
 
 
 

This chapter was originally published in Bioactive Food as Dietary Interventions for the 
Aging Population published by Elsevier, and the attached copy is provided by Elsevier 

for the author's benefit and for the benefit of the author's institution, for non-
commercial research and educational use including without limitation use in instruction 
at your institution, sending it to specific colleagues who you know, and providing a copy 

to your institution’s administrator. 

 

 
 
 

All other uses, reproduction and distribution, including without limitation commercial 
reprints, selling or licensing copies or access, or posting on open internet sites, your 

personal or institution’s website or repository, are prohibited. For exceptions, 
permission may be sought for such use through Elsevier's permissions site at: 

 
http://www.elsevier.com/locate/permissionusematerial 

 
Robson A.A. (2013) Preventing the Epidemic of Mental Ill Health: An Overview. In: 

Watson RR and Preedy VR (eds.) Bioactive Food as Dietary Interventions for the Aging 
Population, pp. 173-186. San Diego: Academic Press. 

 
 
 

© 2013 Elsevier Inc All rights reserved. 



CHAPTER1414
Preventing the Epidemic of Mental Ill
Health: An Overview
A.A. Robson
Université de Bretagne Occidentale, Plouzané, France

ABBREVIATIONS
AA Arachidonic acid

DHA Docosahexaenoic acid

WHO World Health Organization

1. INTRODUCTION

At the end of the seventeenth century, mental ill health was of little significance and was

little discussed. At the end of the eighteenth century, it was perceived as probably increas-

ing and was of some concern. At the end of the nineteenth century, it was perceived as an

epidemic and was a major concern, and at the end of the twentieth century, it was simply

accepted as part of the fabric of life (Torrey and Miller, 2002). Now, in the twenty first

century, the cost of brain disorders has overtaken those of any other health burden

(Crawford et al., 2009; Wang et al., 2010). The consequences, in terms of mental dis-

ability, impose a disproportionately high cost on health services and society because

of its life-long impact. For example, in England (a country that is part of the United

Kingdom of Great Britain and Northern Ireland), the costs associated with mental health

problems were estimated to be £105.2 billion during 2010 (Centre for Mental Health,

2010). It should be noted that £105.2 billion during 2010 was greater than the whole of

the funding for England’s publicly run National Health Service (NHS); so, it is a huge

cost, and during 2010, it was about 9.6% of gross value added (GVA) (Harker, 2012;

Office for National Statistics, 2011).

Leading scientist professor Steve Jones said the hope that genetic research could pro-

vide a cure for a host of common diseases (genetic disorders are rare) has proved to be a

false dawn, and that we have wandered into a blind alley, and it might be better that we

come out of it and start again. In most cases, hundreds of genes are responsible, and often

they have less effect than other factors such as diet, lifestyle, and the environment (Jones,

2009). Children with the genetic disorder, phenylketonuria, have been protected from
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severe mental decline, not from the human genome project, but from nutrition and health

management. The view of diet being a major driver of health and disease dates back to Sir

Robert McCarrison’s studies in India, early last century. Eating adequate amounts of foods

rich in bioavailable brain nutrients, for example, shellfish1, such asmussels (Figure 14.1) and

oysters (which contain nutrients including protein, docosahexaenoic acid (DHA), arachi-

donic acid (AA), iodine, iron, copper, zinc, manganese, and selenium as well as a variety of

antioxidants including vitamins; see Table 14.1) promotes health and helps prevent diet-

induced mental ill health today (e.g., Robson, 2009). This overview highlights the major

changes that are urgently needed in order to promote health and help prevent the epidemic

of mental ill health (for an overview of preventing non-communicable diseases, see

Robson, 2013b).After all, diseaseprevention, in the long run, is far less costly than treatment.

2. HUMAN DIET

Agriculture introduced foods as staples for which the human genome had little evolution-

ary experience. More importantly, food-processing procedures were developed, partic-

ularly following the Industrial Revolution, which allowed for quantitative and qualitative

food and nutrient combinations that had not previously been encountered over the

course of human evolution. Cooking oils, cereals, dairy products, refined sugars, fatty

meats, alcohol, NaCl salt, and combinations of these foods fundamentally altered several

Figure 14.1 A bowl of steamedmussels,Mytilus edulis. Edible bivalves, especially cooked wild bivalves
such as mussels, oysters and clams, are some of the most nutritious foods for humans on the planet
(Anthony A. Robson #).

