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Introduction
Vegetable oils and animal fats are the main sources of
fat in the human diet. Another source of fat in the diet
is nuts, while cereals and legumes also contain small
amounts of fat. A food item that is normally not a source
of fat can become high in fat as a result of the use of oils
and fats in food preparation. As an example, a boiled potato which contains less than 1% fat becomes an important source of fat when French fries (about 7% of fat) or
potato crisps (about 35% of fat) are prepared. Confectionery and fast foods are important sources of fat in the diet
as vegetable oils or animal fats are often one of the main
ingredients of these food items. The fat in food consists of
different amounts of saturated (SFA), monounsaturated
(MUFA) and polyunsaturated (PUFA) fatty acids. As a
result of the partial hydrogenation of vegetable oils, trans
fatty acid-containing vegetable fats are produced. When
these vegetable fats are used in the preparation of processed foods and confectionery, the food items will contain trans fatty acids. Most vegetable oils are high in PUFA
or MUFA, while fat from animal sources is generally regarded as an important source of SFA. The main dietary
source of the long-chain PUFAs (LCPUFAs), eicosapentaenoic acid (EPA; C20:5n–3) and docosahexaenoic acid
(DHA; C22:6n–6), is fish – especially fatty fish.
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Trends in the production of food sources of fat have a
global impact on the availability of fat for human consumption. Global data on fat supply obtained from food
balance sheets (FBS) as well as individual food intake
data contribute to an understanding of the relationship
between fat intake patterns and health outcomes. In order to translate food intake data into fatty acids consumed, information from food composition databases is
required. Information from food composition databases
on the fatty acid composition of foods also helps monitor
changes and trends.

Data Generation from FBS
FBS compiled by the Food and Agriculture Organization (FAO) of the United Nations provides information on
the production of food commodities [FAOSTAT/FBS,
2006]. Data last updated in 2006 were made available by
AGNA/FAO on computer disk, and this dataset provides
production data until the year 2003 [FAOSTAT/FBS,
2006]. The mean of 3 years was calculated for the presentation of data, e.g. the value for 2001–2003 represents the
mean value for the years 2001, 2002 and 2003 (details of
the categorization of countries are given in the ‘Appendix’). Production at the household level is not taken into
account with the compilation of the FAO FBS, but supply
data at the national level are used. Therefore, the production figures could be an underestimation of the actual proPetro Wolmarans
Nutritional Intervention Research Unit
Medical Research Council, PO Box 19070
Tygerberg 7505, Cape Town (South Africa)
Tel. +27 21 938 0268, Fax +27 21 938 0321, E-Mail petro.wolmarans@mrc.ac.za

Downloaded by:
54.205.122.62 - 12/20/2014 8:16:33 AM

Production of Vegetable Oils and Animal Sources
of Fat

Color version available online

120,000

Production (1,000 metric tonnes)

100,000

80,000

60,000

40,000

20,000

0
1961–1963

1971–1973

World: Animal fats
World: Vegetable oils

1981–1983

1991–1993

Developed: Animal fats
Developed: Vegetable oils

2001–2003

Developing: Animal fats
Developing: Vegetable oils

Fig. 1. Trends in the production (domestic supply) of vegetable oils and animal fats, globally as well as in devel-

oped and developing countries [FAOSTAT/FBS, 2006].

Production of Vegetable Oils
Production Statistics
The global production (domestic supply) of vegetable
oils increased significantly between 1961–1963 and 2001–
2003, especially in developing countries (fig. 1).
Global trends in the production of specific vegetable
oils between 1995–1997 and 2001–2003 are shown in table 1. Soybean oil and palm oil are the major vegetable
oils produced globally. The production of most of the oils,
with the exception of sunflower oil, increased between
1995–1997 and 2001–2003 [FAOSTAT/FBS, 2006]. During 2001–2003, the world production of vegetable oils increased by 25.9%. At the same time the production of
palm oil increased by 51.3% and of soybean oil by 42.8%
(table 1).
Developing countries produced 68.8% and developed
countries 31.2% of the total amount of vegetable oil during the period 2001–2003 (table 2). Soybean oil was the
main vegetable oil produced in developed countries,
while palm oil was the main vegetable oil produced in
developing countries (table 2).
Trends in Food Production, Intake and
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Asia is the main producer of palm oil, rape and mustard oil, groundnut oil, coconut oil, cottonseed oil and
palm kernel oil, while South America is the main producer of soybean oil. Europe is the main producer of sunflower oil and olive oil (table 3). All the vegetable oils are,
however, produced in varying amounts in the different
regions of the world (table 3). Oceania is not a major vegetable oil producing region.
Soybean Oil. South America was the main soybean
oil-producing region in the world in 2001–2003 (table 3).
In South America, Brazil (52.1%) and Argentina (42.1%)
were the main producers of soybean oil during this period [calculated from FAOSTAT/FBS, 2006]. North and
Central America are also main producers of soybean oil,
and the United States produced 92.2% of the soybean oil
in this region in 2001–2003. In addition to being the main
producer of soybean oil (4,250,133 metric tonnes, MT;
61.6% of total) in Asia (2001–2003), China was also the
main importer (1,231,998 MT; 26.5%) of this commodity
[FAOSTAT/FBS, 2006]. Another important soybean-producing region of the world is Europe, where the European
Union was responsible for the production of 91.7% of the
soybean oil in this region in 2001–2003 [calculated from
FAOSTAT/FBS, 2006].
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duction of the vegetable oils and animal fat sources, which
should be taken into account when interpreting the data.

etable oils in 1995–1997, 1998–2000 and 2001–2003
1995–1997 1998–2000 2001–2003 Increase1, %

All vegetable oils
Soybean
Palm
Rape and
mustard
Sunflower
Groundnut
Cottonseed
Coconut
Olive
Palm kernel
Sesame seed

80,777
20,108
17,069

91,120
24,531
20,295

101,722
28,722
25,819

25.9
42.8
51.3

11,147
9,099
4,885
3,817
3,357
2,477
2,232
713

12,664
9,533
4,975
3,718
3,186
2,659
2,586
726

12,353
8,612
5,353
3,824
3,416
3,024
3,215
827

10.8
–5.4
9.6
0.2
1.8
22.1
44.0
16.0

Data presented in 1,000 metric tonnes, with values representing the means of each 3-year period [FAOSTAT/FBS, 2006].
1 Difference between the periods 1995–1997 and 2001–2003.

Table 2. Production (domestic supply) of vegetable oils in developed
and developing countries between 1995–1997 and 2001–2003

1995–
1997

1998–
2000

2001–
2003

Increase1
%

Developed countries
Total vegetable oil
Soybean
Rape and mustard
Sunflower
Olive
Cottonseed
Groundnut
Sesame seed
Coconut

28,425
10,901
5,936
5,375
1,946
1,153
227
62
109

31,331
12,402
6,986
5,594
2,008
1,057
160
67
110

31,714
12,716
6,730
5,588
2,464
945
198
71
45

11.6
16.6
13.4
4.0
26.6
–18.0
–12.8
14.5
–58.7

Developing countries
Total vegetable oil
Palm
Soybean
Rape and mustard
Groundnut
Sunflower
Coconut
Cottonseed
Palm kernel
Sesame seed
Olive

52,352
17,069
9,207
5,211
4,659
3,725
3,248
2,664
2,229
651
531

59,789
20,295
12,129
5,678
4,815
3,938
3,076
2,661
2,586
660
651

70,008
25,819
16,006
5,622
5,156
3,023
3,371
2,879
3,214
756
560

33.7
51.3
73.9
7.9
10.7
–18.8
–3.8
8.1
44.2
16.1
5.5

Data presented in 1,000 metric tonnes, with values representing the means of each 3-year period [FAOSTAT/FBS, 2006].
1 Difference between the periods 1995–1997 and 2001–2003.
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Table 3. Vegetable oils produced in different regions of the world
(2001–2003)
Asia

Soybean
6,902
Palm
22,231
Rape and
mustard 6,130
Sunflower
1,534
Groundnut 3,777
Cottonseed 2,643
Coconut
3,050
Olive
326
Palm kernel 2,556

Africa

Europe

America1 America2 Oceania

176
1,858

3,279
0

8,925
422

9,433
984

7
324

15
360
1,296
338
107
229
421

4,394
4,920
78
123
35
2,457
0

1,638
281
118
411
141
2
59

30
1,491
83
265
16
11
154

145
25
2
44
68
0
25

Data presented in 1,000 metric tonnes, with values representing the means of each 3-year period [FAOSTAT/FBS, 2006].
1 North and Central America.
2
South America.

Palm Oil. Palm trees are grown successfully in tropical
regions of the world within 20° of the equator. Asia was
the main palm oil-producing region in the world during
the period 2001–2003 (table 3). The major palm oil-producing countries in 2007 were Indonesia (44%), Malaysia
(41.5%), Thailand (2.7%), Nigeria (2.2%) and Columbia
(2%) [Global Oils & Fats Business Magazine, 2008].
In 2007, large amounts of palm oil were exported
from Malaysia to China (3,840,380 tonnes), the European
Union (2,063,226 tonnes) and Pakistan (1,070,067 tonnes)
[Global Oils & Fats Business Magazine, 2008]. A marked
increase in the export of palm oil to countries such as
Iran, China, the United States, Vietnam, the European
Union and South Africa was observed between 2000 and
2007 [Global Oils & Fats Business Magazine, 2008]. In
contrast, major decreases in the export of palm oil from
Malaysia to Jordan, Saudi Arabia and Egypt were observed [Global Oils & Fats Business Magazine, 2008].
Sunflower Oil. The world production of sunflower oil
decreased between 1995–1997 and 2001–2003 (table 1).
Europe, Asia and South America were the main producers of sunflower oil during this period (table 3). Africa is
not a main producer of sunflower oil, but South Africa
produces 84.6% of the sunflower oil produced in this region [FAOSTAT/FBS, 2006]. In addition to standard sunflower oil, high in linoleic acid (LA), mid-oleic and higholeic sunflower oils are now also available (see ‘Fats and
Fatty Acid Composition in the Food Supply’).
Wolmarans

Downloaded by:
54.205.122.62 - 12/20/2014 8:16:33 AM

Table 1. Global trends in the production (domestic supply) of veg-

Factors Influencing the Production of Vegetable Oils
Examples of factors that influence the production of
vegetable oils are population expansion and the per capita consumption of vegetable oils [Broeska, 2007]. It is
estimated that the world population will grow to 7 billion
people by the year 2013 compared to 6 billion in the year
1999 [US Census Bureau, 2004], and this population
growth will impact on food demand.
Globalization can contribute to an increase in the
availability and consumption of vegetable oil [Hawkes,
2006]. New government policies in Brazil, in connection
with the production and export of soybean oil, have, for
example, contributed to an increase in the availability
of soybean oil in countries such as China and India
[Hawkes, 2006].
Changes in food consumption patterns will also influence the production of vegetable oils. As the demand for
vegetable oils grows, more land will be required for the
production of oil seeds. Gerbens-Leenes and Nonhebel
Trends in Food Production, Intake and
Composition

[2002] used a model to determine the total land requirements for a specific food, based on the type and amounts
consumed, and it was shown that for vegetable oil 20.7 m2
year kg–1 land is required, while for margarine this figure
is 21.5 m2 year kg–1.
Irregular and unstable weather conditions and inadequate supply of raw material can impact on the production of oil seeds [Export Processing Zones Authority,
2005].
Although there was a decrease in the area planted
with oil seeds, between 2005 and 2007 vegetable oil production increased by 7% as a result of a global increase in
oil seed yields and the growth in palm oil production
[OECD-FAO, 2008].
Vegetable oil prices are high and have doubled or tripled
since the beginning of 2007 [Patton, 2008]. Reasons given
for the increase in prices are ascribed to a drop in production due to weather conditions and also bans on the export
of oils by some governments to protect the domestic food
prices (Patton, 2008). Vegetable oil prices will be influenced by an increase in the demand for vegetable oils from
countries such as China and India [Patton, 2008].
The use of vegetable oils for the production of biofuels
also influences the price of vegetable oils. There are indications that about half of the increased demand for grains
and vegetable oils between 2005 and 2007 was due to biofuels [OECD-FAO, 2008]. It is also forecasted that between 2005 and 2017, the use of vegetable oils for biofuels
will increase and will account for more than a third of the
expected growth in need [OECD-FAO, 2008]. It is estimated that there will be a 29-million-tonne increase in
the production of major oils between 2005 and 2010, and
that 16 million tonnes of this will be for fuel [Canola
Council of Canada, 2007]. The price of vegetable oil is
influenced by the demand for the production of biofuel,
and markets for vegetable oil move in tandem with crude
oil prices [Thoenes, 2006; Business Standard, 2009].
Production of Animal Source Fat
Production Statistics
Milk and milk products as well as livestock are the
most important sources of animal fat in the diet.
Milk Production. Milk production (excluding butter)
increased in both developed and developing countries
between 1962–1964 and 2001–2003, but the increase was
larger in developing countries (fig. 2). The processing of
milk (excluding butter) was, however, higher in developed countries than in developing countries. Cheese is an
important commodity in developed countries, and in
2001–2003, the production in these countries was about
Ann Nutr Metab 2009;55:244–272
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Rape and Mustard Oil. An increase of about 11% in the
production of rape and mustard oil was observed between 1995–1997 and 2001–2003 (table 1). The main rape
and mustard oil-producing areas of the world are Asia,
Europe, and North and Central America (table 3).
Canola oil, one of the cultivars of rapeseed oil, was developed in Canada in the early 1970s using traditional
plant breeding techniques [Canola Council of Canada,
2008]. The aim was to remove the anti-nutrient components erucic acid and glucosinolates to make the oil safe
for human consumption. Canada is an important producer of canola/rapeseed, and is responsible for 20% of
the world’s production of this commodity [Canola Council of Canada, 2007].
Olive Oil. The world production of olive oil increased
by 22.1% between 1995–1997 and 2001–2003 (table 1).
Europe is the main olive oil-producing area of the world
(table 3) with Spain (53.2%), Italy (25.7%) and Greece
(19.2%) being the main producers in this region during
the period 2001–2003 [FAOSTAT/FBS, 2006]. Spain produced 1,306,167 MT, Italy 630,567 MT, Greece 472,646
MT and Portugal 37,407 MT during the period 2001–
2003. France produced only 3,833 MT during this time,
but imported 98,306 MT. In addition to its high production of olive oil, Italy also imported 528,843 MT during
the period 2001–2003. One of the characteristics of the
diet in Mediterranean countries is the liberal consumption of olive oil as part of the diet [Nestle, 1995]. This explains the trend in the production and import of olive oil
into these countries.
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Fig. 2. Production (domestic supply) of milk (excluding butter) globally as well as in developed and developing
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countries [FAOSTAT/FBS, 2006].
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Fig. 3. Global production (domestic supply) of beef, pork, poultry, and mutton and goat [FAOSTAT/FBS,

248

Ann Nutr Metab 2009;55:244–272

Wolmarans

Downloaded by:
54.205.122.62 - 12/20/2014 8:16:33 AM

2006].

