Dr Charles Krebs
Nutrition for the Brain

Key Concept: Absolute & Marginal Nutritional Deficiencies
Absolute Nutritional Deficiencies are based upon the depletion of
nutrients because these nutrients are almost wholly lacking from the
diet (e.g. during starvation).
Marginal Nutritional Deficiencies in contrast, result from the diet just
not providing enough specific nutrients to handle “peak” demands for
these nutrients, especially when under stress.
At normal levels of activity and function the nutrient levels present
with marginal deficiencies are sufficient to support basal body and
function. However, when the level of activity or intensity of function
reaches a critical level, the body or brain just runs out of enough of
the nutrients required to maintain optimal function.
Losing clarity of thinking is often due to just not being able to produce
sufficient neurotransmitters to support integrated brain function.

Key Concept: Foods today are often Deficient
in many important Vitamins & Minerals.
Nutrient Deficiencies in our Food: Studies have shown that much
of the food available today, particularly in Supermarkets where it is
grown on ‘factory farms’, is lacking in many vital Vitamins and
Minerals.
Several studies have shown that in the past 20 to 40 years the level
of nutrients in many common foods consumed today have decreased
between 25% and 80% in important vitamins or minerals or both!
This makes it difficult today to get all of the nutrients you need from
your diet alone, unless you consume largely biodynamic or organic
foods that do have much higher nutrient levels.

FOOD FACTS:
1936

US Department of Agriculture recommended all Americans
supplement with minerals because soils so depleted.

1940
UK study finds Vitamins & Mineral content of Vegetables &
to 1991 Fruits decreased between 25% and 75% compared with 1940.
1985 &
to 2002

German study finds Vitamins & Mineral content of Fruits &
Vegetables decreased between 25% and 80%.

This means to get your RDA of Vitamin C in 1985 to needed eat only:
125 grams of strawberries or 1 banana
To get the same RDA of Vitamin C in 2002, you would need to eat:
Almost a kilogram of strawberries and almost a dozen bananas!

FAST FOODS FACTS:
1970

Americans spent $6,000,000,000 on Fast Foods

2008 Americans spent $110,000,000,000 on Fast Foods,
that’s $35 per week spending a whopping $1,820.

2010 English children were spending £400million a year on
junk food = US$ 600million - up 68 per cent in just four
years - as they swop traditional school meals for sweets
and snacks.
Fast Food chains spend about $3 billion each year on television
advertising: enough money to pay 75,000 workers $40,000 a year.
Fast Foods are notoriously low in many essential nutrients such as
B-group Vitamins and Minerals such iron and zinc, and contain far
too high levels of sugar, fats - especially non-nutritive trans fatty
acids and salt.
Eating a purely Fast Food diet can actually make you overtly ill as
demonstrated by the documentary – Supersize Me by Morton
Spurlock!

Old Model of Health and Wellness: The Absence of Sickness
and Disease is considered to be Well, and eating the RDAs of each
Nutrient is believed to keep you Healthy.

A True Model of Health and Wellness: There is a large area of
Physiological Compensation between Wellness and Sickness, a range
of ‘Not Sick Yet’! RDAs were only developed to prevent the overt
Sickness or Disease, not to make you Healthy or Well! Thus, while
consuming the RDA of each nutrient may keep you on the Not Sick
Yet side of the line, they are unlikely to keep you Well or Healthy!

The Realm of Symptoms!

Key Concept: RDAs or DVs are an Absence
of Disease Guideline, not a Health Guideline.
RDAs were developed to prevent overt disease from Nutritional
Deficiency. Hence they are set at the minimum amount of each
nutrient needed to prevent the disease associated with deficiency
of that specific nutrient.
The level of each nutrient needed for optimum health is many
times the RDA for that nutrient. Generally this 5 to 10s of times
or often many times more than the RDA. For example, the RDA
for Vitamin C was originally 30mg/day – to prevent scurvy.
Even ‘megadoses’ of nutrients according to the RDAs, are still
10s to 100s of times or more below the toxic level! To continue
the example above, the Vitamin C is not toxic even at doses more
than 1000 times the RDA.