1 There have been misleading warnings about mercury in seafood. In the absence of a major methylmercury spill into a

localized marine environment, selenium in seafood reacts with all the mercury in seafood to produce a safe compound.

The actual risks of mercury exposure from the consumption of foods from mercury-contaminated terrestrial and

freshwater ecosystems have gone unrecognized for too long (Berry and Ralston, 2008).
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Table 14.1 Nutrient Density of Some of the Most Nutritious Brain Foods (Value per 100 g)

DHA (g) AA (g) Ia
Feb

(mg)
Cu
(mg)

Zn
(mg)

Mn
(mg)

Se
(mg)

Vitamin

A
(mg_RAE)

B12
(mg)

B6
(mg)

C
(mg)

Da

(mg)
Folate
(mg)

Oyster meat,

wild, cooked

(15169)c

0.584 0.160 200 11.99 7.569 181.61 0.697 71.6 54 35.02 0.118 6.0 0.14 14

Mussel meat,

cooked (15165)c
0.506 0.140 160 6.72 0.149 2.67 6.800 89.6 91 24.00 0.100 13.6 0.12 76

Clam meat,

cooked (15159)c
0.146 0.082 150 27.96 0.688 2.73 1.000 64.0 171 98.89 0.110 22.1 0.12 29

Snapper fish,

cooked (15102)

0.273 0.044 40 0.24 0.046 0.44 0.017 49.0 35 3.50 0.460 1.6 0.12 6

Egg, poached

(01131)d
0.037e 0.141 36.6 1.83 0.102 1.10 0.039 31.6 139 1.28 0.121 0 0.67 35

Salmon,

Atlantic, cooked

(15209)

1.429 0.342 6.5 1.03 0.321 0.82 0.021 46.8 13 3.05 0.944 0 7.4 29

Lamb brain,

cooked (17186)

0.590 0.270 4 1.68 0.210 1.36 0.059 12.0 0 9.25 0.110 12.0 0.12 5

Entries retrieved from the USDA National Nutrient Database for Standard Reference, Release 22 (2009) and are identified by a five-digit nutrient database number in
parentheses.
a Data from the Australian Food, Supplement and Nutrient Database (AUSNUT) 2007 (Available from http://www.foodstandards.gov.au/).
b Two billion people, over 30% of the World’s population, are anemic, many because of iron deficiency.World Health Organization, 2009. Micronutrient deficiencies: iron
deficiency anaemia. http://www.who.int/nutrition/topics/ida/en/print.html.
c 100 g provides 100% or more of the adult RDA for iodine. Institute of Medicine, 2001. Dietary reference intakes for vitamin A, vitamin K, boron, chromium, copper,
iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc. Food and Nutrition Board. National Academy Press, Washington, DC
d Vitamin B12 in eggs is poorly absorbed relative to other foods containing B12. Watanabe, F., 2007. Vitamin B-12 sources and bioavailability. Experimental Biology and
Medicine 232, 1266–1274
e SumEPAþDPAþDHA¼ 0.195 g (DPA – docosapentaenoic acido-3 is an intermediary between EPA andDHA), in raw eggs from hens on a diet enriched inDHA (Data
valid on 8th October 2010 - product: Marks & Spencer plc UK free range omega-3 eggs).
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key nutritional characteristics of ancestral human diets and ultimately had far-reaching

effects on health and well being. As these foods gradually displaced the minimally

processed, but often cooked, wild foods in human diets, they adversely affected the

following dietary indicators: (1) fatty acid composition, (2) energy density, (3) macronu-

trient composition, (4) micronutrient density, (5) acid–base balance, (6) sodium (as

NaCl)–potassium ratio, and (7) fiber content (Cordain et al., 2005; Robson, 2009). Wild

foods known to be consumed by hunter-gatherers have higher nutrient concentrations

than their domesticated counterparts (Brand-Miller and Holt, 1998; Eaton and Konner,

1985), including the muscle meat of wild animals (First Data Bank, 2000).

3. GENERAL EFFECTS OF DIET ON THE HUMAN BRAIN

The developing human brain, between 24 and 42 weeks of gestation, is particularly vul-

nerable to nutritional insults because of the rapid trajectory of several neurological pro-

cesses, including synapse formation and myelination. Conversely, the young brain is

remarkably plastic and, therefore, more amenable to repair after nutrient repletion.

