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A very brief history of 

human meat consumption
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Prior to climate 

change we were 

mainly herbivores 

and living on plants 

(fruits, foliage, 

flowers and seeds), 

much like our closest 

living relatives today?

Even chimps eat meat when they can



Australopithecus aferensis
(an early hominin, approximately

4 million years ago)

Note the lack of edible plant material

in a grassland semi forested 

environment.

The fossilized broken bones and rock 

tools indicating scavenged meat, 

bone marrow and brain tissue, are 

found in abundance.

The large herbivore bones and skulls 

are rich source of fat (high in energy)



So when did hominin carnivory begin?

There is clear and abundant archaeological evidence that early hominins (our ancestors) scavenged 

from carcasses as early as 4 million years ago and hunted around 2 million years ago. 

Earliest Archaeological Evidence of Persistent Hominin Carnivory (2013): PLoS ONE 8(4):

Joseph V. Ferraro,  et.al.

Why did our ancestors turn to carnivory? (Optimal Foraging Theory)

 Once our ancestors left the wetland forests for the expanding grasslands they were on the edge 

of extinction constantly. Survival depended on daily food energy intake being adequate

 Best choices were foods with the greatest energy return (ie.  energy content - energy expenditure 

for collection and preparation)

 In the wild, foods that gave the highest energy return for effort were animal foods (fat and 

protein rich). See next slide !



Food Food type Return rate (kcal/hr)

Peccary Animal 65,000

Antelope Animal 16,000–32,000

Rabbit Animal 13,500–15,400

Squirrel Animal 5400–6300

Roots Plant 1200–6300

Fruits Plant 900–6000

Snakes Animal 5900

Birds Animal 4800

Seeds Plant 500–4000

Adapted from Cordain, Eaton, Brand-Miller, Mann, and Hill (2002).

Energy return rates from foraged and hunted foods 

by South American hunter-gatherers



Do we know what our ancestors ate?

Absolutely  !

How do we know?



• Changes in cranio-dental features

• Bone C13/C12 isotope ratios (and other stable isotopes)

(Indicator of foliage type)    (Lee-Thorp et al, J Arch Sci, 1989)

• Bone Sr/Ca ratio

(indicator of animal:plant intake) (Sillen et al, J Hum Evol, 1995)

• Remains of hunted game, tools and weapons

• Forensic paleobiology

eg. teeth micro-wear patterns via electron microscopy

• Dietary modeling - based on OFT (mathematical methods)

• Gut morphology studies

In fact: Anthropology literature is extensive (thousands of papers) and 

contains much information on food intake habits of ancestral hominins and 

hunter gatherers in recent times.

Evolution and diet - Fields of study
Studies done in many top physics, physical chemistry, and archeology labs around the 

world,  publishing findings in top level  International Anthropology journals. 



The study of hunter-gatherers in recent time

• Australian Aboriginal diet research, early 1980’s (Professor Kerin O’Dea)

High meat consumption in the wild by aboriginals (> 1 kg per day)  ~64% dietary energy

(Lost weight, improved blood cholesterol levels , lowered BP, improved blood sugars etc, etc)

(O'Dea (1991). Traditional diet and food preferences of Australian aboriginal hunter-gatherers. Philos Trans R 
Soc Lond B Biol Sci; 334(1270):233-40).

• Dietary data on 181 HG societies recorded in: “Ethnographic Atlas” 

(Murdoch: Ethnographic Atlas, 1967)

 Animal:Plant subsistence ratio:    65:35

(Cordain, Brand-Miller, Eaton, Mann & Speth,  Am J Clin Nutr, 2000)

 No complete vegetarian society !

 Eskimos and !Kung apparent extremes

 Food selection follows OFT

65% energy from animal foods



Frequency Distribution of Subsistence 
Dependence upon Animal Foods in World Wide Hunter Gathers Societies 
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The GI tract

What effect did diet change have ?



Did ~four million years of animal food 
intake effect our digestive system?

• Of course it did!

• Main effect was to increase our potential for digesting animal foods

• This meant physiological and biochemical changes

• Essentially the GI tract actually became smaller and simpler, requiring 

less energy to function (Fat and protein require less processing than 

fibrous plant foods).

• Our digestive system became more carnivore like

(despite what certain self professed “experts” tell you)

• Also increased our reliance on nutrients from animal foods
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Species Intestinal length: Gastrointestinal surface area: 

body length body surface area

Cattle 20: 1 3.0: 1

Horse 12: 1 2.2: 1

Dog 6: 1 0.6: 1

Human 5: 1 0.8: 1

Adapted from Henneberg, Sarafis and Mathers (1998).

