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Foreword

Malnutrition, in all its forms, is a global concern that has lasting health, developmental
and economic impacts for individuals, communities and nations. One-tenth of the global
population faces hunger. Three billion people are unable to afford healthy diets. At the
sametime, onein three peopleis overweight or obese, almost a quarter of children under
five years of age are stunted and anaemia affects more than half a billion of women. While
all forms of malnutrition have multiple causes, healthy diets are central to prevention of
them all. Sustainable agrifood systems must be part of the solution to achieve affordable
healthy diets for all, specifically those in situations of vulnerability.

Nutrient needs of humans varies substantially over their life course. While there are a
variety of dietary patterns that can meet those needs, foods that are rich in nutrients are
a critical part of a healthy diet. Terrestrial animal source foods provide energy and many
essential nutrients, such as protein, fatty acids and several vitamins and minerals that are
less common in other food types.

Livestock species and breeds are adapted to a wide range of environments. They contrib-
ute to healthy diets particularly in areas less suited or unsuitable for crop production.
However, to optimize this contribution to human and planetary health, the livestock
sector must contribute to addressing a range of challenges. These include issues related
to the environment (e.g. deforestation, land-use changes, greenhouse-gas emissions,
unsustainable water and land use, pollution, food-feed competition), herd management
(e.g. low productivity, overgrazing, poor animal welfare), animal health related issues
(e.g. diseases, antimicrobial resistance), human-livestock related issues (e.g. zoonotic
and food-borne diseases) and social issues (e.g. equity).

At its 27th Session, in October 2020, FAO’s Committee on Agriculture (COAG) requested
the Organization “to produce a comprehensive, science and evidence-based global
assessment of the contribution of livestock to food security, sustainable food systems,
nutrition and healthy diets.”

The assessment follows an agrifood systems approach and applies a One Health
perspective to the economic, social and environmental dimensions when reviewing how
the livestock sector contributes to the 2030 Agenda for Sustainable Development. It will
consist of four component documents. This first component document — a milestone in
the work of COAG’s Sub-Committee on Livestock - focuses on the downstream impacts of
terrestrial animal source food consumption as part of healthy diets and provides a robust
systematic review of the evidence for its contribution to health and nutrition outcomes.
This review includes an analysis of policy consumption recommendations.

The assessment supports COAG’s Sub-Committee on Livestock in its quest to optimize
the role of livestock, including their contributions to poverty alleviation, food security
and nutrition, sustainable livelihoods and the realization of the 2030 Agenda.

) ) —.
\Qm‘ e v
Maria Helena Semedo Maximo'Torero Cullen
Deputy Director-General Chief Economist
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Key findings

Terrestrial animal source food (TASF), within healthy
dietary patterns, can make vital contributions to efforts to
meet the global nutrition targets for 2025 endorsed by the
World Health Assembly* and the Sustainable Development
Goals (SDGs) that aim to reduce stunting among children
under five years, low birthweight, anaemia in women
of reproductive age (15-49 vyears), overweight among
children under five years, and obesity and diet-related
non-communicable diseases (NCDs) in adults.?

Nutrient and bioactive composition and
value of terrestrial animal source food

TASFs provide higher-quality proteins than other
foods, with some nuanced differences in digestibility.
Specific amino acids and bioactive factors with roles
in human health (carnitine, creatine, taurine, hydroxy-
proline and anserine) are primarily found in TASF. The
long-chain fatty acids and the ratios of essential fatty
acids found in TASF are important for cognition across
all phases of the human life course.

Iron and zinc in red meat are bound in compounds
that are more bioavailable and may be more easily
digested than those in which they are bound in plant-
based foods. Milkis well recognized for its high concen-
tration and bioavailability of calcium, among other
nutrients. Eggs have high concentrations of choline
and some long-chain fatty acids. Generally, TASFs are
a rich source of selenium, vitamin B12 and choline.
Consumption of TASF has been shown to counteract
the effects of antinutrients found in plant-based foods.

The nutritional quality of TASFs (especially the fat
composition) can be influenced by (in order of prior-
ity) choice of animal species and feeding system,
followed by breed and production environment.

Effects of terrestrial animal source food
on nutrition and health over the life
course

Dietary intakes of TASF can have effects on nutrition
(improved nutrient status, increased anthropometry),
health (reduced infectious disease, increased NCDs,
immune system function broadly, improved bone

health), and cognition (improved development, neuro-
protection, neurological disease prevention).

For people in all life-course phases - including preg-
nant and breastfeeding women, infants and young
children, school-age children and adolescents, adults
and older adults - the majority of evidence related to
the influence of TASFs on nutrition and health comes
from trials assessing milk and dairy products. Beef and
eggs follow in terms of availability of evidence, with
fewer studies available on pig and poultry meat, meat
from wild animals, insects and meat from other minor
species. Overall, the evidence suggests that, among
apparently healthy individuals, TASF intakes at appro-
priate levels benefit several health outcomes. A robust
evidence base shows that milk and dairy consumption
during pregnancy increases infant weight at birth and
may also increase birth length and foetal head circum-
ference. Among infants and young children, egg, milk
and meat consumption has been studied, with mixed
findings depending on overall diet and environmental
exposure. Evidence shows that consumption of milk
and dairy products by school-age children and adoles-
cents increases height and reduces overweight and
obesity. Beef consumption in this life-course phase has
been shown to improve cognitive outcomes.

In adults, findings largely indicate that consumption of
milk and dairy products (such as yoghurt) has positive
effects in terms of reducing risk of all-cause mortality,
hypertension, stroke, type 2 diabetes, colorectal cancer,
breast cancer, obesity, osteoporosis and fractures.
Relatively robust evidence shows that egg consump-
tion among adults does not increase the risk of stroke
or coronary heart disease. Compelling evidence
suggests that, in adults, meat intake of between 85 and
300 g/day can protect against iron deficiency. Poultry
meat has not been studied as much as beef, but find-
ings suggest non-significant effects on stroke risk, with
subgroup analysis suggesting a protective effect in
women.

The evidence base for red meat consumption in adults
has been thoroughly assessed by the Global Burden of
Disease Study and shows some increased risk of chronic
disease associated with consumption of 23 g (18-27 g)

1 Global nutrition targets 2025 (https://apps.who.int/nutrition/global-target-2025/en/).
% WHO. 2014. Global nutrition targets 2025: Policy brief series (WHO/NMH/NHD/14.2). Geneva, Switzerland, WHO. https://apps.who.int/iris/bitstre-

am/handle/10665/149018/WHO_NMH_NHD_14.2_eng.pdf
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perday of red meat, and 2 g (0-4 g) per day of processed
meat. However, other studies have shown non-signifi-
cant effects of beef on chronic disease biomarkers.

Significant gaps remain in the evidence base for older
adults. Preliminary evidence, however, suggests that
milk and dairy products, and possibly other TASFs, may
play a role in mitigating sarcopenia, fractures, frailty,
dementia and Alzheimer’s disease

Cow’s milk and poultry eggs are among the eight food
groups that pose allergenic risks to consumers, and it
is therefore mandatory in many countries to state their
presence in foods as part of precautionary allergen
labelling. However, there is no evidence that avoiding
such foods during infancy can delay or prevent reac-
tions. Lactose malabsorption is widespread but does
not automatically lead to lactose intolerance, which
also greatly varies in severity.

Policy recommendations on terrestrial
animal source food consumption

Findings are based on a desk review of policy docu-
mentsincluding food-based dietary guidelines (FBDGs),
non-communicable disease-related documents and
documents related to food and agriculture legislation
and nutrition policies and programmes.

Most policy recommendations address TASF consump-
tion in general, followed by meat, milk and dairy prod-
ucts and eggs. There is significantly less coverage of
offal, poultry, pig meat, meat from wild animals, and
insects.

Most recommendations on TASF consumption are linked
to human micronutrient needs and NCDs and target the
entire population. Micronutrient-related recommen-
dations tend to be more detailed than NCD-related
recommendations, providing quantitative indications
in terms of daily or weekly TASF intake. There are no
specific recommendations on TASF consumption to
address the risks associated with multiple forms of
malnutrition (e.g. coexistence of micronutrient defi-
ciency with overweight, obesity and NCDs).

In total, the review of policy documents identified
378 recommendations on TASF consumption that
follow a life-course approach, 325 in FBDGs. Although
the review identified a similar number of quantitative
and qualitative recommendations, those in the FBDGs
of high-income countries were the most detailed.

Environmental sustainability considerations were only
included in documents from eight upper middle- and
high-income countries, and these mostly provided
qualitative recommendations. Animal welfare was
only mentioned in the FBDGs of Denmark and Sweden,
which mentioned the use of animal welfare labels to
inform consumers.

Food safety and food-borne disease
issues related to terrestrial animal
source food

One-third of the global food-borne disease burden is
associated with the consumption of contaminated
TASFs, mainly linked to bacterial causes and diarrhoea.
While evidence on food-borne disease hazards and
health outcomes, and on risk analysis methods, is well
documented, knowledge of the national burden (inci-
dence and severity) of food-borne diseases is lacking.
The main transmission routes along the value chain are
crucial to the targeting of national policies but are not
well understood.

Changing agricultural practices (especially those
related to the intensification of livestock production
and input use), the lengthening and broadening of
value chains, and increasing consumption of processed
food contribute to increasing exposure to food-borne
disease hazards. Antimicrobial resistance presents
additional challenges, beyond those related to nutri-
tion and food safety.

Food-safety burdens must be alleviated by enhanc-
ing sanitation and mitigating health risks at the inter-
faces between animals, humans and the environ-
ment, through a One Health approach. Strengthening
national food-control systems is key to ensuring food
safety for better health and nutritional outcomes.

Emerging topics

While cost and access remain a barrier, milk powder has
been used extensively as an ingredient in fortified and
blended foods, with evidence for its effectiveness when
used as a therapeutic supplement in the management
of severe acute malnutrition in infants and young child-
ren. Egg powder and fish powder have been used to a
significantly lesser extent as ingredients in fortified and
blended foods, probably because of palatability and
shelf-life issues and the processing techniques involved.



Science related to TASF alternatives, including plant-
based food and cell-cultured “meat”, is relatively
new. Evidence suggests that these products cannot
replace TASF in terms of nutritional composition.
Microalgae are highly regarded as a TASF alternative
because of their rich nutritional composition and
the advantages they may offer as a natural carbon
sink. Nevertheless, plant-based meat alternatives
that are widely available on the market have been
found to be deficient in some essential nutrients
and high in saturated fat, sodium and sugar. Further
research is also needed to complete food-safety risk
assessment for cell-cultured “meat” produced at
industrial scale.

While insects can provide many essential nutrients
and there is some evidence on nutrition outcomes,
cultural  barriers and individual preferences
currently interfere with consumer acceptability. The
environmental sustainability appeal of using insects
as human food seems compelling and may increase
demand in the coming years. Nevertheless, food-
safety concerns should be considered in the scaling
up of insects as food or animal feed.

Current “omics” applications provide promising
options for characterizing nutritional quality and
safety, and developing precision or personalized
nutrition (especially for defined targeted groups
such as young children).

Microbiome science has recently revealed that some
of the effects of the diet on health may be mediated
by the gut microbiome - the trillions of microor-
ganisms that live in the human gut. Diverse TASFs,
including meat and fermented dairy products,
influence the composition and functions of the gut
microbiome and consequently affect human health
via the production of microbial metabolites. High
intake of red and processed meat and of animal
saturated fats may induce deleterious effects, while
fermented dairy products seem to be associated
with reduced inflammation. Positive or negative
impacts on health may be modulated by the overall
quality of the diet (in terms of fats, sugars and fibre).

Assessment of the roles of TASF in sustainable
healthy diets needs to consider regional variations
in natural resources, background health and nutri-
tion as well as people’s nutritional needs over the
life course, the availability and accessibility of food,
and the ecosystem roles of livestock. Emerging

evidence on the sustainability of diets shows that
greater species diversity in the diet (plant-based foods,
TASFs and aquatic foods) contributes to higher nutrient
adequacy.

Preliminary gaps

In conclusion, the findings of this document reveal
some gaps in evidence and policy related to the contri-
butions of TASF to healthy diets. To summarize:

A deeper understanding of the interactions of TASF
nutrients and bioactive compounds with other foods in
the overall diet and of the effects of TASF on nutrition,
health and cognitive outcomes across the course of
human lives is required.

Gaps remain in the literature on the nutritional compo-
sition and health effects of several types of TASF, includ-
ing those from poultry, goats, sheep, pigs, rabbits, wild
animals and insects.

Robuster evidence is needed on the health effects
of TASF consumption (underconsumption and over-
consumption). Specifically, there is a need for studies
with consistent design and methods, implemented in
a range of different contexts (low- and middle-income
countries and high-income countries).

While beyond the scope of the present assessment,
examining the significance of TASF in the diets of
unhealthy populations (for example, those that are
diabetic, overweight or obese) may be merited given
the high prevalence of these conditions.

National FBDGs should be updated with recommen-
dations that provide ranges for daily intake of TASFs in
different life-course phases. These recommendations
should consider the implications of underconsump-
tion and overconsumption of TASF given the increasing
coexistence of micronutrient deficiencies and NCDs.

National FBDGs should be used to better inform live-
stock policies, programmes and legislative frameworks
on nutrition outcomes.



Setting the scene

At its twenty-seventh session, in October 2020, the
Committee on Agriculture (COAG), one of FAO’s govern-
ing bodies, requested FAO to produce a “comprehensive,
science and evidence-based global assessment of the
contribution of livestock to food security, sustainable
agrifood systems, nutrition and healthy diets.” At the
same session, the COAG established a Sub-Committee on
Livestock to provide targeted guidance to stakeholders on
this specific sector of agriculture.

The assessment of the contribution of livestock to food
security, sustainable agrifood systems, nutrition and
healthy diets will be based on four component documents
prepared for consideration by governing body sessions.
The process will be accompanied and guided by a multi-
disciplinary scientific advisory committee.

Box 1. What is terrestrial animal source food?

In this assessment, terrestrial animal source food (TASF)
is taken to comprise all food products obtained from ter-
restrial animals. The assessment covers TASFs derived
from animal production systems of any scale, including
integrated plant-animal production systems, specialized
livestock production systems, and grazing systems and
pastoralism. TASF includes food derived from the hunt-
ing of wild animals and from wildlife farming.

Food products covered include those derived from
mammals, birds and insects. They are classified into
the following food groups:

* eggs and egg products;

* milk and dairy products;

This document is the first component document of the
assessment and focuses on the contribution of terrestrial
animal source food (TASF) (see Box 1) to healthy diets for
improved nutrition and health. Although - in line with the
mandate from COAG - the focus of the document is on
TASF, it recognizes that human nutrition requires dietary
diversity and a full spectrum of healthy foods and food
groups, including aquatic foods, to promote and main-
tain health. The document builds on Livestock-derived
foods and sustainable healthy diets (UN Nutrition, 2021),
a document prepared by UN Nutrition that provides a
general overview of topics covered by the four compo-
nent documents of the present assessment and consid-
ers the major health benefits, opportunities and potential
trade-offs associated with sustainable production and
consumption.

° meat and meat products;
¢ food from hunting and wildlife farming; and
° insects and insect products.

Each group includes subgroups (e.g. red meat and
poultry) and multiple food items coming from different
species (e.g. beef and chicken meat). The assessment
focuses mainly on unprocessed TASFs, as there are
many different processed TASFs. However, the health
consequences of processed TASFs are discussed in
Section C, where evidence is available, and processed
blended food products containing TASF ingredients
are introduced in Section E. Aquatic food is beyond the
scope of the assessment.

Source: Food groups adapted from FAO & WHO. 2022. Global Individual Food consumption data Tool (GIFT). [Cited 10 February 2022].

www.fao.org/gift-individual-food-consumption/en/

4 The 166th FAO Council, in its report (http://www.fao.org/3/nf693en/nf693en.pdf), defined agrifood systems as follows: The agrifood system
covers the journey of food from farm to table - including when it is grown, fished, harvested, processed, packaged, transported, distributed,
traded, bought, prepared, eaten and disposed of. It also encompasses non-food products that also constitute livelihoods and all of the people
as well as the activities, investments and choices that play a part in getting us these food and agricultural products. In the FAO Constitution,
the term “agriculture” and its derivatives include fisheries, marine products, forestry and primary forestry products.


https://www.fao.org/gift-individual-food-consumption/en/
http://www.fao.org/3/nf693en/nf693en.pdf

The present document deepens the analysis via a system-
atic review focused specifically on nutrition and health
outcomes related to TASF intake. It is intended to build
consensus on the role of TASF in healthy diets by consid-
ering the vulnerability of different target groups from
economic, health and contextual perspectives.

Healthy diets are fundamental to people’s health and
well-being. TASFs are among a range of food groups (see
Box 2) that can contribute to diverse and balanced dietary
patterns. This document focuses on the endpoints of the
conceptual framework for agrifood systems (see Figure 1),

specifically on how TASFs in diets lead to nutrition and
health outcomes. The other three component documents
will move upstream in the framework to examine the factors
determining demand for, and supply and consumption of,
TASF (Document 2), livestock-sector benefits, trade-offs
and synergies with respect to food security and sustaina-
ble agrifood systems (Document 3), and opportunities for
transforming the livestock sector sustainably to optimize
food and nutrition security (Document 4). It should be
noted that the scope of this first component document is
to assess the contribution of TASFs, at appropriate levels,
in apparently healthy individuals and not to assess risks
among individuals suffering from medical conditions.

Food groups and subgroups related to terrestrial animal source food

A food group is a set of foods that share similar nutri-
tional properties or biological characteristics.

The following food groups and subgroups related to ter-
restrial animal source food are adapted from those used
under the FAO/WHO Global Individual Food consump-
tion data Tool (GIFT) (FAO and WHO, 2022):

Eggs and egg products: mainly from poultry (chicken,
duck, goose, quail and turkey), including fresh and pro-
cessed foods such as dried eggs.

Milk and dairy products: from mammalian livestock
species, most commonly cattle, water buffalo, goat,
sheep, dromedary and Bactrian camel. This group com-
prises the following subgroups:
fresh and processed milk: milk and products derived
from milk by reducing water or/and increasing sugar
content and isolating milk protein, such as evaporat-
ed, condensed and powdered milk and milk protein;
cheese, such as cured and uncured cheese, brined
cheese, ripened cheese (soft and hard), cheese rind
and processed cheese, such as spreads;
cream, whey and any other milk products: products
derived from milk by isolating its different fractions,
including dried products such as powdered whey,
cream and sour cream, and isolated whey protein,
and manufactured products such as flavoured whey,
cream and sour cream;

fermented milk products, such as yoghurt, kefir,
kumis and sour and fermented milk, including fla-
voured and non-flavoured products;

Meat and meat products: red and white meat from live-
stock (both ruminants and monogastrics), offals and
processed meat:

red meat: meat from cattle, buffalo, goat, sheep, pig,
dromedary, Bactrian camel, horse, donkey and yak;
white meat: meat from rabbit and from chicken and
other avian species (including duck, Muscovy duck,
goose, guinea fowl, turkey, quail, pigeon, pheasant,
ostrich) - characterized by its paleness;

processed meat: a range of meat products that have
undergone treatment such as salting, curing, smok-
ing, marinating, drying or cooking;

offals: organ meat and blood from mammalian and
avian species, including liver, kidney, heart, lungs and
intestines.

Food from hunting and wildlife farming: food obtained
from hunting of wild animals and from non-domesticat-
ed animals raised on farms.

Food from invertebrates, including insects and insect
products: insects such as beetles, flies, bugs, ants and
grubs, and other invertebrates such as spiders, mites,
ticks and earthworms, including processed products
such as dried invertebrates and manufactured products
such as powdered.

Source: Food groups adapted from FAO & WHO. 2022. Global Individual Food consumption data Tool (GIFT). [Cited 10 February 2022].

https://www.fao.org/gift-individual-food-consumption/en/
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Figure 1. Agrifood systems for healthy diets
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Note: Blue frames indicate elements assessed in this component document. Contextual information on different food production systems is pro-
vided to explain differences in the quality and consumption of TASF. However, food production systems were not the subject of this component
document and will be covered in Component Document 3.

Sources: FAO. 2021. Vision and Strategy for FAO’s Work in Nutrition. [Cited 15 February 2022].
https://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1415836/. FAO. 2021. Report of the Council of FAO. CL 166/REP.
Rome.
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Summary

About this document

At its twenty-seventh session, in October 2020, FAO’s Committee on Agriculture (COAG)
requested FAO to produce a “comprehensive, science and evidence-based global as-
sessment of the contribution of livestock to food security, sustainable agrifood sys-
tems, nutrition and healthy diets.” This assessment will involve four component doc-
uments prepared for consideration by FAO’s governing bodies. A synthesis document
will be prepared based on the four component documents. The present document
(Component Document 1) is the first part of the assessment and focuses on the down-
stream impacts of terrestrial animal source food (TASF) on healthy diets for improved
nutrition and health. An overview of the approach, scope and timeline of the assess-
ment and of stakeholder involvement in its preparation was agreed by the First Session
of COAG’s Sub-Committee on Livestock in March 2022 (FAO, 2022a). The Sub-Committee
on Livestock invited Members to provide comments on a draft version of the document,
and these have been incorporated into the present version.

Component Document 1 is a synthesis of evidence on TASF’s contributions to human
nutrition and health, in line with the mandate from COAG. The document considers
TASF within the context of healthy diets and the full array of foods and food groups
important to human health, including aquatic animal foods.

The document was prepared through a consultative process involving a team from FAQO,
a scientific advisory committee and a wider group of technical experts (potential con-
tributors). Three major themes were identified and these constitute the focus of the
three sections of the document: 1. nutrient composition and value of TASF; 2. effects of
TASF on health and nutrition over the life course; and 3. food safety and food-borne dis-
eases. A fourth section focuses on emerging topics related to TASF and describes novel
themesin the literature that have prospects for growth and salience in public discourse.

Terrestrial animal source food and the world nutrition situation

TASF, within the context of healthy diets delivered by efficient, inclusive, sustainable
and resilient agrifood systems, can make important contributions to efforts to meet the
2025 World Health Assembly and 2030 Sustainable Development Goal (SDG) nutrition
targets. Trends in nutrition indicators show that the world is currently not on track to
attain several of these targets. This document provides evidence that TASF, within ap-
propriate dietary patterns, can help achieve milestones related to reducing stunting and
wasting among children under five years of age, low birthweight, anaemia in women of
reproductive age (15-49 years), overweight among children under five years of age, and
obesity in adults.