Table 4. Trends in the production of animal source foods

World
1995–1997
1998–2000
2001–2003
Developed countries
1995–1997
1998–2000
2001–2003
Developing countries
1995–1997
1998–2000
2001–2003

Milk
(exc. butter)

Cheese

Meat
(bovine)

Mutton
and goat

Pork

Poultry

Eggs

544,629
568,918
601,879

14,881
15,972
17,212

57,514
59,072
60,404

10,303
11,000
11,761

80,713
89,183
95,214

56,785
65,480
74,200

48,934
53,759
59,521

343,631
344,509
351,476

12,759
13,629
14,724

30,972
30,197
29,906

3,483
3,379
3,269

35,849
37,989
38,373

29,327
31,849
34,518

17,586
18,206
18,878

200,997
224,409
250,403

2,122
2,342
2,488

26,542
28,875
30,498

6,820
7,621
8,492

44,864
51,194
56,841

27,458
33,631
39,682

31,348
35,553
40,643

Data presented in 1,000 metric tonnes, with values representing the means of each 3-year period [FAOSTAT/FBS, 2006].

Factors Influencing the Production of Animal
Source Foods
An increase in income affects the demand for food. In
countries with a low gross domestic product (GDP) per
Trends in Food Production, Intake and
Composition

capita, more energy is derived from carbohydrates, while
those with a high GDP consume more energy from fat
[Gerbens-Leenes and Nonhebel, 2006]. In agreement, the
percentage of energy (%E) derived from animal sources
(meat, dairy and eggs) is higher in high-GDP countries
than in low-GDP countries, but there are indications that
the increase is not infinite. It has been shown that more
land is required with more affluent diets linked to an
increase in fat intake [Gerbens-Leenes and Nonhebel,
2002].
Market forces that impact on the production of dairy
products are government policies on the dairy industry,
quota restrictions and subsidies [Mitchell, 2001]. All of
these influence the production and export of dairy products in countries where dairying is a main agricultural activity. The impact of weather conditions and droughts in
New Zealand and Australia, which are major world producers of milk, has led to a decline in milk production during recent years [FAO, 2008a].
According to the United States Department of Agriculture (USDA), factors such as production efficiency,
economic development and population growth are the
key factors responsible for the growth in meat production
[USDA, 2005]. Meat consumption seems to be influenced
by wealth and generally increases with an increase in the
GDP of a country [Speedy, 2003]. There are, however, exceptions such as the Latin American countries where the
consumption of meat is high in relation to the GDP
[Speedy, 2003]. Lower production costs in Brazil have
contributed to the growth in the meat export industry in
this country [USDA, 2005].
Ann Nutr Metab 2009;55:244–272
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6 times higher than in developing countries (table 4)
[FAOSTAT/FBS, 2006].
Meat Production. The global production of pork, poultry, meat (bovine) as well as mutton and goat increased
significantly between 1962–1964 and 2001–2003 (fig. 3).
The global production of pork has exceeded the production of beef since 1980–1982, and was 57.6% higher than
that of beef in 2001–2003. In 2001–2003, developing
countries produced more meat (bovine/beef), mutton
and goat, pork, poultry and eggs than developed countries (table 4). The production of beef as well as mutton
and goat decreased between 1995–1997 and 2001–2003 in
developed countries (table 4). The world production of
pork and poultry is high, and production increased by
18% and 31%, respectively, between 1995–1997 and 2001–
2003 (table 4). Poultry production was about 7.7 times
higher in 2001–2003 than in 1962–1964, and in 2001–
2003, the production was higher than that of beef or mutton and goat (fig. 3). The main exporter of meat (beef,
pork and poultry) in 2005 was Brazil, and the exports
amounted to 28% of total exports [USDA, 2005].
The global production and consumption of meat will
probably continue to increase. It is suggested that by 2020,
the production and consumption of meat will be 300 million MT compared to 233 million MT in 2000 [Speedy,
2003].

Table 5. Worldwide production of fish oil

Peru
Chile
Denmark
USA
Japan
Others
Total

1997

1998

1999

2000

2001

2002

2003

2004

2005

330.0
206.0
131.1
128.5
10.9
362.9
1,169.4

123.0
106.7
136.1
101.2
75.5
331.3
873.8

514.8
201.4
129.3
129.8
68.5
349.0
1,392.8

587.3
180.2
140.3
87.2
59.8
252.2
1,307.0

302.9
141.1
123.6
126.7
63.0
330.2
1,087.5

188.9
128.5
102.6
95.6
64.2
265.2
845.0

206.2
130.2
117.8
88.8
67.0
324.2
934.2

349.8
195.3
100.0
81.4
68.2
252.0
1,046.7

290.4
168.9
82.3
71.5
62.7
219.3
895.1

% of total
32.4
18.9
9.2
8.0
7.0
24.5
100.0

Data presented in 1,000 metric tonnes [FAO/Fisheries and Aquaculture Information and Statistics Service,
2007].

Production of Fish Oil and Fish
Production Statistics
Fish is also a source of fat in the human diet, and the
main source of the LCPUFAs, EPA and DHA.
Production of Fish Oil. The total production of fish oils
is about 1 million tonnes per year, and it seems to have
stabilized at this level (table 5). In 2006, it was estimated
that 87% of all fish oil was used by the aquaculture industry to produce feed, and salmon farming alone used approximately 33% of all fish oil produced. The remaining
13% was processed into products for human consumption. A sustainable utilization of fishery resources will
not allow a permanent increase in the production of fish
oils based on available fishery resources. The most important source of fish oil is the Peruvian anchovy [IFFO,
2008a].
The demand for fish oil in aquaculture has been increasing since it is a main source of essential fatty acids
and a key source of energy [Tacon, 1994]. However, increasing demand and increasing prices of fish oil are forcing the industry to look for alternative sources of oil. In
early 2008, the price of fish oil reached 1,700 USD per
250
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tonne, compared to 886 USD per tonne a year earlier.
This is the same picture as seen for vegetable oils, such as
soybean oil [GLOBEFISH, 2008].
The aquaculture industry is continuously working to
reduce the reliance on fish oils and is increasing the use
of vegetable oils in aquaculture feeds. A number of studies have shown that both fishmeal and fish oil can partially be replaced by vegetable alternatives. It was shown
that a total replacement has a negative effect on the growth
of rainbow trout [Drew et al., 2007], but this finding was
not confirmed by others [Piedecausa et al., 2007]. However, both studies showed that the fatty acid profile of the
fish fillets reflected the fatty acid profile of the feed. Fish
given feeds low in fish oil had a low level of EPA and DHA
in their fillets. At the same time, the levels of dioxin and
dioxin-like polychlorinated biphenyls were also at significantly lower residual concentrations in the diets and the
fillet.
The increased knowledge regarding the health benefits of fish oil, in particular the long-chain n–3 fatty acids
EPA and DHA, has increased the demand for marine oils
for direct human consumption, mainly as fish oil capsules.
Efforts to develop an anchovy market for human consumption are increasing. It is expected that the Peruvian
and international market for anchovy will grow. However, it is not expected that this shift will affect the output
of fishmeal and fish oil since the volumes will be small
compared to the total volumes of anchovy.
Although the aquaculture industry is growing rapidly,
it is, according to the International Fishmeal and Fish Oil
Organization (IFFO), expected that the rapid shift to alternative oils will not significantly increase the demand
of fish oils for the aquaculture industry.
Wolmarans
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Poultry production costs have increased significantly
between 2000 and 2008 as a result of an increase in the
cost of the feed [FAO, 2008b]. In 2001–2003, the production of eggs was more than twice as high in developing
countries (about 41 million MT) as in developed countries (about 19 million MT) [FAOSTAT/FBS, 2006]. To
produce poultry and eggs, less land is required (7.3 m2
year kg–1 and 3.5 m2 year kg–1, respectively) than to produce other animal source foods such as beef (20.9 m2 year
kg–1) and pork (8.9 m2 year kg–1) [Gerbens-Leenes and
Nonhebel, 2002].
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Fig. 4. Total production (capture and aquaculture) of fish between 1950 and 2006 (fish included in total produc-

tion: salmon, trout, smelt, herring, sardine, anchovy, tuna, bonito and billfish) [FISHSTAT Plus, 2008].
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developed countries and 79.8 million tonnes in developing countries [FAO, 2005].
Factors Influencing the Production of Fish
Consumer demand influences the production of fish.
Retail stores are growing globally and as a result, are influencing the availability of fish. These supermarkets
buy in big quantities and may have contracts with fishing
vessels to produce the fish required to meet consumer
demands [Nierentz, 2004]. In developing countries, the
demand for fish is growing.
Climate change in different parts of the world could
impact on the production of fish in future. The Intergovernmental Panel on Climate Change predicted a rise in
temperature of 1–2.5 ° C by 2030 [FAO, 2008c]. In Africa,
the rising temperatures of the water will further deplete
fish stocks already under threat. In Asia, the inundation
of coastal areas will affect the aquaculture industry, especially in heavily populated areas. Climate changes in Europe will also affect the distribution of species with an
increase in production in the northern waters of the
North Atlantic and lower production in the south. In
North America, a northward shift of species will also be
observed, and cold water fisheries will be negatively affected [FAO, 2008c].
Ann Nutr Metab 2009;55:244–272
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At the moment, fish oil is the only reliable source of
EPA and DHA, but new technologies might allow the
production of these fatty acids from other sources such
as algae.
Production of Fish (Capture and Aquaculture). There
has been a steady increase in the production (capture and
aquaculture) of fish since 1950, but a sharp decrease in
production was observed in 1998. The fish included in
the total production figures shown in figure 4 are salmon,
trout, smelt, herring, sardine, anchovy, tuna, bonito and
billfish. Production levels increased to 43,953,212 MT in
2000, but decreased again to 39,698,422 MT in 2006.
The production of herrings, sardine and anchovy
showed large variations between 1995 and 2006, reaching
a peak in 2000 [FISHSTAT Plus, 2008]. In 2006, the production of these fish species was 23.4% lower than the
figure for 2000. The production of salmon, trout and
smelt increased by 31.4%, and for tuna, bonito and billfish the increase was 10.7%. A decrease in the production
of other fish (miscellaneous pelagic) has been observed
since 1996 (with a brief increase in 2001) [FISHSTAT
Plus, 2008].
In 2003, the total world production of fish was 132.5
million tonnes, and of these, 104.2 million tonnes were
available for human consumption: 24.4 million tonnes in

Introduction
In this section, data is presented on the trends in dietary fat supply and fatty acid intake in different regions
of the world. Information from FAO FBS was used for the
presentation of data on energy, protein and fat supply,
and for the calculation of the distribution of energy from
protein, fat and alcoholic beverages [FAOSTAT/FBS,
2006]. The contribution of different commodities to fat
supply is also shown. In addition to the data from the
FAO FBS, some data from individual dietary surveys
(IDS) will be provided.
In the interpretation of results from FBS and IDS, it is
important to acknowledge the characteristics and limitations of each methodology. FBS provide supply data on
energy, protein and fat as well as specific food commodities at the national level and do not represent actual consumption of these foods at the individual level. In agreement with FBS, household budget surveys (HBS) also represent data on the entire population and country, and
collect data on purchased food quantities [Serra-Majem et
al., 2003]. HBS tend to overestimate intake as provision is
not made for storage, consumption of food by visitors and
under-recording of intakes [Serra-Majem et al., 2003].
Comparing dietary data from FBS, HBS as well as IDS
undertaken in Canada, Finland, Poland and Spain, SerraMajem et al. [2003] showed that HBS underestimate dietary intake data compared to FBS by 20%, but overestimate the consumption of foods such as bread, potatoes,
pulses, vegetables, fruit, milk and vegetable oil compared
to IDS. The same methodologies, i.e. 24-hour recalls or
records, were used to collect data for the IDS in the different countries studied by Serra-Majem et al. [2003]. The
mean energy and fat intakes determined by means of FBS
were 55.2% higher for energy and 65.3% for fat compared
to IDS. Differences between countries were observed.
The study of Serra-Majem et al. [2003] showed that
there is a tendency for FBS to overestimate the consumption of dairy products by 43% compared to IDS, while the
difference between FBS and HBS varied between 12 and
45%. HBS underestimates intakes of fish, meats, pulses
and vegetables, while it overestimates sugar, honey and
cereals compared to IDS.
One of the advantages of using the FAO FBS is the fact
that the data are comparable across countries as the methodology used for the collection of the data is standardized. Information from FBS is valuable for the development of dietary guidelines as they provide information
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on nutrient and food availability at the national level.
IDS, in contrast, collect dietary intake data at the individual level, providing information on age and gender,
and are therefore valuable in identifying at-risk populations. Information from IDS is also important for the formulation of a national nutrition policy [Serra-Majem et
al., 2003].
One of the difficulties of comparing IDS data between
countries is the use of different dietary research methodologies for the collection of dietary intake data. Although
the 24-hour recall is often used in large epidemiological
studies, the application of the methodology could differ.
There are also differences in the results obtained with a
quantitative food frequency questionnaire (QFFQ) and
24-hour recalls [Gibson, 2005]. QFFQ often tend to overestimate dietary intake, while 24-hour recalls tend to underestimate dietary intakes. QFFQ give an idea of the habitual dietary intakes of the individual, but a single 24hour recall should only be used to describe the dietary
intake of a group [Gibson, 2005]. The availability of country-specific food composition databases and the differences between food composition databases in nutrient
composition of similar foods also pose challenges when
comparing the dietary intake data across countries.