Key Concept: Junk & Fast Foods are low in Nutrients
and Fibre, but high in Fats, Sugar & Salt, and generally
contain a variety of Chemical Preservatives, Flavour
Enhancers, and Artificial Colours and/or Sweeteners.
Yet, Junk and Fast Foods now make a significant proportion of the
calories consumed, especially by children, adolescents and young
adults in western societies. While ‘energy dense’, these foods are
‘nutrient poor’ – hence the name Junk Food!
It should be no surprise that eating a diet high in Junk Food, leads
to Marginal Nutritional Deficiencies that compromise both your
Health and Brain Function!
Many children also ‘react’ to the chemical preservatives, flavours, &
artificial colours that create problems from asthma to hyperactivity!

Table 1. Food Additives and Preservatives associated with
Behavioural and Physiological Reactions.

Table 1. Food Additives and Preservatives associated with
Continued Behavioural and Physiological Reactions.

Table 1. Food Additives and Preservatives associated with
Continued Behavioural and Physiological Reactions.

Table 1. Food Additives and Preservatives associated with
Continued Behavioural and Physiological Reactions.

Table 1. Food Additives and Preservatives associated with
Continued Behavioural and Physiological Reactions.

Key Concept: Junk and Fast Foods have an extremely high
high ‘Energy Density’, but very low ‘Nutrient Density’, &
it is this imbalance that results in Overweight & Obesity.
Traditional human diets had a low ‘Energy Density’, and food was
always scarce at least at some times of the year.
Thus, human Appetite Control Systems were set to eat as much as
you could when food was available, not eat less than you can!

Foods high in Nutrients tend to self-regulate the Hunger Systems,
as once you have gotten all the nutrients you need in the food you just
ate, it stimulates the satiety centres to say “I’m full!”
However, there is a powerful mechanism to make you eat more if
you are deficient in specific nutrients – so strong you will eat dirt!
Junk Food is nutrient poor – so your body says “Eat More Food!”
But eating more Junk Food with low nutrients just leads to the
command to “EAT MORE FOOD!” repeating the cycle!!!

Energy Density and Overweight:
The Unseen Factor in Obesity.
• English Study showed it was not amount of Food eaten, but the
Energy Density of the Food that makes you FAT!

• Students ate 3 diets that only varied in Energy Density of food:
450 kj/100 grams; 650 kj/100 grams; & 1000kj/100 grams
• Everyone was to eat until they were full!

• English diet averages 650kj/100 grams.
• Everyone eating the 450 kj/100 grams diet lost weight!
• English students eating 650 kj/100 grams diet stayed the same.

• Those eating the 1000 kj/100 grams diet gained 65 grams of fat
per day!!!!!
• Typical Fast Food Burger weighs in at 1000 to 1250 kj/100 grams.

Energy Density and Overweight: The Unseen Factor in Obesity.
• Authors of the English study calculated that if you over-consumed
only twice a week by 200 grams of this high Energy Junk Food –
the equivalent of only 2 burgers per week – you could add up to
8 kilograms of body fat per year!!!!
• 1998 study showed among American teenagers: 15% of girls and
14% of boys were Obese (that is > 33% above their normal weight).
• Another 31% of American boys and 28% of girls were Overweight.
• Today these figures have climbed to nearly 75% of boys and girls
in the US are now Overweight and almost 50% are Obese!
• For comparison: In Lithuania in 1998, only 2% of girls & 0.8% of
boys were Obese, and 8% of girls and 5% of boys were Overweight!
• The extreme Energy Density of Junk Food is thus a major factor
in our current “Obesity Epidemic”!

A Major Factor in affecting our Health is therefore
Food Choices We make on a Daily Basis!
These Food Choices can include:
• Eating Fast & Junk Foods on a regular basis!

• The Quantity of Food we Eat – just too much!
• The Quality of Food we Eat – Factory Farm or Organic!

• The Content of the Food we Eat – Preservatives, Toxins,
Artificial Flavours, Flavour Enhancers, Colours, etc.
•

How we Choose to Cook our Food – Microwave or Other!

Actual Food Choices: List of the top 25 items purchased
in supermarkets in Australia (1992).
Food (?) Item:

Nutritional Value or Problem:

1. Coca-Cola, 375 ml.

Loaded with sugar & phosphoric acid

2. Coca-Cola, 1 litre.

Loaded with sugar & phosphoric acid

3. Coca-Cola, 2 litre.

Loaded with sugar & phosphoric acid

4. Diet Coke, 375 ml.

Loaded with chemicals & artificial sweetners

5. Cherry Ripe.

Loaded with sugar and additives

6. Nestlé’s condensed milk.

Loaded with sugar

7. Tally Ho cigarette papers.

It’s what you use them for that’s the problem!