Evidence from the evolutionary past of Homo sapiens shows that higher dietary intakes
of TASF were associated with increased stature, brain size and longevity, probably es-
tablishing metabolic requirements in the human body that still need to be met today. At
present, TASF dietary patterns vary across agrifood systems, with populations in some



regions having high intakes and consuming too much and those in others consuming
to little. The ways in which TASF affects chronic disease and livestock production af-
fects the environment are attracting increasing attention in the public domain. This has
given rise to the need to provide decision-makers with an assessment of the evidence
in this field.

Nutrient and bioactive composition
and value of terrestrial animal source food

Several macronutrients, micronutrients and bioactive compounds found in TASF play
unique and important roles in human health. TASF can provide large proportions of
recommended nutrient intake (RNI) across the life course. The food matrix and overall
diet of individuals modulate the digestibility, including the absorption and metabolism,
of TASF nutrients in humans. TASF provides high-quality proteins, as indicated by the
Digestible Indispensable Amino Acid Score (DIAAS), relative to other foods. Some amino
acids and other compounds (carnitine, creatine, taurine, 4-hydroxyproline and anser-
ine) are primarily available in human nutrition through consumption of TASF. These
nutrients contribute vital functions in immune defence, anti-inflammatory pathways,
memory and cognition. TASFs are also dense in dietary fats that can either promote or
compromise health. Consuming diverse diets and appropriate levels of TASF can pro-
vide the necessary ratios of essential fatty acids (linoleic to a-linolenic acids) and blood
cholesterols (high-density lipoprotein to low-density lipoprotein) and enable the ab-
sorption of fat-soluble vitamins needed for human health. Dietary intakes of long-chain
fatty acids from TASF are important for brain development and cognition across the life
course, particularly in the absence of aquatic food.

TASF can also provide critical micronutrients (minerals and vitamins) in bioavailable
forms. Iron and zinc deficiencies are highly prevalent in populations around the world,
contributing significantly to the global burden of disease. Animal meats offer these
minerals in compounds that are more efficiently metabolized than those obtained from
plant-based foods (PBFs). However, evidence suggests that iron availability from eggs
and insects is lower than from meat. TASF is also a rich source of selenium, which plays
crucial roles in anti-inflammatory and genome-level processes. Vitamin B12, which is
necessary for growth, neurodevelopment function and maintenance, is largely sourced
from TASFs in human nutrition, with only a few exceptions among PBFs (e.g. some sea-
weeds). Choline, which is also concentrated in some TASFs, has garnered recent atten-
tion foritsvital roles in human growth, neurotransmission, and cell-membrane integrity
and function, among other roles. Vitamin C, which is necessary for growth, develop-
ment and repair of all body tissues, is found to some degree in milk and some types
of meat but is absent in eggs, meaning that it needs to be obtained mainly from PBFs.

Phytates, tannins and oxalates, found in some foods such as legumes and cereals, can
interfere with the absorption of minerals and other nutrients in humans. Consumption
of TASF has been shown to counteract the effects of these antinutrients.

Lipids and fat-soluble vitamins in TASF have been shown to be affected by animal diets,
and this has implications for decisions on animal feeding. In populations that do not
consume significant quantities of fish, meat can contribute to dietary omega-3 require-
ments, especially when the diets of the animals from which the meat is sourced include
plants that are dense in polyunsaturated fatty acids.



Effects of terrestrial animal source food on nutrition and health
across the life course

This section summarizes evidence on the roles of TASFs in human biology across the
life course and the impacts of dietary intakes on nutrition (nutrient status and anthro-
pometry), health (infectious disease, chronic disease and bone health) and cognition
(development, neuroprotection and neurological disease prevention). Differential ef-
fects are revealed by life-course phase: women during pregnancy and breastfeeding
(including mother, foetus and breastfeeding child); infants and young children; school-
age children and adolescents; adults; and older adults. Overall, most evidence comes
from trials assessing milk and dairy products, followed by beef and eggs. There is gen-
erally good regional representation in sampled populations, except in the case of older
adults, for whom evidence comes predominantly from high-income countries.

A robust evidence base shows that milk and dairy consumption during pregnancy in-
creases birth weight in offspring and may also enhance birth length and foetal head
circumference outcomes. Among infants and young children, egg, milk and meat con-
sumption has been studied, with findings varying depending on overall diet and envi-
ronmental exposure. Evidence for school-age children and adolescents also focuses
on milk and dairy products and indicates that consuming them has positive effects in
terms of increasing height and reducing overweight and obesity. Beef consumption
during this phase has been shown to improve cognitive outcomes.

In adults, findings largely indicate that eating milk and dairy products, specifically yo-
ghurt, has positive effects in terms of reducing risk of all-cause mortality, hypertension,
stroke, type 2 diabetes, colorectal cancer, breast cancer, obesity, osteoporosis and frac-
tures. However, evidence for an association between milk consumption and coronary
heart disease is equivocal. Evidence shows that egg consumption in adults does not
increase risk of stroke or coronary heart disease. Synthesized findings from risk analy-
ses show that consumption of modest amounts of unprocessed red meat (ranging from
9to 71 g/day) has minimal health risk. For processed red meat, however, very low levels
of consumption can elevate risk of mortality and chronic disease outcomes, including
cardiovascular disease and colorectal cancer. Robust evidence shows that meat intake
(85 to 300 g/day) is positively associated with iron status in adults. Poultry meat has
been less studied than beef, but findings suggest that it has non-significant effects on
stroke risk, with subgroup analyses suggesting a protective effect in women.

Among older adults, epidemiological evidence for the health effects of TASF comes pri-
marily from high-income countries. A fairly strong evidence-base shows that lean red
meat consumption has positive effects on muscle health. Other evidence suggests that
milk and dairy products and other TASFs have a potential role in mitigating sarcopenia
(muscle loss), fractures, frailty, dementia and Alzheimer’s disease.

Cow’s milk and poultry eggs are among the eight foods that pose allergenic risks to
consumers, and it is therefore mandatory in many countries to state their presence in
foods as part of precautionary allergen labelling. However, there is no evidence that
avoiding such foods during infancy can delay or prevent reactions. Lactose malabsorp-
tion is widespread but does not automatically lead to lactose intolerance, which also
varies greatly in severity.



Policy recommendations on terrestrial animal source food
consumption

Food-based dietary guidelines (FBDGs) are the most comprehensive reference for TASF
consumption. FBDGs from 95 countries provide recommendations on TASF consump-
tion, primarily linked to micronutrient intake for health benefits (e.g. iron intake), fol-
lowed by the mitigation of potential health risks (i.e. diet-related non-communicable
diseases [NCDs]).

Most FBDGs target the general public, although many make recommendations for spe-
cific groups in the life-course cycle. Most policy recommendations address TASF con-
sumption generally. Next most frequent are recommendations on meat (in general),
milk and dairy products, eggs and red meat. In the red meat category, most recommen-
dations refer to beef; other types of meat, such as pork, goat meat and sheep meat, are
less well covered. There is also less coverage of poultry, white meat (in general), offal,
meat from wild animals, and insects. Micronutrient-related recommendations tend to
be more detailed than NCD-related recommendations, providing quantitative indica-
tions in terms of daily or weekly intakes of TASFs. There are no specific recommenda-
tions on TASF consumption to address the risks associated with multiple forms of
malnutrition (e.g. coexistence of micronutrient deficiency with overweight, obesity
and NCDs). Environmental sustainability considerations were found only to be
included in the FBDGs of eight upper middle- and high-income countries, with only the
Netherlands providing quantitative recommendations. Animal welfare was found only
to be mentioned in the FBDGs of Denmark and Sweden, where it was mentioned in the
context of food labelling.

Food safety and food-borne disease issues related to TASF

One-third of the global food-borne disease burden is associated with the consumption
of contaminated TASF, mainly linked to bacterial causes and diarrhoea. While evidence
on food-borne disease hazards and health outcomes, and on risk analysis methods, is
well documented, knowledge of the national burdens (incidence and severity) of these
diseases is lacking. For example, effective targeting of national policies requires know-
ledge of the main transmission routes along the value chain, but these are not well
understood.

Changing agricultural practices (especially those related to the intensification of live-
stock production and input use) lengthening and broadening of value chains, and
greater consumption of processed food contribute to increasing exposure to food-
borne disease hazards. Antimicrobial resistance presents additional challenges beyond
those associated with food safety and nutrition. Food-safety burdens need to be alle-
viated by enhancing sanitation and mitigating health risks at the interfaces between
animals, humans and the environment, through a One Health approach. Strengthening
national food-control systems is key to ensuring food safety for better health and nutri-
tional outcomes.



Emerging topics

This section addresses some recently emerged topics pertaining to TASF, nutrition and
health. Fortified, blended foods containing TASF, most commonly milk powder, have
been studied globally, and there are indications that they can have positive effects on
child growth and development outcomes. However, the independent effects of the
TASF ingredients cannot be directly linked to outcomes. Early findings for TASF alter-
natives, including cell-derived and plant-based alternative “meats’, suggest that some
products can mimic the taste and texture of TASF, but evidence for their effects on hu-
man nutrition and health outcomes is lacking. Insects and insect powders show prom-
ise as nutritious, sustainable food sources. Issues of preference and culture remain to
be resolved in product development and marketing.

Major developments in microbiology offer insights into the relationship between TASF
and human health. These developments include, first, methodological advances in
“omics”, spanning genomics, transcriptomics, proteomics, metabolomics and nutri-
genomics. These fields provide evidence related to the pathways and metabolites
involved in TASF’s roles in nutrition and health. A second development is the rapidly
expanding science of the microbiome, which essentially shows that the microbiome
plays a mediating role in the relationship between TASF and human health. Species
diversity, the abundance of short-chain fatty acids and the presence of pathogens are
among the factors driving this association. Animal models and trials in humans demon-
strate that red and processed meats and animal fats can damage human health via
microbial metabolites, such as trimethylamine-N-oxide and hydrogen sulfide, while
fermented dairy products have positive impacts.

Connections to other component documents

Component Document 1 summarizes the evidence for the downstream effects of
TASF on human nutrition and health outcomes. Building on this analysis, Component
Document 2 will examine factors influencing demand for TASFs and their supply and
consumption, historically and into the future. It will illuminate factors affecting access
to, and affordability of, TASFs and the quantity, quality, safety and diversity of TASFs
within dietary patterns. Moving further upstream, Component Document 3 will assess
the contribution of the livestock sector to food security and sustainable agrifood sys-
tems. Component Document 4 will present options for sustainably changing the live-
stock sector in ways that contribute to the development of more sustainable agrifood
systems, healthier diets and better nutrition. Ultimately, all four documents will be
combined into a high-level synthesis document on the contribution of livestock to food
security, sustainable agrifood systems, nutrition and healthy diets.
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Contribution of terrestrial animal source food to healthy diets for improved nutrition and health outcomes

Key findings

© Trends in nutrition indicators show that the world is currently not on track to attain several of the 2025 World
Health Assembly! and 2030 Sustainable Development Goal (SDG) nutrition targets.

© Terrestrial animal source food (TASF) within appropriate dietary patterns can make important contributions to
reducing stunting and wasting in children under five years of age, low birthweight, anaemia in women of reproduc-
tive age (15-49 years), overweight in children under five years of age, and obesity and diet-related non-communi-
cable diseases (NCDs) in adults.

© Evidence from the evolutionary past of Homo sapiens shows that higher levels of TASF intake were associated with
increased stature, brain size and longevity, probably establishing metabolic needs in the human body that have
remained into the present.

© Globally, 21 percent of total caloric supply is comprised of TASF. The figure is higher in Europe (37 percent) and the
Americas (30 percent), but in Africa it is only 11 percent. The highest level of TASF relative to total caloric supply is
in Northern America (43 percent), followed by Australia and New Zealand, and Northern Europe (both 41 percent).
The lowest levels are in Eastern Africa and Middle Africa (6 percent) and Western Africa (4 percent).

© Globally, 47 percent of children between 6 and 23 months of age consume dairy and 22 percent consume eggs.
However, this masks a significant disparity between the poorest and wealthiest quintiles.

© Certain agrifood systems may be particularly salient with respect to the substantial role of TASF in human nutrition.
Conversely, in populations practising vegetarianism for religious, cultural or other reasons, TASF may play a very
minor role.

Summary

This section summarizes recent data on the world nutrition situation, focusing on progress towards the global nu-
trition targets set by the World Health Assembly and the Sustainable Development Goals (SDGs). It also provides
an overview of trends in nutrition indicators by region, showing the geographical variation in different forms of
malnutrition.

It provides an overview of TASF dietary patterns using data from the FAO Food Balance Sheets. It also presents
trends in the global and regional supply of TASFs, which show great disparities across regions and subregions. It
provides an overview of the contribution of TASFs to caloric supply and of energy and protein supply from plant-
and animal-source foods (including those from both terrestrial and aquatic sources), differentiated by region. It
also provides a snapshot of the percentage of children between 6 and 23 months consuming TASFs, such as dairy,
eggs and flesh foods (including those from both terrestrial and aquatic sources), which shows high discrepancy
by wealth quintile. The section further includes a brief evidence-based overview of the role that TASF played in
hominin evolution over the last 2 million years and introduces the importance livestock and TASF to food security
and nutrition. It emphasizes the extent to which certain agrifood systems may be particularly salient in the consid-
eration of the substantial role of TASF in human nutrition. For example, pastoralist populations whose livelihoods
have traditionally depended on livestock have historically consumed more TASF and some of the food systems of
some Indigenous Peoples incorporate TASF through hunting, gathering or livestock production. The section further
presents the results of a study that examined the inclusion of wild foods in the diets of eight groups of Indigenous
People across the world. At the other end of the consumption spectrum, there are populations that practise vege-

tarianism for cultural or religious reasons.

! Global nutrition targets 2025 (https://apps.who.int/nutrition/global-target-2025/en/).
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1. The world nutrition situation

Healthy diets are those that include an appropriate balance
of the foods necessary to achieve the optimal growth and
development of all individuals and to meet their physio-
logical needs and support their physical, mental and social
wellbeing at all life stages (CFS, 2021). Healthy diets are safe,
diverse, balanced and based on nutritious foods. They help
to protect against malnutrition in all its forms, including
undernutrition, micronutrient deficiencies, overweight and
obesity, and lower the risk of diet-related non-communica-
ble diseases (see Box Al).

More practically, FAO, IFAD, UNICEF, WFP and WHO (2022)

defines healthy diets as follows:

They

1. start early in life with early initiation of breastfeeding,
exclusive breastfeeding until six months of age, and con-
tinued breastfeeding until two years of age and beyond
combined with appropriate complementary feeding;

2. are based on a great variety of unprocessed or minimally
processed foods, balanced across food groups, while re-
stricting highly processed food and drink products;

3. include wholegrains, legumes, nuts and an abundance
and variety of fruits and vegetables;

4. can include moderate amounts of eggs, dairy, poultry
and fish, and small amounts of red meat;

5. include safe and clean drinking water as the fluid of choice;

6. are adequate (i.e. reaching but not exceeding needs) in en-
ergy and nutrients for growth and development and meet
the needs for an active and healthy life across the life cycle;

7. are consistent with WHO guidelines for reducing the risk
of diet-related NCDs and ensuring health and well-being
for the general population; and

8. contain minimal levels of, or if possible no, pathogens,
toxins or other agents that can cause food-borne disease.
According to WHO the characteristics of a healthy diet in-
clude the following: less than 30 percent of total energy
intake comes from fats, with a shift in fat consumption
away from saturated fats towards unsaturated fats and
the elimination of industrial transfats; less than 10 per-
centof total energy intake comes from free sugars (prefer-
ably less than 5 percent); at least 400 g of fruits and veg-
etables are consumed per day; and not more than 5 g of
salt (which should be iodized) is consumed per day.

The Committee on Food Security Voluntary Guidelines
on Food Systems and Nutrition (CFS, 2021) recognizes
that healthy diets may vary according to individuals’

characteristics (e.g. age, sex, health status, economic secu-
rity, lifestyle and level of physical activity) and with geogra-
phy, culture and customs, food preferences and the avail-
ability of foods. There can be tremendous diversity and
variation in dietary preferences within the range of what
may be a healthy diet.

The review provided here also recognizes that there is
variability in TASF consumption patterns globally and that
this is a consequence of both choice and circumstance.
It considers TASF within the context of diverse and varied
diets and recognizes that TASF intake levels affect health
by acting synergistically in the diet matrix and in response
to external factors.

The world is not on track to meet the World Health
Assembly or the SDG nutrition targets by 2030 (see Figure
Al). Large gaps remain for several milestones, including
those for exclusive breastfeeding from zero to six months
and anaemia in women of reproductive age (15-49 years).
Anaemia affects nearly one in three women worldwide.
Efforts to meet the 3 percent target for the prevalence
of child wasting by 2030 and to ensure that there is no
increase in overweight among children under five years of
age are also not on track. Overweight affects 14.6 percent
of children and adolescents globally, and obesity affects
4.3 percent (WHO, 2021a). Prevalence of low birthweight
was 14.6 percent globally in 2015, only a small reduction
from 2012, and the 10.5 percent target is unlikely to be met.
These statistics mask vast differences across countries in
prevalence of these public-health problems.

Stunting is the only indicator showing substantial improve-
ments in the last two decades (see Figure A2), although
the 2021 State of Food Security and Nutrition in the World
predicts that the COVID 19 pandemic may reverse this
trend for the first time. Anaemia among women of repro-
ductive age persists at very high levels across multiple
regions. Again, limited progress has been made towards
the target of a 50 percent reduction. Adult obesity has also
risen sharply across many regions. Globally, 39 percent of
adults 18 years or older (1.9 billion) were overweight in
2016 and 13 percent (650 million) were obese (WHO, 2021e).
Annually, 41 million people die from non-communicable
diseases (NCDs) — approximately 71 percent of all deaths
globally. The majority of these deaths occur in low- and
middle income countries (WHO, 2021c). Four conditions
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are responsible for over 80 percent of premature NCD  The State of the World Food Security and Nutrition (2022)

deaths annually: cardiovascular diseases (17.9 million);  reports that the prevalence of undernourishmentincreased

cancers (9.3 million); respiratory diseases (4.1 million);and ~ from 8.4 percent to 9.9 percent globally between 2019 and

diabetes (1.5 million). Unhealthy diets are among the lead- ~ 2020. This translates into an estimated 118 million more

ing risk factors for NCD morbidity and mortality (Afshin et people experiencing hunger and a total of around 811

al., 2019). million people worldwide (FAO, IFAD, UNICEF, WFP and
WHO, 2022).

Figure Al. Progress towards World Health Assembly global nutrition targets
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- Wasting is an acute condition that can change frequently and rapidly over the course of a calendar year. This makes it difficult to generate reliable trends over
time with the input data available - as such, this report provides only the most recent global and regional estimates.

2The potential impact of the COVID-19 pandemic is not reflected in the estimates.
3 Although 2010 is the WHO baseline for adult obesity, to ensure consistency throughout this report, the year 2012 is used as the baseline. The global target for
adult obesity is for 2025.
Data sources: Data for stunting, wasting and overweight are based on UNICEF, WHO & International Bank for Reconstruction and Develop-
ment/World Bank. 2021. UNICEF, WHO, World Bank Group Joint Child Malnutrition Estimates, April 2021 Edition. Cited 2 May 2022.
https://data.unicef.org/topic/nutrition, www.who.int/data/gho/data/themes/topics/joint-child-malnutrition-estimates-unicef-who-wb,
https://data.worldbank.org; data for exclusive breastfeeding are based on UNICEF. 2021. Infant and Young Child Feeding: Exclusive breastfee-
ding. In: UNICEF Data: Monitoring the Situation of Children and Women. Cited 2 May 2022. https://data.unicef.org/topic/nutrition/infant-and-
young-child-feeding; data for anaemia are based on WHO. 2021. Global Health Observatory (GHO). In: WHO. Geneva, Switzerland. Cited 2 May
2022. http://apps.who.int/gho/data/node.imr.PREVANEMIA?lang=en; data for adult obesity are based on WHO. 2017. Global Health Obser-
vatory (GHO). In: WHO. Geneva, Switzerland. Cited 2 May 2022. http://apps.who.int/gho/data/node.main.A900A?lang=en; and data for low
birthweight are based on UNICEF & WHO. 2019. UNICEF-WHO Low Birthweight Estimates: levels and trends 2000-2015. Geneva, Switzerland.
Cited 2 May 2022. Data.unicef.org/resources/low-birthweight-report-2019
Source: FAO, IFAD, UNICEF, WFP and WHO. 2022. The State of Food Security and Nutrition in the World 2022: Repurposing food and agricultural
policies to make healthy diets more affordable. The State of Food Security and Nutrition in the World (SOFI) 2022. Rome, Italy, FAO, IFAD, UNICEF,
WFP, WHO. https://doi.org/10.4060/cc0639en
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Box Al. Different forms of malnutrition

Malnutrition is an abnormal physiological condition
caused by inadequate, unbalanced or excessive intake
of macronutrients and/or micronutrients. Malnutrition
is also characterized by physiological inefficiencies in
the utilization of nutrients. It may manifest in a variety
of ways depending on nutritional status, and different
forms of malnutrition can co-occur.

Stunting or chronic malnutrition

Low height-for-age, reflecting a past episode or epi-
sodes of sustained undernutrition. In children under
five years of age, stunting is defined as height-for-age
more than 2 standard deviations below the WHO Child
Growth Standards median (FAO, IFAD, UNICEF, WFP
and WHO, 2022).

This form of malnutrition may be associated with both
physical and cognitive delays in growth and devel-
opment as well as an elevated risk of death. It occurs
particularly in the first 1 000 days, i.e. between concep-
tion and the age of two years, as a result of inadequate
maternal and/or child nutrition. It can be caused by lack
of access to adequate and high-quality foods and/or by
disease.

