other expert
roups in recommending a dietary fat
ntake for adults in the range of 20%
o 35% energy, emphasizing a reduc-
ion of SFA and TFA, and an increase
n n-3 PUFA. These recommenda-
ions for specific fatty acids are appli-
able to children over 2 years of age,
ut should be followed with age-ap-
ropriate total fat and energy intakes
o support normal growth and devel-
pment. For children 1 to 3 years of
ge, a total fat intake of 30% to 40% of
nergy is recommended, and for chil-
ren 4 to 18 years of age, a total fat
ntake of 25% to 35% of energy is rec-
mmended. For children under 2

ears of age, cow’s milk, if fed, should

of the AMERICAN DIETETIC ASSOCIATION 1601
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ADA REPORTS

1

e full-fat milk. The recommenda-
ions for total fat for children are
ased on a gradual transition from
igh-fat intakes during infancy to the
otal fat recommendation for adults.

Decreasing SFA and TFA is a strat-
gy for reducing the energy content of
he diet. Alternatively, SFA and TFA
an be replaced with unsaturated
atty acids, and/or carbohydrate, pro-
ein. Replacing SFA with unsatur-
ted fat avoids the triglyceride-rais-
ng effect when carbohydrates are
ubstituted for SFA. Complex and un-
efined carbohydrates result in a
igher fiber intake and can attenuate,
nd even prevent, the triglyceride-
aising effect of low-fat diets (23-25).
eplacing SFA with protein also re-
ults in lower triglycerides than when
arbohydrates are used as the substi-
ute (26). MUFA avoid the HDL-low-
ring effects of diets high in n-6 LA.
owever, uncertainty surrounds the

verall risk-to-benefit of high intakes
f MUFA vs LA; consensus on the op-
imal intake of LA has not been
eached. The recommended range for
-6 PUFA in the United States is 5%
o 10% of energy (7-9,12) based on
vidence of beneficial effects of PUFA
n CVD and diabetes (27-31). Other
nternational groups have recom-

ended lower intakes of n-6 PUFA of
% to 8% [European Commission
32)], 5% to 8% (Food and Agriculture
rganization of the United Nations/
orld Health Organization [11]), 3%

o 4% [The Japan Society for Lipid
utrition (33)], and 2% to 3% [Inter-
ational Society for the Study of
atty Acids and Lipids (34)] of energy
o meet essential fatty acid require-
ents.
Recommendations for lowering the

ntake of n-6 PUFA have centered
round concerns that high intakes
ay antagonize n-3 PUFA metabo-

ism, contribute to an increased risk
f inflammatory, immune, and other
isorders associated with an excess
roduction of n-6 fatty acid�derived
icosanoids, and may increase sus-
eptibility of tissue and plasma lipids
o oxidative modification (35,36).
hus, ALA, EPA, and DHA, which

avorably affect risk of CVD and other
iseases (37), could be affected ad-
ersely by high n-6 fatty acid intakes.
onsensus on the beneficial effect of

educing LA intakes on human health
as not been reached (38). Higher LA
ntakes can play an important role in (

602 September 2007 Volume 107 Number 9
holesterol-lowering (39), may have
eneficial effects on insulin sensitiv-
ty (40), and may reduce plasma tri-
lycerides in some individuals (41).
ome n-6 fatty acid�derived eico-
anoids also have important effects in
he resolution of inflammation and
arkers of CVD and CVD events are

lso lowest in individuals with high
evels of both n-6 and n-3 fatty acids
28,42).

ADA and DC concur with the ac-
eptable macronutrient distribution
ange of the DRI report on macronu-
rients (12) for ALA, which is 0.6% to
.2% of energy. The median intake of
LA in the United States and Canada

s 0.5% energy. The intake of TFA
hould be reduced to as low as possi-
le. SFA should be replaced with cis-
nsaturated fat or complex carbohy-
rates to maintain a total fat intake
f 20% to 35% of energy. To a limited
xtent, SFA calories can be replaced
ith protein.
Fish and Shellfish. ADA and DC

onsider that n-3 PUFA from fish are
n important part of a healthful diet,
nd recommend two servings per
eek, preferably fatty fish. Approxi-
ately 8 oz of cooked fish per week

rovides about 500 mg/day EPA and
HA. For vegans who do not consume
ny preformed sources of EPA and
HA, additional research is needed
efore recommendations can be made
or these fatty acids, including sup-
lements. It is important to note the
bsence of reported adverse health ef-
ects in this population that consumes
o fish.
The presence of some contaminants

n fish, including dioxins and methyl
ercury, has raised concern. Federal

uidelines for avoiding environmen-
al contaminants in fish should be fol-
owed (the US Food and Drug Admin-
stration and the Environmental
rotection Agency (43); Canadian
ood Inspection Agency (44)]. The En-
ironmental Protection Agency and
he US Food and Drug Administra-
ion have issued a joint consumer ad-
isory for pregnant women, women
ho could become pregnant and
oung children not to eat shark,
wordfish, king mackerel, or tilefish
ecause of their higher mercury lev-
ls. Up to 12 oz per week of low-mer-
ury fish are recommended, such as
hrimp, canned light tuna, salmon,
ollock, and catfish. As albacore

white) tuna has more mercury than t
anned light tuna, these risk groups
ay eat up to 6 oz of albacore tuna

er week. These same recommenda-
ions apply to young children, but
maller portions should be served.
he Canadian Food Inspection
gency, different from the US Food
nd Drug Administration and Envi-
onmental Protection Agency, recom-
ends a maximum intake of 0.20 �g/

g/day for pregnant women, women
ho could become pregnant, and
oung children. A report from the Na-
ional Academies (22), which states
hat pregnant women or women who
ay become pregnant should stay
ithin Federal advisories for con-

umption of specific fish and seafood
ypes, and state/regional advisories
or locally caught fish.