Quantitative comparison of length and surface area of 

gastrointestinal tracts of some animals and humans.

Carnivore 

pattern

Herbivore 

pattern



Relative gut volume proportions for a selection of primate species

(percentage of total volume).

Species Stomach Small Caecum            Colon

Intestine

Gorilla 25 14 7 54

Orangutan 17 27 3 53

Chimpanzee 20 23 5 52

Gibbon 24 29 2 45

Human 16 67 NA 17

Comparison of human gut proportions with 

other primates

Milton K (1987) Primate diets and gut morphology: Implications for hominid evolution. In ‘Food and Evolution: 

Toward a theory of human food habits’. (Eds M Harris and EB Ross). pp 93-116. (Temple University Press: 

Philadelphia, PA)

Folivore & 

Frugivore

pattern

Carnivore 

pattern



Brain - Gut Trade Off and meat consumption

• Gut size (and complexity) can only decrease as diet quality increases

ie. In humans: small gut, high proportion as small intestine and a single stomach 

(Stevens & Hume, Comparative physiology of the vertebrate digestive system, 

Cambridge Univ Press, 2001)

• Requires a low bulk, high energy, easily digested diet 

(Chivers & Hladik 1980)

• Achieved by increasing the proportion of animal foods in the diet.

(Speth 1989)

• Wild plant foods generally have low energy per unit weight and require 

substantial intestinal processing.



The Brain

What effect did diet change have ?



Human Brain Size – It got bigger!
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Homo sapiens

Homo erectus

Homo habilis

Australopithecines

(Aiello & Wheeler: The Expensive Tissue Hypothesis: 1995)
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Mammalian brain size closely follows :

log E = 0.76log P + 1.77

E = brain mass (mg)

P = body mass (g)

Humans brain size does not fit the equation !

Human encephalization quotient ~ 4.6  !

Human Brain Size

This means a huge increase in body energy demand
This is only possible if:

• Basal metabolism increases, which it did not !

• Another organ (system) reduces energy demand ?

(Martin equation on brain size 

to body size relationship  1983)

Bigger 

brain more 

energy 

needed

Abnormally 

large brain



Brain - Gut Trade Off

Tissue Mass (kg)            Metabolic % body 

Observed   Expected            increment (W) BMR

Brain 1.30 0.45 + 9.5 16.1

Heart 0.30 0.32 - 0.6 10.7

Kidney 0.30 0.24 + 1.4 7.7

Liver 1.40 1.56 - 2.0 18.9

GI tract 1.10 1.88 - 9.5 14.8

(Aiello & Wheeler: The expensive tissue hypothesis, 1995)

increased

decreased

Only possible if diet becomes more easily digested (protein and fat versus cellulose)



Nutritional importance of 

meat in the diet



Dietary importance of meat
Animal foods in our diet provide a range of nutrients essential to growth, development and 

life in general.  

Even  in modern western societies, with ample food sources, some nutrients are still largely 

dependent on animal food intake.  In developing countries even more so !

You are not a cabbage ! As animals are more closely related to us biologically than are plants, 

their tissues contain basically the same nutrient compounds as humans require.

Thus animal foods can provide almost all nutrients we need, (but many can be also provided 

by plants).  Those nutrients that we rely mainly (or totally) on animal foods for are:

• Balanced intake of amino acids (protein type)

• Iron

• Zinc

• Vitamin B12

• Omega-3 fatty acids (long chain forms, eg EPA and DHA)

The latter four of these nutritional factors have been shown repeatedly in studies to 

be of critical importance to brain function and in some cases brain structure.*



Vitamin B12



Is meat consumption necessary for Vitamin B12 intake in 
humans?

 Absolutely! and without vitamin B12 in the diet there are many serious and fatal 

conditions.

 Is vitamin B12 available in plant foods?  No!

 It is made by bacteria in the lower GI tract of animals

 Vitamin B12 is essential  in nerve and brain structure and function and cellular 

methylation reactions.

 Deficiency of vitamin B12 also leads to increased plasma levels of homocysteine, a 

known instigator of vascular and brain cell damage.

Note: Many papers in the literature give values of vitamin B12 in food that are false because as much as 

80% of the activity detected by the analytical method used is due to inactive analogues of vitamin B12.