Wasting or acute malnutrition

Low weight-for-height, generally the result of weight
loss associated with a recent period of inadequate die-
tary energy intake and/or disease. In children under
five years of age, wasting is defined as weight-for-height
more than 2 standard deviations below the WHO Child
Growth Standards median (FAO, IFAD, UNICEF, WFP
and WHO, 2022). This form of undernutrition indicates
recent and severe weight loss, which is often associated
with infectious disease and acute starvation. Children
under five years of age are most vulnerable to wasting,
in particular when transitioning from exclusive breast-
feeding to complementary feeding. The occurrence of
wasting often varies seasonally or increases as result of
emergencies such as droughts or floods. Stunting and
wasting often coexist.

Underweight

Underweight is defined as weight-for-age z score more
than 2 standard deviations below the WHO Child Growth
Standards median. A child who is underweight may be
stunted, wasted or both. Mortality risk increases in chil-
dren that are even moderately underweight.

Micronutrient deficiencies or hidden hunger

Micronutrient deficiencies are shortages of essential
vitamins and minerals that the human body requires
in small amounts. Most micronutrients come from die-
tary sources, as the body does not produce them or only
does so in inadequate quantities. Some micronutrients

~

cannot be stored in the body for long periods, for exam-
ple water-soluble vitamins. Regular consumption of
food rich in those micronutrients is therefore necessary
to avoid deficiency. Micronutrient deficiency can cause
severe and even life-threatening conditions such as anae-
mia, xerophthalmia, osteoporosis and impaired immune
function.

Anaemia

Anaemia is a condition in which the number of red
blood cells or the haemoglobin concentration within
them is lower than normal, decreasing the capacity
of the blood to carry oxygen to the body’s tissues. This
results in symptoms such as fatigue, weakness, dizzi-
ness and shortness of breath. The optimal haemoglo-
bin concentration needed to meet physiological needs
varies with age, sex, elevation of residence, smoking
habits and pregnancy status. The most common causes
of anaemia include the following: nutritional deficien-
cies, particularly iron deficiency, though deficiencies in
folate and vitamins B12 and A are also important caus-
es; haemoglobinopathies; and infectious diseases, such
as malaria, tuberculosis, HIV and parasitic infections.
Anaemia is a serious global public health problem that
particularly affects young children and pregnant wom-
en. WHO estimates that 42 percent of children under
five years of age and 40 percent of pregnant women
worldwide are anaemic (WHO, 2021d).

Overweight and obesity

Body weight that is above normal for height as a result
of an excessive accumulation of fat. It is usually a mani-
festation of expending less energy than is consumed. In
adults, overweight is defined as a body mass index (BMI)
of 25 kg/m? or more, and obesity as a BMI of 30 kg/m? or
more. In children under five years of age, overweight is
defined as weight-for-height more than 2 standard devi-
ations above the WHO Child Growth Standards median,
and obesity as weight-for-height more than 3 standard
deviations above the WHO Child Growth Standards medi-
an (FAO, IFAD, UNICEF, WFP and WHO, 2022).

Diet-related non-communicable diseases

Non-communicable diseases (NCDs), also known as
chronic diseases, tend to be of long duration and are the
result of a combination of genetic, physiological, envi-
ronmental and behavioural factors. Unhealthy diets and
alack of physical activity may show up in people as raised
blood pressure, increased blood glucose, elevated blood
lipids and obesity. These are called metabolic risk factors
and can lead to cardiovascular disease, the leading NCD
in terms of premature deaths (WHO, 2021c). The NCDs
that are most commonly studied in association with con-
sumption of red and processed meat include colorectal
cancer, type 2 diabetes and ischaemic heart disease.




Contribution of terrestrial animal source food to healthy diets for improved nutrition and health outcomes

Figure A2. Trends in nutrition indicators by region
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> Wasting is an acute condition that can change frequently and rapidly over the course of a calendar year. This makes it difficult to generate reliable trends over time
with the input data available and, as such, this report provides only the most recent global and regional estimates.

bFor wasting and exclusive breastfeeding, estimates are not shown for regions/years where population coverage was below 50 percent.

“The collection of household survey data on child height and weight were limited in 2020 due to the physical distancing measures required to prevent the spread of
COVID-19. Only four national surveys included in the database were carried out (at least partially) in 2020. The estimates on child stunting, wasting and overweight
are therefore based almost entirely on data collected before 2020 and do not take into account the impact of the COVID-19 pandemic.

4For wasting and low birthweight, the Asia estimate excludes Japan.

Data sources: Data for low birthweight are based on UNICEF & WHO. 2019. UNICEF-WHO Low Birthweight Estimates: levels and trends 2000-2015,
May 2019. In: UNICEF data. New York, USA, UNICEF [Cited 19 April 2021]. data.unicef.org/resources/unicef-who-low-birthweight-estimates-le-
vels-and-trends-2000-2015; data for stunting, wasting and overweight are based on UNICEF, WHO & World Bank. 2021. UNICEF-WHO-World Bank:
Joint child malnutrition estimates - Levels and trends (2021 edition). https://data.unicef.org/resources/jme-report-2021, www.who.int/data/gho/
data/themes/topics/joint-child-malnutrition-estimates-unicef-who-wb, https://datatopics.worldbank.org/child-malnutrition; data for exclusive
breastfeeding are based on UNICEF. 2020. UNICEF Global Database on Infant and Young Child Feeding. In: UNICEF. New York, USA. [Cited 19 April
2021]. data.unicef.org/topic/nutrition/infant-and-young-child-feeding; data for anaemia are based on WHO. 2021. Global Health Observatory
(GHO). In: WHO. Geneva, Switzerland. [Cited 26 April 2021]. www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children; data
for adult obesity are based on WHO. 2017. Global Health Observatory (GHO). In: WHO. Geneva, Switzerland. [Cited 19 April 2021].
www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(age-standardized-estimate)-(-).
Source: FAO, IFAD, UNICEF, WFP and WHO. 2021a. The State of Food Security and Nutrition in the World 2021: Transforming food systems for food
security, improved nutrition and affordable healthy diets for all. Rome, FAO. 240 pp. https://doi.org/10.4060/cb4474en
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2. Terrestrial animal source food, dietary patterns
and agrifood systems: historic legacy and current

challenges

This assessment considers TASF within the context
of dietary patterns and broader agrifood systems. As
discussed below in Sections B and C, nutrition and related
health outcomes depend on the interaction of TASFs with
other foods, environmental exposures and metabolic
processes. This subsection discusses how dietary patterns
have evolved over the course of human evolution, and
then presents an overview of the diversity of current dietary
patterns incorporating TASF, and of agrifood systems,
locally and regionally. Other component documents of the
assessment will address these issues in greater detail.

21

Hominin evolution and terrestrial
animal source food

Evidence suggests that TASF played an important
role in hominin evolution over the last 2 million years.
Information from isotope studies, archaeological assem-
blages, dental wear analyses and ethnographies of
contemporary gatherer-hunter-fisher groups suggests
that TASF was present in hominin diets in relatively high
proportions and that they were among the factors driv-
ing important physiological changes (Kuipers, Joordens
and Muskiet, 2012; Larsen, 2003; Stanford and Bunn,
2001). Dietary patterns today diverged from those of our
ancestors only in recent history, precipitated by changes
in climatic conditions, agriculture and technological
advances. The discordance theory posited by Konner and
Eaton suggests that this sudden change in diets resulted
in chronic disease (Eaton and Konner, 1985), while others,
building on the discordance theory, suggest a broader
array of poor health outcomes (Eaton and lannotti, 2017).
Dietary diversity and a higher proportion of energy from
TASF were among the key characteristics distinguishing
the ancient gatherer-hunter-fisher diet from the diet of
modern Homo sapiens (Kuipers, Joordens and Muskiet,
2012).

Some studies have used contemporary gatherer—
hunter-fisher groups to examine diets in human evolu-
tion. One recent analysis concluded that approximately

one-third of dietary energy intakes in these groups
comes from meat consumption (Pontzer and Wood,
2021). An older analysis reviewed ethnographies from
229 gatherer-hunter-fisher groups and showed that TASF
comprised between 45 percent and 65 percent of total
energy intakes (Cordain et al., 2000). These estimates may
have limitations, however, including a potential gender bias
(data from more men than women are used), the fact that
modern hunter-gather populations do not rely exclusively
on foraging, and the large diversity of dietary patterns
across groups (Milton, 2003). Estimates for macronutri-
ent intakes as a proportion of total calories range widely
across ecological zones: 10 percent to 35 percent for
protein; 20 to 50 percent for carbohydrates; and 20 to70
percent for fat (Kuipers et al., 2010). Many scholars agree
that TASFs were part of diets that were very diverse over-
all and that provided migrating groups with flexibility and
the capacity to adapt to different environments (Turner
and Thompson, 2013; Marlowe, 2005).

Several different types of TASF have been documented
in hominin diets, depending on the environment and the
period in hominin evolution. Archaeological assemblages
from early hominin species suggest that they ate TASFs
from lacustrine ecosystems and drew on a diverse range
of terrestrial animals and aquatic animals, including croc-
odiles, turtles and fish (Braun et al., 2010). Although some
evidence points to scavenging for meat among early
Pleistocene species, predation and hunting were proba-
bly more common means of sourcing meat (Dominguez-
Rodrigo et al.,, 2021). The use of tools appears to be
connected to very early carnivorous behaviours, including
the consumption of animal tissue and intake of nutrients
from bone marrow (Pante et al., 2018; Thompson et al.,
2019). One study applied paleobiological and paleoeco-
logy approaches to analyse trophic-level consumption
patterns over time (Ben-Dor, Sirtoli and Barkai, 2021). It
showed that during the Pleistocene era the trophic level
of the human lineage evolved from a low base in Homo
habilis to a high (carnivorous) state in Homo erectus and
that there was a reversal of this trend over the period from
the Upper Palaeolithic to the Neolithic and the emer-
gence of agriculture.
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There is consensus about the junctures in hominin evolu-
tion when significant anatomical and physiological
changes occurred, and there is some evidence regard-
ing the role of TASF in driving these shifts (Aiello and
Wheeler, 1995; Milton, 2003). The first juncture occurred
around 2 million years ago with the emergence of Homo
erectus. Evidence suggests marked increases in stature,
body mass and brain size, and some have linked these
changes to increased levels of TASF in the diet (Kuipers
et al.,, 2010). Others have attributed larger brain sizes
compared to other primates in part to early habitats near
aquatic ecosystems and improved diets that included
TASF (Broadhurst et al., 2002; Burini and Leonard, 2018;
Cunnane and Crawford, 2014; Mann, 2018). Other physi-
ological changes that arose during human evolution and
marked a divergence from other primates suggest dietary
requirements for TASF (Mann, 2018). These include the
following: inability to absorb vitamin B12 produced by
gut bacteria (Dominguez-Rodrigo et al., 2012); preferen-
tial absorption of haem iron overionic forms (Henneberg,
Sarafis and Mathers, 1998; Lonnerdal and Hernell, 2013);
greater dependency on dietary choline (Dominguez-
Rodrigo et al., 2012; Wiedeman et al., 2018); reduction in
taurine production from amino-acid precursors (Chesney
et al., 1998; Ripps and Shen, 2012); and reduced conver-
sion of alpha-linolenic acid into eicosapentaenoic acid
(EPA)/docosahexaenoic (DHA) (Emken et al., 1993).

Multiple lines of evidence show that the greatest dietary
shifts away from TASF and towards plant based (PBF)
food followed the widespread adoption of agriculture
(crop and livestock production) during the Neolithic era,
and during industrialization. Skeletal evidence suggests
that for many populations, agriculture was associated
with poorer diets, shorter stature, shorter lifespan, greater
infectious-disease burden (as a consequence of higher
population density) and more dental caries, among other
health deficits (Armelagos et al., 2014).

In summary, evidence shows that TASF has been inte-
gral to shifting dietary patterns and anatomical features
during hominin evolution. High proportions of the energy
obtained from the ancestral gatherer-hunter-fisher diet
were probably derived from TASF of a wide variety of
types, and embedded within diverse diets determined
by ecosystem habitat. Critical aspects of anatomical
and physiological evolution, such as stature, brain size,
and longevity, were associated with patterns of TASF
consumption. The evolutionary history linking TASF and
health suggests the importance of TASF in diets today.

2.2

Terrestrial animal source food and dietary
patterns around the world today

FAO and WHO define sustainable, healthy diets as follows:
dietary patterns that promote all dimensions of indi-
viduals’ health and wellbeing; have low environmental
pressure and impact; are accessible, affordable, safe
and equitable; and are culturally acceptable. The aims of
Sustainable Healthy Diets are to achieve optimal growth
and development of all individuals and support function-
ing and physical, mental, and social wellbeing at all life
stages for present and future generations; contribute to
preventing all forms of malnutrition (i.e. undernutrition,
micronutrient deficiency, overweight and obesity); reduce
the risk of diet-related NCDs; and support the preservation
of biodiversity and planetary health. Sustainable healthy
diets must combine all the dimensions of sustainability to
avoid unintended consequences. (FAO and WHO, 2019)

The twentieth century was an era of rapid industrialization
that saw significant advances in sanitation and hygiene,
vaccination, use of antibiotics and other public health inter-
ventions in some parts of the world. It has been suggested
that these factors, along with increased consumption of TASF
in some populations, were associated with increased stature
and other improvements in health during this period (Roser
and Appel, 2013). At the start of the twenty-first century, a
“nutrition transition” occurred in tandem with rapid urban-
ization and greater access to processed food (Popkin,
2006). Dietary patterns associated with this nutrition tran-
sition generally include increased fat intakes, increased
consumption of refined sugar and processed food, and
reduced fibre intakes.

Figure A3 shows that during the six decades between
1961 and 2016 the per capita supply of most types of TASF
increased, probably because of growing stability and
wealth. Bovine meat is an exception, with per capita supply
levelsincreasing steadily until around 1990 and then begin-
ning to decrease. Pig meat supply showed the greatest
increase over this period, rising at a relatively steady rate,
while egg and milk supply increased more notably after
1990. However, these trends were not uniform across all the
regions and subregions of the world. There are clear dispar-
ities in TASF supply (see Figure A4). Europe, North America
and Oceania had the highest supply levels, marked particu-
larly by high milk consumption relative to other TASFs and
regions. The combined Americas region showed the larg-
estincreases in the supply of poultry meat after1990, while



intakes of other TASFs remained relatively stable. In Asia,
there were large differences by subregion, with Eastern Asia
showing steep increases in pig meat, Central Asia consum-
ing higher levels of milk than the other subregions, and
Southeastern and Southern Asia having fairly low levels
of consumption for all TASFs except pig meat and milk,
respectively. In Africa, levels of all TASFs remained low and
stable, except in Southern Africa, where supplies of poultry
meat increased and there were slightly higher supplies of
milk and bovine meat. Within regions, there are also stark
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differences in country-level TASF supply patterns.

While the energy density from global cereal supply remained
constant between 1961 and 2013, the nutritional content
decreased because production of highly nutritious cereals
(e.g. millet and sorghum) declined relative to that of less
nutritious, high-yielding cereals, such as rice and maize
(DeFries et al., 2015). For example, the iron content in the
global cereal supply decreased by 19 percent.

Figure A3. Trends in global food supply of terrestrial animal source food
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Figure A4. Trends in food supply of TASF by region and subregion

Africa
400 ——— Milkexcluding butter
30 Pigmeat
= 300
© ——— Poultry meat
§_ 250
% 200 — Bovine meat
£ 150 —— Eggs
>
2 100 Mutton and goat meat
2 T
9 50 —— Meat, other
e ——
|_|C_) O I I I I I I I I I I I I
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016
Year
Asia Europe
400 400
350 350
o e
S 250 a 250
3 3
= 200 = 200
© ©
o o
= 150 = 150
> >
- /—-»-/—/-/ S 100
7 7
S —— S .
|_|O_ O |_|O_ O I I I I I I I I I I I I
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016
Year Year
Northern America Latin America and the Caribbean
400 400
250 \/\W\W\ 250
= 300 = 300
g ©
= 250 T 250
5] &
£ 200 O 200
S ©
£ 150 £ 150 M
> >
g‘: 100 S 100
2 50 2 50
3 3
L 0 RS 0
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 l9él l9é6 19‘71 ].9‘76 l9él l9é6 195‘31 ].9{‘36 2061 2066 20]‘_1 20‘16
Year Year
Australia and New Zealand Oceania, except Australia and New Zealand
400 400
350 350
300 — 300
= >
T 250 Q250
o 53
S 200 £ 200
® 3
£ 150 /\/\/\l < 150
z - =
§ 100 W & 100
Z 50 % 50 =
o 8 e
2 0 = () —————— —
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016
Year Year

Source: FAO. 2022. FAOSTAT. [Cited 10 February 2022]. https://www.fao.org/faostat/en/#home.



https://www.fao.org/faostat/en/#home

There are also regional differences in the proportion of total
caloric supply contributed by TASF (see Figure A5 Table).
Globally, 21 percent of total caloric supply is provided by
TASF. Regions showing higher proportions include Europe
(36 percent) and the Americas (30 percent), while the figure
for Africa is only 11 percent. The highest proportion of
caloric supply contributed by TASF is in Northern America
(48 percent), followed by Australia and New Zealand
(43 percent), and Northern Europe (41 percent). The level
in Eastern Africa and Middle Africa is 6 percent and that in
Western Africa is 4 percent ( Tables Al and A2). Populations
in which the proportion of calories supplied by TASF is
high often have unhealthy dietary patterns, sedentary life-
styles, high levels of overweight and obesity and high NCD
burdens, although in some countries, such as Australia,

Section A | Introduction

red meat consumption is associated with healthy patterns
such as vegetable consumption (Sui, Raubenheimer and
Rangan, 2017). There are also country-level disparities in
the supply of TASF and particular categories of TASF (Figure
A6). Australia, Finland and the United States of America
consume greater quantities of TASF per capita than other
countries.

Note that estimates used for Figures A3 to A6 were derived
only from food balance sheets and do not account for
food loss and waste and thus may overestimate supply
patterns to a certain degree. Because of data limitations,
the estimates presented do not include individual dietary
consumption.

Figure A5. Contribution of terrestrial animal source food to caloric supply by region and subregion
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Table Al. Protein supply from plants and animals by region

Region/Subregion Eggs Fish, seafood Meat ex:?l:“;i’ng vegetal TOTAL
P products
(g/capita/day)

World 3 5 15 9 50 82
Africa 1 3 6 3 51 64
Eastern Africa 0 2 4 3 49 58
Middle Africa 0 3 6 1 34 44
Northern Africa 1 4 10 7 67 90
Western Africa 1 3 4 1 52 62
Americas 4 4 32 15 40 95
Northern America 5 5 42 22 40 114
Central America 5 4 20 9 46 84
Caribbean 2 3 16 7 40 67
South America 3 3 29 11 38 85
Asia 3 6 11 7 53 81
Central Asia 2 1 17 21 53 93
Eastern Asia 6 10 20 3 61 100
Southern Asia 1 2 3 11 49 65
South-eastern Asia 3 12 10 2 44 71
Western Asia 3 2 14 12 57 87
Europe 4 6 26 20 45 102
Eastern Europe 4 5 24 16 47 97
Northern Europe 4 7 29 21 46 107
Southern Europe 4 9 28 18 45 104
Western Europe 4 6 25 26 42 104
Oceania 2 6 34 15 35 92
Australia and New Zealand 3 6 36 20 36 101
Melanesia 0 6 27 1 31 65
Micronesia 1 23 10 1 35 70
Polynesia 2 13 34 7 35 91
Southern Africa 2 2 23 4 45 76

Source: FAO. 2022. FAOSTAT. [Cited 10 February 2022]. https://www.fao.org/faostat/en/#home
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Table A2. Energy supply from plants and animals by region
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Area Eggs Fish, seafood Meat exlvlltljl:;i’ng vegetal TOTAL
T products
(kcal/capita/day)
World 39 35 240 144 2431 2889
Africa 8 18 81 57 2403 2567
Eastern Africa 3 10 63 59 2110 2245
Middle Africa 1 20 73 14 2070 2178
Northern Africa 16 27 111 132 2901 3187
Southern Africa 25 11 305 74 2395 2810
Western Africa 7 21 47 26 2547 2648
Americas 53 25 422 252 2479 3231
Northern America 62 35 528 369 2720 3714
Central America 62 23 303 154 2417 2959
Caribbean 24 18 214 126 2403 2785
South America 43 17 400 205 2304 2969
Asia 43 40 225 116 2428 2852
Central Asia 22 4 256 368 2361 3011
Eastern Asia 81 61 467 58 2545 3212
Southern Asia 13 15 32 176 2280 2516
South-eastern Asia 43 74 193 31 2484 2825
Western Asia 33 12 153 205 2650 3053
Europe 50 47 351 313 2444 3205
Eastern Europe 56 36 322 275 2440 3129
Northern Europe 46 54 418 356 2360 3234
Southern Europe 44 62 357 287 2519 3269
Western Europe 49 46 353 368 2439 3255
Oceania 26 42 411 261 2222 2962
Australia and New Zealand 34 41 470 353 2308 3206
Melanesia 5 41 253 17 1980 2296
Micronesia 10 154 160 14 2715 3053
Polynesia 21 99 449 125 2174 2868

Source: FAO. 2022. FAOSTAT. [Cited 10 February 2022]. https://www.fao.org/faostat/en/#home
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Figure A6. Terrestrial animal source food in national food supply
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Note: World average per capita supply of terrestrial animal source food per day is 383 g. Terrestrial animal source food include bovine meat,
mutton and goat meat, pig meat, poultry meat, meat other, eggs and milk-excluding butter.
Source: FAQ. 2022. The nutrition and health potential of geographical indication foods. Rome, FAO. 92 pp. https://doi.org/10.4060/cb3913en

FAO defines food security as the condition in which “all
people, at all times, have the physical and economic access
to sufficient, safe, and nutritious food to meet their dietary
needs and food preferences for an active and healthy life”
(FAQ, 1996). The original four dimensions of food secu-
rity include - availability, access, utilization, and stability.
Two additional dimensions are now recognized as funda-
mental aspects of food security: agency, which includes
empowerment, the capacity to act independently; and
sustainability, which includes respect for and protection
of ecosystems over the long term in their interaction with
economic and social systems (HLPE, 2020). This document
focuses primarily on utilization and the vital importance of
TASF in providing bioavailable nutrients as part of healthy
diets in certain life-course phases.