Many of the fish noted in federal
dvisories as containing high levels of
ercury are not commonly consumed

y Canadian women and children,
nd other fish not noted in the reports
ay contain methyl mercury. The
PA and DHA content of commonly
onsumed fish and amounts of envi-
onmental contaminants has been re-
orted by Mozaffarian and Rimm
45). Adherence with federal (and re-
ional) advisories on fish consump-
ion will help achieve the benefits as-
ociated with fish and seafood
onsumption without increasing ex-
osure to environmental contami-
ants.
Breast Milk. Human milk is the

referred source of nutrition for all
nfants under 6 months of age, unless
linically contraindicated. Infants
ess than 1 year of age who are not
reastfed should be fed human milk
ubstitutes that contain at least 4%
nergy from LA and 0.75% energy
rom ALA, which are the minimum
mounts of LA and ALA recom-
ended in formulas for term infants

46), and both DHA and ARA. For
omen who wish to use a human milk

ubstitute, DHA should be at least
.2% of total fatty acids and the level
f ARA should not be lower than
HA.

ATTY ACIDS AND HEALTH
hile many factors contribute to the

isk of CHD, the important lipid and
ipoprotein risk factors include
lasma (or serum) total cholesterol,
ow-density lipoprotein (LDL) choles-

erol, HDL cholesterol, triglycerides,
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ADA REPORTS
nd the ratio of total to HDL choles-
erol. Despite the significance of lipid/
ipoprotein risk factors, many non-
ipid factors, including inflammatory

arkers, are also important for as-
essing CHD risk (47). Thus, target-
ng multiple risk factors holds the

ost promise for attaining the great-
st reduction in disease risk. More-
ver, because inflammation plays a
entral role in many diseases, strate-
ies to reduce elevated inflammatory
ediators may have beneficial effects

n many other diseases.

FA
pidemiologic studies have shown a
ositive association between the in-
ake of SFA and the incidence of CHD
27,48,49), and clinical studies have
hown that SFA raise total and LDL
holesterol (40,50). For every 1% in-
rease in energy from SFA, LDL cho-
esterol levels increase by 1.3 to 1.7

g/dL (0.034 to 0.044 mmol/L) (51-
3), and HDL cholesterol levels in-
rease by 0.4 to 0.5 mg/dL (0.010 to
.013 mmol/L) (54). Individual SFA
iffer in their effects (55,56). Lauric
cid (12:0) and myristic acid (14:0)
ave a greater total cholesterol rais-

ng effect than palmitic acid (16:0),
hile stearic acid (18:0) has a neutral
ffect on total, LDL, or HDL choles-
erol (53,54,57). Lauric acid, but not
yristic or palmitic acid, decreases

he total-to-HDL cholesterol ratio be-
ause of an increase in HDL choles-
erol (54). Foods contain mixtures of
FA, thus, selecting foods based on

ndividual SFA content is not recom-
ended.

UFA
leic acid lowers total and LDL cho-

esterol when it replaces SFA
7,8,12,58). When compared to carbo-
ydrate, MUFA decrease triglycer-

des, increase HDL cholesterol, and is
nversely related to total-to-HDL cho-
esterol ratio. A meta-analysis of
tudies with individuals with diabe-
es showed that high-fat diets with
2% to 33% energy from MUFA re-
ulted in lower plasma total choles-
erol, very�low-density-lipoprotein
holesterol, and triglyceride levels
han did low-fat, high-carbohydrate
49% to 60% energy) diets (59).

The association between MUFA

nd risk of cancer is inconsistent (60). m
n some studies, food sources of oleic
cid were associated with a lower risk
f breast cancer (61,62), but meta-
nalysis found that tissue oleic acid
evels were positively associated with
reast cancer (63). Because oleic acid
an be synthesized in vivo, tissue oleic
cid is not necessarily of dietary ori-
in.
Current recommendations for
UFA were derived by considering

ecommendations for SFA, TFA, and
-6 and n-3 PUFA, then deriving a
ecommendation for MUFA based on
he amount needed to obtain the rec-
mmended intake of total fat. Na-
ional Cholesterol Education Pro-
ram Expert Panel on Detection,
valuation, and Treatment of High
lood Cholesterol in Adults (Adult
reatment Panel III) recommends
hat MUFA not exceed 20% of calo-
ies. There is an increasing trend for
igher MUFA in many foods, due in
art to use of fats with higher MUFA
n place of TFA. Some evidence sug-
ests an adverse effect of high MUFA
iets on atherosclerosis in animals
64), but this has not been observed in
umans.

