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contribution of meat sources
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bstract Objective: We examined the relative contributions of meat and fish to the dietary intakes of
long-chain �-3 polyunsaturated fatty acids (LCn3PUFAs).
Methods: A database detailing 4550 foods and 4298 recipes recorded in the 1995 Australian
National Nutrition Survey (NNS95) was updated with new fatty acid compositional data then used
to determine intakes from 24-h dietary recalls of 13 858 individuals. This approach was validated
with food frequency questionnaires from 8321 of these individuals.
Results: Fatty acid intakes were comparable to our previous estimates from NNS95 except for
LCn3PUFAs, which were considerably higher. Mean intakes in adults estimated from the 24-h
recalls were 75, 71, and 100 mg/d for eicosapentaenoic acid, docosapentaenoic acid (DPA), and
docosahexaenoic acid, respectively, giving a total of 246 mg/d. This is 30% greater than our
previously published estimate of LCn3PUFA intake, the difference being attributable to inaccuracies
in pre-existing data on the fatty acid composition of certain foods, particularly the DPA content of
meats. We estimate that 43% of the LCn3PUFAs consumed by adults in the NNS95 survey
originated from meat, poultry, and game compared with 48% from fish and seafood. Steak and
kidney pies and other meat-containing cereal-based products accounted for an additional 4%. Beef
and lamb contributed 28% of the total LCn3PUFA intake, whereas pork and poultry contributed 4%
and 10%, respectively. Food frequency questionnaires produced similar results.
Conclusion: Meat is a major source of LCn3PUFA, particularly DPA, for most Australians. When
DPA is included in the definition of LCn3PUFAs, almost half the average adult intake of
LCn3PUFA appears to originate from meat sources. © 2005 Elsevier Inc. All rights reserved.
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There is increasing recognition of the health benefits of
egular consumption of the long-chain �-3 polyunsaturated
atty acids (LCn3PUFAs) present in fish and other seafood
1–3]. These benefits extend from developmental roles, es-
ecially in the nervous system, during infancy to the attain-
ent and maintenance of optimal mental and physical

ealth status throughout adult life [4]. In the latter case,
ttention has focused largely on evidence for cardioprotec-
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ustralia.
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ive and anti-inflammatory effects of LCn3PUFAs, resulting
n public health recommendations for regular consumption
f fatty fish [2,5].

Although seafood is the major dietary source of
Cn3PUFA, a rapidly increasing variety of alternative food
ources is being developed, encouraged by the introduction
f nutritional and health claims for functional foods rich in
Cn3PUFAs [1,6]. These include processed foods enriched
ith LCn3PUFA from microalgal and other sources and
eat, milk, and eggs from livestock fed �-3–rich diets [7].
ence, professional associations and health authorities are

ecognizing the need to express dietary recommendations in
erms of absolute amounts of LCn3PUFA rather than serv-
ngs of fatty fish [1,6,8].
Development of recommendations should take account
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f existing population intakes of LCn3PUFAs. In many
ases, however, the information on intakes currently avail-
ble from population surveys is fairly rudimentary. This is
ue largely to limitations in the precision of fatty acid
ompositional data for foods, e.g., the U.S. Department of
griculture (USDA) National Nutrient Database [9], and

ack of detail in descriptions of the food items consumed,
.g., the extent of trimming of fat from cuts of meat or the
pecies of fish used in a take-away meal. We took these
ssues into account in our recent analysis of the 1995 Aus-
ralian National Nutrition Survey (NNS95) in which we
pplied a newly developed database on the fatty acid com-
osition of foods [10] to determine the dietary sources and
ntakes of PUFAs [11]. This enabled us to estimate for the
rst time the average LCn3PUFA intake of the Australian
dult population as 190 mg/d [11], which was comparable to
he average intake for adults in the United States (140 mg/d)
s estimated from the Continuing Survey of Food Intakes of
ndividuals [12], but an order of magnitude lower than that
f habitual fish-eating countries such as Japan, where the
ntake has been estimated to be approximately 1600 mg/d
13].