Moderate and severe forms of household food insecu-
rity correlate with poor-quality diets in many contexts.
One study across four countries (Kenya, Mexico, Samoa
and Sudan) examined dietary patterns in relation to food
insecurity as measured by the global Food Insecurity
Experience Scale (Alvarez-Sanchez, 2021). Analyses of
household food consumption and expenditure surveys
revealed that in these four countries households experi-
encing moderate or severe food insecurity consume less
meat and dairy products. Consuming less fruits and vege-
tables was also associated with food insecurity in Kenya

and Sudan. The authors concluded that the more food
insecure households are, the larger the share of staples
in the diet and the smaller the presence of nutritious food
groups, such as fruits and vegetables, pulses and TASFs. A
significant disparity in consumption of TASF between the
poorest and wealthiest quintiles among children between
6 to 23 months is shown in Figure A7.

TASF and dietary patterns should be viewed within the
larger context of agrifood systems. The web of factors influ-
encing livestock production and agrifood systems more
broadly will be discussed in later component documents.

23

Agrifood systems, locally and regionally

Dimensions of food security can be represented within an
agrifood system framework that encompass food supply
chains (availability) and food environments (access), with
individual factors and consumer behaviour ultimately
leading to diets that translate into nutrition and health
outcomes (FAO, 2018; Food Systems Dashboard, 2021).
Food supply chains encompass TASF production, stor-
age, distribution, processing, packing, retail and market-
ing. Food safety and food-borne diseases are covered
in Section D, which addresses the various aspects of the
food supply chain. Food environments that encompass
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Figure A7. Percentage of children between 6 and 23 months consuming TASF, by poorest and wealthiest quintile

relative to the global average
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Notes: “Flesh foods” in the figure refers to meat, fish, poultry and organ meats. Data from UNICEF global databases, 2021, based on multiple
indicator cluster survey (MICS), demographic and health surveys (DHS) and other nationally representative sources.
Source: Adapted from UNICEF. 2021. Fed to fail: 2021 Child Nutrition Report. In: UNICEF DATA. [Cited 14 December 2021]. https://data.unicef.org/

resources/fed-to-fail-2021-child-nutrition-report/.

affordability, communication and accessibility, among
other elements, will be addressed in other Document 2
together with consideration of consumer behaviours and
otherindividual factors contributing to agrifood systems.

External drivers can play a powerful role in the dynamics
of an agrifood system. Some of these factors, may contrib-
ute to the role of TASF and livestock production in agrifood
systems. Examplesinclude the following: environment and
climate change; globalization and trade; income growth
and distribution; urbanization; population growth and
migration; politics and leadership; sociocultural context;
and infrastructure, including electricity and access to
refrigeration. Environmental conditions related to water,
sanitation and hygiene (WASH) are especially important
drivers of nutritional status via their influence on enteric
disease. Similarly, environmental and climatic conditions
may influence how TASFs are produced, stored, distrib-
uted, processed, marketed and consumed. While these
factors will be covered in the later component documents
of the assessment, the influence of the multidimensional-
ity of agrifood systems on how TASFs are integrated into
diets and associated with nutrition and health outcomes
needs to be noted here.

Policymakers globally are increasingly recognizing the
need to transform agrifood systems to promote livelihoods
and human and planetary health. In September 2021, key
stakeholders from around the world convened for the
UN Food Systems Summit with the aim or arriving at a
consensus on the changes needed in agrifood systems if
the Sustainable Development Goals are to be met by 2030
(see Box A2).

Certain types of agrifood system may be particularly sali-
ent with respect to the roles of TASF in human nutrition.
For example, Indigenous Peoples’ food systems have been
recognized for their knowledge base and practices related
to resilience and sustainability (FAO, Alliance of Bioversity
International and CIAT, 2021). A study of eight different
Indigenous Peoples’ groups globally showed that animal
source foods were present and were used - in balance
with PBFs - for nutrition and livelihoods across all food
systems (FAO, Alliance of Bioversity International and CIAT,
2021). Among the Indigenous Peoples featured were the
Inari Sémi people of Nellim, Finland, who practise reindeer
herding, the nomadic herders and pastoralists of Araténe,
Mali, and the Bhotia and Anwal peoples of Uttarakhand,
India, who practise agropastoralism in combination with
gathering. Fishing contributed the food systems of two
other groups, the Melanesians of Solomon Islands and
the Tikuna, Cocam and Yagua peoples of Puerto Narifio,
Colombia. The study found that the diets of Indigenous
Peoples include a wide variety of hunted wild species, and
wild products more broadly, that potentially provide nutri-
tional advantages (see Table A3).

Indigenous Peoples’ food systems point to the notion
of territorial diets. The French word “terroir” refers to the
origins of food or other products arising from a geographic
area but also encompassing sociocultural elements.
Geographical indications may be assigned to food aris-
ing from interactions between local populations and
local environments (FAO, 2021). Some have described the
Mediterranean, traditional and new Nordic and Japanese
diets as territorial diets emerging from local agrifood
systems (FAO and WHO, 2019). The TASFs within these diets
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In 2021, the United Nations Food System Summit was
convened as part of the Decade of Action to achieve the
Sustainable Development Goals by 2030. The summit
process included multistakeholder dialogues based on
structured discussions between governments and other
stakeholders, and supported the development and shap-
ing by countries of national pathways towards sustaina-
ble food systems.

An analysis of national pathways that emerged from
the summit was conducted to identify national priori-
ties and plans for action relevant to the livestock sector
(FAO, 2022b). Livestock policy issues were covered in 90
out of the 106 national pathways reviewed (those avail-
able via the Food Systems Summit Dialogues Gateway
as of 18 October 2021). A widespread concern was
the need to increase livestock productivity to address

Box A2. Livestock-related policy at the 2021 United Nations Food System Summit

environmental issues and/or enhance food and nutri-
tion security and healthy diets. Enhancing the con-
sumption of terrestrial animal source food and its role
in nutrition, food security and diverse and healthy diets
featured in 42 percent of African and 37 percent of Asian
national pathways. There were some thematic differ-
ences by region. In Europe, 44 percent of the national
pathways addressed the further development of the One
Health approach, 28 percent addressed animal welfare
and 22 percent addressed reducing consumption of
meat, milk and dairy products, and eggs. Animal wel-
fare and reducing consumption were not mentioned in
national pathways from other regions.

Analysis of livestock-related themes in national path-
ways, by region

X Self- . Animal Environmental Food One Increasing Decreasing
Region . Productivity . . X Total
sufficiency welfare sustainability safety Health  consumption  consumption
Africa 0 20 0 13 0 0 14 0 47
Asia 2 10 0 7 3 2 7 0 31
Europe 0 5 5 7 1 8 2 4 31
LAC 0 2 0 5 1 1 3 0 12
Near East 1 4 0 2 0 1 1 0 9
North
X 0 0 0 1 0 0 0 0 1
America
Southwest
n 2 0 6 0 0 1 0 9
Pacific
World 3 43 5 41 5 12 28 4 141

od-systems-summit-dialogues/convenors.

-

Note: Number of national pathways covering livestock-related theme published by 18 October 2021. LAC = Latin America and the Caribbean.
Source: Food Systems Summit Dialogues Gateway (Cited 18 October 2021) https://summitdialogues.org/overview/member-state-fo-

Source: FAO. 2022. Livestock-related outcomes of the 2021 UN Food Systems Summit. Information Document, COAG Sub-Committee on
Livestock, First Session, Rome 16-18 March 2022 (COAG:LI/2022/INF/11). Rome. http://www.fao.org/3/nil17en/nill7en.pdf
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are produced within the respective regions and are integral
to the cultural element of the diets as a whole.

TASFs play a particularly prominent role in certain popu-
lations. For example, pastoralists, whose livelihoods
have traditionally depended on livestock, have histor-
ically consumed high levels of TASF. However, with
increased marginalization, diminishing land tenure and
climate change there have been declines in TASF intake
among pastoralists and consequent health repercussions
(lannotti et al., 2014). Populations also vary in terms of the
diversity of the TASFs they consume. At the other end of

the consumption spectrum, there are populations that
practise vegetarianism for cultural or religious reasons. In
India, Hinduism encourages lacto-vegetarianism to uphold
the principle of non-violence towards animals but also to
protect the mind and the spirit.

Climate change has negatively affected many communities
around the world. For example, rising temperatures and
drought have impacted many pastoralist communities,
resulting in severe food insecurity for populations already
at risk of low consumption of healthy diets (Herrero et al,,
2016; Inman, Hobbs and Tsvuura, 2020). Other extreme
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Table A3. Indigenous Peoples’ wild food
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Wi .
Wild food lld species Examples of edible hunted
. . .. hunted for . . .
Indigenous Peoples Geographic area in diet . species and biological
(percentage) consumption classification
(number)
Nightjar (Caprimulgus sp.) (bird)
Baka Cameroon 37 60 Water chevrotain (Hyemoschus
aquaticus) (mammal)
Capercaillie (Tetrao urogallus)
Inari Sami Finland 5 7 (bird)
Moose (Alces alces) (mammal)
Red wild fowl (Gallus gallus) (bird)
Khasi India 10 13 Leopard cat (Prionailurus
bengalensis) (mammal)
Pacific reef heron (Egretta sacra)
(bird)
Melanesians Solomon Islands 15 11
Flying fox (Pteropus vampyrus)
(mammal)
Ruddy ground dove (Columbina
talpacoti) (bird)
Tikuna, Cocama and Yagua  Colombia 25 26
Palm weevil (Rhynchophorus sp.)
(insect)
Maya Ch’orti’ Guatemala 10 9 Rock dove (Columba livia) (bird)

Note: Wild foods include animal source food and plant based food.

Source: Adapted from FAO, Alliance of Bioversity International & CIAT. 2021. Indigenous Peoples’ food systems: Insights on sustainability and resi-
lience from the front line of climate change. Rome. 420 pp. https://doi.org/10.4060/cb5131en.

weather events, such as floods and tropical storms, are
causing irreparable damage to production systems, and
there is evidence that vector-borne diseases in animals
are becoming more common as a result of climate change
(Kimaro, Toribio and Mor, 2017).

The production of TASFs in some agrifood systems has
attracted the public’s attention in the context of dialogues
on climate change and environmental sustainability.
While this topic will be covered in Component Document
3, important sustainability issues related to the consump-
tion of TASFs within healthy diets are introduced here.
Overconsumption of TASFs and rising demand for TASFs in
some populations are likely to be contributing to the envi-
ronmental impacts and climate change effects associated
with livestock production. Agriculture, forestry and other
land use broadly contribute approximately 21 percent
of greenhouse-gas emissions, and livestock production
contributes an estimated 14.5 percent (Clark et al., 2019;
Gerber and FAO, 2013). Greenhouse-gas emissions in
livestock systems arise primarily from feed production,
enteric fermentation in ruminants and manure storage.
Unsustainable freshwater use and biodiversity losses
have also been documented in livestock production

systems. Comprehensive life-cycle assessments that fully
encompass all stages of production are needed in order
to adequately compare the contributions of different food
groups to climate change and environmental degradation.

In summary, the global nutrition situation points to the
important role played by TASF across different dietary
patterns and its importance for meeting global milestones.
Evidence from the evolutionary history of our species indi-
cates that there a wide variety of TASFs were consumed in
our ancient past, and that their introduction into hominin
diets approximately 2 million years ago was associated
with significant anatomical and physiological changes.
TASF should be viewed within a larger multidimensional
agrifood systems framework that comprises the following
elements: TASF’s contribution to healthy diets for nutrition
and health outcomes (covered in this document 1); factors
determining demand for, and supply and consumption
of, TASF (covered in Component Document 2); the role of
livestock and its impacts on the environment and climate
change (covered in Component Document 3); and benefits,
opportunities and trade-offs associated with livestock and
TASF (covered in Component Document 4).
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Arctic Canadian: The Arctic Canadian tundra is char-
acterized by low temperatures and a short growing sea-
son that does not allow crop production. Thus, hunting
and fishing activities play a central role in the culture
of Arctic communities. Their traditional diet includes
a variety of hunted meat and fish and is particularly
high in protein and micronutrients (e.g. vitamins, iron
and zinc). Animal source foods - comprising meat from
livestock, meat from wild animals, fish and dairy - rep-
resent around 40 percent of the total calories consumed
(Kuhnlein and Receveur, 2007).

Maasai: The Maasai live in southern Kenya and northern
parts of the United Republic of Tanzania, along the Great
Rift Valley on semi-arid and arid lands where there is
limited potential for crop production. Their agropastoral
communities depend mostly on cattle, sheep, goats and

Arctic Canadian diet!

16%

19%

4%

Meat from domesticated animals
Wild meat and fish
Milk and milk products

M Plant-based and other foods*

137(4): 1110-1114. https://doi.org/10.1093/jn/137.4.1110.

N\

Mongolian diet?

Meat and meat products
Milk and milk products
I Plant-based foods*

Box A3. Animal source food in dietary patterns - some examples of traditional diets

dromedaries. TASF (meat, poultry, eggs, milk and milk
products) provides 26 percent of the total dietary energy
intake of a Maasai community in Kenya (Transmara dis-
trict), with 19 percent of total calories coming from milk
and milk products (Hansen et al., 2011).

Mongolian: Nearly 36 percent of total calories consumed
in the Mongolian diet come from TASFs, with 20 percent
provided by meat and meat products and 11 percent by
milk and milk products. However, cereals are still the
main source of energy, providing on average 55 percent
of the daily intake (FAO/UNICEF/UNDP, 2007). The coun-
try’s extreme weather conditions and the high propor-
tion of grassland (80 percent of total land area) relative
to available arable land (< 1 percent) explain the major
role played by livestock products in the Mongolian diet.

Total energy obtained from different food groups in some traditional diets

Maasai diet®
7%

20%
19%

11%

Meat and eggs
Milk and milk products
! Plant-based and other foods*

! Adapted from Kuhnlein and Receveur, 2007. *Grain, fruits and vegetables provide around 30 percent of total energy.

2Adapted from FAO/UNICEF/UNDP, 2007. *Vegetables provide around 3 percent of total energy.

3Adapted from Hansen et al., 2011. *Cereals and grain products represent 45 percent of total energy.

Sources: FAO, UNICEF & UNDP. 2007. Report Joint Food Security Assessment Mission to Mongolia Ulaanbaatar, Mongolia April 2007.
[Cited 3 February 2022]. https://www.fao.org/3/j9883e/j9883e00.htm; Hansen, AW., Christensen, D.L., Larsson, M.W., Eis, J., Christen-
sen, T., Friis, H., Mwaniki, D.L. et al. 2011. Dietary patterns, food and macronutrient intakes among adults in three ethnic groups in rural
Kenya. Public Health Nutrition, 14(9): 1671-1679. https://doi.org/10.1017/51368980010003782; Kuhnlein, H.V. & Receveur, 0. 2007. Local
cultural animal food contributes high levels of nutrients for Arctic Canadian indigenous adults and children. The Journal of Nutrition,

J

Structure of this document

Nutrient composition and value of five types of TASF
are covered in Section B as a precursor to a review of
the evidence for TASF’s effects on nutrition and health
outcomes in different phases of the life course, which is
covered in Section C. Section D addresses food safety
and food-borne disease issues related to TASF. Section
E provides an overview of emerging topics that extend
beyond the gaps identified in the other sections. Each
section commences with key findings and a summary.
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Key findings

© Terrestrial animal source food (TASF) provide higher quality proteins than other foods, with some nuanced dif-
ferences in digestibility. Some specific amino acids and bioactive compounds with roles in human health (carni-
tine, creatine, taurine, hydroxyproline and anserine) are found primarily in TASF. The long-chain fatty acids and
the ratios of essential fatty acids found in TASF are important for cognition across the human life course.

© Iron and zincin red meat are bound in compounds that are more bioavailable and may be more easily digested
than those in which these nutrients are bound in plant-based foods. Milk is recognized for its high concentration
and bioavailability of calcium, among other nutrients. Eggs have high concentrations of choline and some long-
chain fatty acids. TASFs are also generally a rich source of selenium, vitamin B12 and choline. Consumption of
TASF has been shown to counteract the effects of antinutritional compounds found in plant based foods.

© The nutritional quality of TASFs (especially the fat composition) can be influenced by (in order of priority) animal
species and feeding system, breed and production environment.

© Husbandry practices barely affect the protein composition and amino acid profile of TASFs.

© Feed and feeding systems mostly affect the nutritional quality of TASFs, especially fat and fatty acid content and
especially in monogastric livestock (such as poultry and pigs). High dietary intake of polyunsaturated fatty acid-
dense plants, in both ruminants and monogastrics, results in higher quantities of beneficial fatty acids (ome-
ga-3) in eggs, meat and milk. Feed and feeding systems affect, in particular, the technological and organoleptic
quality and the commercial value of TASFs.

© Genetic selection programmes predominantly focus on increasing production and productivity, improving eco-
nomic performance and meeting the demands of the food-processing industry. A few initiatives aim to improve
nutritional quality.

© Causing stress to animals before slaughter affects the quality of TASF.

© Drivers of livestock production include consumer demand and market opportunities..

Summary

This section summarizes the available evidence on the nutrient and bioactive-compound composition of TASF.
Several of the nutrients and bioactive compounds highlighted play important roles in human nutrition and
health. TASF digestibility is modulated both by the food matrix and by the overall diet of the individual. TASF can
provide large proportions of the recommended nutrient intake (RNI) of both macronutrients and micronutrients
throughout the life course. Evidence indicates that all TASFs provide high-quality proteins (as indicated by Digest-
ible Indispensable Amino Acid Scores). Some amino acids and bioactive compounds are predominantly found
in TASF, for example, carnitine, creatine, taurine, hydroxyproline and anserine. The lipid and fat-soluble vitamin
content of TASF is highly responsive to animal diets, and this has implications for decision-making in animal
feeding. The ratio of high-density lipoprotein to low-density lipoprotein cholesterol affects human health. Excess
low-density lipoprotein cholesterol, which is caused primarily by high levels of transfat in the diet, can build up
“plague” in blood vessels and increase the risk of heart disease and stroke. Some carbohydrates identified in
TASF have been found to be potentially beneficial to human health, for example B-lactoglobulin in milk, oligo-
saccharides in milk and honey, and fibre in insects.

Evidence shows that TASFs are micronutrient dense and provide several limiting micronutrients in bioavailable
matrices that are more easily absorbed and metabolized than those in other foods. TASFs are an especially im-
portant source of vitamin B12, which is not found in bioavailable forms in plant based food. The evidence also
indicates that TASFs are rich sources of the entire vitamin B complex. Choline, which has relatively recently been
recognized for its role in health and development, is found in high concentrations in liver, eggs and other TASFs.
Very high proportions of the RNI can be met by consuming these products. Animal meats and insects are impor-
tant dietary sources of iron and zinc. Deficiencies in these two nutrients remain highly prevalent across multiple
populations globally. Selenium is also found in high concentrations in TASF. Milk and dairy products and other
TASFs provide high proportions of the RNI of calcium, which is vital for bone health and various other biological
processes. TASF contain a range of bioactive compounds that have been associated with anti-inflammatory and
antioxidative processes.



Section B | Nutrient composition and value of terrestrial animal source food

1. Introduction

This section reviews the literature on the nutrient compo-
sition and value of TASF. It also describes the evidence
base concerning distinct nutrients found in various TASFs
and their products, and the pathways through which they
affect human health (see Figure B1). The first subsection
describes the concepts, definitions and methods used. This
is followed by a discussion of particular nutrients that may
be more bioavailable and/or more highly concentrated in

TASFs than in plant based foods (PBFs) and of their roles
in selected aspects of human biology and public health.
Evidence on the food chemistry and composition of TASFs
and their products is also summarized, and factors at the
production level that cause variation in the nutritional
quality of TASFs are described. The section ends with a
recap and a discussion of gaps and needs.

Figure B1. Pathway from animal production to human health
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2. Concepts, definitions and methods

Essential nutrients are compounds or single elements that
need to be included in the diet either because the human
body does not produce them endogenously or does not
do so in sufficient quantities to sustain optimal health.
Deficiencies in essential nutrients may lead to serious health
problems and even death. Approximately 150 nutrients or
components are included in global food composition data-
bases and studied in human health and nutrition. Generally,
nutrients are classed as macronutrients (proteins, fats
and carbohydrates), which provide energy, among other
roles, or micronutrients (vitamins and minerals and trace
elements), which are necessary for healthy development,
disease prevention and well-being.

Human nutrient requirements established by FAO and WHO
are used to guide the preparation of recommendations on
nutrientintakes for consumers and are periodically updated
based on the latest evidence. This guidance indicates the
amount of nutrients needed to maintain health in an other-
wise healthy individual or group of people (WHO and FAQ,
2004). Nutrient requirements are used by countries and
international bodies, including the Codex Alimentarius
Commission, to develop applications and tools for improv-
ing nutrition, for example food labelling. Nutrient require-
ments are also established at regional and national levels,
for example the dietary reference values® established by
the European Food Safety Authority (EFSA) and the United
States of America’s comprehensive set of dietary reference
intakes, which includes recommended dietary allowances,
adequate intakes and upper limits (USDA, 2021).

Evidence shows that, in addition to macronutrients and
micronutrients, there are more than 26 000 biochemical
compounds present in foods and that these probably influ-
ence human health (Barabéasi, Menichetti and Loscalzo,
2020a, 2020b). These compounds can enhance or interfere
with metabolic processes. There is also evidence for food
synergies that give rise to the need to consider dietary
patterns and the interactions between food compounds
in the diet (Jacobs, Gross and Tapsell, 2009). This section
considers the nutrient composition of TASFs but also the
bioavailability of nutrients in foods and the diet.

Nutrients and other bioactive compounds in foods may be
absorbed, metabolized, transported, stored and excreted
differently depending on nutrient density and bioavailabil-
ity. Food and diet matrices in which nutrients and bioactive
compounds interact are important determinants of the

3https://www.efsa.europa.eu/en/topics/topic/dietary-reference-values

mechanical and biochemical processes of human nutri-
tion (Capuano and Janssen, 2021). Nutrient density refers
to the quantity of nutrients provided per calorie (e.g. per
100 kcal) or contained in a given food volume (e.g. per 100
g) or serving size (Drewnowski and Fulgoni, 2014). Nutrient
bioavailability refers to the proportion of nutrient intake
that is absorbed and metabolized. Bioavailability depends
on the composition of the food and interactions with the
overall diet as well as on the health status of the individ-
ual consuming the foods. For example, the absorption of
iron is enhanced when consumed with meat or vitamin
C-rich foods (Gropper, Smith and Carr, 2021). There may
also be compounds that interfere with absorption, for
example phytates in the case of iron. These antinutritional
compounds are highlighted in this section.