FBS Data
Introduction
As the comparison of information available from IDS
from different countries poses several challenges, the use
of FBS to compare data between countries offers advantages, as mentioned before. FBS do not provide information on actual consumption within communities or within households, but provide data on the per capita supply
per day of energy (kcal), protein (g) and total fat (g) [FAOSTAT/FBS, 2006]. It has been suggested that a more appropriate term would have been ‘national average apparent food consumption’ instead of food consumption
[WHO/FAO, 2003]. Therefore, when the term consumption is used for FBS data, it refers to per capita supply per
day data and not to actual consumption patterns.
The unit of measure for energy in the FBS is the kcal.
One kcal is equal to 4.184 kJ. Information on the per capita supply per day of energy (kcal/day), protein (g/day) and
total fat (g/day) was used to calculate the percentage of energy from protein and total fat. The conversion factors
used were 4 kcal for 1 g protein and 9 kcal for 1 g total fat
[Klensin et al., 1989]. Often the percentage of energy from
alcohol is not calculated when the distribution of energy is
Wolmarans
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Per Capita Supply per Day of Energy, Protein and
Total Fat
Energy Supply. Energy intake is a reflection of the consumption of the total amount and/or type of food, and
high energy intakes are also often associated with a high
total fat intake. The trends in mean per capita supply per
day of energy (kcal/day), protein (g/day) and total fat
(g/day) are shown in table 6 for different regions of the
world, and indicate an increase over time [FAOSTAT/
FBS, 2006]. The supply of energy nevertheless remains
low in developing countries. In 2001–2003, energy supply
was 663 kcal/day (2,774 kJ/day) higher in developed countries than in developing countries (table 6). Africa had
the lowest per capita supply per day of energy in 2001–
2003 (2,427 kcal/10,155 kJ). Large variations (1,521–3,346
kcal/6,364–14,000 kJ) in the per capita supply per day of
energy were, however, observed within Africa [FAOSTAT/FBS, 2006]. The mean (2001–2003) per capita supply per day of energy for the European Union (3,534 kcal/
day; 14,786 kJ/day) was higher than for Europe (3,338
kcal/day; 13,966 kJ/day) [FAOSTAT/FBS, 2006]. In the
United States, the per capita supply per day of energy for
this period was 3,768 kcal/day or 15,765 kJ/day [FAOSTAT/FBS, 2006]. It is estimated that the per capita supply per day of energy will increase to 2,940 kcal/day
(12,301 kJ) in 2015 and to 3,050 kcal/day (12,761 kJ) in
2030 [WHO/FAO, 2003]. In interpreting the energy intakes determined by means of the FBS, it should be kept
in mind that FBS overestimates energy intake by about
55.2% compared to IDS [Serra-Majem et al., 2003].
Protein Supply. The percentage of energy from protein
remained fairly stable in developed and developing countries at about 12%E and 10%E, respectively, between
1995–1997 and 2001–2003 (table 6). Differences in the
per capita supply per day (2001–2003) of protein were observed between different regions. In developing countries, the per capita supply per day of protein (68.5 g/day)
was much lower than in developed countries (100.6 g/
day) in 2001–2003. In 2001–2003, the contribution of protein to total energy was the highest in Oceania (12.9%E).
Total Fat Supply. Globally, the percentage of energy
from total fat increased from 23.4%E in 1995–1997 to
25.1%E in 2001–2003 (table 6). In developed countries,
the percentage of energy from total fat increased by about
Trends in Food Production, Intake and
Composition

Table 6. Trends in the per capita supply per day of energy, protein

and total fat
Energy Energy
kcal/day kJ/day

World
1995–1997
1998–2000
2001–2003

Protein
g/day

Protein Total fat Total fat
%E
g/day
%E

2,756
2,778
2,798

11,531
11,623
11,707

73.8
74.6
75.4

10.7
10.7
10.8

71.7
74.9
78.0

23.4
24.3
25.1

Developed countries
1995–1997 3,205
1998–2000 3,251
2001–2003 3,320

13,410
13,602
13,891

97.9
98.8
100.6

12.2
12.2
12.1

115.6
118.9
122.6

32.5
32.9
33.2

Developing countries
1995–1997 2,625
1998–2000 2,645
2001–2003 2,657

10,983
11,067
11,117

66.8
67.8
68.5

10.2
10.3
10.3

58.9
62.5
65.9

20.2
21.3
22.3

Africa
1995–1997
1998–2000
2001–2003

2,371
2,407
2,427

9,920
10,071
10,155

59.3
60.6
61.0

10.0
10.1
10.1

48.3
49.1
49.5

18.3
18.4
18.4

Asia
1995–1997
1998–2000
2001–2003

2,666
2,674
2,683

11,154
11,188
11,226

68.7
69.3
70.0

10.3
10.4
10.4

59.5
63.7
68.1

20.1
21.4
22.8

Europe
1995–1997
1998–2000
2001–2003

3,196
3,248
3,338

13,372
13,590
13,966

96.6
98.0
100.3

12.1
12.1
12.0

118.6
120.5
123.1

33.4
33.4
33.2

North and Central America
1995–1997 3,308 13,841
1998–2000 3,405 14,247
2001–2003 3,452 14,443

97.1
100.1
101.3

11.7
11.8
11.7

116.9
123.2
128.0

31.8
32.6
33.4

South America
1995–1997 2,791
1998–2000 2,826
2001–2003 2,852

11,678
11,824
11,933

74.7
75.9
76.6

10.7
10.7
10.7

81.8
83.2
84.1

26.4
26.5
26.5

Oceania
1995–1997
1998–2000
2001–2003

12,435
12,242
12,506

95.5
92.8
96.4

12.9
12.7
12.9

112.3
113.0
114.8

34.0
34.8
34.6

2,972
2,926
2,989

Conversion factors used to calculate %E: 1 g protein = 4 kcal;
1 g fat = 9 kcal [FAOSTAT/FBS, 2006].

1% from 32.5%E in 1995–1997 to 33.2%E in 2001–2003.
Although the percentage of energy from total fat increased from 20.2 to 22.3%E between 1995–1997 and
2001–2003 in developing countries, the figure is still low
in comparison with developed countries. In Africa, a
mean per capita supply per day of 18.3%E from fat was
Ann Nutr Metab 2009;55:244–272
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determined, despite the fact that the value for total energy
includes the energy contributed by alcohol. The means for
the years 1995–1997, 1998–2000 and 2001–2003 were used
for the calculations and to present data on trends, and for
comparison between regions and countries.

Table 7. Per capita supply per day of total fat and fat from vegetable and animal source foods (2001–2003)
World

Developed
countries

Developing
countries

North and
Central
America

Europe

Oceania

Asia

South
America

Africa

Total fat

78

122.6

65.9

128.0

123.1

114.8

68.1

84.1

49.5

Vegetable products
Animal products

43.1 (55.3)
34.8 (44.7)

60.0 (48.9)
62.6 (51.1)

38.6 (58.6)
27.3 (41.4)

69.6 (54.4)
58.4 (45.6)

54.2 (44.0)
68.9 (56.0)

52.8 (46.0)
62.0 (54.0)

38.7 (56.8)
29.4 (43.2)

42.6 (50.7)
41.5 (49.3)

37.9 (76.6)
11.6 (23.4)

Vegetable oil
Pork
Milk, excluding butter
Poultry
Butter, ghee
Bovine meat
Cheese
Fish (seafood)
Mutton and goat
Tree nuts
Fish (freshwater)
Cream

30.4 (39.0)
10.9 (14.0)
6.7 (8.6)
3.2 (4.1)
3.0 (3.9)
2.7 (3.5)
1.9 (2.4)
1.0 (1.3)
0.8 (1.0)
0.7 (0.9)
0.3 (0.4)
0.2 (0.3)

48.1 (39.2)
12.5 (10.2)
16.7 (13.6)
6.0 (4.9)
6.0 (4.9)
5.0 (4.1)
7.7 (6.3)
1.8 (1.5)
1.1 (0.9)
1.7 (1.4)
0.2 (0.2)
1.0 (0.8)

25.6 (38.8)
10.5 (15.9)
3.9 (5.9)
2.4 (3.6)
2.2 (3.3)
2.0 (3.0)
0.3 (0.5)
0.7 (1.1)
0.8 (1.2)
0.5 (0.8)
0.4 (0.6)
0.0

54.3 (42.4)
9.6 (7.5)
17.1 (13.4)
10.3 (8.0)
3.5 (2.7)
5.0 (3.9)
8.2 (6.4)
0.8 (0.6)
0.4 (0.3)
1.6 (1.3)
0.2 (0.2)
0.3 (0.2)

43.3 (35.2)
16.3 (13.2)
17.4 (14.1)
3.9 (3.2)
8.0 (6.5)
4.8 (3.9)
8.1 (6.6)
1.5 (1.2)
1.2 (1.0)
1.9 (1.5)
0.2 (0.2)
1.7 (1.4)

39.6 (34.5)
8.8 (7.7)
13.5 (11.8)
7.5 (6.5)
8.0 (7.0)
5.2 (4.5)
6.7 (5.8)
1.3 (1.1)
7.9 (6.9)
1.8 (1.6)
0.2 (0.2)
0.1 (0.1)

26.1 (38.3)
12.7 (18.6)
3.6 (5.3)
2.1 (3.1)
2.6 (3.8)
1.5 (2.2)
0.2 (0.3)
1.0 (1.5)
0.8 (1.2)
0.5 (0.7)
0.4 (0.6)
0.0

33.8 (40.2)
6.3 (7.5)
9.6 (11.4)
7.7 (9.2)
1.1 (1.3)
8.9 (10.6)
1.4 (1.7)
0.5 (0.6)
0.3 (0.4)
0.2 (0.2)
0.1 (0.1)
0.0

22.6 (45.7)
0.9 (1.8)
3.6 (7.3)
1.0 (2.0)
0.9 (1.8)
2.1 (4.2)
0.5 (1.0)
0.5 (1.0)
0.9 (1.8)
0.5 (1.0)
0.2 (0.4)
0.0

Data presented as the mean supply in grams, with the percentage of fat from total fat in parentheses [FAOSTAT/FBS, 2006].