FA
igh intakes of TFA have been asso-

iated with an increase in the relative
isk of coronary artery disease, CHD
eath rate, and risk of fatal and non-
atal myocardial infarction, and sud-
en death (27,65-70). Clinical trials
ave shown a dose-dependent effect
f TFA over the range of 0.5% to 10%
f energy in increasing LDL choles-
erol levels (12). Relative to SFA, TFA
ecrease HDL cholesterol and in-
rease the TC-to-HDL cholesterol and
DL-to-HDL cholesterol ratios (54).
FA also increases other coronary ar-
ery disease risk factors, such as
mall dense LDL, postprandial lipids,
ndothelial function, and systemic in-
ammatory mediators (71-73), all of
hich may contribute to the effect of
FA on CHD mortality and morbidity

74,75).
Evidence of no relationship and a

ositive association between industri-
lly produced TFA and cancer (76-79)
nd diabetes (80) has been reported.
linical studies with the major trans
UFA (vaccenic acid) in ruminant
eats and milks have not been done;

hus, evidence to support a recom-

endation for the intake of fat from E

September 2007 ● Journal
uminant meats and dairy products
hat differs from those based on SFA
s insufficient.

CLA, in ruminant meat and dairy
ats, have unique biological effects,
ncluding decreased fat deposition,
nd anticarcinogenic, antiathero-
enic, and immune-modulating prop-
rties (81). There is some evidence
hat CLA supplements (3 g/day) im-
air insulin sensitivity (82), increase
-reactive protein [t10,c12 CLA, 3.4
/day (83)], and increase oxidative
tress and insulin resistance [c9,t11
LA, 3 g/day (84)] in those with obe-
ity and metabolic syndrome. Supple-
entation with about 2 g CLA per

ay may reduce milk fat secretion
uring lactation (85), although other
tudies have not confirmed this (86).
hese doses are above those attain-
ble from usual foods; thus, whether
ietary CLA provides any health ben-
fit is not clear. Consumption of
igher-fat dairy and red meats as a
eans to increase CLA intake is not

ecommended because of the accom-
anying increase in SFA.
Foods containing industrially de-

ived TFA should be minimized. Re-
ucing TFA in some foods, for exam-
le, pastry that requires solid fat,
ithout increasing SFA is complex. In

ome foods, TFA have been removed
y replacement with fats higher in
FA. The current recommendations
dvise that TFA replacement strate-
ies not result in a higher TFA and
FA (87).

UFA
he n-6 (LA and ARA) and the n-3

ALA, EPA, and DHA) fatty acids are
mportant in many aspects of health.
arly studies focused on diets rich in
A in reducing plasma lipid risk fac-
ors and CVD morbidity and mortal-
ty (31). More recently, there has been
ncreased understanding of the im-
ortance of n-3 fatty acids in reducing
VD risk, in neurological function,
nd in inflammatory and immune dis-
rders. ALA, EPA, and DHA differ in
heir metabolic and physiological
oles, and the relative importance of
he different n-3 fatty acids remains
ncompletely understood. Concern
as been raised that a high dietary
-6:n-3 fatty acid ratio may contrib-
te to many diseases associated with
estern diets. Because the intake of

PA and DHA are much lower than

of the AMERICAN DIETETIC ASSOCIATION 1603
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1

or LA and ALA, increases in EPA
nd DHA intake that have physiolog-
cal effects do not substantively alter
he dietary n-6:n-3 fatty acid ratio.
cientific consensus has not been
eached on whether current intakes
f LA are too high, and it is unclear
hether associations between an in-

reased risk of disease and high di-
tary n-6:n-3 fatty acid ratios are ex-
lained by high n-6, low n-3 fatty acid
ntakes, or effects of their ratio. Re-
ent studies have suggested that con-
ersion of ALA into EPA is not deter-
ined by the ratio of LA to ALA, but

y the absolute amounts of ALA or LA
n the diet (88). Use of n-6/n-3 fatty
cid ratios is also problematic be-
ause an identical ratio can be
chieved with very different amounts
f each fatty acid class (89). There-
ore, because of the difficulty in apply-
ng one ratio across diets varying in
LA, EPA, and DHA, the recommen-
ations in this paper focus on the ab-
olute intakes of n-6 and n-3 fatty
cids.
n-6 Fatty Acids. Early clinical tri-

ls found that 13% to 21% dietary
nergy from PUFA decreased total
lasma cholesterol by 13% to 15%,
nd decreased CHD events by 25% to
3%, although there was a lack of ef-
ect on all-cause mortality (90-92).
redictive equations based on
hanges in blood cholesterol esti-
ated that an increase of 1% energy

rom PUFA reduces total cholesterol
y 0.9 mg/dL (0.023 mmol/L), while a
imilar intake of SFA raises total cho-
esterol by approximately twice as

uch (51,52). PUFA increase HDL
holesterol when substituted for car-
ohydrate, although less than SFA
nd MUFA (54). Because PUFA lower
otal cholesterol and increase HDL
holesterol, the net effect is a de-
rease in the total-to-HDL and LDL-
o-HDL cholesterol ratios. PUFA may
lso have beneficial effects on glucose
etabolism and insulin resistance

nd, hence, on type 2 diabetes (80,93),
s suggested by the inverse associa-
ion of vegetable fat and PUFA with
ype 2 diabetes in the Nurses’ Health
tudy (80) and the inverse associa-
ion between PUFA and fasting blood
lucose levels in the Italian Nine
ommunities Study (94). However,

he Canadian Diabetes Association
ave a D-level evidence rating to the
utrition recommendation for PUFA
ntake of �10% of energy because of t

604 September 2007 Volume 107 Number 9
nsufficient clinical evidence that
igh LA has beneficial effects in dia-
etes (95).
The possibility that high intakes of