Nutrient and food quality affect absorption, metabolism, stor-
age and excretion processes. The Digestible Indispensable
AminoAcid Score (DIAAS), defined as the percentage of digest-
ible indispensable amino acids compared with a reference
protein, is an example of a metric used to rate protein quality
(FAQ,2013) (see Box B1). The Global Diet Quality Score (GDQS)
was recently developed to measure nutrient adequacy and
diet-related NCD risk and was found to perform comparably
with other metrics, including the Minimum Dietary Diversity-
Women and Alternative Healthy Eating Index 2010 scores
(Bromage et al., 2021). Some TASFs improve the score (e.g.
eggs, chicken meat, game meat and low-fat dairy products),
while some contribute positively only in moderate amounts
(e.g. red meat) and others have a negative effect on the score
(processed meat, and high-fat dairy products).

Food quality refers to the attributes of a food that influence
its nutritional value and make it acceptable or undesirable
to the consumer (FAO and WHO, 2003). The factors affecting
food quality are presented in Subsection 5.

This document primarily covers raw TASFs, but processed
products are covered to some extent. Processing methods
are grouped into six categories (see Table B1), each of which
serves to preserve food and protect it from contamina-
tion (FAQ, 2021b). Other forms of food preparation include
mixing, grinding and cutting. Processing may serve not only
to preserve food but also to change its palatability and nutri-
tional quality. The concept of ultraprocessed food has been
recognized and a classification scheme known as NOVA that
ranks foods according to the extent and purpose of indus-
trial processing has been developed (Monteiro et al., 2019).


https://www.efsa.europa.eu/en/topics/topic/dietary-reference-values
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Box B1. Amino acid digestibility: Digestible Indispensable Amino Acid Score (DIAAS)

Protein quality is closely associated with the capability
of different food sources to supply the amino acids and
nitrogen required to support multiple functions in the
human body. High-quality proteins have high digest-
ibility and contain all the indispensable (dietary essen-
tial) amino acids at an adequate level and in an adequate
pattern. Understanding the food security situation
requires accuracy in the measurement of protein quality
(Minocha et al., 2017).

In 1990, FAO and WHO adopted the Protein Digestibility-
corrected Amino Acid Score (PDCAAS), which relates
protein quality to indispensable amino acid profile and
digestibility. In 2011, FAO proposed a revised system for
expressing protein quality, the Digestible Indispensable
Amino Acid Score (DIAAS) (FAO, 2013). While in PDCAAS
amino acid digestibility is related to rat crude protein
nitrogen faecal digestibility, DIAAS considers the ileal
digestibility of each individual amino acid. PDCAAS over-
values low-quality protein sources that are limited in
indispensable amino acids and undervalues high-quali-
ty protein sources (Rutherfurd et al., 2015). In addition,
PDCAAS does not adequately account for the bioavail-
ability of specific amino acids, for example lysine, which
can be modified in the Maillard reaction during food
processing.

DIAAS and PDCAAS are calculated as the percentage
of digestibility for the protein in question in relation to
a reference protein with an “ideal” amino acid compo-
sition. FAO advice for individual foods or food ingredi-
ents is not to truncate the values above 100. Truncation
penalizes proteins with high concentrations of indis-
pensable amino acids, which are of particular interest
from a nutrition security perspective. A score above 100
indicates potential to complement protein of lower qual-
ity. Not truncating the score allows the protein quality
of individual foods or food ingredients to be calculated.
However, the calculation for a mixed diet should be done
using truncation.

DIAAS may be conceptually superior, but published
amino acid digestibility datasets are unavailable for a
wide range of human foods (FAO, 2014). It should there-
fore be noted that PDCAAS remains the validated meth-
od for determining protein quality. In recent years, new
data have become available on the ileal digestibility of
individual amino acids for foods and diets from various
regions through the Proteos Phase III project under-
taken by the Riddet Institute (Massey University), the
University of Illinois, AgroParisTech, and Wageningen
University.

Sources: Ertl, P., Knaus, W. & Zollitsch, W. 2016. An approach to including protein quality when assessing the net contribution of

livestock to human food supply. Animal: An International Journal of Animal Bioscience, 10(11): 1883-1889. https://doi.org/10.1017/
S$1751731116000902; FAO. 2013. Dietary protein quality evaluation in human nutrition: report of an FAO expert consultation, 31 March-2
April, 2011, Auckland, New Zealand. FAO Food and Nutrition Paper 92. Rome. 66 pp; Minocha, S., Thomas, T. & Kurpad, AV. 2017. Dietary
protein and the health-nutrition-agriculture connection in India. The Journal of Nutrition, 147(7): 1243-1250. https://doi.org/10.3945/
jn.116.243980; Rutherfurd, S.M., Fanning, A.C., Miller, B.J. & Moughan, P.J. 2015b. Protein digestibility-corrected amino acid scores and
digestible indispensable amino acid scores differentially describe protein quality in growing male rats. The Journal of Nutrition, 145(2):
372-379. https://doi.org/10.3945/jn.114.195438; FAO. 2014. Research approaches and methods for evaluating the protein quality of human
foods: Report of a FAO Expert Working Group, 2 - 5 March 2014, Bangalore, India. Rome, Italy, FAO. 70 pp. https://www.fao.org/documents/

card/es/c/5fa39b04-68bf-4dd7-bc44-3d1f249a6c5¢e/).

PDCAAS truncated (PDCAASt) or without truncation (PDCAAS) and DIAAS for individual protein sources

Protein quality score

Protein source (percent) PDCAASEDIAAS
PDCAASt PDCAAS DIAAS (percent)

Whole milk powder 100.0 116.1 115.6 -15.9

Egg 100.0 105 113 13

Beef 100.0 114.0 111.6 -11.6
Chicken breast 100.0 101 108 -8
Soybean 100.0 102.0 99.6 0.4

Peas 78.2 78.2 64.7 13.6
Barley 590.1 59.1 47.2 11.8
Wheat 46.3 46.3 40.2 6.1

Source: Adapted from Ertl et al., 2016.


https://doi.org/10.1017/S1751731116000902
https://doi.org/10.1017/S1751731116000902
https://doi.org/10.3945/jn.116.243980
https://doi.org/10.3945/jn.116.243980
https://doi.org/10.3945/jn.114.195438
https://www.fao.org/documents/card/es/c/5fa39b04-68bf-4dd7-bc44-3d1f249a6c5e/
https://www.fao.org/documents/card/es/c/5fa39b04-68bf-4dd7-bc44-3d1f249a6c5e/
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The following synthesis of the literature is presented as a
narrative review. The literature search on which it is based
covered studies that examine the nutrient composition of
TASFs in their original forms and TASF products. Studies on
aquatic foods, foods in which TASFs are only ingredients

Table B1. Types of food processing

Category of process

Heating to destroy enzymes and microorganisms

Removing water from the food
Removing heat from the food

Increasing the acidity of the food
Using chemicals to prevent enzyme and microbial activity

Excluding air, light, moisture, microorganisms and pests

and fortified TASFs were excluded. Literature addressing
the health implications of common nutrients and bioactive
compounds generally found in TASFs is also summarized.
The databases and search terms used are listed in Box B2.

Examples processes

Boiling, blanching, roasting, grilling, pasteurization, baking,
smoking

Drying, concentrating by boiling, filtering, pressing
Cooling, chilling, freezing

Fermentation, adding citric acid or vinegar

Salting, syruping, smoking, adding chemical preservatives
such as sodium metabisulphite or sodium benzoate

Packaging

Source: Adapted from Trager, J. 1996. The food chronology, Aurum Press, London, UK: Fellows, P. 2004. Processed foods for improved livelihoods. FAO

Diversification Booklet 5. Rome. FAQ.

Box B2. Search terms by database used for Section B

Protein quality is closely associated with the capability
of different food sources to supply the amino acids and
nitrogen required to support multiple functions in the
human body. High-quality proteins have high digest-
ibility and contain all the indispensable (dietary essen-
tial) amino acids at an adequate level and in an adequate
pattern. Understanding the food security situation
requires accuracy in the measurement of protein quality
(Minocha et al., 2017).

Search terms using Academic Search Complete
via EBSCO

(“animal source food” OR “livestock derived food” OR
“animal derived food” OR “meat” OR “red meat” OR
“dairy product”) AND (“nutrient”) OR (“nutritional
composition”) OR (“nutrient composition”) OR (“nutri-
tional content”) OR (“macronutrient”) OR (“micronutri-
ent”) OR (“nutritional value”)

Search terms using PubMed

(“animal source food” OR animal source food* OR
“animal sourced food” OR “animal based food” OR “live-
stock derived food” OR “TASF” ) AND (“macronutrient”
OR “protein” OR “amino acid” OR “lipid” OR “DHA” OR
“EPA” OR “carbohydrate” OR “protein quality” OR “micro-
nutrient” OR “vitamin A” OR “calcium” OR “iron” OR
“bioactive compound” OR “taurine” OR “carnosine” OR
“creatine”) OR ((“eggs”) AND (“poultry” OR “duck” OR
“emu” OR “muscovy duck” OR “ostrich” OR “partridge”
OR “peafowl” OR “pheasant” OR “pig” “pigeon”) OR
(“milk” OR “dairy product”)) OR (“lactose” OR “buffalo”
OR “camel” OR “cow” OR “cattle” * OR “donkey” OR “goat”
OR “mare” OR “mithan” OR “sheep”) OR (“red meat” OR

“meat” AND “alpaca” OR “beef” OR “goat” OR “guinea
pig” OR “llama” OR “pheasant” OR “pig” OR “poultry” OR
“sheep”) OR (“Insects”) OR (“honey” OR “bee products”
OR “apis” OR “bees”) OR (“game meat” OR “bushmeat” OR
“wildlife food”) AND (“nutrient composition” OR “nutri-
ent value” OR “nutritional value” OR “nutrient density”
OR “nutrient content”) NOT (“aquatic animal food” OR
“fortified” AND “animal source food” OR “ingredient”
AND “animal source food”)

Search terms using ScienceDirect

(“animal source food” OR animal source food* OR
“animal sourced food” OR “animal based food™* OR
“livestock derived food” OR “TASF”) AND (“macronutri-
ent” OR “protein” OR “amino acid” OR “lipid” OR “DHA”
OR “EPA” OR “carbohydrate” OR “protein quality” OR
“micronutrient” OR “vitamin A” OR “calcium” OR “iron”
OR “bioactive compound” OR “taurine” OR “carnosine”
OR “creatine”) OR ((“eggs”) AND (“poultry” OR “duck” OR
“emu” OR “muscovy duck” OR “ostrich” OR “partridge”
OR “peafow]l” OR “pheasant” OR “pig” “pigeon”) OR
(“milk” OR “dairy product”)) OR (“lactose” OR “buffalo”
OR “camel” OR “cow” OR “cattle” * OR “donkey” OR “goat”
OR “mare” OR “mithan” OR “sheep”) OR (“red meat” OR
“meat” AND “alpaca” OR “beef” OR “goat” OR “guinea
pig” OR “llama” OR “pheasant” OR “pig” OR “poultry” OR
“sheep”) OR (“insects”) OR (“honey” OR “bee products”
OR “apis” OR “bees”) OR (“game meat” OR “bushmeat” OR
“wildlife food”) AND (“nutrient composition” OR “nutri-
ent value” OR “nutritional value” OR “nutrient density”
OR “nutrient content”) NOT (“aquatic animal food” OR
“fortified” AND “animal source food” OR “ingredient”
AND “animal source food”
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3. Nutrients in terrestrial animal source foods and
their importance for human nutrition

This subsection examines the nutrients and bioactive
compounds found in TASF that have been associated with
health and nutrition (see Box B3). It highlights key macro-
nutrients, micronutrients and bioactive compounds that
are highly concentrated in TASF and/or more bioavailable
in TASF than in other food.

When analysing the nutritional aspects of food there is
also a need to consider components that can affect the
bioavailability of specific nutrients. This is the case for
antinutritional compounds. These are substances that
naturally occur in PBFs and TASFs and interfere with the
absorption of nutrients.

Box B3. Food components: nutrients, bioactive compounds and antinutritional compounds

A nutrient is a substance that is required by the body for
optimal growth, development and maintenance of good
health. Nutrients are classified according to quantitative
requirement:

Macronutrients: calorie-containing components of food
needed in substantial quantities, typically above 10 g per
day. These include carbohydrates, proteins and fats.

Micronutrients: nutrients required by the body in small
amounts, usually below 2 g per day. These include vita-
mins and minerals.

Nutrients can be also classified according to their essen-
tiality. Their deficiency causes specific symptoms that
can lead to health problems.

Essential nutrients: nutrients that cannot be produced
by the human body in sufficient quantities to meet phys-
iological requirements and must therefore be supplied
from foods or other sources (e.g. supplements).

Classification of nutrients by essentiality

Classification Nutrients

Conditionally essential nutrients: nutrients that are
produced by the human body in sufficient amounts
to meet the body’s physiological requirements but for
which intake via food or other sources (e.g. supple-
ments) may be essential under certain conditions when
biosynthesis is inadequate.

Non-essential nutrients: nutrients required by the
human body that can be synthesized by the human body
under normal conditions and are thus not required in
the food.

Bioactive compounds are substances that are able to
modulate metabolic functions leading to beneficial
outcomes. TASFs contain various bioactive compounds
that are being studied, including carnitine, anserine,
creatine and anersine.

Amino acids: histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine,

tryptophan, valine

Fatty acids: alpha-linolenic acid, linoleic acid

Water-soluble vitamins: vitamin B1 (thiamine), vitamin B2 (riboflavin), vitamin B3 (niacin),

vitamin B5 (pantothenic acid), vitamin B6 (pyridoxine), vitamin B7 (biotin), vitamin B9
Essential nutrients (folate), vitamin B12 (cobalamin), vitamin C

Fat-soluble vitamins: vitamin A; vitamin E; vitamin K

Minerals: calcium, chlorine, chromium, cobalt, copper, iron, iodine, manganese, magnesium,

molybdenum, phosphorus, potassium, selenium, sodium, zinc

Choline

Conditionally essential nutrients Vitamins: vitamin D

Amino acids: alanine, arginine, asparagine, creatine, cystine, glutamine, glycine, proline,

serine, taurine, tyrosine

Non-essential nutrients

All digestible carbohydrates

All fatty acids except for linolenic acid and linoleic acid
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Antinutritional compounds occur predominately in PBFs.
Examples of antinutritional compounds that interfere with
mineral uptakes from TASF include phytates (phytic acid)
and oxalates (oxalic acid).

31

Macronutrients

TASFs are most often associated with protein content and
quality. Proteins are found throughout the human body,
with over 40 percent found in skeletal muscle, 25 percent
in body organs and the remainder in skin and bones
(Gropper, Smith and Carr, 2021). Living cells in the body
depend on proteins for their architecture and for various
functions. Proteins can be grouped into the following cate-
gories, among others: catalysts (e.g. enzymes); messengers
(e.g. hormones); structural elements; immunoprotectors;
transporters; and buffers. In general, intake of high qual-
ity proteins optimizes human health outcomes, for exam-
ple increasing muscle mass, throughout the life course
(Tagawa et al., 2021). However, there are particular phases
of the life course when higher intakes of protein are import-
ant, for example in pregnant and lactating women and in
older adults to prevent sarcopenia (Paddon-Jones and
Rasmussen, 2009; Wolfe, Miller and Miller, 2008). Though
not covered in this assessment, populations that are
chronically or acutelyill may also require additional protein
intakes (Phillips, Paddon-Jones and Layman, 2020).

TASFs are an important source of high-quality proteins
containing digestible and indispensable (essential) amino
acids. In recent years, there has been renewed focus on the
role of high-quality proteins in the prevention of stunted
growth. One study, with observational design, conducted
in 116 LMICs found that utilizable protein (total protein
corrected for biological value and digestibility) was nega-
tively associated with stunting after adjusting for energy
and gross domestic product (Ghosh, Suri and Uauy,
2012). In another study, which focused on children aged
12 to 59 months in Malawi, lower serum concentrations
of specific essential amino acids (tryptophan, isoleucine,
valine, methionine, threonine, histidine, phenylalanine
and lysine) and conditionally essential amino acids (argi-
nine, glycine and glutamine) were found to be associated
with child stunting (Semba et al., 2016). A recent narrative
review discussed the importance of TASFs as sources of
the essential amino acids needed by young children for
growth and neurocognitive development and highlighted
the amino acid sensing rapamycin complex 1 (mTORC1) as
a key regulator of these processes (Parikh et al., 2022).

Some amino acids and their metabolites are notably pres-
entin TASF and absent, or found at low levels, in PBF. These

compounds have been classified as bioactive and many
have been studied for their association with human health
outcomes. Taurine, creatine, carnosine, 4-hydroxyproline
and anserine were all discovered in cattle and are concen-
trated in beef but lacking in PBF (Wu, 2020). They play key
roles in anti-inflammatory and immunological defence
pathways, memory and cognition (Avgerinos et al., 2018;
Benton and Donohoe, 2011), eye health and cardiovascu-
lar maintenance (Ripps and Shen, 2012). Some TASFs may
contain higher concentrations of the essential amino acid
tryptophan, a precursor of serotonin, recently found to be
connected to brain function via the microbiome (Gao et al.,
2020) and to depression in older adults (Klimova, Novotny
and Valis, 2020) and postnatal women (Trujillo et al., 2018).
Diets consisting primarily of the staple food maize are defi-
cientin tryptophan and may also interfere with the absorp-
tion of minerals found in TASF.

The composition of essential fatty acids in TASFs affects
human health outcomes (see Box B4 for further information
on the classification and importance of fat compounds). For
example, the ratio of linoleic acid to alpha-linolenic acid
influences how efficiently these fatty acids are endoge-
nously converted into the longer chain fatty acids arachi-
donic acid, aminopenicillanic acid and docosahexaenoic
acid (DHA) (Bernard et al,, 2013). The elongation and
desaturation of alpha linolenic acid to long-chain omega-3
PUFAs may be limited if there is excess dietary linoleic acid.
The long-chain fatty acids have known benefits to human
health and play vital roles throughout the life course, inter
alia in neurodevelopment, anti-inflammatory processes
and cell-membrane integrity (Hadley et al., 2016; Swanson,
Block and Mousa, 2012). There is some evidence that DHA
supplementation improves cognitive outcomes in young
children (Drover et al., 2011), but systematic and narrative
reviews have shown that supplementation trials have only
minimal effects on health outcomes throughout the life
course (Abdelhamid et al., 2018; Jiao et al., 2014). Dietary
TASF intervention trials, which are discussed in Section C,
have demonstrated impacts on DHA status.

Some fats, such as saturated fatty acids and transfats,
have been implicated in negative human health outcomes.
Dietary guidelines generally recommend limiting satu-
rated fats to approximately 10 percent of total energy
intake (FAO, 2010), although the evidence base is mixed.
A systematic review and meta-analysis using the GRADE
approach to assess the quality of evidence found no
association between saturated fat intakes and all-cause
mortality, cardiovascular mortality, total coronary heart
disease, ischaemic stroke or type 2 diabetes (de Souza et
al.,, 2015). However, the analysis was not able to rule out
any risk or association between saturated fat and coronary
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Box B4. Important fat compounds provided by terrestrial animal source foods

TASFs are rich in a variety of fats. Dietary fats not only
provide essential fatty acids but also help in the absorp-
tion of fat-soluble vitamins. In the human body, they
are usually present as triacylglycerols. Fatty acids are
components of triacylglycerols. The conformation and
abundance of fatty acids vary depending on the source
of the food and can influence many health outcomes.

Fatty acids can be divided into three large groups: satu-
rated fatty acids, unsaturated fatty acids and transfat-
ty acids. Unsaturated fatty acids include monounsat-
urated fatty acids (MUFAs) and polyunsaturated fatty
acids (PUFAs). PUFAs are especially important, as they
include two essential fatty acids: alpha-linolenic acid
and linoleic acid. These two fatty acids are required

nutrients that cannot be synthesized by the human body
and therefore have to be obtained from dietary sources.

Another important fat compound is cholesterol, which
is made in the liver and can also be found in food.
Cholesterol is transported in human blood on two types
of lipoproteins: low-density lipoprotein and high-den-
sity lipoprotein. The ratio of high-density lipopro-
tein to low-density lipoprotein affects human health.
Excess low-density lipoprotein cholesterol can build up
“plaque” in blood vessels and increase the risk of heart
disease and stroke, while high-density lipoprotein,
the “good” cholesterol, removes low-density lipopro-
tein from the blood by transporting it to the liver from
where it is flushed out of the body (CDC, 2020).

Examples of fatty acids and their roles in health outcomes

Fatty acid

Arachidonic acid
Docosahexaenoic acid
Eicosatetraenoic acid

Docosapentaenoic acid Omega-6

Ratio of omega-6 to omega-3 fatty acids

Health outcome

Vital roles in neurodevelopment, anti-inflammatory processes and cell-
membrane integrity

Potential reduction of non-communicable disease risk

Low ratio enables endogenous production of the long-chain fatty acids
DHA and EPA, which are important for neurodevelopment

High levels in the diet can increase the risk of death and coronary heart

Transfatty acids
y disease

Classification of the main dietary fats

Fat

v

Tryacylglycerol

v

Fatty acid

v

Cholesterol

v v

Saturat ed
fatty add

Unsaturated
fatty acid

v

Monounsaturated
fatty acid

v

Transfatty
acid

Polyunsaturated
fatty acid

v

Omega 3

Alpha-linolenic acid
Eicosapentaenoic acid
Docosahexaenoic acid

v

Omega 6

Linoleic acid
Arachidonic acid
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heart disease mortality (RR 1.15,0.97 to 1.36; P =0.10). The
certainty of the associations for saturated fats, however,
was ranked as “very low.” Some reviews suggest that obser-
vational studies examining the links between saturated
fats in meat and risk of disease need to consider overall
diet or the types of cooking methods used, which may
modulate effects on disease (Geiker et al., 2021; Martinez
Gongora et al., 2019; Tarraga Lopez, Albero and Rodriguez-
Montes, 2014; Ward et al., 2016). Another systematic review
and meta-analysis of RCTs and prospective cohort stud-
ies in children and adolescents aged between two and
19 years showed that diets with reduced saturated fat
content compared to control diets significantly reduced
total cholesterol, low-density lipoprotein cholesterol and
diastolic blood pressure (Te Morenga and Montez, 2017).
There was no evidence for adverse effects on growth or
anthropometry.