8. Mars Bar.

Loaded with sugar and additives

9. Kit Kat.

Loaded with sugar and additives

10. Crunchie Bar.

Loaded with sugar and additives

11. Eta 5-star margarine

Loaded with unhealthy trans-fatty acids

12. Heinz baked beans

Reasonably nutritious – vitamins & minerals

13. Double-Circle beetroot.

Reasonably nutritious – vitamins &minerals

Actual Food Choices: List of the top 25 items purchased in
supermarkets in Australia.
Food (?) Item:

Nutritional Value or Problem:

14. Diet Coke, 1 litre

Loaded with chemicals & artificial sweetners

15. Bushell’s tea

Caffiene and antioxidants

16. Cadbury Dairy Milk
Chocolate

Loaded with Sugar & Additives

17. Pepsi Cola, 375 ml

Loaded with sugar & phosphoric acid

18. Coca-Cola, 1.5 litre

Loaded with sugar & phosphoric acid

19. Kellogg’s Corn Flakes

Highly processed cereal grains loaded with phytates

20. Maggi 2-minute Chicken
Noodles

Artifical Flavours & Preservatives
(e.g. MSG, benzoates. Etc.)

21. Generic Brand Lemon Drink

Loaded with Sugar & Articial Colours, Preservative

22. Panadol tablets, 24 pack

None

23. Meadow Lea margarine

Loaded with Trans Fatty Acid

24. Generic Brand Lemonade

Loaded with Sugar & Articial Colours, Preservative

25. Mrs MacGregor’s

Loaded with Trans Fatty Acid margarine.

Key Concept: Macro- & Micro-Nutrients.
Macro-Nutrients: These are the common constituents of our bodies
such as Proteins, Fats and Carbohydrates, and the abundant Minerals
such as Calcium, Magnesium, and Phosphorus of our bones.

Micro-Nutrients: These are the nutrients present only in small
concentrations – Vitamins, Minerals (such as Iron, Zinc, and Copper)
and Trace Elements that are present in even smaller concentrations
(such as Selenium, Chromium and Molybdenum.)

Key Concept: Essential Amino Acids & Fatty Acids.
Essential Amino Acids: Cannot be made in the body, so these must be
found in your food so other necessary Amino Acids can be made.
Essential Fatty Acids: Cannot be made in the body, so these must be
found in your food so other necessary Fatty Acids can be made.

Conditionally Essential Amino & Fatty Acids: Technically can be
made, but synthesis so complex are often deficient and needed in diet.

Figure 1a. The Macro-Nutrients of the Body.
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Figure 1b. The Micro-Nutrients of the Body.

Micro-minerals
Zinc, manganese, iodide,
copper, cobalt, selenium,
chromium & fluoride
Cell functions: Co-factors activating
& regulating enzymes, anti-oxidants
scavenging “free radicals”, & key
structural elements in proteins &
hormones, e.g. iron in hemoglobin &
Iodine in thyroxin

Food – e.g. meats,
organs, eggs, fish,
seafood, nuts &
variety of fruits,
vegetables, &
cereal grains

Vitamins A, D, E, K, B1, B2, B3, B5, B6,
B12, folic acid, Biotin & Vitamin C
Cell Functions: Co-enzymes activating &
regulating enzymes, anti-oxidants scavenging
“free radicals” to prevent oxidative damage
to cells, & to regulate production of cellular
energy and the synthesis & metabolism
of proteins, fatty acids, sugars,
neurotransmitters
Food - e.g.
& fatty acids
meats, organs, eggs,
fish, seafood, nuts
Vitamins
& variety of vegetables,
fruits, & cereal grains

One of Major Roles of Vitamins & Minerals is as Co-Enzymes
and Co-Factors required to Activate Enzymes.

Factors affecting Nutrient Dynamics in the Body:

 Adequate sources of each Nutrient must be in the Food you eat.
 Effective Digestion & Release of each Nutrient from Food can
be compromised by factors such as 50% of Americans hypochloric.