-6 PUFA may increase the risk of
ancer, gallstones, CHD mortality, ce-
ebral infarction, hyperinsulinemia,
nd subsequent insulin resistance, or
mmune and inflammatory disorders
as been raised (33,35,96-99). Meta-
nalysis of 16 case-control studies
nd seven major cohort studies con-
luded that it is unlikely that a high
ntake of LA substantially raises risk
f breast, prostate, or colorectal can-
er (96). The Health Professionals’
ollow-Up Study showed that men in
he highest vs lowest quintile of
UFA intake had a lower risk of gall-
tone formation (100). In contrast, in-
reased LA intake from 1950 to 2000
n Japan has been associated with an
ncreased morbidity from cerebral in-
arction and ischemic heart disease
33,97,98). Similarly, there is a linear
elationship between n-6 PUFA and
HD mortality among populations in
ifferent countries (101).
High intakes of n-6 PUFA have

een proposed to increase production
f proinflammatory and proaggrega-
ory eicosanoids derived from ARA
102), and increase susceptibility of
DL and tissue lipids high in LA to
xidative modification (103). LDL
rom subjects consuming LA-rich vs

UFA-rich diets is more susceptible
o oxidative modification (35). Con-
umption of oils high in LA has in-
reased in the United States, Canada,
nd other countries following West-
rnized diets (104), with an increase
n LA intakes from about 3% dietary
nergy in the 1930s to current intakes
f about 5% to 6% dietary energy in
he United States and Canada. Cur-
ent evidence does not support a need
o increase LA intakes in individuals
onsuming LA at the lower end of the
cceptable macronutrient distribu-
ion range. However, whether benefit
s attained by recommending a de-
rease in LA intakes for individuals
ith intakes above the median of 5%

o 6% energy is unclear. One position
avors a decrease in the intake of LA
n favor of MUFA and ALA. A de-
rease in LA would also reduce the
ietary ratio of LA to ALA, which has
een suggested to be too high in West-
rn diets (105). An alternate position
s that current intake of LA be main-

ained, and that n-3 fatty acids in- o
reased. In support of the latter posi-
ion, recent studies have suggested
hat n-6 and n-3 fatty acids together
re associated with the lowest level of
nflammation (28,42).

n-3 Fatty Acids. ALA, the predom-
nant dietary n-3 fatty acid, is con-
erted to EPA and DHA, although the
onversion of ALA to EPA and espe-
ially to DHA is very low in humans
106-110). Epidemiologic studies in
he United States reported that ALA
ntakes of 0.53 to 2.8 g per day were
ssociated with a reduced risk of CVD
vents, fatal ischemic heart disease,
nd all-cause mortality (111-113).
he Health Professionals’ Follow-Up
tudy reported that a 1% energy in-
rease in ALA intake was associated
ith a 40% lower risk of myocardial

nfarction, after adjustment for total
at intake (69), while results from the
urses’ Health Study (114) found

hat women in the lowest quintile of
LA intake had a 38% to 40% lower
isk of sudden cardiac death than
hose in the highest two quintiles. In
he Lyon Diet Heart Study, postmyo-
ardial infarction patients who con-
umed a Mediterranean-style diet
ith 0.81% energy from ALA, 8.3%

nergy from SFA and 217 mg/day cho-
esterol had a 50% to 70% lower risk
f recurrent heart disease than pa-
ients consuming an AHA step 1 diet
115). Recent epidemiologic studies
ontinue to support a beneficial effect
f dietary ALA on CVD, particularly
n the presence of a low fish intake
116).

Meta-analysis have raised concern
hat ALA may increase the risk of
rostate cancer (117). Nine observa-
ional studies (four prospective stud-
es and five nonprospective studies)
ssessed the relationship between
rostate cancer incidence or preva-
ence, and intake or blood levels of
LA, and reported an increased risk
f prostate cancer (1.70; 95% confi-
ence interval: 1.12 to 2.58). How-
ver, in prospective studies, the com-
ined estimate of relative risk for
rostate cancer incidence was 1.32
95% confidence interval: 0.80 to
.18). A subsequent study also re-
orted no association between ALA
ntake and prostate cancer risk (118).
n addition, subjects in the Lyon Diet
eart Study who consumed a Medi-

erranean diet with 0.8% of energy
rom ALA did not have increased risk

f prostate cancer (119). Most evi-
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ence suggests no adverse effect of
LA and risk of prostate cancer.
EPA and DHA reduce risk of sud-

en cardiac death, possibly by in-
reasing the threshold for ventricular
brillation, which is a leading cause
f sudden death (120,121). Recent
tudies in patients with implanted
efibrillators, however, caution that
his effect may not be present in this
atient population (122). The intake
f EPA and DHA from fish in five
pidemiologic studies in the United
tates associated with the lowest risk
f coronary events, including CHD
eath, primary cardiac arrest, and
schemic heart disease death was 496

g per day (123-127). A daily intake
f approximately 500 mg EPA and
HA is equivalent to about 8 oz of

atty fish per week. Other recent
eta-analyses reported that five or
ore servings of fish per week was

ssociated with a lower CHD mortal-
ty (128) and a lower incidence of
troke (129) when compared with no
sh or fish less than once per month.
recent systematic review of the lit-

rature of primary and secondary
revention studies with �1 year du-
ation with fish or fish oils also re-
orted reduced rates of all-cause mor-
ality, cardiac and sudden death, and
ossibly stroke (130).
Epidemiologic studies have re-

orted that high fish intakes are as-
ociated with a reduced risk of breast
nd colorectal cancer (131), which is
onsistent with evidence that EPA
nd DHA may reduce markers of colo-
ectal cancer (60,131,132) and reduce
xpression of genes involved in colo-
ectal cancer cell growth (133). How-
ver, a recent review of 20 cohorts
rom seven countries that evaluated
1 different types of cancer found no
ubstantial association between plant
nd marine-derived n-3 fatty acids
nd incidence of cancer (134).
DHA is important in the nervous