On balance, the brain’s vulnerability to nutritional insults outweighs its plasticity, not

only while the nutrient is in deficit, but also after repletion (Georgieff, 2007). Adverse

neurodevelopmental outcomes in children are associated with inadequate maternal con-

sumption of brain nutrients during pregnancy and lactation (e.g., Helland et al., 2003;

Hibbeln et al., 2007). Breastfeeding, in comparison to feeding breast milk substitutes such

as infant formula, has a wide range of health benefits for mothers and children (e.g.,

Gartner et al., 2005; Horta et al., 2007). A significant positive effect of breastfeeding

on cognitive ability in children has been found over and above the expected positive

effect of maternal education (Bartels et al., 2009). The current World Health Organiza-

tion (WHO) recommendation for breastfeeding is that all infants should be exclusively

breastfed for the first 6 months of life, and receive nutritionally adequate and safe com-

plementary foods while breastfeeding continues for up to 2 years of age or beyond

(World Health Organization, 2002). The WHO recommendations have been adopted

and endorsed by many countries; yet barely one in three infants is exclusively breastfed

during the first 6 months of life (World Health Organization, 2010).

Increasing evidence suggests that depression, bipolar disorder, cognitive decline, age-

related macular degeneration, Alzheimer’s disease, aggression, hostility and antisocial be-

havior relate to a lack of brain nutrients in the human diet (Crawford et al., 2009). Of

course, alcohol and other drug abuse also have deleterious effects on the brain. Further-

more, obesity is common among women of reproductive age. Although obesity alone

confers increased disease risk, obesity in pregnancy presents added health problems

and increases the incidence of premature births and low birth weight babies (e.g.,

Rajasingam et al., 2009). There is creditable data that the increase in bipolar disorder

has recently been most rapid among children (Moreno et al., 2007). Poor maternal
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nutrition and living conditions have been causatively linked to low birth weight regardless

of socioeconomic status, ethnicity, or smoking habit (Doyle et al., 1989; Rees et al., 2005;

Wynn et al., 1994). Low birth weight is the strongest predictor of the risk for chronic ill

health, including brain disorders, heart disease, stroke and diabetes along with learning and

numeracy difficulties, behavioral problems, low skill level, restricted job opportunities, and

crime (e.g., Barker, 2004). As birth weight falls (mostly premature deliveries), the incidence

of severe neurodevelopmental disorders rises sharply from about 1 in 1000 live births to

over 200 in 1000 live births below 1.5 kg (UK Office for National Statistics data). Yet,

non-communicable brain disorders and other degenerative non-communicable diseases

are rare or nonexistent in hunter-gatherers eating a late Paleolithic diet, that is, a low-

energy-dense diet with a wild plant-to-animal energy intake ratio �1:1, with fish and

shellfish providing a significant proportion of the animal component (Eaton et al., 2010).

4. THE MOST IMPORTANT BRAIN NUTRIENTS

All brain nutrients are important for neurogenesis and development (the adult human

brain contains regions where continuous neurogenesis occurs (van de Berg et al.,

2010)), but certain nutrients have greater effects on brain health than do others. Iodine

deficiency is the most common cause of preventable brain damage in the World. Iodine

deficiency disorders include mental retardation, hypothyroidism, goiter, and varying de-

grees of other growth and developmental abnormalities (de Benoist et al., 2008). The

WHO estimates that over 30% of the world’s population (2 billion people) has

insufficient iodine intake (de Benoist et al., 2008). The global problem of iodine

deficiency primarily affects people not regularly consuming shellfish, fish, seaweed, plants

grown in iodine-rich soil, animals fed iodine-rich foods, or iodized table salt. However,

plant-based diets rich in staples like cassava or soybeans (the basis of many vegan and

vegetarian food products) contain goiterogens, which inhibit iodine absorption

(Cunnane et al., 2007). Further, the key minerals needed for brain development and

function are more bioavailable from shellfish and fish than from plant-based diets where

their absorption is impaired by phytates and other antinutrients.