Per Capita Supply per Day of Total Fat from Vegetable
Oils and Animal Source Foods
Information on the per capita supply per day (g/day)
of total fat, fat from vegetable and animal products as well
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as the amount of total fat supplied by vegetable oils, tree
nuts and animal source foods is available from FAO FBS
and are summarized in table 7 for the period 2001–2003.
This information can be used as an indication of the major food sources of total fat in the diet in different regions
or countries of the world. In 2001–2003, vegetable products made the biggest contribution to the per capita supply per day of total fat (g) globally as well as in developing
countries, and in developed countries this was animal
products (table 7). In developed countries, the per capita
supply per day of total fat is about twice as high as in developing countries (table 7). The per capita supply per day
of total fat was above 100 g/day in North and Central
America, Europe and Oceania in 2001–2003 (table 7). Although the mean per capita supply per day of total fat in
Asia was 68.1 g/day (mean 2001–2003), large variations
were observed within Asia, e.g. the mean supply of total
fat in Bangladesh was 25.1 g/day while it was 148.8 g/day
in Israel [FAOSTAT/FBS, 2006]. The mean per capita supply per day in China was 90.1 g/day and in India 51.9
g/day. In Africa, the mean per capita supply per day of fat
was 49.5 g/day (table 7), but large variations were also observed in Africa. The lowest per capita supply per day of
total fat was reported for Burundi (only 10.3 g/day), while
the highest supply was reported for Libyan Arab Jamahiriya (106.8 g/day).
Vegetable Oils. Although the developing countries are
the main producers of vegetable oils, the per capita supply
Wolmarans

Downloaded by:
54.205.122.62 - 12/20/2014 8:16:33 AM

reported. There are large variations in the per capita supply per day of fat on the continent [FAOSTAT/FBS, 2006].
Data is available for 51 countries (2001–2003) and of
those, 23 had a per capita supply per day of fat less than
20%E. In 12 of the 51 countries, fat supplied less than
15%E. Gambia was the only country in Africa that was
reported to have a fat intake above 30%E (30.3%E) in
2001–2003 [FAOSTAT/FBS, 2006].
Regions and countries with a high per capita supply per
day of energy also had a high supply of total fat (table 6).
As the percentage of energy from protein remained
fairly stable between 1995–1997 and 2001–2003, one
would expect that the percentage of energy from carbohydrates decreased as fat intake increased.
Alcohol. Information on the per capita supply per day
of energy (kcal) from alcoholic beverages is available in
the FAO FBS, and this was expressed as a percentage of
total energy to provide some indication of the contribution of alcoholic beverages to total energy supply. The per
capita supply per day of alcohol was about 1.5%E in developing countries and 4.5%E in developed countries.
This figure represents the mean per capita supply per day
of alcohol and includes drinkers and non-drinkers.
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per day of total fat from vegetable oils (25.6 g) in those
countries was about half the amount (48.1 g) supplied in
developed countries (table 7). The percentage contribution of vegetable oils to the per capita supply per day of
total fat is, however, almost the same in developed and
developing countries (39.2% and 38.8%, respectively). In
Africa, 45.7% of the per capita supply per day of total fat
comes from vegetable oils. Vegetable oils are therefore an
important source of fat in the African diet. Sharp increases in the per capita supply per day of fat from vegetable
oils were observed in developed (112%) as well as developing (191%) countries between 1961–1963 and 2001–2003
(fig. 5).
Tree Nuts. Tree nuts contribute to only a small amount
of the per capita supply per day of total fat, with 1.7 g/day
in developed and 0.7 g/day in developing countries (table 7). The percentage contribution of tree nuts to the per
capita supply per day of total fat was less than 2% for all
regions, and highest in Oceania and lowest in South
America.
Milk and Cheese. Milk and cheese, especially whole
milk and hard cheeses, are important sources of fat in the
diet (see ‘Fats and Fatty Acid Composition in the Food
Supply’), particularly in developed countries (table 7).
The production of cheese is about 6 times higher in developed than in developing countries (table 4). Hard-type

cheeses, e.g. Cheddar, are not only high in total fat but
also a source of SFA in the diet (see ‘Fats and fatty acid
composition in the food supply’). In developed countries,
cheese contributes to 6.3% of the total fat supply (table 7)
and will therefore also make a significant contribution to
SFA intake. In addition to cheese, the per capita supply
per day of milk (excluding butter) to total fat is also much
higher in developed countries (16.7 g/day) than in developing countries (3.9 g/day) (table 7). In Asia, the per capita supply per day of cheese to total fat is low (0.2 g/day).
(table 7).
Meat. Red meat is an important source of total fat and
SFA in a Western-type diet [Wolmarans et al., 1989]. Meat
from pigs, cattle and sheep is defined as red meat. In developed and developing countries, pork made the biggest
contribution to the per capita supply per day of total fat
in 2001–2003, followed by poultry and beef (table 7). The
production of pork increased by 26.7% between 1995–
1997 and 2001–2003 in developing countries compared to
only 7% in developed countries (table 4). In Asia and Europe, pork makes an important contribution to the per
capita supply per day of total fat, with 18.6% and 13.2%,
respectively (table 7). South America is an important producer of beef, and beef contributes 10.6% to the per capita
supply per day of total fat (table 7). Although wealth probably influences the consumption of meat, this is not the
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Fig. 5. Per capita supply per day of fat from vegetable oils and animal fats [FAOSTAT/FBS, 2006].
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ter started to decrease (fig. 4). In developed countries, the
per capita supply per day of fat from fish was higher than
in developing countries. The per capita supply per year of
fish (seafood) varies significantly in different regions of
the world [FAOSTAT/FBS, 2006]. Although the per capita supply per year of fish was 17.8 kg in Asia, the same
figure for Japan was 66.3 kg. In the Maldives, the per capita supply of fish and seafood was 186.0 kg/year. These
figures show that large differences exist within regions.

Individual Dietary Surveys
Introduction
The collection of information from volunteers on the
amounts and types of food they consume provides quantitative information on energy and nutrient intakes at the
individual level (IDS), while FBS provide dietary supply
data at the national level. Although there are differences
between the methods used for the collection of dietary
intake data, both types of information provide valuable
information regarding the availability of fat in the diet.
Different dietary assessment methodologies and food
composition databases can be used for the collection and
analysis of dietary intake data in IDS, and this needs to
be taken into account when comparing dietary intake
data within and between different regions of the world.
Information from a few selected IDS studies performed in different regions of the world, e.g. Europe, the
United States, Africa, China and India, are discussed below. An extensive summary of the results from international IDS was not the aim of this background paper.
Country Data
Europe. Dietary intakes of selected nutrients are presented in table 8 for children, adolescents, adults and the
elderly from different European Union countries [Elmadfa et al., 2004]. The information is from the European Nutrition and Health Report 2004, covering the period before May 2004, and shows ranges for intakes of
protein, total fat, SFA and PUFA expressed as a percentage of total energy. Cholesterol intakes in milligrams per
day are also shown. Although the data presented in table 8 give an indication of nutrient intakes in Europe,
limitations, such as the non-uniform collection of data
during different years and age categories, were mentioned
by the authors as factors that could have influenced the
results [Elmadfa et al., 2004].
In general, total fat intakes were high in all age groups.
The lowest fat intake was observed in elderly males
Wolmarans
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case in Latin America where meat consumption is high in
relation to the GDP [Speedy, 2003].
The contribution of mutton and goat to the per capita
supply per day of total fat was lower in developed countries (0.9%) than in developing countries (1.2%) in 2001–
2003 (table 7). Oceania had the highest per capita supply
per day of fat from mutton and goat (7.9 g/day), and the
supply was much higher than in other regions such as
North and Central America (0.4 g/day) and Europe (1.2
g/day) (table 7).
In contrast to the sharp increase in the per capita supply per day of total fat from vegetable oils, the per capita
supply per day from animal fats decreased by 26% in developed countries, but increased by 109% in developing
countries between 1961–1963 and 2001–2003 (fig. 5). The
per capita supply per day of fat from vegetable oils and
animal fats was, however, respectively about 1.9 times
and 3.4 times higher in developed than in developing
countries (fig. 5).
Poultry. The per capita supply per day of total fat (10.3
g/day) from poultry was highest in North and Central
America providing 8% of the total fat (table 7). In Africa,
the per capita supply per day of total fat from poultry was
only 1 g or 2% per day. The percentage contribution of
poultry to total fat intake was higher in developed than
in developing countries. In developed and developing
countries the production of poultry dropped between
1998–2000 and 2001–2003 (table 4). Less land is required
for the production of poultry than for beef [GerbensLeenes and Nonhebel, 2002], making it a good alternative
for red meat as an animal source food in countries where
there is a shortage of land.
The total fat content of a portion of chicken can vary
significantly depending on whether the skin is consumed
or not. Poultry also has a better fatty acid profile than red
meat, containing more PUFA. More detail is provided in
‘Fats and Fatty Acid Composition in the Food Supply’ on
the fatty acid composition of chicken.
Fish. Fish is the main source of LCPUFAs, EPA and
DHA in the human diet. In ‘Fats and Fatty Acid Composition in the Food Supply’, more detail is provided on the
EPA and DHA contents of different fish species. In 2001–
2003, fish (seafood) contributed to 1.5% of the per capita
supply per day of total fat in developed countries, while
this figure was 1.1% for developing countries (table 7).
Globally, the per capita supply per day of fat from fresh
water fish is only 0.3 g [FAOSTAT/FBS, 2006]. Between
1950 and 1994, the production of fish (capture and aquaculture) such as salmon, trout, smelt, herring, sardine,
anchovy, tuna, bonito and billfish increased, but thereaf-

Table 8. Nutrient intakes determined at the individual level in different countries of the European Union

Nutrients

Protein, %E
Fat, %E
SFA, %E
PUFA, %E
Cholesterol, mg

Childrena

Adolescentsb

Adultsc

Elderlyd (>64 years)

boys

girls

male

female

male

female

male

female

12–17
28–41
10–17
4–9
104–409

12–17
28–42
10–18
4–9
109–369

13–18
31–40
12–15
5–7
246–479

12–17
29–40
12–16
4–7
181–370

13–18
28–46
9–18
4–8
266–655

13–19
30–48
9–17
4–9
182–497

12–17
26–44
8–20
4–9
223–474

13–18
28–45
9–20
4–8
178–387

(26%E), while the upper limit for adult females was 48%E.
The range of intakes reported for total fat clearly indicates that there are differences between countries, but
that mean intakes were in general high. FBS data also indicate that the per capita supply per day of total fat (2001–
2003) was high (38.1%E) in the European Union (calculated from FAOSTAT/FBS, 2006). In agreement with the
high total fat intakes, SFA intakes were also high, and
only the lower level of the range of SFA intakes reported for adults and the elderly was below the WHO/FAO
[2003] recommendation to consume less than 10%E
from SFA. The WHO/FAO recommends a PUFA intake
of 6–10%E per day. Although the upper level of PUFA intakes in countries from the European Union met this
guideline, there are clearly also those for whom the intake
of PUFA was not enough (table 8). The lower level of intake was below the WHO/FAO recommendation to consume 6–10%E from PUFA.
United States. Results from the National Health and
Nutrition Examination Survey (NHANES) studies (1971–
2000) showed a decrease in mean fat intakes, expressed
as a percentage of total energy intakes, in men and women [Wright et al., 2004]. Estimated means were adjusted
to the 2000 United States Census. Between 1971–1974
and 1999–2000, total fat intakes decreased significantly
from 36.9 to 32.8%E in men and from 36.1 to 32.8%E in
women. At the same time, SFA intakes also decreased significantly from 13.5 to 10.9%E in men and from 13.0 to
11.0%E in women. However, during this period, the
methodology used for the collection of dietary intake
data changed, and since the beginning of 1988, data was
also collected for weekend days. The contribution of total
fat to energy intake of men and women (32.8 and 32.8%E,