Interestingly, we noted that the meat, poultry, and game
ategory of foods was a significant source of LCn3PUFAs,
ccounting for at least one-fifth of the average intake of
ustralians [11,14]. This is not surprising, considering that,

s in the United States, consumption of meat in Australia is
omparatively high. The mean daily intake of meat, poultry,
nd game for adults in the NNS95 was 158 g compared with
nly 26 g for the fish and seafood category [15]. Thus the
odest amounts of PUFA in muscle tissue phospholipids of

ean meat need to be taken into account when determining
ietary PUFA intakes, whereas previous estimates of
Cn3PUFA have often been based on consumption of sea-

ood only [16]. Importantly, the predominant LCn3PUFA in
eats is docosapentaenoic acid (DPA) [17], the functional

nd nutritional attributes of which are largely unknown.
Recognizing the potential significance of meat consump-

ion as a contributor to dietary intakes of LCn3PUFA, par-
icularly DPA, we sought to further refine the NNS95 anal-
sis by using a revised database with greater detail on the
eat products consumed. This has enabled us to refine our

stimates of LCn3PUFA intakes and further delineate the
ood sources.

ethods and materials

urvey data

The NNS95 survey was conducted jointly by the Aus-
ralian Bureau of Statistics and the Department of Health
nd Family Services, with representation from rural and
rban areas of all Australian states and territories [15]. Food
ntakes were surveyed in 13 858 individuals who were

nterviewed in their homes by qualified nutritionists using a c
4-h recall method; 8321 of them also completed a food
requency questionnaire (FFQ). Interview schedules were
andomized across subjects, thus ensuring that all 7 d of the
eek were covered equally. Individual descriptions of all

oods consumed in the previous 24 h were recorded, as were
he time of consumption and the amount consumed as es-
imated with the aid of food models. The 24-h recall ques-
ionnaire was based on material developed by the USDA.
he FFQ comprised a qualitative questionnaire on the usual
onsumption of 107 foods and 11 vitamin/mineral supple-
ents over the preceding 12 mo. Respondents returned the

ompleted FFQ by mail to the Australian Bureau of Statis-
ics.

atabases

The NNS95 survey data were compiled into a database
ackage that was made available on compact disk to re-
earch institutions on request. The package contained con-
dentialized unit record files, i.e., unidentified information
rom each individual in the study, which included the indi-
idual’s identity number and demographic descriptors (e.g.,
ge and gender), amounts of each encoded food consumed
y the individual in the 24-h recall, and, for most respon-
ents, FFQ data. It also contained data on the nutrient
omposition of foods and recipes described in the confiden-
ialized unit record files, which had been sourced from
ublished and unpublished data on Australian foods held by
he Australia & New Zealand Food Authority or, when
ustralian data was not available, from overseas sources

uch as the official food tables of the United Kingdom and
he United States [15].

For our previous estimation of LCn3 PUFA intakes [11],
e used a newly developed database with fatty acid com-
ositions of approximately 1100 foods [10], which never-
heless contained limited data on meat. It has since been
xtensively updated with approximately 350 new analyses
f lean and fatty portions of red meats (unpublished data of
rof. A. Sinclair and colleagues, which was provided by
eat & Livestock Australia). This food composition data-

ase was then merged with data that had been previously
xtracted by CSIRO Australia (Adelaide, Australia) from
he NNS95 database package. When fatty acid composition
ata for a particular food were unavailable, this information
as obtained from the USDA food composition tables [9].
his occurred mainly with infrequently consumed, low-
olume foods (e.g., chicory). The NNS95 database package
as used to calculate fatty acid compositions for foods
ased on recipes. It included details on 4550 base foods;
286 of these had recipes supplied in the confidentialized
nit record files. Another 3012 recipes were supplied for
odified versions of the base foods (e.g., egg, fried in lard).
total of 589 food items contained meat. Values for any

oods without fatty acid data were imputed by using data
rom similar foods. Validation checks were performed to

ompare fat composition supplied in the NNS95 with other
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ublished values. Particular consideration was given to 1)
he extent of trimming of meat, 2) meat in products classi-
ed as cereal products and dishes, and 3) the likely nature of
nspecified fish used in fish dishes.