Fetal protein-energy malnutrition results in intrauterine growth retardation which is

associated with a high prevalence of subsequent neurodevelopmental abnormalities char-

acterized by cognitive disabilities (Spinillo et al., 1993). DHA is a potent neurobiological

agent that is important for synaptogenesis, membrane function, and myelination. DHA

deficiency is associated with many changes in brain function including alterations in

learning and memory, auditory and olfactory responses to stimuli, reductions in the size

of neurons, changes in nerve growth factor levels, delayed cell migration in the devel-

oping brain, and an increase in depressive and aggressive behavior (Crawford et al.,

2009). AA is the precursor of a number of different endocannabinoids and eicosanoids

which play important roles in the normal homeostasis of brain function (Tassoni et al.,
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2008). Iron deficiency at any time in life may disrupt metabolic processes and subsequently

change cognitive and behavioral functioning. Iron treatment has been found to normalize

cognitive function in young women (Murray-Kolb and Beard, 2007). Copper deficiency

alters, in particular, the developing cerebellum causing long-term effects on motor func-

tion, balance, and coordination (Georgieff, 2007). Manganese deficiency, which may en-

hance susceptibility to convulsions, appears to affect manganese homeostasis in the brain,

probably followed by alteration of neural activity (Takeda, 2003). Selenium mediates its

effects on brain and behavior development through thyroid hormone metabolism; folate

and choline mediate their effects through one-carbon metabolism, DNAmethylation, and

neurotransmitter synthesis. Life-long seleniumdeficiency is associatedwith lower cognitive

function (Gao et al., 2007). Folate deficiency can lead to neurological disorders, such as

depression and cognitive impairment (Gomez-Pinilla, 2008). Zinc deficiency alters auto-

nomic nervous system regulation. Severe zinc deficiency during gestation can lead to overt

fetal brain malformations, and suboptimal zinc nutrition during gestation can have long-

term effects on the offspring’s nervous system (Adamo and Oteiza, 2010).

Vitamin A is particularly important during periods of rapid growth, both during preg-

nancy and in early childhood. Vitamin A derivatives, retinoids, control the differentiation

of neurones, and a role has been suggested in memory, sleep, depression, Parkinson’s dis-

ease, and Alzheimer’s disease (Tafti and Ghyselinck, 2007). Furthermore, vitamin A plays

a critical role in visual perception and a deficiency causes blindness (Benton, 2008). Im-

paired cognitive function is associated with the inadequate provision of vitamin B12

throughout life (Benton, 2008).

In many instances, it is likely that a diet deficient in one brain nutrient will be deficient

in others. Nutrients do not function in isolation. It is possible that a beneficial response to

the supplementation of a single deficient brain nutrient, for example, choline, has not

been observed because the functioning of other aspects of a chain of necessary reactions

has been inhibited by other deficiencies (Benton, 2008). It is also important to emphasize

that consuming diets that are excessively rich or deficient in brain nutrients at any time in

life may cause disease or premature death (Church et al., 2009; Georgieff, 2007). Thus,

primary prevention of mental ill health starts, crucially, with optimal adult nutrition be-

fore the inception of pregnancy, includes breastfeeding and continues throughout the life

of the newborn (Robson, 2009). Diet, lifestyle and environment do not just affect a

person’s health, they also determine the health of their children and possibly the health

of their grandchildren (Marsh, 2012; Pembrey et al., 2006).

5. ENERGY DENSITY AND NUTRIENT DENSITY

Human foodproduction should be linked tohumannutritional requirements as its first priority

(Robson, 2012, 2013a). Thus, the high-energy-density and low nutrient density that charac-

terize the modern diet must be overcome simultaneously (Robson, 2011, 2012, 2013b).

People can develop paradoxical nutritional deficiency from eating high-energy-dense foods
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with a poor nutrient content (Robson, 2009). The finding that people with a low-

energy-dense diet (<1.6 kcal g–1) have the lowest total intakes of energy, even though

they consume the greatest amount of food, has important implications for promoting

compliance with a healthy diet (Ledikwe et al., 2006). A farmed and/or processed food

that is not both low-energy-dense and of high-nutrient-density is of poor dietary quality

compared to the low-energy-dense foods of high nutrient density that humans should

eat: the most nutritious cooked wild plant and animal foods for humans (Eaton et al.,

2010: Robson, 2006, 2010a, 2011).