respectively) who participated in the NHANES (1999–
2000) study was lower than the figure of 35.3% calculated
from FAO FBS data for the period 1998–2000 [Wright et
al., 2004; FAOSTAT/FBS, 2006]. The contribution of alcohol to energy intake is included in the NHANES figures for energy, but in determining the distribution of
energy, alcohol was not included in the calculations
[Wright et al., 2004]. NHANES data as well as data from
FAO FBS showed a diet in the United States that does not
meet the WHO/FAO recommendations for total fat
(!30%E) and SFA (!10%E) intake [WHO/FAO, 2003].
Data from FAO FBS showed a high per capita supply
per day of total fat (128 g/day) in North and Central
America, and this grouping of countries includes the
United States (table 7).
Africa. In 1999, a national food consumption survey
was undertaken in South Africa on children 1–9 years of
age [Labadarios et al., 2005]. A QFFQ and a 24-hour recall were used to collect dietary intake data. The survey
showed a significant difference between the mean total
fat intakes of those living in urban areas (26.5%E) compared to those in rural areas (21%E) [Labadarios et al.,
2005]. Saturated fat intake was also higher in urban
(7.3%E) compared to rural (5.5%E) areas. The PUFA to
SFA ratio (P/S ratio) of the diet was higher in the rural
(1.3) than in the urban (1.0) areas. Total fat and SFA intakes varied between 20 and 30%E and between 5 and
9.0%E, respectively, in the 9 different provinces studied
in the country. Higher total fat and SFA intakes were observed in the higher income provinces, where a larger
percentage of the population is urbanized. The effect of
urbanization on total fat intake was also shown in another South African study on adults [MacIntyre et al.,
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Information adapted from results presented in the European Nutrition and Health Report 2004 [Elmadfa et al., 2004].
a
Austria, Belgium, Denmark, Finland, Germany, Greece, Hungary, Italy, Norway, Portugal, Spain, UK.
b
Austria, Denmark, Germany, Norway, Spain, UK.
c
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Hungary, Italy, Norway, Portugal, Spain, Sweden, UK.
d
Austria, Denmark, Germany, Hungary, Italy, Norway, Portugal, Spain, UK.
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ported for the European Union and the United States [Elmadfa et al., 2004; Wright et al., 2004]. The tendency for
total fat intake to increase seems to continue. Results from
one of the project provinces of the CHNS showed that between 1997 and 2000, the percentage of energy from total fat increased in men (26.3 and 30.7%E) and in women
(23.1 and 27.7%E) [Fu et al., 2006]. In 2000, total fat intake
remained higher in urban (32.8%E) compared to rural
(27.6%E) areas and in high-income (34%E) compared to
low-income (22.8%E) families. The increase in total fat intake between 1997 and 2000 in the rural areas (21.9%E;
27.6%E) was larger than in the urban areas (31.9%E;
32.8%E) [Fu et al., 2006]. In 2006, 57.9% of urban and
38.7% of rural Chinese taking part in the CHNS study consumed more than 30%E from fat compared to 19.8% and
12.1%, respectively, in 1989 [Popkin, 2008]. The percentage
of Chinese who consumed more than 10%E from animal
sources increased from 38.8% in 1989 to 67% in 2006.
The increase in total fat intake in China can be ascribed to an increase in the intake of fat from animal food
[Fu et al., 2006]. In the northeast of China, meat intake
increased from 33.5 to 43.5 g/day/person, poultry from
4.1 to 8.9 g/day/person, while fish intake decreased from
21.2 to 14.1 g/day/person between 1992 and 2000. During
the same period, vegetable oil intake more or less remained the same at 39.3 compared to 40.1 g/day/person
[Fu et al., 2006]. The food marketing landscape in China
is changing at a rapid speed. The sales of supermarkets
are growing at 40% annually, providing access to a wide
variety of food [Popkin, 2008].
FBS data also confirm the increase in fat intake in China, showing that the per capita supply per day of energy
increased from 22.2%E in 1995–1997 to 27.2%E in 2001–
2003 [FAOSTAT/FBS, 2006]. Urbanization seems to play
an important role in the increase in total fat intake observed in China.
India. India is also a country in rapid transition. It is
estimated that its total population will increase from
846.2 million in 1991 to 1,263 million in 2016 [Shetty,
2002]. In 1941, the urban population was 13.9% of the total population but in 1991, it was 25.7% [Shetty, 2002]. Differences in total fat intake were observed between the
urban high income group (33.1%E) and the rural (mean
13.7%E) population. High total fat intakes were reported
in urban upper middle income men (32%E) and women
(33%E) from South India [Ghafoorunissa et al., 2002]. A
study among urban and semi-urban women in Punjab
showed fat intakes of 25.8 and 27.6%E, respectively [Goyal et al., 2005]. Results from the National Nutrition Monitoring Bureau (1987), however, showed big discrepancies
Wolmarans
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2002]. The mean distribution of energy was 22%E total
fat, 12%E protein and 65%E carbohydrate for the rural,
farm, informal settlement and middle class urban strata.
In the upper class urban strata, the distribution of energy
was 31%E total fat, 13%E protein and 57%E carbohydrate.
Although the figure for the per capita supply per day of
fat was 23.1%E for South Africa in 2001–2003, the IDS
mentioned above showed that fat intakes varied and are
above 30%E in some of the groups studied [MacIntyre et
al., 2002; Labadarios et al., 2005; Steyn and Nel, 2006].
Foods of animal origin are important sources of fat in
the diet. Protein-rich foods, e.g. red meat, chicken, fish
and eggs, contributed to 13.1%E in the rural areas compared to 24.6%E in the upper class urban areas. The contribution of milk and milk products to energy did not
differ between rural and upper class urban areas, while
the contribution of added fat to total energy intake
(3.5%E) differed significantly from that of the upper class
urban group (4.6%E) [MacIntyre et al., 2002].
Dietary intake data from another African country
showed high total fat intakes (34.5%E) in urban areas, but
also relatively high intakes (29.7%E) in women from rural
areas [Steyn and Nel, 2006]. The intake of SFA varied between 11.6%E in the urban and 9.6%E in the rural areas.
This study was not a national food consumption survey,
but included 716 urban and 292 rural women randomly
selected from 4 primary regions of Kenya.
Available data from IDS undertaken in Africa showed
generally low fat intakes in rural areas and higher fat intakes in urban areas, indicating how urbanization plays
a role in total fat intake.
China. Mean total fat intakes in China increased from
18.1%E in 1982 to 22%E in 1992 and to 29.6%E in 2002
[Chen, 1986; Zhai et al., 1996; He et al., 2005; Deng et al.,
2008]. In the China Health and Nutrition Survey (CHNS),
dietary intake data were collected by means of the weighing method and 3 consecutive 24-hour recalls [Du et al.,
2002]. The percentage of energy from fat increased between 1989 and 1997. Mean fat intakes of the population
were 19.3%E in 1989 and increased to 27.3%E in 1997.
Differences in intakes were observed between urban and
rural areas and also between different income groups.
Chinese living in rural areas had a lower fat intake
(25.4%E) than those living in urban areas (32.8%) in 1997.
In addition, the mean fat intake of low-income groups
was only 16%E in 1989, but increased to 23%E in 1997,
while in high-income groups fat intakes increased from
21.5%E to 31.6%E during this period.
The percentage of energy from fat consumed by high
income groups in China is in agreement with figures re-

Cross-Sectional Data on EPA, Docosapentaenoic Acid
(DPA) and DHA Intakes
Cross-sectional dietary intake data from different
countries showed large differences in the mean percentage of energy provided by EPA + DPA + DHA [Ueshima
et al., 2007]. The contribution of EPA + DPA + DHA to
the percentage of total energy was 0.50%E in Japan, 0.01%E
in the People’s Republic of China, 0.15%E in the UK and
0.08%E in the USA. In the countries studied, the percentage of energy from EPA + DHA was also determined, and
was as follows: Japan (0.46%E), the People’s Republic of
China (0.01%E), the UK (0.12%E) and the USA (0.07%E).
Fat Intake and Dietary Transition
The nutrition transition is probably taking place at a
much faster rate in developing countries than observed
earlier in developed countries [Popkin, 2002]. In this regard, the increase in obesity is of special concern [Popkin
and Gordon-Larsen, 2004]. Although an increase in total
fat intake is observed with urbanization in developing
countries, such as Africa, China and India, this is only
one aspect of the nutrition transition. Other changes in
diet and lifestyle, e.g. an increase in refined carbohydrate
intake and a decrease in physical activity, have also been
observed [Popkin and Gordon-Larsen, 2004]. More research is therefore warranted to understand the effect
of an increase in the intake of total fat on the incidence
of non-communicable diseases in developing countries
[Popkin, 2002].

Fats and Fatty Acid Composition in the Food Supply

Introduction
Data from FBS showed that vegetable oils and animal
source foods are the main contributors to total fat, while
nuts also make a small contribution (table 7). Information on the energy and nutrient composition of food is
available in country-specific food composition databases. The aim with country-specific food composition databases is to make special provision for traditional foods,
indigenous foods and local recipes. There are many facTrends in Food Production, Intake and
Composition

tors that can influence the nutrient composition of foods,
e.g. different breeding practices, soil, seasonal variation,
sampling procedures and the methodology used for the
analysis of the food [Greenfield and Southgate, 2003]. It
is therefore not possible to always compare the nutrient
composition of individual foods between different food
composition databases. The impact of these factors on the
comparison of dietary intake data between countries has
already been alluded to. Cost implications and a shortage
of appropriately trained food composition database compilers, accredited analytical laboratories and well-trained
laboratory staff make it difficult in some countries to update food composition databases regularly. This impacts
on the ability to provide users of the food composition
database with the latest information on the nutrient composition of foods, especially the fatty acid composition of
foods. Despite all the limitations of food composition databases, a food composition database remains a valuable
tool for the analysis of dietary intake data at the individual level and for monitoring changes in the fat supply in
a country. The energy and nutrient data in food composition databases represent average values and should not be
regarded as absolute.
The International Network of Food Data Systems
(INFOODS) of the FAO provides a directory of international food composition databases on their website (www.
fao.org/infoods/directory_en.stm). The aim of INFOODS
is to stimulate and coordinate efforts to improve the quality and availability of food composition data at the international level.
The USDA Agricultural Research Service provides extensive information on the nutrient composition of foods.
Nutrient values of 7,412 food items are available online
from the USDA National Nutrient Database for Standard
Reference [USDA, 2008]. Nutrient information from the
USDA National Nutrient Database for Standard Reference, Releases 20 (2007) and 21 (2008), was mainly used
as references for information on the nutrient composition
of vegetable oils, nuts and animal source foods, as the nutrient information from this database is easily accessible
online [USDA, 2007, 2008].

Fatty Acid Composition of Vegetable Oils and
Margarine
Vegetable Oils
The fatty acid composition of different vegetable oils is
presented in figure 6. Information on the fatty acid composition of these vegetable oils was obtained from USDA,
Ann Nutr Metab 2009;55:244–272
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in the percentage of energy that came from fat in high-income groups (33.1%E) compared to slum dwellers (16.7%E)
[Shetty, 2002]. Another study on urban slum dwellers in
North India showed a median total fat intake of 24.7%E
in men and 28.7%E in women [Misra et al., 2001). SFA intake was 6.6 and 6.5%E in men and women, respectively.

Color version available online

Coconut oil
Palm kernel oil
Palm oil
Cottonseed oil
Peanut oil
Soybean oil
Olive oil
Corn oil
Sunflower oil
Flaxseed oil
Canola oil
Safflower oil
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C18:2 undiff.
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Fig. 6. Fatty acid composition of different vegetable oils (values for C18:2 and 18:3 undifferentiated; others include

PUFA other than 18:2 and 18:3 as well as non-fatty acid components) [prepared from USDA, 2008].
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margarine, where a more solid form of fat is required without hydrogenation of the vegetable oils [American Palm
Oil Council, 2008]. Palm oil is used for frying, vanaspati
and in the production of trans-free margarines and shortenings. Non-food uses of palm oil and palm kernel oil are
e.g. soaps, candles, cosmetic products and as fuel for modified cars [American Palm Oil Council, 2008].
Safflower oil and sunflower oil are high in LA, about
75 and 65 g/100 g oil, respectively [USDA, 2007]. Information on the fatty acid composition of modified varieties of safflower oil and sunflower oil are available in the
USDA Nutrient Database with varying amounts of LA
and oleic acid [USDA, 2008]. High-LA sunflower oil contains 65.7 g/100 g LA and 19.5 g/100 g MUFA. In contrast,
mid-oleic and high-oleic sunflower oil contain higher
amounts of oleic acid (57 g/100 g and 82.6 g/100 g) and
lower amounts of LA (28.9 g/100 g and 3.6 g/100 g, respectively) [USDA, 2008]. Standard sunflower oil high in
LA is mainly used as a cooking oil in households. More
recently, high-oleic sunflower oil has been introduced in
the food chain because the risk of oxidation is less than
with standard sunflower oil high in LA.
Soybean oil as well as corn oil and cottonseed oil contain about 50% LA. Soybean oil also contains small
Wolmarans
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National Nutrient Database for Standard Reference, Release 21 [USDA, 2008]. In order to calculate the contribution of non-fatty acid components and ‘other’ PUFA to the
total fat content of vegetable oils, the sum of SFA, MUFA,
C18:2 and C18:3 was subtracted from 100, and this value
is also shown in figure 6 for the individual vegetable oils.
Coconut oil has the highest content of SFA and is especially high in lauric acid (C12:0; 44.6 g/100 g) and myristic acid (C14:0; 16.8 g/100 g). Palm kernel oil is also
high in lauric acid and myristic acid (47 g/100 g and
16.4 g/100 g, respectively) [USDA, 2008]. Although coconut oil and palm kernel oil are not consumed as such,
these vegetable oils are often used in the production of
processed foods.
Palm oil contains 49.3% SFA, 37% MUFA and 9.3%
PUFA, and has a high palmitic acid (C16:0, 43.5 g/100 g)
content [USDA, 2008]. The other SFA present in palm oil
are stearic (4.3%) and myristic acid (1%). One of the fractionation products of palm oil is palm stearin, which is a
solid fat, while palm olein is a liquid oil [American Palm
Oil Council, 2008]. Palm stearin contains approximately
60% SFA and the main SFA are palmitic acid (54%), stearic
acid (5%) and myristic acid (1%) [American Palm Oil
Council, 2008]. Palm stearin is used in the production of