Once the cross-links for foods were determined, data
ere exported to a relational database management system

SIR 2002, SIR Pty Ltd, Terrey Hills, NSW, AUSTRA-
IA). This database also contained the food recipes and all
ata from each participant in the NNS95. Fatty acid content
f recipe foods and modified foods was computed for each
ood consumed and then intakes were calculated for each
urvey participant.

nalysis of 24-h recalls

Merged fatty acid data were used to calculate fatty acid
ntakes for each 24-h recall. Intakes were tabulated by age
nd gender. Contributions of various food groups to
Cn3PUFA intakes were also determined. Contributions

rom red meat, pork, and poultry were compared with those
rom fish/seafood.

nalysis of FFQ

The FFQ was intended as a broad tool to monitor food
onsumption habits, with nine frequency categories avail-
ble for each food item: never or less than once a month,
ne to three times per month, once a week, two to four times
er week, five to six times per week, daily, two to three
imes a day, four to five times a day, and more than six times

day. Each item in the FFQ was intended to represent a
eneric group of foods (e.g., cheddar and other cheeses).
owever, the 24-h recalls contained data for a number of
eneric foods composed of weighted averages of the most
opular foods; these composite data were used in the FFQ
nalyses. When composite items were not available, the
elative popularity of all relevant foods consumed by adults
n the 24-h recall was ranked, and the most popular food
as used. Median serving sizes for each gender were cal-

ulated for each item in the FFQ by using the 24-h recall
ata for adults. Fatty acid profiles were calculated for each
ood in the FFQ from averaged compositional data of sim-
lar foods in the 24-h recall and used to estimate the cus-
omary dietary intakes of PUFA.

tatistical analysis

Distributions, medians, means, and standard errors of the
ean were computed from 24-h recall data and FFQ data

sing the SIR database system.

esults

Table 1 presents the distribution of the study population;

8% were adults and 48% were male. fi
The data for average intakes (g/d) of total �-6, total �-3,
nd total LCn3PUFA and for selected individual �-6 and
-3 PUFAs estimated from the 24-h recalls are listed in
able 2. With the exception of eicosapentaenoic acid (EPA)
nd particularly DPA, the values are comparable with those
eported in our previous preliminary analysis of the NNS95
11]. However, the reassessed intakes of EPA (75 mg/d) and
PA (71 mg/d) are higher than previously estimated (56

nd 26 mg/d, respectively). As discussed below, this is a
irect result of previous underestimation of the LC �-3
ontent of certain foods, particularly red meat products. In
he present analysis, we also estimated customary intakes of
UFA from the FFQ and found a very close agreement
etween mean and median data derived by the two methods
Fig. 1).

The mean LCn3PUFA intake in Australian adults (males
nd females, 19 y and older) was found to be 246 mg/d
Table 2) compared with our previous estimate of 189 mg/d
11]. There was little variation in adulthood, although
omen had lower intakes than men, proportional to their

ower total energy and PUFA intakes. Children, however,
ad substantially lower LCn3PUFA intakes, even in pro-
ortion to their total PUFA intake.

The median PUFA intakes were approximately 80% of
he corresponding mean intake values except for
Cn3PUFAs, where the median value of 121 mg/d was
pproximately half of the mean value of 246 mg/d (Fig. 1).
his is particularly evident for EPA and docosahexaenoic
cid (DHA) but less so for DPA. One might argue that this
s an artifact of assessing the intake of a food eaten rela-
ively infrequently, namely fish, from a single 24-h recall.
owever, when food intakes were quantified from the FFQ
sing estimates of serving sizes derived from 24-h recalls of
he same individuals, almost identical estimates were ob-
ained for the mean (247 mg/d) and median (119 mg/d)
ntakes of LCn3PUFA in adults (Fig. 1). Hence, the differ-
nce between mean and median intakes, particularly of EPA
nd DHA, is likely to reflect a less common consumption of
sh (i.e., a small proportion of the population eating large
uantities of fish), rather than being an artifact of low
requency of consumption by individuals in the 24-h recall.