There is more evidence suggesting that transfat intakes
are associated with negative health outcomes, probably
because they increase levels of low-density lipoprotein and
reduce levels of high-density lipoprotein (de Souza et al.,
2015; Te Morenga and Montez, 2017). Transfats may derive
naturally from ruminants or be produced through process-
ing in which hydrogen is added to vegetable oil to convert
it from a liquid into a solid (WHO, 2018). In the systematic
review and meta-analysis described above, transfat was
found to be associated with all-cause and coronary heart
disease mortality and total coronary heart disease, but not
with type 2 diabetes or ischaemic stroke (de Souza et al.,
2015; Te Morenga and Montez, 2017). When the investiga-
tors stratified the data to distinguish the effects of industri-
ally produced transfat from those of ruminant transfat, the
findings showed that only industrially produced transfat
was associated with coronary heart disease and coronary
heart disease mortality, and that ruminant trans-palmi-
toleic acid was negatively associated with type 2 diabetes.
In view of the evidence linking transfat intake with coro-
nary heart disease, a global initiative, REPLACE Trans Fat,
has been established to eliminate all industrially produced
transfat from the food supply by 2023 (WHO, 2021).

3.2

Micronutrients

Vitamins play various roles in human nutrition and can
occur in various forms. These forms may differ between
TASF and PBF, and recommended intakes of vitamins vary
by life-cycle phase (see Annex Table B1). Vitamin B12, also
known as cobalamin, is an important nutrient in terms of
the relation between TASF and human health given that it
is largely absent in PBF. It can be found in some PBFs such

as seaweed, mushrooms (technically fungi rather than
plants) and tempeh, although in forms that may not be as
bioavailable as the vitamin B12 in TASF (Watanabe et al.,
2013; Zugravu et al., 2021). Vitamin B12 plays an important
role in cellular metabolic processes such as DNA synthe-
sis and methylation. Deficiencies may result in pernicious
anaemia and compromised neurodevelopment and
brain function (Green et al., 2017). Other B vitamins serve
as cofactors in enzyme systems throughout the human
body. Riboflavin, or vitamin B2, is needed for the produc-
tion of two coenzymes, flavin mononucleotide and flavin
adenine dinucleotide, that have roles in cellular respira-
tion, growth, development and maintenance of epithelial
tissue. Vitamin B6 in its phosphorylated form pyridoxine is
found largely in plants and has to be dephosphorylated to
be absorbed, while vitamin B6 in meat takes the form of
esters that are more bioavailable (Brown, Ameer and Beier,
2021). Pyridoxine serves as a coenzyme for the synthe-
sis of amino acids, sphingolipids, neurotransmitters and
haemoglobin, among other bioactive substances, as well
as for the metabolism of glycogen. Other B vitamins, such
as B1 and B3, are also contained in TASF and important in
human health (Gropper, Smith and Carr, 2021).

Choline has gained increasing attention in recent years for
its importance in growth, brain function and gene inter-
actions (Leermakers et al., 2015; Smallwood, Allayee and
Bennett, 2016). In human physiology, choline serves as a
precursor for phospholipids (phosphatidylcholine and
sphingomyelin) that are integral to cell-membrane integrity
and signalling, for acetylcholine, which influences neuro-
transmission, neurogenesis, myelination and synapse
formation, and for betaine, which donates a methyl group
in the homocysteine production pathway (Caudill, 2010;
Zeisel and da Costa, 2009). Recent systematic and narra-
tive reviews point to the importance of choline for growth
and neurodevelopment in the first 1 000 days of life (Bragg,
Prado and Stewart, 2021; Derbyshire and Obeid, 2020).
Eggs (and beef to a lesser extent) contain high concentra-
tions of this nutrient. Another essential nutrient found in
TASF is vitamin K, which is important for blood coagulation
and calcium-binding pathways (the K2 form is only found
in TASF) (Halder et al., 2019).

The minerals zinc and iron are highly bioavailable in the
muscle tissue of meats. Iron plays multiple roles in the
human body, most notably in oxygen transport in the
haemoglobin blood protein but also in other pathways
involved in growth, neurodevelopment and immunity
(Gropper, Smith and Carr, 2021; McCann, Perapoch Amadé
and Moore, 2020). Iron is especially important during preg-
nancy, when there is significant plasma volume expansion
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(Georgieff, 2020) (see Annex Table B2 for more information
on recommended intakes of minerals by life-cycle phase).
Zinc is necessary for the activity of over 300 enzymes in
the human body and also serves vital functions in growth,
development and immunity (Gropper, Smith and Carr,
2021). Deficiencies in iron and zinc contribute substan-
tially to the global burden of disease (Black et al., 2013).
Although selenium is not recognized as being widely defi-
cient in human populations, it does play important roles
in health (Gashu et al., 2016; Speckmann and Grune, 2015).
Itis important forimmune function and for its antioxidant
and epigenetic effects. Selenium is among the nutrients
known to be influenced by environmental factors, such as
soil concentration (Gibson et al., 2011). Calcium and phos-
phorous are considered macrominerals found in TASF
and are important for bone health, among other roles
(Gropper, Smith and Carr, 2021).

The ratio of sodium to potassium dietary intakes has been
linked to human health outcomes, particularly forits effects
on hypertension and cardiovascular disease (Gongalves
and Abreu, 2020; Ndanuko et al., 2021; Perez and Chang,
2014). Consumption of milk and dairy products in a popu-
lation in the United States of America has been found to be
associated with lower ratios of sodium to potassium (< 1),
which is consistent with WHO guidelines for reduced risk
of mortality (Bailey et al., 2015). A study among Australian
school-age children showed that dairy products were an
important food source of potassium (Grimes et al., 2017).
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4. Evidence for the nutrient composition
of different terrestrial animal source foods

The evidence on nutrient composition with potential
implications for human health was reviewed for the follow-
ing five categories of TASF:

O eggs and egg products;

© milk and dairy products;

© meat and meat products;

© TASFs from hunting and wildlife farming; and

O insects, including grubs, and their products.

TASFs from hunting and wildlife farming were included as
a separate group because of consistent findings that for
some nutrients their composition diverges from that of
meats obtained from livestock. Insects and insect prod-
ucts are not generally included in food-based dietary
guidelines. However, they are explored in this subsection
because there is a growing literature on their value in
human health and nutrition.

Table B2. Amino-acid composition of poultry eggs

4.1

Eggs and egg products

Chicken eggs are the most widely consumed type of egg,
although the diets of many populations also include eggs
from other poultry species, such as turkey, duck, quail and
goose (FAO, 2015b). Egg in shell is the predominant prod-
uct on the market, although there are others, including
liquid eggs and egg powder. Eggs provide a range of differ-
ent nutrients but have especially high concentrations of
high-quality proteins, essential fatty acids, DHA, choline,
selenium, riboflavin and vitamin B12 (lannotti et al., 2014)
(see Tables B2, B3, Annex Tables B3 and B4). The literature
on the nutrient composition of eggs often differentiates the
nutrient content of the yolk from that of the white. These
two constituents originate during different phases of egg

Chicken Duck Chicken egg yolk Chicken egg white Goose Quail Turkey
Nutrient
Average Average Average Range Average Range Average  Average  Average

Protein (g) 12.6 12.8 15.8 15.6-15.9 111 10.9-11.2 13.9 13.0 13.7
Alanine (g) 0.74 0.63 0.82 0.81-0.84 0.70 0.69-0.70 0.68 0.76 0.80
Arginine (g) 0.82 0.77 1.11 1.1-1.13 0.66 0.65-0.66 0.83 0.84 0.88
Aspartic acid (g) 1.33 0.78 15 1.45-1.55 1.22 1.21-1.22 0.84 1.29 1.36
Cystine (g) 0.27 0.29 0.29 0.26-0.29 0.32 0.29-0.34 0.31 0.31 0.33
Glutamic acid (g) 1.67 1.79 1.92 1.87-1.97 1.64 1.53-1.76 1.94 1.66 1.74
Glycine (g) 0.43 0.42 0.48 0.47-0.48 0.41 0.41 0.46 0.43 0.46
Histidine (g) 0.31 0.32 0.45 0.42-0.48 0.28 0.27-0.28 0.35 0.32 0.33
Isoleucine (g) 0.67 0.6 0.89 0.87-0.91 0.70 0.66-0.74 0.65 0.82 0.86
Leucine (g) 1.09 1.10 0.89 0.37-1.4 1.03 1.02-1.04 1.19 1.15 1.20
Lysine (g) 0.91 0.95 1.19 1.16-1.22 0.81 0.81 1.03 0.88 0.92
Methionine (g) 0.38 0.58 0.40 0.38-0.43 0.42 0.40-0.43 0.62 0.42 0.44
Phenylalanine (g) 0.68 0.84 0.68 0.68-0.69 0.7 0.69-0.71 0.91 0.74 0.77
Proline (g) 0.51 0.48 0.57 0.49-0.64 0.39 0.34-0.44 0.52 0.52 0.54
Serine (g) 0.97 0.96 1.34 1.33-1.34 0.83 0.80-0.86 1.04 0.99 1.04
Threonine (g) 0.56 0.74 0.81 0.87-0.94 0.58 0.45-0.71 0.80 0.64 0.67
Tryptophan (g) 0.16 0.26 0.21 0.18-0.23 0.16 0.13-0.18 0.28 0.21 0.22
Tyrosine (g) 0.5 0.61 0.47 0.27-0.68 0.45 0.45-0.46 0.66 0.54 0.57
Valine (g) 0.86 0.89 0.97 0.95-0.95 0.84 0.81-0.87 0.96 0.94 0.99

Note: All nutrient values are expressed per 100 g edible portion on fresh weight basis.
Source: Australian Food Composition Database. 2021. Australian Food Composition Database. [Cited 3 February 2022].
https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx; FoodData Central USDA. 2021. FoodData Central.

[Cited 15 December 2021]. https://fdc.nal.usda.gov.
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production and serve separate functions in the develop-
ment of the chick: the yolkis derived from hepatic tissue and
is primarily nutritive, and the white is secreted in the oviduct
and serves largely for defence (Nys and Guyot, 2011).

The combination of amino acids and proteins in eggs is
considered a gold standard against which other proteins
arecompared (see Table B2). The concentration of proteins
does not vary greatly across bird species, with slightly
higher levels in turkey eggs (13.7 g/100 g) and goose
eggs (13.9 g/100 g) than in chicken eggs (12.6 g/100g) (see
Table B2). One study found a higher quantity of essential
and total amino acids in the albumen of turkey eggs than
in that of chicken, duck, goose, quail and pigeon eggs,
although a higher ratio of essential to total amino acids
was found in duck and goose eggs than in chicken, turkey,
quail and pigeon eggs (Sun et al., 2019).

Egg proteins are noted for their high digestibility - further
enhanced through heating and the denaturation of some
structural proteins (Réhault-Godbert, Guyot and Nys, 2019).
Egg yolks contain a mix of low- and high-density lipopro-
teins, livetins and phosvitins. Phosvitins have been shown
to interfere with iron absorption (Yilmaz and Agaglindlz,
2020). The vitelline membrane proteins and lipids sepa-
rate the egg yolk from the egg white. Ovoalbumin and
ovomucoid, proteinase inhibitors that can resist thermal
heating, are the primary proteins contained in the egg
white. Antibacterial proteins, such as lysozyme, peptides,
ovotransferrin, ovoglobulin, cystatin, avidin and ovoflavin,
are also present in the egg white, probably contributing to
human nutrition (Guha, Majumder and Mine, 2018). One
older review summarized evidence indicating that the
proteins and peptides contained in eggs have been associ-
ated with multiple health-promoting biological processes
and characteristics, including antimicrobial, immunomod-
ulatory, antiadhesive, antioxidative, anticancer and antihy-
pertensive activities or properties (Kovacs-Nolan, Phillips
and Mine, 2005).

Eggs of all poultry species contain a wide range of fatty
acids (see Table B3). Lipids are highly concentrated in the
egg yolk relative to the white (see Annex Table B3). Duck

eggs (13.8 g) and goose eggs (13.3 g), on average contain
more lipids per 100 g than chicken eggs (8.5 g). One study
showed that there is a higher ratio of unsaturated to satu-
rated fats in eggs than in other TASFs (Réhault-Godbert,
Guyot and Nys, 2019). Cholesterol concentrations are also
relatively high in eggs compared to other TASFs and to
food broadly, although there is some uncertainty in the
evidence-base for correlation of intake levels with plasma
cholesterol (Kim and Campbell, 2018). Cholesterol has
been associated with the development of cardiovascular
disease (Kuang et al., 2018). One systematic review and
meta-analysis of randomized controlled trials that looked
at various interventions involving higher egg consumption
showed that these interventions led to higher low density
lipoprotein cholesterol to high density lipoprotein choles-
terol ratios than that found in the control group (mean
difference=0.14, p=0.001, 12 = 25 percent) (Li et al., 2020).

Eggs contain several bioavailable vitamins and some
minerals at high concentrations (see Table B4 and Annex
Table B4). Eggs are among the richest dietary sources
of choline, containing both lipid-soluble and water-sol-
uble forms. Like other TASFs, eggs contain vitamin B12
(eggs from various poultry species can provide more than
50 percent of age- and sex-specific RNI in a single egg), as
well as significant concentrations of other B vitamins. Eggs
have been noted for containing the carotenoids of lutein
and zeaxanthin, which are important in anti-inflammatory
pathways (Eisenhauer et al, 2017; Wallace, 2018). Eggs
contain no vitamin C, probably because birds can produce
it endogenously. Niacin is also found at very low levels.
Some minerals and trace elements that are limited in the
diets of vulnerable populations are provided by eggs in
bioavailable forms. Egg yolks have higher concentrations
of minerals than egg whites, and there is some variability
across species. Egg shells are also rich in highly bioavail-
able calcium - 1 g of chicken egg shell contains about
380 mg of calcium (Bartter et al., 2018; Omer et al., 2018).
Turkey eggs are more highly concentrated than the eggs of
other birds in some important minerals, including calcium
(99.0 mg per 100 g), iron (4.1 mg per 100 g) and zinc (1.6 mg
per 100 g) (see Table B4). Evidence regarding the impact of
dietary egg intake on human mineral nutrition is equivocal.
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Table B3. Composition of fats and fatty acids of poultry eggs

Chicken Chicken egg yolk Chicken egg white Duck Goose Quail Turkey
Nutrient
Average Range Average Range Average Range Average Average Average Average

Fat (g) 8.5 8.5-9.5 27.4 26.5-28.2 0.09 0-0.2 13.8 13.3 111 11.9
SFA (g) 2.76 2.3-3.1 9.1 8.6-9.6 0 0 3.7 3.6 3.6 3.6
SFA 4:0 (g) 0 0 0 nd 0 0 0 0 0 0
SFA 6:0 (g) 0 0 0 nd 0 0 0 0 0 0
SFA 8:0 (g) 0 0 0 0-0.14 0 0 0 0 0 0
SFA 10:0 (g) 0 0 0 0-0.01 0 0 0 0 0 0
SFA 12:0 (g) 0.01 0-0.02 0 0-0.01 0 0 0 0 0 0
SFA 14:0 (g) 0.04 0.03-0.05 0.11 0.10-0.12 0 0 0.05 0.05 0.053 0.04
SFA 16:0 (g) 1.95 1.66-2.23 6.50 6.13-6.86 0 0 3.00 2.85 2.67 2.72
SFA 18:0 (g) 0.68 0.54-0.81 2.24 2.06-2.42 0 0 0.63 0.70 0.84 0.88
MUFA (g) 3.61 3.55-3.66 12 11.70-12.03 0 0 6.52 5.75 4.32 4.57
MUFA 16:1 (g) 0.21 0.20-0.22 0.74 0.57-0.92 0 0 0.44 0.39 0.47 0.67
MUFA 18:1 (g) 3.35 3.28-3.41 11.00  10.70-11.39 0 0 6.08 5.35 3.85 3.90
MUFA 20:1 (g) 0.019  0.01-0.03 0.08 0.07 0 0 0 0 0 nd
MUFA 22:1 (g) 0 0 0 0-0.01 0 0 0 0 0 nd
PUFA (g) 1.55 1.19-1.91 3.56 2.92-4.20 0 0 1.22 1.67 1.32 1.66
PUFA 18:2 (g) 1.26 0.96-1.56 2.9 2.25-3.54 0 0 0.56 0.68 0.94 1.17
PUFA 18:3 (g) 0.05 0.05-0.05 0.09 0.07-0.10 0 0 0.102 0.55 0.04 0.08
PUFA 18:4 (g) 0 0 0 0 nd 0 0 0 0 nd
PUFA 20:4 (g) 0.14 0.08-0.18 0.22 0-0.44 0 0 0.32 0.28 0.12 0.13
'(DEL:DZL; fg? n-3 0 0 0.01 0 0 0 0 0 0 nd
:DI;JPIZ\) ?;)5 n-3 0.08 0.08 0 0 0 0 0 0 0 nd
:’;J::)Z(;G n-3 0.06 0.06 0.11 0 0 0 0 0 0 nd
:::‘Z ?;ids’ total 002 001-004 003 0 0 0 nd nd nd nd
Cholesterol (mg) 430 372-488 1065 1050-1080 0 0 884 852 844 933
Choline (mg) 294 294 820 820 1.1 11 nd 263 nd nd

Notes: All nutrient values are expressed per 100 g edible portion on fresh weight basis. SFA = saturated fatty acid. MUFA = monounsaturated fatty
acid. PUFA = polyunsaturated fatty acid. RAE = retinol activity equivalents. Slaughter weight and degree of maturity at slaughter weight influence
nutrient composition. nd = not available (no values found).

Sources: Australian Food Composition Database. 2021. Australian Food Composition Database. [Cited 3 February 2022]. https://www.foodstand-
ards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx; FoodData Central USDA. 2021. FoodData Central. [Cited 15 December 2021].
https://fdc.nal.usda.gov.
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Table B4. Mineral composition of poultry eggs

Nutrient

Calcium (mg)
Magnesium (mg)
Phosphorus (mg)
Potassium (mg)
Sodium (mg)
Iron (mg)

Zinc (mg)
Copper (mg)
Manganese (mg)
Selenium (pg)

lodine (pg)

Chicken
Average Range
52 47-56
12 12
189 180-198
139 138-140
146 142-150
1.8 1.6-1.9
1.2 1.1-1.3
0.06 0.06-0.07
0.027 0.03
28.2 25.7-30.7
57.6 57.6

Chicken egg yolk

Average Range
115 100-129
6.5 5-8
394 390-398

106.5 104-109
53 48-58
34 2.7-4

2.4 2.3-2.5

0.10 0.07-0.13
0.07 0.05-0.08
56.0 56.0
80 80

Note: nd = not available (no values found); avg. = average.
Sources: Australian Food Composition Database. 2021. Australian Food Composition Database. [Cited 3 February 2022]. https://www.foodstand-
ards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx; FoodData Central USDA. 2021. FoodData Central. [Cited 15 December 2021].

https://fdc.nal.usda.gov.

Chicken egg white

Average Range
6 5-7
11 11
12.5 10-15
141 119-163
175 166-175
0.1 0.1-0.2
0 0
0.012 0-0.02
0.01 0-0.01
15.5 11-20
0 0

Duck

Average
64
17
220
222

146

14
0.06
0.04
36.4

n/a

Goose Quail
Average Average
60 64
16 13
208 226
210 132
138 141
3.6 3.7
13 1.5
0.06 0.06
0.04 0.04
36.9 32.0
nd nd

Turkey

Average
99
13

170
142
151
4.1

1.6
0.06
0.04
343

nd
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4.2

Milk and dairy products

Globally, humans consume milk and dairy products from
multiple animal species, including cattle, buffalo, mithan,
yak, goat, sheep, horse, alpaca, llama, reindeer, dromedary
and Bactrian camel. The milk from these species varies in
composition. Animal milk is produced around parturition
with the biological purpose of nourishing offspring and is
nutrient-dense and complete across many nutrients and
bioactive compounds (Mozaffarian, 2019). Animal milk
contains complementary nutrients that act in synergy
to optimize metabolism, for example lactose and casein
acting to enhance calcium absorption (Chalupa-Krebzdak,
Long and Bohrer, 2018). One recent untargeted metabolo-
mics study using chromatography-nuclear magnetic reso-
nance spectroscopy and various types of mass spectrom-
etry identified 296 cow’s milk metabolites and metabolite
species with the potential to have implications for health
(Foroutan et al., 2019). Sphingomyelin in animal milk may
be protective against gut dysbiosis and inflammation
(Norrisetal., 2019).

Like eggs, milk and dairy products have been recognized for
theirimportance as sources of high-quality proteins. The two
primary protein categories in milk are casein (insoluble) and
whey (soluble), which make up approximately 80 percent
and 20 percent of the protein content, respectively. Whey
proteins can act in concert with other nutrients, specifi-
cally minerals, to enhance absorption and metabolism. For
example, the glycoprotein lactoferrin binds iron and may
increase its bioavailability and play key roles in immunity
and inflammatory processes (Hao et al.,, 2019), although
animal milk is generally not considered a good source of
iron (Hurrell et al., 1989; Ziegler, 2011). B-lactoglobulin has
high affinity for retinol and other carotenoids and may
enhance vitamin A absorption and metabolism (Mensi et
al.,, 2013). Caseins serve as protein carriers for calcium and
phosphorous. The protein insulin like growth factor 1 (IGF 1)
in milk has been linked to child growth, although evidence
is mixed for this effect (Grenov et al., 2020; Hoppe, Mglgaard
and Michaelsen, 2006). One recent analysis showed that
the protein content of plant-based alternatives to milk -
containing, respectively, soybean, oats, hemp, coconut, rice
and nuts - was on average an estimated 48 percent of that
in bovine milk (Chalupa-Krebzdak, Long and Bohrer, 2018).