 Absorption of Nutrients into the Blood from Intestines:
• Some Nutrients require Transporters to cross Gut-Blood Barrier.
• Some Nutrients chelated by or bind to intestinal components,
such as Zinc bound by Phytates in the Intestine.
 Assimilation of Nutrients in the blood into the Cells:
• Some Nutrients require Transporters to cross Cell Membrane.
• Some Nutrients chelated by or bind to chemicals in the blood,
such as Zinc bound by Tartarzine (Red Dye #5 or E-102).
 Nutrient Matrix: All components must be present for each nutrient
to be effectively utilised, e.g. Plenty of Zinc, but little B6, many
enzymatic reactions compromised!
 Form of Nutrient: All forms not the same, wrong form little effect.

Zinc Transporters & their Respective Functions.
Zinc Transporter

Transporter Function

Zn T-1

Is the zinc transporter required for absorption from
the intestine into the blood.

Zn T-2

Occurs only in the kidney and is responsible for
urinary excretion of zinc.

Zn T-3

Is found exclusively in the brain and is the
transporter primarily responsible for loading zinc
into the brain.

Zn T-4

Is found only in breast cells and is responsible for
delivering zinc into the milk.

Zn T-5

Is found in the pancreas and loads zinc into the
digestive enzymes.

Zn T-6

Is ubiquitous being found in most cell types, and is
responsible for zinc in the cytoplasm (the
intracellular fluid of the cells) getting into specific
cell organelles like the Mitochondria, the
powerhouses of the cells.

Key Concept: An Over-looked Factor - Normal Genetic Variation.
• Often results in some people having inefficient Enzymes, Receptors
& Transporters that may result in Marginal Nutritional Deficiencies
even when consuming a technically ‘Balanced Diet’!

• There are several alleles (variations of the same gene due to genetic
mutations) that code for the same enzyme, receptor, or transporter
molecule.
• For some people these molecules are all fast, efficient, and thus they
can easily take up and metabolise enough nutrients from a ‘balanced
diet’ to maintain their health.
• For others who inherited a faulty, slower version of these important
molecules, inefficiency of uptake and metabolism of these molecules
can lead to marginal nutritional deficiencies even when eating a
‘balanced diet”.

• Nutritional Supplementation can effectively compensate for most
marginal nutrient deficiencies resulting from these genetic faults.

Nutrient Dynamics: Tissue and Reservoir Pools of Zinc.
Layers of Cells in Tissue = Tissue Reservoir Pool.
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A. Zinc in blood in equilibrium with tissue pools.
Layers of Cells in Tissue = Tissue Reservoir Pool.
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B. Normal – Labile pool in tissue maintain blood levels, as
blood levels fall, Zn atoms move from tissues to blood.
Layers of Cells in Tissue = Tissue Reservoir Pool.
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C. Chronic Zinc deficiency – Reservoir pools empty to try to
maintain blood levels, but levels in blood are still deficient.

Nutrient Dynamics: A Basic Biochemical Reaction – Nutrient Matrix.

+

Ancillary
nutrient matrix, e.g.
B6, Iron, Zinc, etc.

+

+

Functional Group
Catalyst
By-products
(e.g. –OH, -NH2)
(Enzyme)
(e.g. H20 + COOH)
Substrate
Product
(Precursor Amino Acid)
(Neurotransmitter)

Nutrient Dynamics: Evolutionary Insurance - Making enough for Stress.
Noradrenalin produced in
excess of basal functions
to handle ‘Peak” Stress.
Ancillary
nutrient matrix

+

+
2 – OH
Groups

Tyrosine levels
in normal healthy diet.

Enzyme
Hydrolase

By-products
(e.g. H 20)

Noradrenalin needed to
for every day function.
Noradrenalin produced
by normal dietary levels.

Nutrient Dynamics: Supplementation - Adding More Precursor to
Drive a Slow Enzyme Faster.
Tyrosine added to Diet to bring
Noradrenalin production to
normal levels.

Without supplementation
Noradrenalin deficient,
so unable to handle
“Peak” Stress.

Ancillary
nutrient matrix

+

+
2 –OH
groups

Tyrosine
in normal healthy diet.

By-products
(e.g. H 20)

Slow Hydrolase
Enzyme
All the Noradrenalin that can be produced
by slow enzyme at normal dietary levels.

Nutrient Dynamics: Saturated and Unsaturated Fatty Acids. Note presence of
C=C double bond in Unsaturated Fatty Acids. Number in parentheses gives number
of Carbon atoms: then number of double bonds, then Omega number (e.g.-9, -6, -3).