Table 3 presents the contributions of various food
ources to LCn3PUFA intakes. In our previous estimates,

able 1
umbers of subjects in the 1995 Australian National Nutrition Survey
4-h recall

Total Male Female

ll ages 13 858 6616 7242
–11 y 1921 971 950
2–18 y 1086 564 522
9–24 y 1060 485 575
5–64 y 7831 3694 4137
65 y 1960 902 1058
dults (�19 y) 10 851 5081 5770
sh and seafood accounted for 70% of LC �-3 intake,
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hereas meat, poultry, and game contributed 20% [11].
owever, Australian adults consume six times as much
eat, poultry, and game as fish and seafood, so it is not

urprising that the contributions of these two food groups to
Cn3PUFA intakes are similar, i.e., 48.0% for fish and
eafood and 42.7% for meat, poultry, and game. If the meat
ontent of meat pies and other cereal-based products (con-
ributing 3.9% of LC �-3 intake) is taken into consideration,
lmost half of LCn3PUFA consumed by adults would ap-
ear to come from meat, poultry, and game sources. This
ajor variation from our previous estimate can be attributed

o the inherent underestimates of LCn3PUFA contained in
eat due to the imprecision of previous data on fatty acid

omposition.
A clearer indication of the relative contributions of meat

nd fish/seafood to LCn3PUFA consumption can be ob-
ained by comparing weighted averages of the concentra-
ions of LCn3PUFA in various food categories, bearing in
ind that the concentrations can vary markedly between

ifferent species of fish or between different cuts of meat.
hus the average values for LCn3PUFA concentrations of
eats and fish shown in Fig. 2 have been weighted in

ccordance with the frequency of consumption of each item
f meat or fish. It can be seen that red meat, particularly beef
nd lamb, is a modest source of DPA and, to a lesser extent,
PA, whereas fish is a far richer source of LCn3PUFA,
articularly DHA.

In summary, our estimate of the average adult
Cn3PUFA intake (246 mg/d) comprises 75, 71, and 100
g/d from EPA, DPA, and DHA, respectively. The major

ariation from our previously estimated intakes [11] is a
hree-fold higher value for DPA, originating primarily from
ed meat (Fig. 2). Of the various meat categories, beef was
he greatest contributor to LCn3PUFA intake (22.3% for
dults), whereas lamb, pork, and poultry contributed 5.9%,
.9%, and 10.0%, respectively. In each category, most
Cn3PUFA was consumed from fresh cuts of meat, with

ig. 1. Comparison of median and mean intakes (mg/d) of �-3 PUFAs and
otal PUFAs (�0.01) estimated from 24-h recalls and FFQ. DHA, doco-
ahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic
cid; FFQ, food frequency questionnaire; PUFA, polyunsaturated fatty
cid.
very little from sausages and processed foods. A moreT
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etailed account of the content and contribution of specific
eat products will published elsewhere.

iscussion

The present reanalysis of NNS95 provides us with a
ore reliable assessment of dietary PUFA intakes, particu-

arly LCn3PUFA, than was previously available. The most
mportant outcome, however, is the recognition that meat is
far more substantial source of LCn3PUFA in our typical
estern diet than was hitherto recognized.
From our previous assessment of NNS95, we reported

hat meat was a major source of LCn3PUFA, contributing
pproximately 20% of the average LCn3PUFA intake of

able 3
ercentage contributions of major food groups* to the average intakes (m

ajor food group Examples of foods within major foo

ats and oils Butter, margarine, oils, copha
ereals and cereal products Bread, English muffins, rice, pasta,
ereal-based products and dishes Biscuits, cakes, pies, fried rice, pizz

gnocchi, lasagna, commercial ham
gg products and dishes Eggs, omelette with cheese, spinach
ish and seafood products and
dishes

Fish, prawns, canned tuna, fish with

eat, poultry, and game products
and dishes

Beef patty, rabbit, offal, ham, lamb

ilk products and dishes Milk, yogurt, cream, cheese, ice cre
milkshakes

avoury sauces and condiments Gravy, satay sauce, cream and baco
mayonnaise, salad dressing, stuffi

egetables, legumes, and pulses† Fresh vegetables, hot potato chips, s
canned mushrooms, vegetable cur
hummus, bakes beans, tofu, veget

ut and seed products and dishes Sesame seeds, cashew nuts, peanut
nack foods Potato crisps, pretzels, popcorn

DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosa
olyunsaturated fatty acid
* See McLennan and Podger [15].
† Some dishes in the vegetables category contained small amounts of LC

apsicum, tomato, cabbage rolls), potato patties with added meat, bacon an
cauliflower, broccoli, vegetable tempura) or vegetables fried in egg and b

ig. 2. LCn3PUFA content of cooked foods (g/ 100 g, weighted by
onsumption in the 1995 Australian National Nutrition Survey). DHA,
ocosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapenta-
hnoic acid; LCn3 PUFA, long-chain �-3 polyunsaturated fatty acid.
dult Australians [11]. Our re-evaluation of the same 24-h
ecall data using an updated fatty acid compositional data-
ase for foods and recipes, particularly those containing
eat, currently shows that to be an underestimate. The

resent analysis indicates that meat, poultry, and game ac-
ount for 43% of LCn3PUFA intake, whereas another 4%
erives from the meat content of cereal-based foods such as
teak and kidney pies. Hence, meat sources supplied almost
alf of the LCn3PUFA intake, equivalent to the contribution
rom fish/seafood.

This is not surprising, when one considers the relative
onsumption rates for meat and fish. Fish and other seafood are
he richest food sources of LCn3PUFA, with concentrations 5
o 15 times higher than in meat or poultry (Fig. 2). However,
ustralians were consuming six times as much meat, poultry,

nd game as fish and seafood in 1995. At the same time,
mericans were eating 12 times as much meat as fish [18].
ence, intakes of LCn3PUFA in the United States and else-
here may also be underestimated, especially because the

ontribution of meat to LCn3PUFA intakes is often ignored
hen assessing intakes from food records [16].
Several factors may account for this. First, examination

f the USDA food composition tables [9] indicates little, if
ny, LCn3PUFA in meat and meat products. This may
eflect imprecision in the fatty acid data available or, alter-
atively, real differences in the PUFA composition of meat
etween pasture-fed and grain-fed livestock. In Australia,
uminants are typically pasture fed and thus their meat has

total PUFAs and individual LCn3PUFAs in adults

s Total
PUFA

EPA DPA DHA LCn3PUFA

23.1 0.0 0.0 0.0 0.0
st cereals 12.7 0.4 0.6 0.1 0.4
u vents, quiche,
s, croissants, pancakes

12.0 4.5 8.9 4.4 5.7

1.7 0.0 0.7 5.1 2.3
paella with seafood 3.5 49.7 15.4 69.9 48.0

le, chicken stir-fry 18.2 44.8 73.2 19.6 42.7

tard, soy milks, 3.9 0.0 0.1 0.1 0.1

sauce, pickles, olives, 4.5 0.0 0.0 0.1 0.1

d tomatoes, coleslaw,
ey beans, lentils,
usages

11.8 0.0 0.1 0.1 0.1

oconut cream 5.0 0.0 0.0 0.0 0.0
1.2 0.0 0.0 0.0 0.0

oic acid; LCn3PUFA, long-chain �-3 polyunsaturated fatty acid; PUFA,

A in meat or eggs, e.g., vegetables stuffed with rice and meat (vine leaves,
eese, egg dishes (caesar salad, potato salad with egg), battered vegetables
umbs (hash browns, potato patties, corn fritters).
g/d) of

d group

breakfa
a, vol a
burger
souffle
pasta,

cassero

am, cus

n pasta
ng
un drie
ry, kidn
arian sa
butter, c

pentaen

n3PUF
d/or ch
igher LCn3PUFA concentrations [17].
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Second, and more importantly, analyses of LCn3PUFA
ntakes, intake recommendations, and health claims often
mit DPA. DPA is an intermediate in the production of
HA from EPA, and, as we have observed, it is the pre-
ominant LCn3PUFA in meat and is a minor but significant
omponent of the LCn3PUFA content of fish. Because meat
s far more commonly consumed than fish, it is not surpris-
ng that the median intake is closer to the mean intake for
PA than for EPA or DHA, which are virtually confined to
sh/seafood.