Milk lipids are primarily comprised of triacylglycerols
(98 percent) and very small fractions of diacylglycerol
(2 percent), cholesterol (< 0.5 percent), phospholipids
(1 percent) and free fatty acids (0.1 percent) (Pereira, 2014).
Milk fatty acids are a function of feed, stage of lactation and

animal species (see also Subsection 5). Bovine milk contains
approximately 70 percent saturated and 30 percent unsat-
urated fatty acids. Oleic acid, conjugated linoleic acid and
omega 3 fatty acids in bovine milk may promote positive
human health outcomes (Haug, Hastmark and Harstad,
2007). Concerns about saturated fats and their association
with cardiometabolic health have been raised but largely
derive from observational studies (Poppitt, 2020). One
systematic review of RCTs examined the effects of cheese
consumption on blood lipids and lipoproteins and found
that it increased total cholesterol or low-density liprotein
cholesterol levels when compared to tofu or fat-modified
cheese, and reduced low-density lipoprotein cholesterol
when compared to butter (de Goede et al, 2015). The
findings of a narrative review that examined the effects
of consuming dairy products on cholesterol levels varied
by product type, with some decreasing total cholesterol
and increasing high-density lipoprotein cholesterol and
others increasing triglycerides and low-density lipoproteins
(Duarte et al.,, 2021). Further discussion of broader health
effects for milk, yoghurt, cheese and other dairy products is
provided in Section C.

Macronutrient concentrations in milk differ by species (see
Table B5). Protein levels per 100 g are highest in reindeer milk
(104 g), followed by mithan (6.5 g), sheep (6.0 g) and alpaca
(5.8 g) milk. Fat concentrations per 100 g are highest in rein-
deer milk (16.1 g), followed by mithan (8.9 g), buffalo (7.5 g)
and sheep (7.0 g) milk. Amino acid and fatty acid composi-
tions also vary across species (see Annex Tables B5 and B6).

With regard to micronutrients, milk and dairy products are
especially well recognized for their high concentrations and
high bioavailability of calcium, which is bound to casein
in micellar form but also to whey proteins and inorganic
salts. Other macrominerals concentrated in milk are phos-
phorous, magnesium and potassium, and the micromin-
erals zinc and selenium are also provided by milk. lodine
is found in bovine milk (see Annex Table B7). Among dairy
products, dry milk powder unsurprisingly, has the highest
concentrations of several vitamins and minerals, although
fresh buttermilk, cream and sour cream also have relatively
high micronutrient levels (see Annex Tables B8 and B9).
Fat-soluble vitamin contents again vary with animal diets
and across milk products (whole, low-fat and skimmed).
Whole milk contains bioavailable vitamin A. Raw cow’s milk
contains low levels of vitamin D (0.06 pg/100 g) relative to
some TASFs but may be fortified in commercially available
products. Where water-soluble vitamins are concerned,
milk provides high levels of vitamin B complex and some
vitamin C.
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Table B5. Nutrient composition of milk from mammalian livestock species and humans

Species Value
Avg.
Human
Range
Avg.
Buffalo
Range
Avg.
Cattle
Range
Avg.
Mithan
Range
Avg.
Yak
Range
Avg.
Goat
Range
Avg.
Sheep
Range
Avg.
Alpaca
Range
Bactrian Avg
camel Range
Avg.
Dromedary
Range
Avg.
Llama
Range
Avg.
Reindeer
Range
Avg.
Donkey
Range
Avg.
Horse

Note: avg. = average; nd = not available (no values found); all values per 100 g of milk.

Energy
(kcal/kJ)

71/295
70-71/291-298
99/412
71-118/296-495
64/270
61-69/256-290
122/510
nd
100/417
nd
70.6/295
69-74/288-308
108/451
nd
71/299
nd
76/319
nd
56/234
44-79/185-332
78/326
nd
196/819
nd
37/156
nd
48/199

nd

Carbohydrates

(g)
7.1

6.9-7.2
nd
nd
5.0

4.8-6.1
nd
nd
nd
nd
4.4
4.4
5.4
nd
51

4.4-5.6
4.2
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd

Fibre
(g)

0

0

nd
nd
nd

nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd

Lactose

(g)
nd

nd
4.4
3.2-4.9
5.2
4.6-6.1
4.4
4.1-4.6
4.8
3.3-6.2
nd
nd
nd
4.4-52
5.1
4.4-5.6
4.2
nd
4.3
3.5-49
6.3
5.9-6.5
2.9
1.2-3.7
6.4
5.9-6.9
6.6

5.6-7.2

Protein

(g)
1.2

1.03-1.4
4
2.7-4.6
3.35
3.2-3.5
6.5
6.1-6.8
5.2
4.2-5.9
3.7
3.6-3.9
6.0
4.4-6.6
5.8
3.9-6.9
3.9
3.6-4.3
3.1
2.4-4.2
4.1
3.4-43
10.4
7.5-13.0
16

1.4-1.8

1.4-3.2

Fat
(g)

4.3
4.1-4.4
7.5
5.3-9.0
35
5.3-9.0
8.9
7.7-10.3
6.8
5.6-9.5
4.3

4.1-4.5

5.6-6.2
3.2

2.6-3.8

4.3-5.7
3.2
2.0-6.0
4.2
2.7-4.7
16.1
10.2-21.5
0.7
0.3-1.8
1.6

0.5-4.2

Sources: Australian Food Composition Database. 2021. Australian Food Composition Database. [Cited 3 February 2022]. https://www.foodstand-
ards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx; Balthazar, C.F., Pimentel, T. C., Ferrdo, L. L., Almada, C. N., Santillo, A.,
Albenzio, M., Mollakhalili, N. et al. 2017. Sheep milk: physicochemical characteristics and relevance for functional food development. Compre-
hensive Reviews in Food Science and Food Safety, 16(2): 247-262. https://doi.org/10.1111/1541-4337.12250; FoodData Central USDA. 2021.
FoodData Central. [Cited 15 December 2021]. https://fdc.nal.usda.gov; Frida, 2021; Medhammar et al., 2012; Tabla de Composicidn de Alimentos

Colombianos, 2021.


https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx
https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx
https://doi.org/10.1111/1541-4337.12250
https://fdc.nal.usda.gov

Contribution of terrestrial animal source food to healthy diets for improved nutrition and health outcomes

The nutrient composition of milk from animals other than
cows has been analysed and described in the literature.
Onereview suggests that non-cow milks may be more easily
digested than cow’s milk, probably because of the softer
curds formed in the stomachs of humans during gastric
digestion (Roy et al., 2020). This effect may be explained by
the varying composition of other species’ milks in terms of
casein compounds, fat globules and protein-to-fat ratio.
Another study (Gantner et al., 2015) compared the nutrient
composition of multiple animal milks, including human
milk, and found that fat content varied the most compared
to other nutrients, and that there were more commonalities
in content between human milk and other non-ruminant
milks than between human and ruminant milks. For exam-
ple, the structure of fat globules and triacylglycerol in rumi-
nant milk was found to be significantly different from thatin
non-ruminant (including human) milk. Non-ruminant milk
was also found to contain higher percentages of unsatu-
rated, lower saturated and MUFAs than ruminant milk.

Some evidence on the nutritional composition of milk from
other animals is summarized below. A review that examined
buffalo, horse and dromedary milk at the level of breed, and
yak, mithan, musk ox, donkey, Bactrian camel, llama, alpaca,
reindeer and moose milk at species level, found that inter-
species nutrient values (g per 100 g) ranged from 0.70to 16.1
for total fat, 1.6 to 10.5 for protein, 2.6 to 6.6 for lactose, and
67.9t090.8 forwater (Medhammaretal.,2012). Reindeer and
moose milks were found to have the highest concentrations
of fat and protein, and moose milk to be the richest in miner-
als (calcium, sodium and phosphorus). By contrast, mare
and donkey milks were found to have the lowest concen-
trations of protein and fat, although their fatty-acid profiles
were more closely aligned to human nutrient requirements.
Donkey milk has been found to have low allergenicity,
attributed to the whey proteins serving as bioactive peptides
and low casein levels (Vincenzetti et al., 2017). TASF sensitiv-
ity and allergy issues are addressed in Section C.

Buffalo milk makes up 12 percent of global milk produc-
tion and more than half of the milk consumed in India and
Pakistan (Arora, Sindhu and Khetra, 2020). While compo-
sition varies with genetics, nutrition, season and stage of
lactation (see Subsection 5), it contains 6 to 12 percent fat,
4 to 5 percent protein, 4 to 5.5 percent lactose, 0.8 percent
ash and 82 to 83 percent water (see Table B5 for a compar-
ison of cattle and buffalo milk). Another study compared
buffalo milk to cow’s milk and showed that the former had
higher levels of fat, protein, calcium and vitamins A and
C but lower levels of vitamin E, riboflavin and cholesterol
(Abd El-Salam and El-Shibiny, 2011). An in vitro experiment
found that fermented buffalo milk showed higher bacterial
viability than cow’s milk (Sim&es da Silva et al., 2020).

Camel milk provides high-quality food to populations
living in arid and semi-arid regions particularly (Rahmeh
et al, 2019). One review of the nutrient composition of
camel milks, including dromedary, Bactrian camel and
other camelid milks, showed that on average they had high
concentrations of vitamin C (up to ten times higher than
cow’s milk), high concentrations of total salts, calcium and
oligoelements, including iron, copper and zinc, and low
cholesterol (Benmeziane-Derradji, 2021).

The micronutrient composition data compiled forthe pres-
ent assessment (see Annex Table B10) indicate that among
the species compared the highest levels of vitamin A in
retinol equivalents per 100 g are present in the milks of
Bactrian camels (97 pg), buffaloes (69 pg), sheep (44 pg)
and cows (43 pg), the highest vitamin B12 concentrations
per 100 g in the milks of sheep (0.71 pg), cows (0.46 pg)
and buffaloes (0.45 pg), the highest iron concentrations
per 100 g in the milks of yaks (0.57 mg) and dromedaries
(0.21 mg), and the highest zinc concentrations per 100 g in
the milks of yaks (0.90 mg), Bactrian camels (0.70 mg) and
dromedaries (0.60 mg).

4.3

Meat and meat products

Meat and meat products from the following animal species
are reviewed in this subsection and in the subsection on
food from hunting and wildlife farming: cattle, buffalo,
sheep, goat, pig, horse, rabbit, deer, chicken, turkey, quail,
pheasant, duck, goose, pigeon and guinea fowl. These
animal tissues covered in this subsection include muscle
and offal (organs and any other edible non-muscle tissues).
Some evidence in public health nutrition distinguishes
between red meat (from species such as cattle, buffalo,
goat, sheep, pig, dromedary, Bactrian camel, horse and
donkey) and white meat (from rabbits and avian species).

Meat, like eggs and milk, is considered a high-quality
protein food. The protein and amino-acid composition of
meat from muscle tissue aligns well with human nutrition
requirements, in part because it is similar to human skel-
etal muscle (Geiker et al., 2021). Meat from muscle tissue
contains an array of amino acids, including all the essen-
tial ones (see Annex Tables B11 and B15 for a compari-
son between meat and offal). Those present in the high-
est concentrations are in glutamic acid and glutamine,
followed by arginine, alanine and aspartic acid (Williams,
2007). Cooking practices have been shown to influenceileal
amino acid digestibility (and hence the DIAAS). Regardless
of processing type, the DIAAS for meat generally exceeds
100; overcooking can, however, lower digestibility and
reduce the DIAAS (Bailey et al., 2020). Poultry meats have
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been highlighted for their low content of the structural
protein collagen, a characteristic that facilitates digestion
(Marangoni et al., 2015).

The bioactive compounds carnitine, creatine, taurine,
hydroxyproline and anserine - all present in meat - have
been shown to confer positive effects on human health,
as described above (Wu, 2020). Meat is the most abundant
dietary source of taurine, which serves as an antioxidant,
among other roles in human health (Williams, 2007). There
is evidence that carnitine levels and metabolism increase
during pregnancy and lactation and potentially play a
critical role in infants during the first 1000 day period
(Manta-Vogli et al., 2020).

Depending on multiple factors (e.g. animal diet, tissue
type, ruminant versus non-ruminant origin), meat contains
approximately 50 percent MUFAs, 40 percent saturated
fatty acids, 5 percent transfatty acids and 4 percent PUFAs
(see Annex Tables B12 and B16 for comparison between
meat and offal). Fatty acids found in meat include oleic
(C18:1), palmitic (C16:0) and stearic (C18:0) acids (Valsta,
Tapanainen and Mannisto, 2005). Meat is also the primary
dietary source of docosapentaenoic acid (DPA) (C22:5
omega 3), which is available from mammal and poultry
meat but not from fish (De Smet and Vossen, 2016). The
evidence suggests that DPA potentially reduces chronic
disease risk (McAfee et al., 2010). One review noted that
once the skin is removed, poultry meat can be a good
source of unsaturated fats (Marangoni et al., 2015). Meat,
more broadly, can provide the long-chain fatty acids DHA
and EPA, which are important for human health (Mann and
Truswell, 2017).

Animal diet has a stronger association with the fatty-acid
composition of meat in monogastrics than in ruminants
(see Subsection 5.1). Thisis because of the metabolic degra-
dation of fatty acids in the rumen (one of the stomachs of
ruminants), which is absent in monogastric animals. Meat
from ruminantsisinfluenced by fermentation, lipolysis and
bichydrogenation processes in the rumen and contains
conjugated linoleic acid and unique branched-chain fatty
acids that have positive implications for health (Geiker et
al.,, 2021; Vahmani et al., 2020). Cooking can also change
fatty acid composition. A study examining beef and lamb
meat found that levels of omega 3 and omega 6 PUFAs
increased with cooking (Purchas et al., 2014).

Tables B6 and B7 show some differences in the macro-
nutrient composition of meats, particularly between meats
from livestock species and meats from wild animals. The
meats from wild animals tend to contain more protein,

while meats from livestock species have higher total
fat content. These differences are reflected in findings
described below in the subsection on foods from hunting
and wildlife farming. Protein levels per 100 g are highest in
pheasant (23.6 g), turkey (22.6 g) and rabbit (21.6 g) meats,
while fat levels per 100 g are highest in pig (65.7 g) sheep
(61 g) and cattle (33.99 g) meats.

Meat is among the most important food sources of iron
and zinc, the critical limiting minerals in diets globally.
Iron in meat is generally complexed as haem iron, which
is absorbed at higher rates (on average 25 percent; range
15-35 percent) than the non-haem iron predominantly
found in PBF (2-3 percent) (Gropper, Smith and Carr, 2021).
Older analyses produced similar findings, with rates rang-
ing from 15 percent to 25 percent for haem iron and from
5 percent to 12 percent for non-haem iron (Carpenter and
Mahoney, 1992; Hallberg, 1983; Hurrell and Egli, 2010).
Zinc supplied by meat is also more bioavailable than that
from PBF (Gropper, Smith and Carr, 2021). Other import-
ant minerals found in meat include selenium, copper
and phosphorous. Fresh or unprocessed meat is low in
sodium. Like other TASFs, meat provides vitamin B12 and
a range of other B vitamins - vitamin B3 (niacin), vitamin
B2 (riboflavin) and vitamin B5 (pantothenic acid). Poultry
meat has been highlighted for its vitamin B1 (thiamine),
vitamin B6 and vitamin B5 contents. All organ meats except
tripe are rich in vitamin B12 (Williams, 2007). Choline and
DHA are found in the highest concentrations in the liver
(Enser et al., 1998). Liver also has high concentrations of
vitamin A in its bioavailable form, retinol, as well as iron
and folate. The vitamin D metabolite 25 hydroxycholecal-
ciferol is provided by meat, and there is evidence for high
biological activity (Williamson et al., 2005).

Comparing the micronutrient concentrations of various
meats (including some meats from wild animals) shows
that there are high concentrations of iron per 100 g in cattle
(3.48 mg), pigeon (3.45 mg), deer (3.40 mg) and turkey
(3.45 mg) meats (see Annex Tables B13 and B17). For zinc,
the highest concentrations per 100 g among the species
compared are found in horse (2.9 mg), goat (2.6 mg), cattle
(2.4 mg) and goose (2.34 mg) meats. Where vitamins are
concerned (see Annex Tables B14 and B18), vitamin A in
retinol equivalents per 100 g is particularly high in pheas-
ant (50 pg) and pigeon (51 pg) meats, followed by sheep
(42 pg) and goat (33 pg) meats. The highest vitamin C
concentrations per 100 g among the species compared are
found in in goose (7.2 mg) and pigeon meats (6.1 mg). The
highest concentrations of vitamin B12 per 100 g among the
species compared are found in deer (6.31 pg) and horse
(6.23 pg) meats.
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Table B6. Nutrient composition of meat from mammalian and avian livestock species

. Energy
S Val
pecies alue (keal/kJ)
Avg. 443/1819
Cattle
Range 276-592/1160-2478
Water buffalo Avg. 99/414
Avg. 577.5/2418
Sheep
Range 553-577/2315-2522
Avg. 276/1155.5
Goat
Range 109-443/456-1855
Pig Avg. 632/2640
Horse Avg. 133/556
Avg. 124.5/520.5
Rabbit
Range 113-136/472-520.5
Deer Avg. 120/502
Chicken Avg. 243/1020
Turkey Avg. 115/479
Avg. 153/641.5
Quail
Range 134-172/561-722
Pheasant Avg. 133/556
Avg. 128/536
Duck
Range 121-135/506-566
Goose Avg. 161/674
Avg. 216.5/906.5
Pigeon
Range 142-291/594-1219
Guinea fowl Avg. 110/460

Note: nd = not available (no values found); avg. = average.

Carbohydrates
(g)

nd

nd
0
0

nd

nd

nd

0.5

0-0.1

nd

Protein

(g)
13.6

12.1-15.0
20.4
9.5
8.2-10.8
32.8
12.2-20.6
9.3
21.4
21.6
20-23.2
23.0
14.7
22.6
20.2
18.5-21.8
23.6
18.1
17.8-18.3
22.8
16.9
16.2-17.5

20.6

Fat
(g)

34.0
23.5-61.4
14
61.0
57.6-64.6
23.5
2.31-44.6
65.7
4.6
3.6
2.1-5.6
2.4
20.0
1.9
7.8
4.5-11.0
3.6
5.8
5.5-6
7.1

16.7

2.5

Source: Australian Food Composition Database. 2021. Australian Food Composition Database. [Cited 3 February 2022]. https://www.foodstand-
ards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx; FoodData Central USDA. 2021. FoodData Central. [Cited 15 December 2021].

https://fdc.nal.usda.gov.

Other studies have compared the micronutrient contents
of different meats. One review covering various meats
consumed in Australia and New Zealand found mutton to
be denserthan beef, veal and lamb in nutrients with biolog-
ical value (Williams, 2007). Some recent reviews describe
the characteristics of some less-consumed meats, such
as processed sheep and goat meat (Teixeira et al., 2020),
pheasant, quail and guinea fowl meat (Lépez-Pedrouso et

al.,2019) and meat from South American camelids (Popova

etal,2021).

4.4

Food from hunting and wildlife farming

Consumption of meat from hunted animals (game) and
meat from farmed wild animals has been increasing


https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx
https://www.foodstandards.gov.au/science/monitoringnutrients/afcd/pages/default.aspx
https://fdc.nal.usda.gov
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throughout the last two decades (Costa et al., 2016). FAO
defines wild meat as “terrestrial animal wildlife used for
food” (FAO, 2019). The European Union defines wild game
under EU Regulation No. 853/2004 as follows:
wild ungulates and lagomorphs, as well as other land
mammals that are hunted for human consumption and
are considered to be wild game under the applicable
law in the Member State concerned, including mammals
living in enclosed territory under conditions of freedom
similar to those of wild game, and wild birds that are
hunted for human consumption.

Particularly in high-income countries, demand for wild
meats has increased, as they are perceived to be healthier
and leaner and free of antibiotics and hormones. In some
LMICs, populations depend on hunting and wildlife farm-
ing for food security. Serious concerns have been raised
about the environmental impacts of hunting practices
(legal and illegal) and their role in the depletion of wildlife,
largely driven by urban demand for wild meat and human
encroachment into wildlife areas. Ripple et al. (2016) report
that, as of 2015, hunting was a primary threat to the survival
of 301 mammalian species classified as threatened accord-
ing to the IUCN Red List of Threatened Species and that all
these species were found in LMICs and only eight also found
in high-income countries. Almost 72 percent of emerging
infectious diseases transmitted from animals to humans
(zoonotic diseases) originate from wildlife (Jones et al., 2008).

Hunting increases exposure to wildlife and hence to
the risk of zoonotic diseases (Van Vliet et al., 2017a). The
consumption of meat from wild animals is associated with
food-safety risks if appropriate handling and cooking prac-
tices are not followed, and there is also a risk that meat
from wild animals may be contaminated with chemical
residues (toxic metals and polycyclic aromatic hydrocar-
bons) (Van Vliet et al., 2017a) (see also Section D). However,
many populations depend on hunting and wildlife farming
for food security, with these practices supplementing culti-
vation and livestock production or substituting for them
when they are not possible (Hoffman and Cawthorn, 2012).
One recent study identified 15 countries that would be at
risk of food insecurity if prohibitions of meat from hunting
were introduced, and highlighted the trade-offs in terms
of species losses that could occur as a consequence of
land-use changes associated with replacing protein from
wild meat with protein from livestock (Booth et al., 2021).
In South America, 5 million to 8 million people were esti-
mated to regularly rely on meat from wild animals as a
source of protein in the early years of this century (Rushton

et al.,, 2005). Hunted animals range across multiple taxo-
nomic groups, including ungulates, rodents, rabbits and
hares, kangaroos, reptiles, birds and bats. A study in the
Congo Basin estimated that 40 million tonnes of bush meat
are harvested each year (Van Vliet et al., 2017b ).

One review of meat from wild animals examined nutrient
compositional differences across representative species
(Costaetal., 2016). Total protein concentrations do notvary
significantly, but they are on average higherin some meats,
for example meat from the common duiker (Sylvicapra
grimmia) (25.0 g/100 g), hare (Lepus europaeus) (24.7 g/100
g), wild rabbit (Oryctolagus cuniculus) (23.7 g/100 g), elk
(Alces alces) (22.7 g/100 g), roe deer (Capreolus capreolus)
(22.8-25.7 g/100 g and fallow deer (Dama dama), 22.0 g/100
g (see Table B7) (Costa et al.,, 2016). Some species have
markedly higher total fat concentrations, notably the
pigeon (Columba livia) (4.32-7.85 g/100 g), springbok
(Antidorcas marsupialis), (2.5-5.3 g/100 g) and fallow deer
(Dama dama) (2.5 g/100 g).