Trends in Food Production, Intake and
Composition

take for erucic acid is 7.5 mg/kg/day or about 500 mg erucic acid/day, and this figure was extrapolated from the ‘no
adverse effect level’ determined for pigs [Food Standards
Australia New Zealand, 2003]. Those consuming large
amounts of canola oil or rapeseed oil may be at risk of
exceeding the provisional tolerable daily intake for erucic
acid.
Flaxseed oil or linseed oil is a major source of ALA
(about 53%) [USDA, 2008], and as a result of its high n–3
fatty acid content, it is mainly used as a food supplement
and not for food preparation.
Margarine
The production and uses of specific types of margarine are discussed in Henry [2009]. Four types of ‘margarine’ are available on the market. When the fat content of
the product is at least 80%, the product is called margarine, while products with a fat content of less than 80%
are called fat spreads. Reduced fat spreads contain 60–
70% fat, low-fat spreads 40% fat and very-low-fat spreads
3–25% fat.
One of the main health concerns with the production
of margarine and fat spreads is the use of partially hydrogenated vegetable oil as this increases the trans fatty acid
content of the product [Tarrago-Trani et al., 2006]. As a
result of the health concerns about the consumption of
trans fatty acids, the food industry searched for alternatives for the production of margarine [Lemaitre et al.,
2006; Tarrago-Trani et al., 2006; Henry, 2009].
In 2004, Denmark introduced legislation to restrict
the use of industrially produced trans fatty acid in foods
to a maximum of 2%E [Stender et al., 2006]. Food labeling legislation, effective from January 1, 2006 in the United States, requires that the trans fatty acid content of the
food is shown on the label when the content is equal to or
more than 0.5 g per serving [Tarrago-Trani et al., 2006].
This requirement excludes the inclusion of fatty acids
with conjugated double bonds.
The different methodologies which have been introduced to lower the trans fatty acid content of fats are a
modification of the hydrogenation process, plant breeding and genetic engineering of oil seeds, the use and the
fractionation of tropical oils, and the interesterification
of fats [Karabulut and Turan, 2006; Tarrago-Trani et al.,
2006; Henry, 2009]. As different methodologies are available to the food industry for lowering the trans fatty acid
content of fats used in the production of margarine, one
could expect differences in the fatty acid composition of
the margarines/spreads between manufacturers, and
thus also between countries [Karabulut and Turan, 2006;
Ann Nutr Metab 2009;55:244–272
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amounts of C18: 2n–6 trans, trans [USDA, 2007] produced by the high-temperature deodorization process.
Soybean oil is widely used for cooking and also in the
production of mayonnaise, imitation dairy and in commercially baked goods. Partially hydrogenated soybean
oil can be used in the production of margarine.
Olive oil is a good source of oleic acid, about 71%
[USDA, 2007]. One of the main characteristics of the typical Mediterranean diet is the use of olive oil [Nestle,
1995]. Different grades of oil are extracted from olives:
virgin oil refers to oil produced by physical means and no
chemical treatment; refined means that the strong flavors
in the oil are neutralized by chemical treatment; pomace
oil refers to the oil extracted from the pomace, the remnant solid that remains after the oil is extracted from the
olive paste, using chemical solvents [Wikipedia, 2009].
Pomace oil is not generally sold as such, but mixed with
some virgin production oil. The words used in production and for labeling purposes can be confusing. The International Olive Oil Council uses the following terminology for labeling purposes of olive oil:
• Extra-virgin olive oil comes from oil produced by the
virgin oil method and contains no more acidity than
0.8%. This oil cannot contain any refined olive oil and
is regarded as of superior taste.
• Virgin olive oil also comes from oil produced according to the virgin oil production method and has an
acidity of less than 2%. This oil cannot contain refined
olive oil and has a good taste.
• Olive oil is a blend of oil produced by virgin oil production and refined olive oil, and the acidity is not
more than 1.5%. This oil commonly lacks a strong flavor.
Canola oil, one of the cultivars of rapeseed oil, has a
high content of oleic acid (about 63%) and contains about
9% ␣-linolenic acid (ALA) [USDA, 2007]. New varieties
of modified canola oil contain much lower ALA concentrations (2–4%) [Kris-Etherton and Etherton, 2003].
Small amounts of C18:2n–6 trans, trans are present in
canola oil [USDA, 2008]. Canola oil also contains small
amounts of erucic acid (C22:1n–9), less than 2% of the
total fatty acids [Food Standards Australia New Zealand,
2003]. In contrast, rape and mustard seed contain 30–
60% erucic acid. Myocardial lipidosis in rats has been associated with the consumption of rapeseed oil. Presently,
epidemiological studies in humans do not indicate an association between the consumption of rapeseed oil and
the same type of myocardial lesions found in rats, or significant myocardial lipidosis [Food Standards Australia
New Zealand, 2003]. The provisional tolerable daily in-

Table 9. Energy and macronutrient content of nuts

Macadamia
Pecan
Pine
Brazil
Walnut
Coconut (desiccated)
Hazel
Peanut
Almond
Cashew
Pistachio

Energy
kJ

Total
fat

Protein

Carbohydrate

Fiber

SFA

MUFA

PUFA

3,005
2,969
2,816
2,743
2,738
2,761
2,703
2,448
2,499
2,402
2,391

76.1
74.3
68.4
66.4
65.2
64.5
62.4
49.7
52.8
46.4
46.0

7.8
9.5
13.7
14.3
15.2
6.9
15.0
23.7
22.1
15.3
21.4

13.4
13.6
13.1
12.3
13.7
23.7
17.6
21.5
19.3
32.7
27.7

8.0
9.4
3.7
7.5
6.7
16.3
9.4
8.0
11.8
3.0
10.3

11.9
6.3
4.9
15.1
6.1
57.2
4.5
6.9
4.0
9.2
5.6

59.3
44.0
18.8
24.5
8.9
2.7
46.6
24.6
33.7
27.3
24.2

1.5
20.6
34.1
20.6
47.2
0.7
8.5
15.7
12.6
7.8
13.9

Data ranked from highest to lowest total fat content, and presented in g/100 g edible portion [USDA,
2007].
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marketed in Turkey showed that SFA content tends to increase as trans fatty acid content decreases [Karabulut
and Turan, 2006]. In future, an increase in SFA intake
could result from the use of lower trans fatty acid alternatives in the production of margarines/spreads and shortening. The health implications of this should be investigated.
A lack of information in food composition databases
on the trans fatty acid composition of foods is one of the
major challenges for food composition database compilers. As changes in fatty acid composition of margarine/
spreads, shortening and vegetable oils occur due to the
new production methods, the use of these products could
impact on health. Attention should especially be paid to
the differentiation between 18:1 and 18:2 trans fatty acids,
as the health implications of these fatty acids may differ
[Lemaitre et al., 2006].

Fatty Acid Composition of Nuts
Nuts are high in energy and fat, but are also good
sources of protein and fiber (table 9). Data from FBS indicated that globally, nuts are not a major source of fat
(table 7). In vegetarian diets, nuts can serve as an important source of protein. Nuts could also replace snack foods
such as potato crisps high in fat and energy as nuts are
not only a good source of protein, but also provide other
nutrients, e.g. vitamin E, folate, copper, and magnesium
[Kris-Etherton et al., 1999]. Brazil nuts are a very good
source of selenium, while almonds are a good source of
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Kandhro et al., 2008]. It is important to note that the
health consequences of the consumption of margarines/
spreads produced by these different methods are far from
clear. The fatty acid composition of a margarine/spread
is also an indication of the types of oil/fat used in the production of the margarine. As an example, the presence of
high amounts of lauric and myristic acid and a low trans
fatty acid content could suggest that palm oil fractions or
coconut oil were blended with hydrogenated vegetable
oils to produce margarine [Karabulut and Turan, 2006].
The average trans fatty acid content of margarines/
spreads from the United States was 19.5 g/100 g in 1992
and decreased to 8.8 g/100 g in 1999 [Tarrago-Trani et al.,
2006]. Currently, information in the USDA National Nutrient Database for Standard Reference shows a trans fatty acid content of 14% for stick/bar margarine (80% fat)
produced from regular and hydrogenated corn and soybean oils and 3.7% for a margarine-like vegetable oil
spread (60% fat) in a tub [USDA, 2008]. Information from
food labels of 30 margarines purchased from a major food
store in Minneapolis-St Paul, Minn., in the United States
showed that 67% of the margarines had a trans fatty acid
content of 0 g per serving, while 28% contained between
0.5 and 2.5 g per serving [Albers et al., 2008].
The SFA that predominates in margarine is palmitic
acid, and for margarine marketed in Turkey values varied
between 7.3 and 34.3% in margarine and between 23.8
and 38.4% in shortening [Karabulut and Turan, 2006]. In
margarines produced in Pakistan, the palmitic acid content varied between 1.9 and 33.8% [Kandhro et al., 2008].
Analysis of 15 types of margarine and 10 shortenings

Table 10. Saturated fatty acid composition of different types of milk

Cow
Goat
Human
Indian buffalo
Sheep

Total fat SFA

Butyric

Caproic Caprylic Capric

Lauric

Myristic Palmitic Stearic

3.3
4.1
4.4
6.9
7.0

0.08
0.13
–
0.28
0.20

0.08
0.09
–
0.15
0.15

0.08
0.12
0.26
0.17
0.24

0.30
0.33
0.32
0.70
0.66

1.9
2.7
2.0
4.6
4.6

0.08
0.10
–
0.07
0.14

0.08
0.26
0.06
0.14
0.40

0.83
0.91
0.92
2.00
1.62

0.37
0.44
0.29
0.68
0.90

Data presented in g/100 g. A dash indicates that no information is available [USDA, 2008].
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study, showed that the frequent consumption of nuts was
associated with a reduced risk of fatal coronary heart disease and non-fatal myocardial infarction [Hu et al., 1998].
The risk for coronary heart disease was about 35% lower
in women who consumed more than 5 units (1 unit was
equivalent to 1 oz or about 30 g) of nuts per week than
those women who never or rarely (less than 1 unit per
month) ate nuts.

Fatty Acid Composition of Dairy Products
Milk and Cheese
In addition to its total fat and SFA content, milk is an
important source of other important nutrients, e.g. protein, calcium and folic acid. Cheese, a product usually
made from full-fat milk, is an important source of total
fat and SFA in the diet.
The amounts of total fat, total SFA and individual
SFA present in different types of milk are presented in
table 10. Human milk contains about 4.4% fat. The total
fat contents of sheep milk (7.0 g/100 g), Indian buffalo
milk (6.9 g/100 g) and goat milk (4.1 g/100 g) are all
higher than that of cow milk (3.3 g/100 g) [USDA, 2008].
While whole milk contains about 3.3% fat, low-fat milk
contains about 2% fat and skimmed milk contains less
than 1% (0.2 g/100 g) of total fat [USDA, 2008]. Cream
(fluid, heavy whipping) contains 23 g SFA, 10.7 g MUFA
and 1.3 g PUFA per 100 g edible portion [USDA, 2008].
The SFA that predominates in milk fat is palmitic
acid, and the short-chain SFA butyric acid (C4: 0), and
caproic acid (C6: 0) are also present [USDA, 2008] (table 10).
Information on the total fat and fatty acid content of
different types of cheese is available in the USDA Nutrient Database [USDA, 2008]. The total fat content of hardtype cheeses such as Cheddar is high, about 33% [USDA,
Ann Nutr Metab 2009;55:244–272
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vitamin E. Other nutrients present in nuts are manganese, phosphorus, zinc, thiamine, riboflavin and niacin.
The total fat and fatty acid composition of nuts differ.
Macadamia and pecan nuts have the highest total fat content (table 9). Both have a total fat content above 70 g/
100 g of nuts (table 9). The nuts with the highest total fat
content are also the ones highest in energy. Coconut is
very high in SFA (57.2 g/100 g), and other nuts also high
in SFA are brazil (about 15 g/100 g), macadamia (about
12 g/100 g) and cashew nuts (about 9 g/100 g) (table 9).
Coconut has a high lauric acid content (28.6 g/100 g)
[USDA, 2008].
In most nuts, the predominant fatty acid is MUFA (table 9). Macadamia, pecan and hazel nuts contain more
than 40 g of oleic acid per 100 g of nuts [USDA, 2008]. In
pine nuts and walnuts, PUFA is the predominant fatty
acid. Walnuts have the highest LA content (38.1 g/100 g)
and have a P/S ratio of 7.7, while the ratio of LA/ALA
is 4.2 [calculated from USDA, 2008]. The high P/S ratio
is also the reason why walnuts become rancid very
quickly.
Health benefits are linked to the consumption of nuts
as nuts can also be an important source of protein in the
diet, especially for those who do not consume animal
source foods. Feeding studies using nuts as part of the
cholesterol-lowering test diets reduced total cholesterol
(TC) and low density lipoprotein cholesterol (LDL-C)
concentrations by about 4–16% and 9–20%, respectively
[Kris-Etherton et al., 1999]. Kris-Etherton et al. [1999]
compared the actual cholesterol response of these test diets with the change estimated by predictive equations for
blood cholesterol. The actual cholesterol response to the
change in fatty acid intake as a result of the test diets was
higher than the predicted change, and they concluded
that there may be other bioactive components in nuts that
contribute to the lipid lowering effect of these diets. Results from the Nurses’ Health Study, a large prospective