ystem, including the retina. Clinical
nd epidemiologic studies have
hown that low dietary intakes of n-3
atty acids and low plasma or red
lood cell DHA are associated with
everal neurological and visual sys-
em problems (135-137). Three recent
opulation studies found an associa-
ion between higher intakes of DHA
r EPA and DHA and lower risk of
ognitive decline or verbal fluency
138-140). Men and women in the

ramingham Heart Study who were h
n the top quartile of plasma phos-
hatidylcholine DHA levels had a
7% reduction in risk of developing
ll-cause dementia (138). Likewise, in
he Atherosclerosis Risk in Commu-
ity Study (140), higher plasma cho-

esteryl ester levels of EPA and DHA
ere associated with a lower decline

n verbal fluency. Similarly, in the
utphen Elderly Study (139), individ-
als who consumed fish had consider-
bly less 5-year cognitive decline than
onconsumers.
While research in these areas is

apidly increasing, sufficient informa-
ion is as yet unavailable to suggest
ecommendations for dietary n-3
atty acids with respect to mental
ealth or visual problems that are dif-
erent from those based on CVD.

REGNANCY, LACTATION, AND INFANCY
he importance of DHA in neural de-
elopment and function has focused
ttention on the importance of n-3
atty acids during pregnancy, lacta-
ion, and infancy. Observational and
ontrolled clinical studies show that
ietary PUFA during pregnancy and
actation influences the transfer of
UFA across the placenta and
hrough breast milk (141,142). Impor-
ant questions are whether dietary
LA can provide sufficient amounts
y conversion through the elongation-
esaturation pathway, and whether
FA from hydrogenated n-6 may
ave adverse effects on the mother or
er infant. An intake of 2% energy
rom the n-6 LA prevents clinical and
iochemical signs of essential fatty
cid deficiency in infants (143), and
o evidence is available to suggest
hat LA intakes are inadequate in the
nited States or Canada. On the

ther hand, the lower blood lipid and
rain levels of DHA in infants fed
ome formulas lacking DHA than in
reast-fed infants (144,145) raises the
ossibility that inadequate dietary
upplies of n-3 fatty acids can ad-
ersely influence infant development.
An inverse association of TFA with
HA in newborn infant blood and
ith growth has been reported, and
FA may be deposited in infant tis-
ues or converted to other unusual
etabolites (146-148). TFA levels as

igh as 18% of milk fatty acids have
een reported in the United States
nd Canada (149-151), which is

igher than in Europe, where dietary t

September 2007 ● Journal
ntakes of TFA are lower (148). Levels
f TFA in human milk have decreased
ince the introduction of trans-fat
ood labeling (148,152).

The conversion of ALA to DHA ap-
ears to be very low in humans (107-
09). Newborn infants can convert
LA to EPA and DHA, and LA to
RA, and there is no evidence of met-
bolic immaturity in this pathway in
nfancy (106,153,154). Although the
ractional conversion of ALA to DHA
ppears to be higher in women than
en, and increases during pregnancy

155), intervention studies have
hown that increased intakes of ALA
o not increase levels of DHA in preg-
ant women or infants (156). On the
ther hand, higher maternal DHA in-
reases the transfer of DHA to the
nfant both before birth and via
reast milk after birth (142,157). A
ositive association between blood
evels of DHA in infants and higher
cores on measures of neural and vi-
ual maturation has been reported
158-162). The Avon Longitudinal
tudy of Parents and Children (163)
eported that the verbal intelligence
uotients were higher among chil-
ren 6 months to 8 years of age of
others who consumed more than

49 g seafood per week during preg-
ancy than among children of moth-
rs who reported no seafood consump-
ion.

The long-term benefits of early ex-
osure to n-3 fatty acids (EPA and
HA) on later child development are
ncertain (76,164-166). The Harvard
enter for Risk Analysis extrapolated

he results of studies on cognitive de-
elopment of infants fed formula with
HA to suggest that increasing ma-

ernal DHA intake by 100 mg/day
ould increase child IQ by 0.13 points

167). However, a linear relation be-
ween DHA intake and IQ is unlikely,
nd nutrient requirements cannot be
xtrapolated from formula to lactat-
ng women. Studies in Denmark in
hich women with low fish intakes
ere supplemented with 4.5 g/day
sh oil (equivalent to 1.3 g/day n 3

onger carbon chain PUFA) for 4
onths after delivery found that de-

pite higher blood lipid DHA, there
ere no advantages to visual matura-

ion, but passive vocabulary and word
omprehension were lower in the in-
ants at 1 year of age (168,169). In
ther studies, maternal supplementa-

ion with 200 mg/day DHA for the

of the AMERICAN DIETETIC ASSOCIATION 1605
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ADA REPORTS

1

rst 4 months of lactation also had no
ffect on infant visual maturation,
ut psychomotor, not mental, devel-
pment test scores were higher in in-
ants at 30 months of age (170). Sim-
larly, supplementation of pregnant
omen in Norway with fish oil had no
ffect on early measures of infant
eural maturation (158), but cogni-
ive development at 4 years of age
as increased (166). Fish oil supple-
entation in pregnancy may reduce
RA in both mothers and their new-
orn infants (171). Reduced growth
as reported in three studies with
reterm infants fed formula contain-
ng DHA from fish oil without ARA
172-175). The risks and benefits of
sh oil supplementation during preg-