(Herbert (1988). Vitamin B12: plant sources, requirements, and assay. Am J Clin Nutr;48(3 Suppl):852-8)



High       Moderate       Ovo-lacto      Vegan

Meat Meat Vegetarian

Homocysteine 11.0±2.5a 11.6±2.7a 15.8±9.3b 19.2±10.7b

(mmol/L plasma)

Vitamin B12 544±228a 452±134a 285±132b 196±92b

(pg/mL serum)

Vitamin B12 status and meat consumption
(a and b superscripts indicate statistical significant difference at p<0.05)

High = Bad

Low = Bad

Low = Good

High = Good

Mann, N.J., Li, D., Sinclair, A.J., Dudman, N.P.B., Guo, X.W., Elsworth, G.R., Wilson, A. and Kelly, F.D.  (1999). The 

effect of diet on plasma homocysteine concentrations in healthy male subjects.  Eur J Clin Nutr, 53; 895-899.

Many required 

B12 injections



There are many hundreds of studies showing clear cause and effect 

relationship between Vitamin B12 deficiency and brain structure and 

function defects, including: 

 Neurological complications , 

 Cognitive impairment and decline and 

 Brain atrophy

Vitamin B12 status and brain health

Scientific studies can be found using MEDLINE: URL = https://pubmed.ncbi.nlm.nih.gov/



The biochemical basis of the neuropathy in cobalamin deficiency

Weir DG, Scott JM. Baillieres Clin Haematol. 1995; 8(3):479-97

Inhibition of the vitamin B12-dependent enzyme, methionine synthase, leads to reduced 

neurotransmitter production and methylation of nerve myelin and subsequent brain abnormalities.

Key publications on Vitamin B12 status and 

brain health

Low vitamin B12 status and risk of cognitive decline in older adults

Clarke R, Birks J, Nexo E, et al. Am J Clin Nutr. 2007; 86(5):1384-91

Low vitamin B12 status was associated with rapid cognitive decline. 

Signs of impaired cognitive function in adolescents with marginal cobalamin status

Louwman MW, van Dusseldorp M, van de Vijver FJ, Thomas CM, Schneede J, Ueland et al.  Am J Clin Nutr. 

2000; 72(3):762-9

Cobalamin deficiency, can lead to impaired cognitive performance in adolescents.



Biochemical indicators of vitamin B12 and folate insufficiency and 

cognitive decline

Tangney CC, Tang Y, Evans DA, Morris MC. Neurology. 2009. 27;72(4):361-7

Low serum vitamin B12 concentrations  is an important risk factor for cognitive decline, as is  

high serum homocysteine concentrations, particularly in older populations.

Plasma vitamin B12 status and cerebral white-matter lesions

de Lau LM, Smith AD, Refsum H, Johnston C, Breteler MM. J Neurol Neurosurg Psychiatry. 2009 

Feb;80(2):149-57.

Vitamin B12 status in the low range is associated with severity of white-matter lesions, especially 

periventricular lesions, due to poor myelin integrity in the brain.

Vitamin B12 deficiency neurological syndromes: correlation of clinical, MRI and 

cognitive evoked potential

Kalita J, Misra UK. J Neurol. 2008; 255(3):353-9.

There is high incidence of cognitive impairment in neurological syndromes resulting from B12 deficiency.



A case of encephalo-myelopolyneuropathy in vitamin B12 deficiency
Atanassova PA, Chalakova NT, Goranov SE, Ilieva EM, Sotirova KN, Massaldjieva RI.  Folia Med 

(Plovdiv). 2004;46(4):52-4

Neurological complications appear to be an early manifestation of vitamin B12 deficiency.

Vitamin B12 status of pregnant Indian women and cognitive function in their 

9-year-old children
Bhate V, Deshpande S, Bhat D, et al.   Food Nutr Bull. 2008; 29(4): 249-54

Vitamin B12 is important for brain development and function. Maternal vitamin B12 status in 

pregnancy influences cognitive function in the offspring.

Retardation of myelination due to dietary vitamin B12 deficiency: cranial 

MRI findings

Lövblad K, Ramelli G, Remonda L, Nirkko AC,  Ozdoba C, Schroth G. Pediatr Radiol. 1997 ; 

27(2): 155-8

MRI of the brain revealed severe brain atrophy with signs of retarded myelination. It was 

concluded that this myelination retardation was due to insufficient intake of vitamin B12



Iron and Zinc



Iron - Background

Dietary iron is required to produce haemoglobin in our blood, as well as immune system functions and 

activity of enzymes plus many other functions.
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Many of these 

subjects were 

iron (and zinc) 

deficient

Readily absorbed Heme iron (protein bound) is only 

found in red-meat, chicken and seafood

Iron status and meat consumption study:

• Many vegetarians actually consumed more 

iron than meat eaters (but absorbed less).

• Iron like zinc is a critical nutrient for health 

and particularly so in brain function.

• They are both best absorbed when attached to 

a protein molecule (eg heme-iron).