Fatty Acid Composition of Livestock
Data from FBS showed that meat makes an important
contribution to the per capita supply per day of total fat
(table 7). Cross-sectional data collected in IDS have also
shown that red meat is an important source of total fat
and SFA in the diet [Wolmarans et al., 1989].
Beef, Mutton and Pork
The collective name for meat from cattle, sheep and
pigs is red meat. The names used for meat from cattle and
sheep indicate the age of the animal. Veal refers to flesh
from calves less than 14 weeks old, while beef refers to
meat from animals 1–2 years old. Lamb refers to the flesh
of sheep younger than 6 months, while mutton refers to
flesh from sheep older than 6 months [SAMIC, not dated]. The fat from red meat is regarded as an important
source of SFA in the diet. Most of the fat in meat is stored
as triacylglycerol, but phospholipids, cholesterol and fat264
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ty acid esters are also present in beef [Scollan, 2003]. Meat
is, however, also an important source of other nutrients
such as protein, heme iron, thiamine, riboflavin, niacin,
pyridoxine and vitamin B12. Vitamin B12 is only obtained
from food of animal origin.
Changes in animal husbandry have been responsible
for the changes in fat content of meat over the years.
In the United States, before 1850, cattle were typically
slaughtered at 4–5 years of age, and as a result of the practice of fattening cattle in feedlots, it became possible to
produce a ready-for-slaughter 545-kg steer with marbled
fat in 24 months [Cordain et al., 2005]. Feeding grain to
animals in feedlots became the main practice [Cordain et
al., 2005]. There are differences in the fatty acid composition of fat from feedlot cattle compared to pasture-fed
cattle, and in the former, the absolute amounts of SFA,
MUFA and PUFA are higher, while the absolute amount
of n–3 PUFA is lower [Cordain et al., 2002]. Game meat
has a lower absolute SFA content and a higher absolute
n–3 PUFA content than either grain-fed or pasture-fed
beef [Cordain et al., 2002]. Health concerns about the impact of total fat intake and the composition of dietary fat
have resulted in efforts by the food industry to change
meat quality [Scollan et al., 2006].
The factors that influence the total fat content of beef
and mutton are the animal (genetics), nutrition (grainfed or pasture-grazing), the meat cut and the fat trimming of the meat cut [Schönfeldt and Welgemoed, 1996;
Droulez et al., 2006; Scollan et al., 2006; Van Heerden et
al., 2007]. In beef, the fat is present as membrane fat (as
phospholipids), intermuscular fat (between the muscles)
and as subcutaneous fat (under the skin), while marbling
refers to the adipose tissue between the bundles of muscle
fibers [Scollan et al., 2006]. Marbling is closely linked to
the intermuscular fat (IMF) content of meat. The amount
of IMF determines the fat content of the meat, and lean
beef has a low IMF content of about 2–5% [Scollan et al.,
2006]. In South African beef, visible intramuscular fat (or
marbling) is 1–2%, compared to the United States where
it varies between 1.8–10.4% [Sayed et al., 1999]. These differences in the fat composition of foods could impact on
research outcomes if country-specific food composition
databases are not available. The total fat content of meat
cuts differs, and analysis of South African beef showed
that in animals classified as an age-A animal (no permanent incisors) with a 20% fat carcass, the total fat content
varied between about 9% in beef fillet and about 34% in
brisket [Schönfeldt and Welgemoed, 1996]. In contrast,
fillet from a beef carcass with 13% fat will have a total fat
content of only about 4%. The fat content of different cuts
Wolmarans
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2008]. Mozzarella cheese (whole milk), often used in the
preparation of pizza, has a total fat content of about 22%,
while feta cheese used in the preparation of salad, e.g.
Greek salad, has a total fat content of about 21%. The
hard-type of cheese made from goat milk contains about
36% fat, while the soft type contains about 21% fat. The
fat content of fat-reduced hard-type cheeses can vary between 11% and 20% [USDA, 2008]. In contrast to the high
total fat content of the hard-type cheeses, the total fat
content of low-fat cottage cheese, a soft-type cheese available in tubs, is about 1%. The consumption of hard-type
cheese makes a significant contribution to total fat intake
when eaten regularly in large quantities.
Milk is the best source of conjugated linoleic acid
(CLA) in the diet. The CLA content of cow milk varies
between 0.32 and 3.3%, depending on the diet of the animal. In an all-pasture diet, the CLA content varied between 1.7 and 2.5%, while on a pasture + fish oil diet the
CLA content was 3.3% [Khanal and Olson, 2004]. Cheese
is also a source of CLA, and the content in cheese made
from cow milk varied between 0.34 and 1.5%, depending
on the diet of the cow. The CLA content of cheese made
from sheep milk was 0.8–2.0%, and in cheese made from
goat milk it was 0.27–0.69% [Khanal and Olson, 2004].
The production and per capita supply per day of milk
and cheese is much higher in developed countries than in
developing countries, indicating that in the former, dairy
could be an important source of fat in the diet (tables 4
and 7).

of mutton also varies. Chemical analysis of South African
lamb showed that there are large differences in the total
fat content of different lamb cuts, e.g. shoulder (9.6 g/
100 g), loin (11.3 g/100 g) or leg (21.9 g/100 g) [Van Heerden et al., 2007].
A major factor that affects the fatty acid composition
of adipose tissue and muscle of cattle, sheep and pigs
is the total fat content [Wood et al., 2008]. As the deposition of fat increases in the animal, the proportion of LA
in muscle decreases [Wood et al., 2008]. Phospholipids,
where LA is located, decrease as a proportion of muscle
lipids, and the proportion of neutral lipids increase, the
latter being higher in SFA and MUFA [Wood et al.,
2008].
Chemical analysis of Australian beef, veal, lamb and
mutton showed that in muscle meat the total fatty acids
comprised 40% SFA, 42% MUFA and 18% PUFA, while
in the meat fat these values were 48, 45 and 7%, respectively [Droulez et al., 2006]. Information from the USDA
Nutrient Database shows that in 100 g beef tallow there is
49.8 g SFA, 41.8 g MUFA and 4 g PUFA [USDA, 2008]. In
100 g mutton tallow, the corresponding figures are: 47.3 g
SFA, 40.6 g MUFA and 7.8 g PUFA [USDA, 2008].
Oleic acid is the predominant fatty acid in the muscle
and adipose tissue of pigs, sheep and cattle, while palmitic acid is the main SFA [Droulez et al., 2006; Scollan et al.,
2006; Wood et al., 2008]. In Australian red meat, the trans
fatty acids present are mainly trans 11–18:1 [Droulez et al.,
2006]. The trans fatty acids are formed in the rumen as a
result of the biohydrogenation of PUFA in the diet. Feeding practices influence the production of the trans fatty
acids. Grain-fed animals will have a higher trans fatty acid
content than grass-fed animals [Droulez et al., 2006].
Lower levels of total fat, SFA and trans fatty acids were
found in Australian red meat, which is mainly grass-fed
beef [Droulez et al., 2006]. There are small amounts of
EPA and DPA present in red meat [Droulez et al., 2006].
In cattle, the long-chain n–6 and n–3 PUFA are found in
muscle phospholipids, but not in adipose tissue or muscle
neutral lipids. In pigs and sheep, the long-chain n–6 and
n–3 PUFA are, in addition to their presence in phospholipids, also found in muscle neutral lipids and adipose tissue [Wood et al., 2008]. Higher levels of EPA and DPA
could be expected where pasture-grazing instead of grainfeeding is practiced as the ALA content of grass is about
60%, while grains have a high LA content [Droulez et al.,
2006]. Feeding fresh grazed grass compared to silage grass
or concentrate also resulted in higher proportions of ALA
in the fatty acids of subcutaneous adipose tissue in steers
[Wood et al., 2008]. The P/S ratio of beef is typically about

0.1 [Scollan et al., 2006]. The P/S ratio of beef decreases
with an increase of fatness of the meat [Scollan et al.,
2006]. As a result of the biohydrogenation of a large percentage of LA and ALA in the rumen, it is difficult to
achieve major changes in the P/S ratio of beef [Scollan,
2003]. Changes in the PUFA content of beef as a result of
oxidative changes can have an effect on the appearance
and color and also influence shelf life [Scollan, 2003].
Foods derived from ruminants are a good source of
CLA. Meat is a source of CLA (18:2cis-9, trans-11) formed
in the adipose tissue of ruminants from 18:1 trans vaccenic acid, a biohydrogenation product of C18: 2cis-6
[Wood et al., 2008]. Conjugated LA acid is also synthesized in the rumen from LA or from the endogenous conversion of trans vaccenic acid (trans-11 C18:1) [Khanal
and Olson, 2004]. The CLA content of meat fat is higher
than that of muscle fat [Droulez et al., 2006; Wood et al.,
2008]. The CLA content (almost exclusively cis-9 and
trans-11 C18:2 isomers) of beef varies between 0.12 and
0.80% fat [Khanal and Olson, 2004]. The diet of the animal affects the CLA content of beef. Grazing cows on
pasture or adding plant oils, oil seeds or fish oil to total
mixed rations (50% forage and 50% concentrate) increased the CLA content of meat [Khanal and Olson,
2004]. The CLA content of lamb varies between 0.35 and
1.7% [Khanal and Olson, 2004].
Pork has less marbling than beef and mutton. Most of
the fat can be found subcutaneous and can be easily
trimmed. Information from the USDA Nutrient Database shows that in 100 g lard there is 39.2 g SFA, 45.1 g
MUFA and 11.2 g PUFA [USDA, 2008].
The cholesterol content of beef, mutton and pork is
about 100 mg/100 g edible portion of meat.
Data from FBS indicate that red meat makes an important contribution to the per capita supply per day of fat,
especially in Europe and Oceania (table 7). Red meat intake will therefore have an important effect on the fatty
acid composition of diets in these regions of the world.
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Poultry
Since the middle of the twentieth century, chickens
have been specifically selected either to lay a high number
of eggs or to produce meat [Hall and Sandilands, no date].
The time it now takes before slaughtering weight is
reached is about half the time it took 50 years ago [Hall
and Sandilands, no date]. In the middle of the 1960s, it
took about 68 days for a broiler chicken to reach a slaughter weight of 2 kg, but by 1987 it took approximately 45
days [Jones, 1986]. Factors that influence the carcass
composition of broilers are genetics as well as dietary ma-

cies

Salmon, Atlantic, farmed
Anchovy, European, canned in oil1
Herring, Atlantic, cooked
Salmon, Atlantic, wild, cooked
Salmon, chinook, cooked
Tuna, bluefin, fresh, cooked
Sardine, Pacific, canned1, 2
Salmon, sockeye, cooked
Mackerel, Atlantic, cooked
Halibut, Greenland, cooked
Trout, rainbow, farmed, cooked
Trout, rainbow, wild, cooked
Swordfish, cooked
Halibut, Atlantic and Pacific, cooked
Shrimp, mixed species, cooked
Tuna, light, canned in water
Grouper, mixed species, cooked
Haddock, cooked
Catfish, Channel, wild, cooked
Catfish, Channel, farmed, cooked
Cod, Atlantic, cooked

Total
fat

EPA

DHA

EPA +
DHA

12.4
9.7
11.6
8.1
13.4
6.3
10.5
11.0
17.8
17.7
7.2
5.8
5.1
2.9
1.1
0.8
1.3
0.9
2.9
8.0
0.9

0.690
0.763
0.909
0.411
1.010
0.363
0.532
0.530
0.504
0.674
0.334
0.468
0.138
0.091
0.171
0.047
0.035
0.076
0.100
0.049
0.004

1.457
1.292
1.105
1.429
0.727
1.141
0.865
0.700
0.699
0.504
0.820
0.520
0.681
0.374
0.144
0.223
0.213
0.162
0.137
0.128
0.154

2.147
2.055
2.014
1.840
1.737
1.504
1.397
1.230
1.203
1.178
1.154
0.988
0.819
0.465
0.315
0.270
0.248
0.238
0.237
0.177
0.158

Ranked from highest to lowest EPA + DHA value and presented in g/100 g [USDA, 2007; Lee et al., 2008]
1
Drained solids. 2 Tomato sauce.

nipulations [Jones, 1986]. High-energy diets fed to broilers to reach the slaughter weight earlier increased the fat
content of the edible portion significantly [Jones, 1986].
Broiler meat produced under the free-range system is
not necessarily a product of higher nutritional value than
meat produced under the conventional fast-growing system [Ponte et al., 2008]. A higher SFA and MUFA content
and a lower PUFA content were found in breast meat from
free-range broilers (slaughtering at 81 days) compared to
broilers produced from the conventional system and
slaughtered between 35 and 42 days [Ponte et al., 2008].
Higher levels of PUFA, n–3 PUFA and a higher P/S ratio,
but a lower DHA level were observed in the conventional
broilers compared to the meat from broilers produced under the free-range system [Ponte et al., 2008].
The skin of the chicken is high in fat (more than 40%
fat), while dark meat (about 10% fat) contains about twice
as much fat as white meat (about 4%) [Sayed et al., 1999].
Chicken fat contains 30% SFA, 45% MUFA and 21%
PUFA [USDA, 2008].
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Health-Related Aspects of Meat
There are some reservations about the consumption of
red meat as red meat contributes to total fat, and especially SFA intake. Palmitic acid, the predominate fatty
acid present in red meat, has a cholesterol-elevating effect. Intervention studies with meat, however, did not
show a difference in the effect of lean red meat compared
to chicken and fish on the plasma lipids of human volunteers [O’Brien and Reiser, 1980; O’Dea et al., 1990; Wolmarans et al., 1999]. O’Dea et al. [1990] showed that it was
the fat and not the meat that has the TC- and LDL-Celevating effect.

Fatty Acid Composition of Fish
Plant leaves and algae are good sources of ALA. In the
marine environment, LCPUFA of the n–3 series are produced by algae, in particular cold water algae, from ALA
[IFFO, 2008b]. Zooplankton living on these algae are
consumed by fish, which later are consumed by humans.
Oily marine fish has therefore become the most important source of LCPUFA such as EPA and DHA. In table 11, the total fat, EPA and DHA contents of some common fish species are shown. There is a large variation in
the total fat content and the fatty acid profile also within
the same species caught in the same area. This is mainly
due to seasonal variations [Zlatanos and Laskaridis,
2007]. The total fat and fatty acid composition of fish are
influenced by the life cycle and factors such as salinity
and fatty acid composition of their food [Zlatanos and
Laskaridis, 2007]. Some of the best fish sources of n–3
fatty acids are sardine (Sardina pilchardus), anchovy (Engraulis encrasicholus) and pickerel (Spicara smaris). These
types of fish are common in the Mediterranean diet
[Zlatanos and Laskaridis, 2007]. Fatty acid analysis of
sardine, anchovy and pickerel showed that the former
had the highest fat content at the end of spring/beginning
summer (April–June) and the lowest fat content during
winter (February). Anchovy and pickerel had the highest
fat content at the end of winter/beginning of spring (February–April) with the lowest fat content at the end of
summer (August). Palmitic acid and DHA were the 2
main fatty acids present in sardines, anchovy and pickerel, but in some months, DHA levels were higher than
palmitic acid levels. In sardines, DHA levels were higher
than palmitic acid levels in winter (December and February) compared to summer and autumn, but in anchovy
and pickerel, higher DHA levels than palmitic acid levels
were observed in April.
Wolmarans
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Table 11. Total fat, EPA and DHA content of different fish spe-

Table 12. Servings of fish (90 g portion) required per week to provide about 250–500 mg EPA + DHA per day
EPA + DHA
mg/90 g portion

Salmon, Atlantic*
Herring, Atlantic
Mackerel
Salmon, Atlantic* plus
tuna, light canned in water
Salmon, Atlantic* plus
tuna, light canned in water
Salmon, Atlantic plus
cod
Cod

1,932
1,813
1,083
1,932
243
1,932
243
1,932
142
142

Number of 90 g portions
required per week

2
2
3
1
7
1
1
1
1
14

Mean EPA + DHA provided by
fish portions, mg/day

552
518
464
519
310
296
284

* Farmed. Source: USDA [2007].