Table 2. Recommendations by the American
total fat (for adults) and saturated, monounsat
based on a 2,000 calorie dietab

Total fatcd

20% of energy
25% of energy
30% of energy
35% of energy
Fatty acid/fatty acid class % of energy

SFAe (as low as possible)
3% of energy
7% of energy
10% of energy

MUFAf (provides remaining fatty acids to me
8% of energy
14% of energy
20% of energy
25% of energy

n-6 PUFAg (3% to 10% of energy)
3% of energy
5% of energy
7% of energy
10% of energy

n-3 PUFA-ALAh (0.6% to 1.2% of energy)
0.6% of energy
0.9% of energy
1.2% of energy

n-3 PUFA—long-chain PUFA

aTrans-fatty acids should be as low as possible.
bNumbers are rounded to nearest whole number.
c27 g oils recommended—US Department of Agriculture
dThe Acceptable Macronutrient Distribution Range for tota
25% to 35% of energy for children 4 to 18 years. The Acce
Dietary Reference Intake is 5% to 10% energy from n-6 PU
of deficiency, and intakes of n-6 fatty acids in the range
when the intake of n-3 fatty acids is at least 0.7% energ
eSFA�saturated fatty acids.
fMUFA�monounsaturated fatty acids.
gPUFA�polyunsaturated fatty acids.
hALA��-linolenic acid.
ancy and lactation, or in infants as a v

606 September 2007 Volume 107 Number 9
eans to increase infant DHA are
hus unclear.

Although some epidemiologic and
ntervention studies have suggested
hat higher intakes of EPA and DHA
re associated with a small increase
n gestational length and reduced risk
f some pregnancy-associated compli-
ations (158,176,177), other studies
ave not confirmed a benefit on

ength of gestation, preeclampsia,
clampsia, or gestational hyperten-
ion (158,171,178-181). Thus, current
vidence does not support a recom-
endation to increase EPA and DHA

o reduce risk of preterm delivery or
regnancy-associated complications.
Since 1990, the impact of formulas

ontaining DHA or DHA plus ARA on

tetic Association and Dietitians of Canada for
ed, n-6, n-3, and polyunsaturated fatty acids

Amount

44 g
56 g
67 g
78 g

7 g
16 g
22 g

otal fat)
18 g
31 g
44 g
56 g

7 g
11 g
16 g
22 g

1.3 g
2.0 g
2.7 g
500 mg

Guide.
is 30% to 40% of energy for children 1 to 3 years and

le Macronutrient Distribution Range provided by the 2002
Intakes of 3% energy from n-6 fatty acids prevents signs

to 5% energy will support a n-6:n-3 ratio of about 4:1
isual maturation and neurodevelop- w
ent in term and preterm infants has
een extensively studied. Some inves-
igators have shown benefits in term
nfants fed formulas with DHA and
RA, or DHA from birth, or after ini-

ial breastfeeding (182,183), but oth-
rs have not (184). However, most
tudies assessed neurodevelopment
etween 6 and 24 months, an age dur-
ng which there is latency in expres-
ion of minor neurological dysfunc-
ion (185). Evidence that preterm
nfants benefit from inclusion of DHA
nd ARA in formula fed throughout
he first year after birth is more con-
istent (184,186,187), and formula for
reterm infants now includes both
HA and ARA. Formulas for term in-

ants with ARA and DHA are also
idely available. One review of 6 of 10

andomized controlled trials of addi-
ion of DHA and ARA to formula con-
luded no substantial effect on infant
evelopment, and that more-expen-
ive formula with added DHA and
RA is not necessary (188).
The preferred and recommended

ource of nutrition for infants under 6
onths is human milk, and the avail-

bility of infant formulas containing
RA and DHA does not change this
ecommendation. Some studies have
ound benefits of including DHA and
RA in formulas for term infants, and
o adverse effects of feeding mar-
eted infant formula containing both
RA and DHA in amounts found in
uman milk are known. Because of
ossible benefits and lack of adverse
ffects, it is recommended that all in-
ants who are not breastfed be fed a
ormula containing both ARA and
HA through at least the first year of

orrected age.

OLE OF FOOD AND NUTRITION
ROFESSIONALS IN IMPLEMENTING
ATTY ACID RECOMMENDATIONS FOR
EALTH
he special expertise of registered di-
titians (RDs) is important to individ-
alize dietary recommendations to
chieve optimal food-based dietary
atterns. The complexity of translat-
ng fat and fatty acid recommenda-
ions requires the knowledge and
kills of food and nutrition profession-
ls. Once specific targets have been
et for total fat and fatty acids (Table
), then the type and amount of dif-
erent fats (Table 1, available at
Die
urat

et t

Food
l fat
ptab
FA.