• This only occurs in animal foods

Deficiency level



Sources of iron in the food supply

Gerrior S, Bente L. Nutrient Content of the U.S. Food Supply, 1909-94.  Home Economics Research 

Report No. 53. 1997. U.S. Department of Agriculture, Center for Nutrition Policy and Promotion.

Food Groups

Iron (%) of food supply

Good 

bioavailability
Poor

bioavailability

Iron as a 

% of food 

supply

Food Groups

Heme iron Non-heme iron



There are many hundreds of studies showing clear cause and effect 

relationship between Iron deficiency and brain function, including: 

 Decreased processing speed and accuracy.

 Poor cognitive performance 

 Neuropsychologic impairment

 Learning difficulties and motor skills development in children

 Behaviour issues in children

Iron status and brain health



Iron treatment normalises cognitive functioning in young women
Murray-Kolb & Beard.  Am J Clin Nutr.  2007; 85:  778-787.

Iron status is a significant factor in cognitive performance in women of childbearing age, 
affecting processing speed and accuracy of cognitive function.

How important is dietary iron bioavailability?
Hunt, JR.  Am J Clin Nutr,  2001, 73(1)

There is a high prevalence of iron deficiency in infants and women of reproductive age. Heme
iron absorption remains relatively constant while non-heme iron absorption is inhibited by 

phytate, polyphenols, calcium, soy protein and alcohol. 

Iron states and cognitive abilities in young adults: neuropsychological and 
neurophysiological assessment

Khedr, Hamed, Elbeih et al.  Eur arch Psychiatr Clin Neuosci. 208; 258: 489-496

Iron deficiency anemia is a significant factor in poor cognitive performance in adult 
populations, which can be partially reversed by treatment.

Iron research findings



Micronutrent deficiencies and cognitive functioning

Black, MM.  J Nutr.  203; 133: 3927S-331S.

Iron deficiency is widespread and associated with cognitive defects, while zinc deficiency has been linked to 
low activity and depressed motor development in children. Vitamin B12 deficiency has been linked with 

cognitive problems in the elderly.  All three deficiencies are more prominent in those consuming diets poor 
in animal source foods.

Causes of iron and zinc deficiencies and effects on the brain

Sandstead HH.  J Nutr. 2000 Feb;130(2S Suppl): 347S-349S.

Low consumption of foods rich in bioavailable iron (Fe) and zinc (Zn) such as meat, particularly red meat, 
cause Fe and Zn deficiencies, resulting in neuropsychologic impairment.

The effect of iron deficiency on children’s cognition and behaviour
Grantham-McGregor. Iron Deficiency Anemia (IDA): Re-examining the nature and magnitude of the public 

health problem.  (J. Nutr. 131: 649S-668S, 2001)

Most correlational studies show an association between IDA and poor cognitive and motor development, along 

with behaviour problems

Longitudinal studies indicate that children anaemic in infancy continue to have poor cognition, behaviour 

problems and learning difficulties into middle childhood



Zinc deficiency in animals can lead to:

 Structural malformations in the brain

 Changes in enzymes and proteins important for neurotransmission

 Behavioral problems     (Reduced : attention, activity, memory, ability to learn)

In humans, low maternal zinc intake during pregnancy and lactation are associated with neonates 

(6 months) having:

 Less focused attention

 Decreased motor function

Zinc supplementation:

 In low birth weight infants leads to increased activity and functionality

 In older children evidence of improved neuropsychological functions

Bhatnagar & Taneja (2001).  Zinc and cognitive development.  Br J Nutr 85 (2); S139-S145

Zinc and its physiological importance



Sources of zinc in the food supply
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Zinc deficiency: depression and cognitive function

Is iron and zinc nutrition a concern for vegetarian infants and young children in industrialized 

countries?

Gibson RS, Heath AL, Szymlek-Gay EAAm J Clin Nutr. 2014 Jul;100 Suppl 1:459S-68S.

The lower the Zn levels, the more severe the depression symptoms. 

Zinc status and cognitive function of pregnant women in Ethiopia
Stoecker, Abebe, Hubbs-Tait et al.  Eur J Clin Nutr. 2009; EPUB, Feb 4th.

Third trimester pregnant women. Raven’s Coloured Progressive Matrices (RCPM) test score 
was correlated with plasma zinc levels .

Dietary micronutrients are associated with higher cognitive function gains among primary school 

children in rural Kenya

Gewa, Weiss et al.  Br J Nutr, 2009; 101: 378-387.

Two year randomised longitudinal feeding trial in children in rural Kenya.