Nutrient Dynamics: Structure controls Function.
Omega-3 & Omega-6, Unsaturated Fatty acids.
: Primarily Structural

: Primarily Functional

Need for Supplementation: Decrease in Omega-3 Fatty Acids
in Western Diets in last 100 years.
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Nutrient Dynamics: Fatty Acid Type & Ratio important in Health.

Dietary Intake of Omega-6 & Omega-3 Fatty Acids
Percent of kilojoules in Diet

Changes in Omega-6 and Omega-3 Fatty Acid intake in Western Diets over the
past 100 Years.
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Nutrient Dynamics: Nutrients needed to maintain Krebs Cycle Aerobic
Respiration in the cell. Note the number of Nutrients directly involved to turn one
Glucose molecule into 34 to 36 molecules of ATP.

Key Concept: Energy Production is essential for Thinking and
Problem-solving, but Energy Production is dependent upon the
availability of Sufficient Nutrients.
Krebs Cycle Respiration generating all of energy (ATP) for the
Brain depends upon two things: 1) Oxygen & 2) a complex
Nutrient Matrix of up to 40 different Vitamins & Minerals to
maximize ATP production.

Thus, Deficiency of any of these Nutrients can slow down energy
production affecting our Brain Function!
Frontal Lobes house our Executive Functions – our Thinking &
Problem-solving Centres, but use 4x the energy of our Survival
System.
So when energy is in short supply, it “shuts down” our Thinking,
and we switch to less energy demanding Stereotypic Survival
Reactions to Survive.

Nutrient Dynamics: Structure of Essential Amino Acid Precursors to its related
Neurotransmitter. Shaded areas differences between precursor and neurotransmitter.

Schematic of a Free Radical and Free Radical Damage.

Key Concept: Antioxidants essential to control Free Radicals
in the Brain to Protect it from Damage.
The Brain uses more Energy than any other Organ, and thus
generates enormous amounts of Free Radicals.
Thus it needs more Antioxidants to protect it from Free Radical
Damage than any other Organ!

Vitamins B2, B3, B5 and B6 & the Micro-Minerals Selenium and
Zinc are all powerful Antioxidants involved in protecting the Brain.

Nutrients Required for Optimal Brain Function.
Nutrient:

Vitamins:
Vitamin A
Vitamin B1
Vitamin B2
Vitamin B3
Vitamin B5
Vitamin B6
Vitamin B12
Folic Acid
Vitamin C
Vitamin E
Fatty Acids:
DHA/EPA (3:1 ratio)

RDAs
5,000iu
1.1 to1.5mg
1.3 to1.7mg
15 to 18mg
15 to 20mg
1.6 to 2.0mg
2.0 to 2.8μg
400 μg
60 to 90mg
20 to 60mg

TDRs:
5,000 to 25,000iu
50 to 1,000mg
10 to 50mg
100 to 6,000mg
100 to 1,000mg
10 to 200mg
10 to 200μg
400 to 2000μg
500 to 3,000mg
100 to 300mg

250 to 1000 mg

Nutrients Required for Optimal Brain Function.
Nutrient:

Minerals:
Magnesium
Calcium
Selenium
Iron
Zinc
Lithium

RDAs
300 to 350mg
50 to 250mg
50 to 70μg
10 to 18mg
12 to 15mg
Unknown

TDRs:
300 to 800mg
50 to 500mg
200 to 300mg
20 to 100mg
20 to 100mg
10 to 30mg

Amino Acids:
Glutamine
Not Set
100 to 250μg
Phenylalanine
Not Set
100 to 500mg
Tyrosine
Not Set
100 to 1,000mg
*Tryptophan (5-HTP) Not Set
100 to 500mg
* Tryptophan was taken of market due to contaminated
batch for >10 years, now only at very reduced doses!

Responses to Tasting a Zinc Taste Test Solution.
Taste of Zinc Test Solution

Zinc Status

Tastes – bitter or metallic, and Adequate zinc levels in your
coats your tongue and mouth body.
and taste persist for at least
half an hour to over an hour.
Tastes – slightly bitter or Borderline Zinc deficiency.
metallic, or of „something“ but
taste disappears within a few
minutes.
Tastes – nothing, like water.

Chronic Zinc deficiency.

Tastes – sweet or good.

Severe Zinc Deficiency