of 3%
y.
ww.adajournal.org) to be included

http://www.adajournal.org
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o meet the total fat and fatty acid
oals in an energy-controlled diet can
e determined. For all fatty acids, the
uiding philosophy is a food-based ap-
roach. For individuals who do not
at fish, other options may be pur-
ued, such as “designer” foods high in
hese fatty acids, foods fortified with
hese fatty acids, or even supple-
ents (189). The RD’s expertise is

lso needed to translate recommenda-
ions for fatty acids to the appropriate
nergy intake to achieve a healthful
ietary pattern.
Consumers lack knowledge on how

o use the Nutrition Facts labels, or
ngredient lists to determine fatty
cid contents, RDs must also be
ware that individual’s vary in their
esponse to dietary fat and must be
ble to recommend appropriate di-
tary fat changes when necessary. My
ats Translator, a calculator that
ranslates fat/fatty acid recommenda-
ions into daily limits, is available from
he AHA at www.myfatstranslator.
om. Implicit in this is the need to
lso monitor adherence to food-based
ietary recommendations.
As RDs stay abreast of current di-

tary recommendations, it is impor-
ant that they effectively respond to
opics where there is not yet scientific
greement, as is the case with n-6
UFA. Consequently, RDs will be
alled upon to provide guidance in ar-
as where the science is still emerg-
ng. As always, the evolution of the
cience-base brings clarity and forms
he basis for ongoing revisions in di-
tary recommendations and conse-
uent dietary patterns.
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Table 1. Fatty acid profiles of vegetable and animal fats and oils

Fat Amount
Total
FAa

Lauric
12:0

Myristic
14:0

Palmitic
16:0

Stearic
18:0

Total
MUFAb

Oleic
18:1

Total
PUFAc

Linoleicd

18:2
Linolenice

18:3 (n-3)

EPAf�DHAg

�DPAh

20:5�22:6�22:5

Almond oil 100 g 8.2 0 0 6.5 1.7 69.9 69.4 17.4 17.4 0 0
1 Tbsp 1.1 0 0 0.9 0.2 9.5 9.4 2.4 2.4 0 0

Apricot oil 100 g 6.3 0 0 5.8 0.5 60 58.5 29.3 29.3 0 0
1 Tbsp 0.9 0 0 0.8 0.1 8.2 8.0 4.0 4.0 0 0

Avocado oil 100 g 11.6 0 0 10.9 0.7 70.5 67.9 13.5 12.6 1.0 0
1 Tbsp 1.62 0 0 1.53 0.09 9.88 9.5 1.89 1.75 0.13 0

Beef tallow 100 g 49.8 0.9 3.7 24.9 18.9 41.8 36 4 3.1 0.6 0
1 Tbsp 6.4 0.1 0.5 3.2 2.4 5.4 4.6 0.5 0.4 0.1 0

Butteri 100 g 51.4 2.6 7.4 21.7 10 21.0 20.0 3.0 2.7 0.3 0
1 Tbsp 7.3 0.4 1.1 3.1 1.4 3.0 2.8 0.4 0.4 0.0 0

Canola oil 100 g 7.1 0 0 4 1.8 58.9 56.1 29.6 20.3 9.3 0
1 Tbsp 1.0 0 0 0.6 0.2 8.2 7.8 4.1 2.8 1.3 0