Iron intake correlated with RCPM score and zinc intake was associated with higher gains in Digit 

Span-Total Test. Meat supplemented group had the greatest increase in RCPM scores.  

*



Symposium: Dietary zinc and iron – Recent perspectives regarding growth and 

cognitive development.
Washington DC, April, 2000, Am Soc Nutr Sci. (J Nutr 130: 347S-349S)

“Low consumption of ASFs rich in bio-available iron and zinc, particularly red meat, combined 

with high consumption of foods rich in inhibitors of iron and zinc absorption, are the major 

cause of iron and zinc deficiency and subsequent neuro-psychologic impairment”.

Nutritional intake and context as predictors of cognition and adaptive behaviour
of Egyptian school age children

Wachs, Bisry, Moussa et al.  Int J Behav Develop.  1995, 18(3): 425-450

A diverse group of nutrients predicted developmental outcomes related to verbal ability, activity level and 
behaviour.  Common to all the nutrients investigated was the fact that that they were most available in 

foods of animal origin. 

Animal Source Foods in general and the Brain



Cardiovascular health and meat consumption

Why meat (lean) is not a cardiovascular risk



Lean red meat composition :

Beef Approx 20% protein, 77% water 

~ 2.5g  fat/100g edible lean portion

(~ 1.1g sat;   0.9g  MUFA;   0. 5g PUFA)

Lamb Approx 20% protein, 76% water

~ 3.5g  fat/100g edible lean

(~1.4g sat;   1.4g MUFA;   0.7g PUFA)

Of the saturated fat in lean meat, approximately half is stearic acid (C18:0) which 

does not raise cholesterol levels in the blood or increase blood clotting.
So will eating lean red meat raise your cholesterol level ?

The cholesterol raising 

fatty acids are :

• C16:0   palmitic

• C14:0   myristic

• C12:0   lauric

Very low 

compared 

with most 

processed 

foods

The fat in lean meat is almost totally membrane phospholipid, which is 

low in these three saturated fatty acids and relatively rich in MUFA 

and PUFA. We need this phospholipid to make our cell membranes !



Lean meat & blood cholesterol

Plasma

cholesterol

level

Day 0 Day 35Day 21

Lean beef diet
(500g/day)

fat removed + no processed foods

(10% energy as fat)

O’Dea et al (1990).  Am J Clin Nutr; Vol 52: 491-494

Lean beef diet
(500g/day)

fat attached + no processed foods

(30% energy as fat)

+ beef fat or palm oil

Lean meat of any type does not raise cholesterol !
Fatty meats and meat products do, and so do processed foods containing palm oil.

The reason being that blood cholesterol is raised by certain saturated fatty acids.  Lean meat contains very 

little saturated fat.  Meat fat and palm oil are high in the hypercholesterolemic saturated fats.



Dietary cholesterol consumption and effect on plasma 

levels: a point of confusion

 Do only ASFs contain cholesterol ?      Yes!

 Can high meat intake cause high cholesterol intake ? Yes!

 But studies show people can eat high meat diets and lower their blood 

cholesterol at the same time ?

 WHY?  Because dietary cholesterol has little or no effect on blood 

cholesterol levels!

 Blood cholesterol levels are controlled by liver production and clearance, 

which is influenced by saturated fat (some types) in the diet

 Lean red meat is low in fat and saturated fat, so has “no” or limited effect on 

plasma cholesterol levels



Vitamin B12 and the long chain 

omega-3 connection



Increased brain atrophy rates are common in older people with cognitive impairment.  

A common finding in these subjects are: 

• Low plasma concentrations of omega-3 fatty acids (long chain 

forms (EPA and DHA)

• Low plasma vitamin B12

• High plasma homocysteine levels 

(caused by dietary deficiency of vitamin B12).

Brain atrophy in cognitively impaired elderly: the importance of long-chain ω-3 

fatty acids and B vitamin status in a randomized controlled trial.
Jernerén, Elshorbagy and Smith et al.  Am J Clin Nutr. 2015 Jul;102(1):215-21

Recent research direction linking combined omega-3 

fats and vitamin B12 status with brain function

Animal foods only !



In Summary !

 Our species evolved on a diet high in animal foods for over 3.5 million years

 We evolved physiology and metabolism during that time suited to digesting 
meat and absorbing the nutrient content

 We became dependent on meat for some nutrient needs

 Meat is the major source of bio-available iron and zinc in our diet

 Meat and fish are the only source of functional Vitamin B12 in our diet

 Iron, zinc and vitamin B12 have all been shown conclusively to be involved in 
brain structure and function

 The omega-3 fatty acids EPA and DHA (only from animal foods) are major 
brain components and interact with vitamin B12 in brain health.