Other studies have examined differences in nutrient
concentrations across different meats from wild animals or
compared them to meat from livestock species. Meats from
wild European animals, including those from red and fallow
deer, wild boar, hare and wild rabbit, were reviewed for
nutritional characteristics by Soriano and Sanchez-Garcia
(2021) and found to have high protein content and low fat
content. Compared to meat from livestock species, the wild
sources were found to have higher proportions of omega 3
PUFAs and PUFAs generally, and the wild ruminants had
lower omega 6/omega 3 ratios (around 4). High nutrient
densities were found for phosphorous, potassium, zinc,
iron, vitamin E and the vitamin B complex. Another study
(Bures et al., 2015) compared meat from red and fallow
deer with that from Aberdeen Angus and Holstein cattle,
and found lower total levels of crude fat and collagen and
higher polyunsaturated to saturated fatty acid ratios in the
venison than in the beef. The atherogenic index measuring
the composite of triglycerides and high-density lipoprotein
cholesterol was also lower in the venison than in the beef. A
study of the fatty-acid profiles of some wild North American
and African ruminants found them to be similar to those
of pasture-fed cattle but different from those of grain-fed
cattle (Cordain et al., 2002).

Several studies have examined the nutritional composi-
tion of meat from wild animals specific to certain regions:
wild fallow deer (Dama dama) in South Africa (Cawthorn
et al., 2020); wild axis deer (Axis axis) in Croatia (Kelava
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Ugarkovi¢ et al., 2020); wild boar in Italy (Russo et al., 2017);
birds and game hunted by the Eastern James Bay Cree
people of Quebec, Canada (Proust et al., 2016); European
game (Valencak et al., 2015); wild boar in Latvia (Strazdina
et al.,, 2014); wild ungulates in Italy (Ramanzin et al., 2010);

and wild animals in Nigeria (Abulude, 2007). Findings from
these studies are comparable to the reviews described
above, generally showing high levels of protein, healthy
fats and a range of multiple minerals and vitamins in the
meats of these wild animal species.

Table B7. Examples of protein and fat composition of meat from wild animals

Sheties Protein Fat
() (g)
Ungulates
Kudu Tragelaphus strepsiceros 23.6-24.3 1.56-1.58
Impala Aepyceros melampus 18.9-20.0 1.2-43
Springbok Antidorcas marsupialis 17.4-18.4 2.5-5.3
Blesbok Damaliscus dorcas phillipsi 19.3-22.4 0.21-6.8
Common duiker Sylvicapra grimmia 25.7 2.12
Red deer Cervus elaphus 21.7 0.6
Fallow deer Dama 22.0 2.5
Roe deer Capreolus 22.8-25.7 1.0-2.1
Elk Alces 22.7 1.33
Mouflon Ovis ammon 22.9-22.3 0.6-1.0
Wild boar Sus scrofa 21.4-23.6 1.1-4.4
Leporidae
Wild rabbit Oryctolagus cuniculus 23.7 0.2
Hare Lepus europaeus 24.7 1.5
Game birds
Quail Coturnix japonica 22.9-22.9 2.3-2.3
Pheasant Phasianus colchicus 22.2-25.3 0.1-0.4
Pigeon Columba livia 20.6-23.6 4.3-7.9

Source: Adapted from Costa, H., Mafra, I., Oliveira, M.B.P.P. & Amaral, J. S. 2016. Game: types and composition. Encyclopedia of Food and Health,
pp. 177-183. Elsevier. https://doi.org/10.1016/B978-0-12-384947-2.00345-7

4.5

Insects and insect products

Insects are increasingly recognized for their value and
potential in human health and nutrition but also for their
significance with regard to environmental sustainability
and livelihoods (Nowakowski et al., 2021). FAO estimates
that the diets of more than 2 billion people include insects
and that more than 1 900 insect species are consumed by
humans globally (Huis et al., 2013). The most commonly
consumed insects are beetles (Coleoptera) (31 percent),
caterpillars (Lepidoptera) (18 percent), bees, wasps and
ants (Hymenoptera) (14 percent), grasshoppers, locusts
and crickets (Orthoptera) (13 percent) and cicadas, leaf-
hoppers, planthoppers, scale insects and true bugs

(Hemiptera) (10 percent) (see Figure B2). Entomophagy,
or consumption of insects, has been integral to hominin
evolution and is practised in many cultures to this day (de
Carvalho, Madureira and Pintado, 2020). However, barri-
ers to consumption and consumer acceptance of insects
and insect products have been described, and include
neophobia and disgust (Jantzen da Silva Lucas et al., 2020
Onwezen et al., 2021). Some studies have focused on prac-
ticesin certain countries, such as Ghana (Parkeretal., 2020),
Indonesia (Adamkova et al., 2017) and Kenya (Kinyuru et
al., 2015). Issues related to the culture of insect consump-
tion and consumer demand for and acceptance of insects
as food will be covered in Component Document 2 of this
assessment.


https://doi.org/10.1016/B978-0-12-384947-2.00345-7
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Figure B2. Insects consumed by humans
by biological classification

Flies
2%  Termites

Beetles ° 30, Dragonflies

Other insects

Cicadas, leafhoppers,
planthoppers,

scale insects and
true bugs

Grasshoppers,
locusts and crickets

Caterpillars Bees, wasps and ants

Source: Based on Jongema. 2017. List of edible insects of the world
(April 1,2017). In: WUR. [Cited 14 December 2021]. https://www.wur.nl/
en/Research-Results/Chair-groups/Plant-Sciences/Laboratory-of-En-
tomology/Edible-insects/Worldwide-species-list.htm.

Environmental sustainability features (e.g. feed conversion
rates) will be covered in Component Document 3.

Depending on the insect species, the nutritional compo-
sition may vary with stage of metamorphosis, sex, habit
and feed. For example, larval and pupal stages tend to
have higher energy and fat levels than adult insects;
female insects have significantly higher concentrations
of fat and energy than males. Studies have shown that

insects contain high concentrations of protein and healthy
fats (Churchward-Venne et al., 2017). One recent review
compared insect nutritient composition with other TASFs
(Orkusz, 2021). The review showed that some insect species
have higher protein, PUFA and cholesterol concentrations
than other TASFs and lower levels of saturated and MUFAs,
thiamine, niacin, cobalamin and iron. The vitamin C and
dietary fibre contents of insects were also highlighted as a
possible source of health advantages.

A review of 236 species showed that edible insects could
supply protein, MUFAs and/or PUFAs in sufficient quan-
tities to meet daily requirements for these macronutri-
ents (Rumpold and Schliter, 2013). Another, more recent,
review explored the potential of insect farming as a source
of both human food and animal feed (Hawkey et al., 2021).
It compared the macronutrient content of ten commonly
used insects and found protein content in the orders
Orthoptera and Diptera (flies) to be between 51 percent
and 76 percent. Fat content was proportionally lower than
protein content across all orders, with some species excep-
tions, including the greater wax moth (Galleria mellonella)
(51.4-58.6 percent). Insects also contain several bioac-
tive compounds (Jantzen da Silva Lucas et al., 2020). In
a study examining 212 insect species from Africa, inves-
tigators found that Lepidoptera had the highest protein
content (20-80 percent) and fat content (10-50 percent),
while Coleoptera had the highest carbohydrate content
(7-54 percent) (Hlongwane, Slotow and Munyai, 2020).

Table B8. Examples of protein and fat composition of meat from wild animals

Bee product Description

Functional properties

Natural sweet substance produced by bees from the nectar
of plants or from the secretions of living parts of plants or

excretions of plant-sucking insects on the living parts of plants,

Antimicrobial activity and antioxidant

Hone
y which the bees collect, transform by combining with specific capacity

substances of their own, deposit, dehydrate, store and leave in
the honeycomb to ripen and mature

Pollen Bees’ main source of protein for feeding their larvae: protein Used to desensitize allergic patients
content varies between 7 percent and 35 percent and to treat various prostate problems

Propolis A natural antibiotic substance made by bees from tree resin Antioxidant, antimicrobial and

P mixed with wax, honey and enzymes antifungal activities
. T . Used as a dietary supplement
. A secretion with high nutrient content used to feed queen bees ierary PP .
Royal jelly because of its assumed stimulant and

and bee larvae

therapeutic value

Sources: Alvarez-Suarez, J., Tulipani, S., Romandini, S., Bertoli, E. & Battino, M. 2010. Contribution of honey in nutrition and human health: a review.
Mediterranean Journal of Nutrition and Metabolism, 3: 15-23. https://doi.org/10.1007/s12349-009-0051-6; FAO & WHO. 2019b. Codex Alimentarius.
Standard for Honey CXS 12-19811. https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?Ink=1&url=https%253A%252F%252Fwork-
space.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B12-1981%252FCXS_012e.pdf; Krell, R. 1996. Value-added products from
beekeeping. FAO Agricultural Services Bulletin. Rome, Italy, FAO. 429 pp. https://www.fao.org/publications/card/en/c/a76265ff-7440-57a6-82da-

21976b9fde8d)/.
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Insects and insect products have also been reviewed for
their micronutrient content. A systematic review of edible
insects globally highlighted the wide range of nutrients
contents found in insects (Weru, Chege and Kinyuru, 2021).
Drawing data from 91 species, this study found that among
minerals, potassium levels were especially high across
multiple species and copper levels were relatively low. For
vitamins, insects were found to have high concentrations
of vitamin E and low concentrations of vitamin C. Some
studies have highlighted the potential of insects to mitigate
iron and zinc deficiencies globally. One analysis showed
that levels of these minerals across commonly reared and
wild-harvested insects were similar or higher than those
in other TASFs (Mwangi et al., 2018). The authors noted,
however, that the iron and zinc in insects are derived from
non-haem compounds and thus that their bioavailability
is unknown.

Insect products have also been studied for their effects on
human health and nutrition outcomes. Honey has been a

valuable source of energy and nutrients for Homo species
for millennia (Marlowe et al., 2014). In recent years, honey
produced by the honey bee and stingless bees has been
recognized for its anti-inflammatory and antioxidative
factors as well as for its nutritional advantages (Alvarez-
Suarez, Giampieri and Battino, 2013; Ranneh et al., 2021)
(see Table B8). Specifically, the flavonoids and pheno-
lic acids in honey probably play roles in antioxidant and
anti-inflammatory processes (Cianciosi et al., 2018; Khalil,
Sulaiman and Boukraa, 2010; Machado De-Melo et al.,
2017). Other studies have found that honey may confer
antidiabetic effects and protect cardiovascular health
(Cianciosi et al., 2018). Insect powders and processed
products obtained through drying and fermentation,
among other processing methods, are being considered
for use in meeting nutritional needs and mitigating malnu-
trition globally (Kewuyemi et al., 2020; Melgar-Lalanne,
Hernandez-Alvarez and Salinas-Castro, 2019).
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5. Differences in nutrient content and quality
associated with animal characteristics and

husbandry

This subsection explores how animal characteristics such
as genetic traits, sexand age as well as livestock husbandry
practices and other aspects of the production system
determine the nutrient composition and quality of TASFs.
Livestock husbandry practices encompass methods and
measures applied by the producer. They include, inter alia,
feeding, reproductive management, housing, and health
and welfare care from birth until slaughter. Nutritional
attributes relate to nutrient composition and bioavail-
ability, and affect human health. Organoleptic attributes
relate to the sensorial experience of the consumer (e.g.
taste, texture). Producers often get paid on the basis of
commercial attributes, including criteria such as quantity
and composition (e.g. protein and fat content, marbling
of meat) and the characteristics of the production system.
Food safety is linked to factors such as the absence (or low
levels) of food-borne pathogens (e.g. those associated with

poor hygiene practices during milking) or harmful chemical
or physical substances. Technological attributes relate to
the suitability of raw TASFs for preservation and processing.
The types of factors that affect the quality of unprocessed
TASFs, i.e. the characteristics of the animal and the produc-
tion system, are summarized in Figure B3. The degree of
impact of each factor is further detailed in Table B9.

Genetic selection and livestock husbandry practices
directly influence the nutritional content of TASFs and also
play a substantial role in other aspects of food quality and
safety. The impacts of a given factor on different food-qual-
ity attributes may be universally beneficial (synergetic),
universally detrimental or combine beneficial and detri-
mental elements (antagonistic). These associations are
discussed further in Subsection 5.3.

Figure B3. Factors affecting the food-quality attributes of unprocessed terrestrial animal source food
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Table B9. Impact of animal characteristics and production practices on food-safety and food-quality attributes

Food-quality attributes

Factors Food safety
Nutritional  Organoleptic Technological = Commercial
Genetic make-up + + ++ ++
Animal Sex ¥ -
characteristics Lactation stage + R .
Age at slaughter + + ++ ++ ++
Natural environment
. . + + +
(climate, altitude)
Feeding + ++ ++ ++ ++
Production
practices Housing + + +
Husbandry practices* ++ + +
Transport + + + ++ +

Source: Adapted from Prache, S., Schreurs, N. & Guillier, L. 2021. Review: factors affecting sheep carcass and meat quality attributes. Animal, 16:

100330. https://doi.org/10.1016/j.animal.2021.100330

Note: *Husbandry practices refer to, among others, health care and good hygiene, including biosecurity measures, feed safety, water management,
milking management and welfare practices. The crosses indicate whether and how much animal characteristics and production practices impact
food safety and food quality attributes: ++ indicates a major impact; + indicates a minor impact; the absence of cross indicates no impact.

5.1

Intrinsic characteristics of animals
affecting the nutritional properties and
quality of terrestrial animal source food

Protein and fat are the most important macronutrients
provided by TASF. The impact of various factors on these
nutrients has been studied extensively in livestock species.
Micronutrients, such as vitamins, have been studied to a
lesser degree. The breed of an animal and its individual
genetic traits, as well as other intrinsic characteristics of
animals such as age and sex, have been shown to affect
the quality of TASFs.

5.1.1 Impact of genetic traits

The influence of genetics on nutrient composition is
described below for meat, followed by eggs and milk.
Table B10 further details the impact of breed on nutritional
quality by species and type of TASF.

With the exception of chickens and to a lesser degree milk,
little impact of genetics on the protein content of TASFs
has been reported for most livestock species. However, fat
content and fatty-acid profile can vary substantially among
and within breeds. This has been studied fairly extensively
and has been considered in breeding decisions. For exam-
ple,throughout history geneticimprovementschemeshave
frequently aimed to increase or to decrease the leanness of

pig meat to meet market demand. In chickens, commercial
broiler lines have been intensely selected for fast growth
and leanness. Broiler breeds with slower growth rates are
generally fatter and their meat tends to have higher total
PUFA content (Baéza, Guillier and Petracci, 2021; Mahiza,
Lokman and Ibitoye, 2021).

Products from animals belonging to locally adapted breeds
can have different nutrient contents from those belonging
to international transboundary breeds subject to intensive
selection programmes. For example, the eggs of a local
Spanish chicken breed have been found to have higher fat
content (by 26 percent) than those from commercial laying
hens (Franco et al., 2020). Higher levels of PUFA in TASFs,
especially omega-3, and lower omega 6/omega 3 fatty
acid ratios are considered better for human nutrition (see
Subsection B 3). Meat from some local breeds of sheep
(Van Harten et al., 2016), duck (Onk, 2019) and pig (Kim and
Kim, 2018) has been found to be more closely aligned with
this beneficial fatty-acid profile than meat from interna-
tional breeds. The higher fat content and specific fatty-acid
profile found in Iberico pigs is desired for dry-cured ham
processing because of its better technological and organo-
leptic qualities. Intramuscular fat content in meat from
Iberico pigs has been found to be more than twice that
of meat from Berkshire pigs (Ali et al., 2021). The omega
6/omega 3 ratio, the PUFA content and the linoleic acid
content of Iberico meat were found to be less than half
of those of Berkshire meat. A high fat content and a low
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content of linoleic acid enables slow dehydration during
the curing process (Ali et al., 2021; Prache et al., 2020b). The
breed effect on nutrient composition needs to be consid-
ered along with the feeding system and the geographical
area where the animals are raised (Barnes et al., 2012;
Belhaj et al., 2020) (see Subsection B 5.2).

Nutritional quality also depends on the cut of the meat.
Cuts from the loin or rear legs usually have much lower fat
content than cuts from the belly, for example. Comparison
of the nutritional value of the same meat cuts can be made
between different breeds or species (Barnes et al., 2012).
Organ meats are particularly nutrient-dense compared
to other meats (see Subsection B 4.3). However, there
is limited information on the extent to which the nutri-
tional content of organ meat is affected by differences in
breed and animal characteristics. Differences between the
fatty acid profiles of kidneys from different sheep breeds
were reported by Nguyen et al. (2017), with omega-3 DHA
content 19 percent higher in pure-bred Merinos than in
White Suffolk Corriedale cross-bred animals. However, the
total lipid percentage and the fatty-acid profile of liver did
not differ between breeds.

Variation in intramuscular fat content, which is related to
the palatability of the meat (marbling), has been reported
within populations and between breeds in cattle (Park et
al.,, 2018). This affects both the nutritional and the organ-
oleptic qualities. Fat content varies between meat cuts
in the carcasses of different breeds, which has an effect
on organoleptic qualities (FAO, 2015a; Prache, Schreurs
and Guillier, 2021). Differences have been documented
between the fatty-acid profiles of subcutaneous and intra-
muscular fat in beef, with omega-6 and omega-3 PUFA
content a minimum of three times higher in intramuscular
fat and a higher percentage of MUFA in subcutaneous fat
(10-30 percent increase), independent of the diet (concen-
trate, forage) (Alam, Rana and Akhtaruzzaman, 2017;
Indurain et al., 2006; Orellana et al., 2009).The higher the
fat content of the carcass, the lower the proportion of
omega-6 PUFA in its intramuscular fat.

The fat content and fatty-acid profile of animals’ milk is
determined by their genetic make-up, and thus varies with
species and breed. In most instances, this is a concentra-
tion effect. For instance, the Jersey dairy cattle breed has a
lower milk productive potential than the Holstein-Friesian,
but its milk has higher fat and protein contents (Stocco et
al,, 2017). However, there are exceptions to this rule. The
milk yield of the Simmental breed is both higher in volume
and about 10 percent higher in fat content than that of the
ltalian local breeds Rendena and Alpine Grey (Stocco et al.,

Box B5. Fat globules in the milk affect food
quality

Fat globules in milk affect the technological, organ-
oleptic and nutritional quality of milk products
(Fleming et al., 2017; Martini, Salari and Altomonte,
2016). The composition of fat globules is influenced
by species, breed, stage of lactation and season. The
average size of fat globules is generally lower in small
ruminants (goats and sheep) than in cattle (Felice et
al., 2021). Milk fat globules are associated with poten-
tial health benefits (to the immune system) and are
used as supplements in infant nutrition (Fontecha
et al., 2020). Differences in the diameter and the
number of globules cause variation in the total
surface area of fat globule membranes, which may
have a role in lipid and milk digestion and absorption
and have anti-inflammatory action. Milk fat globules
are also of particular interest in the manufacture of
cheeses, as the interaction between the surface of
milk fat globules and the casein matrix influences
both the structure and the texture of the product. A
larger diameter is better for butter production and
certain types of cheese and is found in the milk of
Jersey and Norman cattle, for example. The smaller
diameter of fat globules in goat’s milk contributes to
the softer texture of goat’s cheese compared to cow’s
cheese (Martini, Salari and Altomonte, 2016). There is
an association between the milk fat content and the
average diameter of the milk fat globules.

2017). Although breed is an important source of variation
in fat content, within-breed variation among individual
cows and with the stage of lactation tends to have a greater
effect on milk-fat composition than breed (Samkova et al.,
2011). Beyond overall fat content, the composition of fat
globules in milk varies between cattle breeds and affects
technological quality for butter making (Martini, Salari and
Altomonte, 2016) (see Box B5); however, it generally does
not affect nutritional quality.

The nutritional quality of TASFs is controlled by a range of
metabolic and genomic pathways (Dadousis et al., 2017,
Hocquette et al., 2010; Pegolo et al., 2018). Therefore, traits
related to nutritional quality (e.g. protein and fat content,
and milk coagulation properties) and organoleptic traits
are expected potentially to have a genetic correlation,
positive or negative, with many production, reproduction,
functional or even adaptive traits (Egger-Danner et al.,
2015; Ewaoluwagbemiga et al., 2022; Zhang et al., 2019).
Some studies in Australian meat and dairy cattle systems
have concluded, on the basis of estimated genetic correla-
tions between adaptive traits and nutritional-quality
traits, that selection for one category of trait should have
no undesirable effect on the other (Prayaga et al., 2009;
Turneretal., 2010).
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Certain genes are known to be directly linked to quality
traits and are targeted in genetic selection programmes
to improve the commercial quality of TASFs. In particular,
a mutation of the myostatin gene can be associated with
“doubled-muscle” animals, which have muscle hypertrophy
(onaverage 20 percent heavier), lean carcass and meat thatis
more tender (Allais et al,, 2010; De Smet, Raes and Demeyer,
2004; Weglarz et al., 2020). Double-muscled animals are
well-represented in the Belgian Blue and Charolais breeds.
Reduced development of intramuscular fat is known to

occur in animals with a high muscularity (Hocquette et al.,
2010). Double-muscled animals have lower total fat, an
approximately 50 percent lower proportion of saturated
fatty acids and a higher proportion of PUFAs. Genes affecting
milk composition have also been studied. A meta-analysis
conducted by Bangar et al. (2021) showed that the B allele
of the kappa casein gene (milk protein) is associated with
higher fat percentage in cow’s milk than allele A. Improving
the traits that underlie meat and milk quality is a major chal-
lenge and is further discussed in Subsection 5.3.1.

Table B10. Impact of genetic traits on the nutrient composition of food products by nutrient group, product and species

Food
product

Nutrient

Species
group

Egg Chicken

Cattle

(Bos taurus
and Bos
indicus)

Fat and Chicken

fatty
acids

Meat Duck

Pig

Sheep

Impa