Canola oil,
high oleic 100 g 6.5 0 0 3.4 1.9 72.0 70.0 17.1 14.5 2.6 0

1 Tbsp 0.9 0 0 0.5 0.3 10.1 9.8 2.4 2.0 0.4 0
Cocoa butter 100 g 59.7 0 0.1 25.4 33.2 32.9 32.6 3 2.8 0.1 0

1 Tbsp 8.1 0 0 3.4 4.5 4.5 4.4 0.4 0.3 0 0
Coconut oil 100 g 86.5 44.6 16.8 8.2 2.8 5.8 5.8 1.8 1.8 0 0

1 Tbsp 11.8 6.1 2.3 1.1 0.4 0.8 0.8 0.2 0.2 0 0
Corn oil 100 g 12.9 0 0 10.6 1.8 27.6 27.3 54.7 53.5 1.2 0

1 Tbsp 1.8 0 0 1.4 0.2 3.7 3.7 7.4 7.3 0.2 0
Cottonseed oil 100 g 25.9 0 0.8 22.7 2.3 17.8 17 51.9 51.5 0.2 0

1 Tbsp 3.5 0 0.1 3.1 0.3 2.4 2.3 7.1 7 0 0
Flaxseed oil 100 g 9.4 0 0 5.3 4.1 20.2 20.2 66 12.7 53.3 0

1 Tbsp 1.3 0 0 0.7 0.6 2.7 2.7 9.0 1.7 7.2 0
Grapeseed oil 100 g 9.6 0 0.1 6.7 2.7 16.1 15.8 69.9 69.6 0.1 0

1 Tbsp 1.3 0 0 0.9 0.4 2.2 2.1 9.5 9.5 0 0
Hazelnut oil 100 g 7.4 0 0.1 5.2 2 78 77.8 10.2 10.1 0 0

1 Tbsp 1.0 0 0 0.7 0.3 10.6 10.6 1.4 1.4 0 0
Herring oil 100 g 21.3 0.2 7.2 11.7 0.8 56.6 11.9 15.6 1.1 0.8 11.1

1 Tbsp 2.9 0 1.0 1.6 0.1 7.7 1.6 2.1 0.2 0.1 1.5
Lard 100 g 39.2 0.2 1.3 23.8 13.5 45.1 41.2 11.2 10.2 1 0

1 Tbsp 5.0 0 0.2 3.0 1.7 5.8 5.3 1.4 1.3 0.1 0
Mustard oil 100 g 11.6 0 1.4 3.8 1.1 59.2 11.6 21.2 15.3 5.9 0

1 Tbsp 1.6 0 0.2 0.5 0.2 8.3 1.6 29 2.1 0.8 0
Olive oil 100 g 13.5 0 0 11 2.2 73.7 72.5 8.4 7.9 0.6 0

1 Tbsp 1.8 0 0 1.5 0.3 9.9 9.8 1.1 1.1 0.1 0
Palm oil 100 g 49.3 0.1 1 43.5 4.3 37 36.6 9.3 9.1 0.2 0

1 Tbsp 6.7 0 0.1 5.9 0.6 5.0 4.9 1.3 1.2 0 0
Palm kernel oil 100 g 81.5 47 16.4 8.1 2.8 11.4 11.4 1.6 1.6 0 0

1 Tbsp 11.1 6.4 2.2 1.1 0.4 1.5 1.5 0.2 0.2 0 0
Pistachio oil 100 g 13.8 0 0 4.9 0.5 49.3 22.7 32.5 13.2 0 0

1 Tbsp 1.9 0 0 0.7 0.1 6.9 3.2 4.5 1.8 0 0
Peanut oil 100 g 16.9 0 0.1 9.5 2.2 46.2 44.8 32 32 0 0

1 Tbsp 2.3 0 0 1.3 0.3 6.2 6.0 4.3 4.3 0 0
Poppyseed oil 100 g 13.5 0 0 10.6 2.9 19.7 19.7 62.4 62.4 0 0

1 Tbsp 1.8 0 0 1.4 0.4 2.7 2.7 8.5 8.5 0 0
Rice bran oil 100 g 19.7 0 0.7 16.9 1.6 39.3 39.1 35 33.4 1.6 0

1 Tbsp 2.7 0 0.1 2.3 0.2 5.3 5.3 4.8 4.5 0.2 0
Safflower oil 100 g 6.2 0 0 4.3 1.9 14.4 14.4 74.6 74.6 0 0

1 Tbsp 0.8 0 0 0.6 0.3 1.9 1.9 10.1 10.1 0 0
Salmon oil 100 g 19.9 0 3.3 9.8 4.2 29.0 17.0 40.3 1.5 1.1 34.2

1 Tbsp 2.7 0 0.4 1.3 0.6 4.0 2.3 5.5 0.2 0.1 4.7
Sesame oil 100 g 14.2 0 0 8.9 4.8 39.7 39.3 41.7 41.3 0.3 0

1 Tbsp 1.9 0 0 1.2 0.7 5.4 5.3 5.7 5.6 0 0
(continued)
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Table 1. Fatty acid profiles of vegetable and animal fats and oils (continued)

Fat Amount
Total
FAa

Lauric
12:0

Myristic
14:0

Palmitic
16:0

Stearic
18:0

Total
MUFAb

Oleic
18:1

Total
PUFAc

Linoleicd

18:2
Linolenice

18:3 (n-3)

EPAf�DHAg

�DPAh

20:5�22:6�22:5

Sheanut oil 100 g 46.6 1.3 0.1 4.4 38.8 44 43.5 5.2 4.9 0.3 0
1 Tbsp 6.3 0.2 0 0.6 5.3 6.0 5.9 0.7 0.7 0 0

Soybean oil 100 g 14.4 0 0.1 10.3 3.8 23.3 22.8 57.9 51 6.8 0
1 Tbsp 2.0 0 0 1.4 0.5 3.2 3.1 7.9 7.0 0.9 0

Sunflower oil,
low oleic 100 g 10.3 0 0 5.9 4.5 19.5 19.5 65.7 65.7 0 0

1 Tbsp 1.4 0 0 0.8 0.6 2.6 2.6 8.9 8.9 0 0
Sunflower oil,

mid-oleic 100 g 9.0 0 0.1 4.2 3.6 57.3 57.0 28.9 28.9 0 0
1 Tbsp 1.2 0 0 0.6 0.5 7.8 7.8 3.9 3.9 0.0 0

Sunflower oil,
high oleic 100 g 9.7 0 0 3.7 4.3 83.6 82.6 3.8 3.6 0.2 0

1 Tbsp 1.4 0 0 0.5 0.6 11.7 11.6 0.5 0.5 0 0
Tomatoseed oil 100 g 19.7 0 0.2 15 4.4 22.8 21.9 53.1 50.8 2.3 0

1 Tbsp 2.7 0 0 2.0 0.6 3.1 3.0 7.2 6.9 0.3 0
Teaseed oil 100 g 21.1 0.1 0.1 17.5 3.1 51.5 49.9 23 22.2 0.7 0

1 Tbsp 2.9 0 0 2.4 0.4 7 6.8 3.1 3.0 0.1 0
Vegetable oil 100 g 11.6 0 1.4 3.8 1.1 59.2 11.6 21.2 0 0 0

1 Tbsp 1.6 0 0.2 0.5 0.2 8.3 1.6 3.0 0 0 0
Walnut oil 100 g 9.1 0 0 7 2 22.8 22.2 63.3 52.9 10.4 0

1 Tbsp 1.2 0 0 0.9 0.3 3.1 3.0 8.6 7.2 1.4 0
Wheat germ oil 100 g 18.8 0 0.1 16.6 0.5 15.1 14.6 61.7 54.8 6.9 0

1 Tbsp 2.6 0 0 2.3 0.1 2.0 2.0 8.4 7.4 0.9 0

aSFA�saturated fatty acids.
bMUFA�monounsaturated fatty acids.
cPUFA�polyunsaturated fatty acids.
dLA�linoleic acid
eALA��-linolenic acid.
fEPA�eicosapentaenoic acid.
gDHA�docosahexaenoic acid.
hDPA�docosapentaenoic acid.
iThe sum of the fatty acids in butter is less than the mass of butter because of the water content.
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