There is comparatively little DPA in fish oil and, because
uch of the evidence for health benefits of LCn3PUFA

riginates from intervention trials with fish oil supplemen-
ation, less is known about the physiologic role of DPA or
ts nutritional and health potentials. The limited information
vailable on physiologic effects of DPA suggests that some
f its effects may be similar to but quantitatively distinct
rom EPA and DHA. For example, the inverse association
etween dietary LCn3PUFA intakes and arterial intima/
edia thickness assessed by ultrasonography was greatest

or DPA [19]. In addition, DPA has been shown to be a
ore potent inhibitor of platelet aggregation than EPA or
HA [20]. It is of interest that, in the Kuopio ischemic heart
isease risk factor study [21], risk reduction correlated sig-
ificantly with serum concentrations of DPA plus DHA in
ndividuals whose mercury status was low. There was no
isk reduction associated with EPA. Unfortunately, epide-
iologic data on DPA are limited due to lack of inclusion of
PA in the nutrient databases used [16].
Dietary supplementation with fish or fish oil appears to

ave little effect on circulating DPA concentrations, indi-
ating little conversion from EPA or DHA. It is of interest,
owever, that DPA appears to be a primary end point for the
ynthesis of LCn3PUFA from �-linolenic acid (LNA).
urdge et al. [22] found that the conversion of LNA was
.9% to EPA and 8.1% to DPA in men, with hardly any
urther conversion (0% to 0.04%) through to DHA, al-
hough there was considerably greater conversion of DPA to
HA in women [22,23]. However, other studies have sug-
ested that LNA conversion through to DHA does not
ccur, particularly during pregnancy. De Groot et al. [24]
upplemented pregnant women with 2.8 g/d of LNA con-
ained in a margarine spread. Plasma concentrations of EPA
nd DPA increased by 30% and 15%, respectively, but
HA did not differ between the LNA-supplemented and

ontrol groups. In a flaxseed oil supplementation trial in
egetarian men, consumption of 15.4 g/d of LNA resulted in
-, 4.5-, and 1.5-fold increases of plasma LNA, EPA, and
PA, respectively, with no change in DHA [25]. In the

ame study, platelet phospholipid EPA and DPA increased
.5- and 1.5-fold, respectively, after LNA consumption,
hereas DHA was unaffected.
Thus, from a nutritional perspective, DPA is a potentially

mportant LCn3PUFA and should be included in dietary
ntake assessments and recommendations for LCn3PUFA.

urrent U.S. intake recommendations and health claims
efine LCn3PUFA as the sum of EPA plus DHA, although
PA has been included in LCn3PUFA recommendations

lsewhere [8,26,27]. Our present assessment of the average
dult DPA intake is similar to that in France, where the
onsumption of meat is similar [27], although we find that
PA as a proportion of LCn3PUFA is lower than in France,
here the consumption of fish is higher.
It is of interest that the mean intake of DPA reflects the

edian intake more closely than is the case for EPA and
articularly DHA (Fig. 1). This may be attributed to a
kewed distribution of fish consumption as observed previ-
usly [14], i.e., a small proportion of the population has a
igh intake of DHA-rich fish, whereas the majority eat
elatively little. In contrast, meat, the primary source of
PA, tends to be eaten regularly by most of the population.
he LCn3PUFA contents of pork, poultry, red meat, milk,
nd eggs can be increased to varying extents by supple-
enting livestock feeds with plant sources of LNA or ma-

ine sources of LCn3PUFA [28]. Thus there is the potential
or even greater acquisition of LCn3PUFA through regular
onsumption of foods other than fish/seafood. Dietary rec-
mmendations for LCn3PUFA intake could better reflect
hese alternative options.

In conclusion, meat, particularly red meat, is an impor-
ant dietary source of LCn3PUFA, in which DPA predom-
nates. Further enrichment of the LCn3PUFA content of
eat may be a practical alternative to increased consump-

ion fish as a means of increasing population intakes of
Cn3PUFA. However, more information on the nutritional
nd health benefits of DPA consumption is needed.
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