Health Aspects of Fish
Fish is the main source of the n–3 fatty acids EPA and
DHA. The beneficial effects of these fatty acids have been
shown in several studies [Wang et al., 2006].
As a result of the danger of mercury poisoning, the
consumption of king mackerel (0.730 ppm), shark (0.988
ppm), swordfish (0.976 ppm) and tile fish (1.450 ppm) is
not recommended for young children and pregnant and
lactating women, as these fish have a particularly high
mercury content [FDA/EPA, 2004; US FDA, 2006]. The
higher up in the food chain the fish are, the higher the
mercury content. In addition, what they eat and how long
they live influence the mercury content of fish. Mercury
Trends in Food Production, Intake and
Composition

in the air, e.g. from industrial pollution, can accumulate
in streams and the ocean, and chemical changes as a result of bacteria in the water transform mercury into
methylmercury [FDA/EPA, 2004]. The methylmercury
ends up in the fish feeding in these waters [FDA/EPA,
2004].
Fish that have lower levels of mercury are for example
hake (0.014 ppm), Atlantic sardine (0.016 ppm), haddock
(0.031 ppm), herring (0.044 ppm), Atlantic mackerel
(0.050 ppm), cod (0.095 ppm) and salmon (0.014 ppm).
The mercury content of Albacore tuna (canned) is much
higher (0.353 ppm) than that of canned light meat tuna
(0.118 ppm). Therefore, the Food and Drug Administration (FDA) recommends that only 6 ounces (about 180 g)
of fish per week is eaten when albacore tuna is consumed
compared to the recommendation of 12 ounces (about
360 g) of fish and shell fish per week [FDA/EPA, 2004]. A
new FDA Draft Report on the safety of fish consumption
and the possible dangers of mercury contamination is
currently under discussion [Layton, 2008]. There are indications that the new FDA recommendations could reverse the current policy of the government of the United
States regarding guidelines for the safety of fish consumption by young children and pregnant and lactating
women [Layton, 2008].

Fast Foods
Fast food consumption contributes to an increase in
energy and total fat intake and also has a negative effect
on dietary quality [Paeratakul et al., 2003]. In addition,
Ann Nutr Metab 2009;55:244–272

267

Downloaded by:
54.205.122.62 - 12/20/2014 8:16:33 AM

The American Heart Association recommends the
consumption of fish, especially fatty fish, at least twice a
week [American Heart Association, 2006]. A daily intake
of 500 mg EPA + DHA per day is recommended for the
primary prevention of coronary heart disease [ISSFAL,
2004]. Data from a meta-analysis suggested that a modest
intake of 250–500 mg EPA + DHA per day reduced the
risk of coronary heart disease death [Lee et al., 2008]. Examples of the type and amount of fish that should be consumed per week to meet this recommendation are provided in table 12. The consumption of two 90 g portions
of fatty fish such as salmon and herring per week will
provide about 500 mg of EPA + DHA per day (table 12).
One portion of fatty fish per week plus one portion of
white/low fat fish will only provide about 300 mg of EPA
+ DHA per day. The consumption of at least 180 g of cod
per day would be required to consume about 300 mg of
EPA + DHA per day.

n–3 Enriched Foods
Today, foods enriched with n–3 fatty acids, e.g. ALA,
EPA and DHA, are available on the market. These foods
include, for example, margarines enriched with ALA and
DHA, milk enriched with EPA and DHA and designer
eggs. n–3-Containing eggs can be produced by feeding a
fish oil (increase EPA and DHA) or flaxseed diet (increase
ALA and DHA) to the chickens [Oh et al., 1991; Ferrier
et al., 1995].

268

Ann Nutr Metab 2009;55:244–272

These n–3 fatty acid-enriched foods could in future
contribute to meeting the recommendations for n–3 fatty
acid intake, as the sustainability of the fish sources to
meet recommendations for the LCPUFAs is under
threat.

Summary and Conclusion
The fatty acid content of vegetable oils differs, and not
all vegetable oils are good sources of MUFA or PUFA.
Some vegetable oils such as coconut oil and palm kernel
oil are high in SFA. Trans fatty acids are formed when
vegetable oils are partially hydrogenated. As a result of
the health concerns linked to the consumption of trans
fatty acids, the use of partially hydrogenated vegetable
oils in the production of margarine is questioned. Industry responded to these concerns by developing alternative
methods for the production of margarine that is low in or
do not contain trans fatty acids.
Nuts are high in fat, and MUFA is the predominant fat
in most nuts. Walnuts seem to be a good choice as they
have a high PUFA content but also contain ALA.
Milk and cheese are an important source of fat in the
diet of developed countries and also contribute to the intake of SFA, but are also the most important source of
CLA in the diet.
The fatty acid composition of meat depends on the cut
as well as the fatness of the carcass. Feeding practices also
influence the fatty acid composition of meat. Grass-feeding results in higher levels of PUFA than grain-feeding.
As a result of biohydrogenation of PUFA, trans fats are
formed in the lumen of ruminants.
Fatty fish are the main sources of EPA and DHA in the
diet, and the consumption of at least 2 portions of fatty
fish per week is recommended to provide the recommendation to consume at least 500 mg of EPA + DHA per
day.
Not only the total amount of fat consumed but also the
type of fat in the diet has health implications. Changes in
the fatty acid composition of foods, as a result of a change
in production methods, e.g. for margarine, requires the
updating of food composition databases on a regular basis. The latter is required to enable the consumer to have
updated information on the fatty acid composition of
food and to enable researchers to use the data in the most
appropriate manner.
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fast foods are also a source of trans fatty acids in the diet.
One of the critical issues regarding studying the association between trans fatty acids and adverse effects on
health is a lack of detailed information on the trans fatty
acid content of food in food composition databases. Innis et al. [1999] demonstrated large differences in the
trans fatty acid composition of snack food, breaded fried
chicken and bread. A study undertaken by Stender et al.
[2006] also showed a large difference in the amount of
industrially produced trans fatty acids (IP-TFA) in French
fries and chicken nuggets purchased from McDonald’s
and Kentucky Fried Chicken outlets in different parts of
the world. IP-TFA content varied between less than 1% of
total fat in French fries and chicken nuggets purchased
from McDonald’s in Denmark and China to more than
23 and 11%, respectively, for those fast foods purchased
in New York in the United States. French fries and chicken nuggets bought from Kentucky Fried Chicken in Germany contained 1% of IP-TFA, while in Hungary the figures were 35 and 31%, respectively [Stender et al., 2006].
Convenience foods, e.g. crackers, croutons, biscuits, cake
mixes, popcorn, pie shells, doughnuts, sauces and gravy
are examples of food that could contain more than 2 g of
trans fatty acids per 100 g of food [Innis et al., 1999]. Large
variations are, however, observed in the trans fatty acid
content of convenience foods. As an example, the mean
trans fatty acid content of a cracker can be 6.4 g per 100 g
of crackers, but the range could vary between 0.7 and
12.9 g per 100 g of crackers. The trans fatty acid content
of fast foods and convenience foods depends on the types
of oil or fat used in the preparation. Different fats and oils
are sometimes mixed, e.g. partially hydrogenated and
non-hydrogenated vegetables oils such as coconut oil and
palm kernel oil for preparation purposes [Innis et al.,
1999]. The type of oil or mixture used in the preparation
of foods will determine the trans fatty acid content of the
product.
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Appendix: FAO Categorization of Countries
Developed Countries
Armenia, Albania, Andorra, Australia, Austria, BelgiumLuxembourg, Bulgaria, Canada, Czechoslovakia, Republic of
Azerbaijan, Denmark, Belarus, Estonia, Faeroe Islands, Finland,
France, Georgia, Germany (New Lander), Germany Federal Republic, Germany, Bosnia and Herzegovina, Gibraltar, Greece,
Holy See, Hungary, Croatia, Iceland, Ireland, Israel, Italy, Kazakhstan, Japan, Kyrgyzstan, Latvia, Liechtenstein, Lithuania,
Malta, Monaco, Republic of Moldova, Netherlands, Macedonia,
(The Former Republic of Yugoslavia), New Zealand, Norway,
Czech Republic, Poland, Portugal, Romania, Russian Federation,
Serbia and Montenegro, San Marino, Slovenia, Slovakia, South
Africa, Spain, Tajikistan, Sweden, Switzerland, Turkmenistan,
USSR, United Kingdom, Ukraine, United States of America, Uzbekistan, Yugoslavia SFR, Belgium, Luxembourg, Channel Islands, Svalbard and Jan Mayen, Isle of Man.
Developing Countries
Afghanistan, Algeria, American Samoa, Angola, Antigua and
Barbuda, Argentina, Bahamas, Bahrain, Barbados, Bangladesh,
Bermuda, Bhutan, Bolivia, Botswana, Brazil, Aruba, Belize, British Indian Ocean Territory, Solomon Islands, Brunei Darussalam, Myanmar, Burundi, Antarctica others, Bouvet Island,
Cameroon, Canton and Enderbury Island, Cape Verde, Cayman
Islands, Central African Republic, Sri Lanka, Chad, Chile,
Christmas Island, Cocos (Keeling) Islands, Colombia, Comoros,
Congo (Republic), Cook Islands, Costa Rica, Cuba, Cyprus, Benin, Dominica, Dominican Republic, Ecuador, Egypt, El Salvador, Equatorial Guinea, Ethiopia PDR, Falkland Islands (Malvinas), Fiji Islands, French Guiana, French Polynesia, French
Southern Territories, Djibouti, Gabon, Gambia, Gaza Strip (Palestine), Ghana, Kiribati, Greenland, Grenada, Guadeloupe,
Guam, Guatemala, Guinea, Guyana, Heard and McDonald Islands, Haiti, Honduras, India, Indonesia, Islamic Republic of
Iran, Iraq, Côte d’Ivoire, Jamaica, Johnston Island, Jordan, Kenya, Cambodia, Korea (Democratic People’s Republic), Republic
of Korea, Kuwait, Laos, Lebanon, Lesotho, Liberia, Libyan Arab
Jamahiriya, Marshall Islands, Madagascar, Malawi, Malaysia,
Maldives, Mali, Martinique, Mauritania, Mauritius, Mexico,
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Midway Islands, Mongolia, Montserrat, Morocco, Mozambique,
Federal States of Micronesia, Namibia, Naura, Nepal, Netherlands (Antilles), Neutral Zone, New Caledonia, Vanuatu, Nicaragua, Niger, Nigeria, Niue, Norfolk Island, Northern Mariana
Island, Pacific Islands Trust Territory, Pakistan, Panama, Papua
New Guinea, Paraguay, Peru, Philippines, Pitcairn Islands,
Guinea-Bissau, Timor-Leste, Puerto Rico, Eritrea, Qatar, Palau,
Zimbabwe, Réunion, Rwanda, Saint Helena, Saint Kitts and
Nevis, Saint Lucia, Saint Pierre and Miquelon, Saint Vincent/
Grenadines, Sao Tome and Principe, Saudi Arabia, Senegal, Seychelles, Sierra Leone, Singapore, Somalia, Western Sahara,
Sudan, Suriname, Swaziland, Syrian Arab Republic, United Republic of Tanzania, Thailand, Togo, Tokelau, Tonga, Trinidad
and Tobago, Oman, Tunisia, Turkey, Turks and Caicos Islands,
United Arab Emirates, Uganda, Tuvalu, US Minor Outlying Islands, Burkina Faso, Uruguay, Venezuela, (Bolivar Republic of)
Vietnam, Ethiopia, British Virgin Islands, Wake Island, Wallis
and Futuna Islands, Samoa, West Bank, Yemen, Democratic Republic of Congo, Zambia, Anguilla, Mayotte, South Georgia/
Sandwich Islands, Palestine (Occupied Territory), China.
North and Central America
Antigua and Barbuda, Bahamas, Barbados, Bermuda, Aruba,
Belize, Canada, Cayman Islands, Costa Rica, Cuba, Dominica,
Dominican Republic, El Salvador, Greenland, Grenada, Guadeloupe, Guatemala, Haiti, Honduras, Jamaica, Martinique, Mexico, Montserrat, Netherlands Antilles, Nicaragua, Panama, Puerto
Rico, Saint Kitts and Nevis, Saint Lucia, Saint Pierre and Miquelon, Saint Vincent/Grenadines, Trinidad and Tobago, Turks and
Caicos Islands, United States of America, British Virgin Islands,
US Virgin Islands, Anguilla.
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