Processed low-fat foods can have a deleteriously high-energy-density (c.f. Robson,

2013a). The emphasis on just reducing dietary fat (Farhang, 2007; Hsieh and Ofori,

2007) must be refocused on reducing the positive imbalance between the intake and the

expenditure of food energy. Low fat, high carbohydrate, cereal-based products are often

of high-energy-density. For example, a Masterfoods TwixW chocolate biscuit bar: 56%

carbohydrate and 2.2% water¼5.5 kcal g�1, Kellogg’s Special KW: 71% carbohydrate and

3% water¼3.8 kcal g�1, white bread: 51% carbohydrate and 36% water¼2.7 kcal g�1,

while roasted wild water buffalo meat: 0% carbohydrate and 69% water¼1.3 kcal g�1,

shrimp meat cooked in moist heat: 0% carbohydrate and 77% water¼1.0 kcal g�1 and

boiled celery: 4% carbohydrate and 94% water¼0.2 kcal g�1 (c.f. Table 14.2).

Processed food products of plant origin such as chocolate bars, biscuits, fruit bars, and

cereal bars have a high-energy-density principally because they have a low water content

(Robson, 2011, 2012, 2013a). Self-assembled, water-filled, edible nanotubes that self-

organize into a more complex structure, possibly a 3D network of nanocellulose, could

be incorporated into many processed foods to lower their energy density to <1.6 kcal

g�1 (c.f. Norton et al., 2009; Robson, 2012). Nanocellulose is composed of nanosized cel-

lulose fibrils (fiber diameter: 20–100 nm), and has a water content of up to 99% and the

samemolecular formula as plant cellulose (Klemm et al., 2006). The water inside the nano-

sized cellulose fibrils could contain flavor with few calories, for example, a cup of tea with-

outmilk¼0.01kcalg�1.Theshapeand supramolecular structureof thenanocellulosecanbe

regulated directly during biosynthesis to produce fleeces, films/patches, spheres, and tubes

(Klemmet al., 2011).Other ediblematerials can strongly adhere to the surface and the inside

of nanocellulose structures such as fleeces to form edible composites (Chang et al., 2012).

Taste sensation per mouthful could be improved by adding flavoring substances processed

on the nanoscale (increased surface area in contact with taste and smell receptors) to

edible composites (Ultrafine food technology: Eminate Limited, Nottingham, United

Kingdom). DurethanWKU2-2601 packaging film produced by Bayer Polymers, Germany,

is a nanocomposite film enriched with silicate nanoparticles, which is designed to prevent

the contents from drying out and prevent the contents from coming into contact with

oxygen and other gases. DurethanW KU2-2601 can prevent food spoilage (Neethirajan

and Jayas, 2011) and thus the water content of dehydrated plant-based food products can

be increased without reducing product shelf life. Therefore, nanocellulose is expected

to bewidely used a as a nature-based food additive (Chang, et al., 2012;Klemm, et al., 2011).

179Preventing the Epidemic of Mental Ill Health: An Overview

Author's personal copy

Bioactive Food as Dietary Interventions for the Aging Population, (2013), pp. 173-186 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



The bioavailable nutrient content including cofactors of processed foods should be

based on the nutritional value of the most nutritious cooked wild foods for humans

and can be increased using existing bioactive encapsulation (Robson, 2010a, 2011).

Aquatic biotechnology can provide the food industry with sufficient amounts of all

Table 14.2 Energy Density, Water, Protein, and Carbohydrate Content of a Selection
of Foods (Value per 100 g)

Energy (kcal) Water (g) Protein (g) Carbohydrate (g)

Oil, soybeana (04044)b 884 0.00 0.00 0.00

Chocolate, dark (19904)b 598 1.37 7.79 45.90

TwixW bar, Masterfoods (42183)b 550 2.20 7.30 56.00

Potato chips (19811) 536 1.90 7.00 52.90

Oat breakfast bar (43100)b 464 4.10 9.80 66.70

Rice cake (42204) 392 5.80 7.10 81.10

Corn popsW, Kellogg’s (08068)b 378 3.00 3.70 90.00

Bread, white (18069)b 266 36.44 7.64 50.61

Ice cream, vanilla (19089)b 249 57.20 3.50 22.29

Beef sirloin, roasted (13953)b 211 62.63 26.05 0.00

Salmon, Atlantic, farmed, cooked

(15237)b
206 64.75 22.10 0.00

Chicken meat, roasted (05013)c 190 63.79 28.93 0.00

Salmon, Atlantic, wild, cooked

(15209)c
182 59.62 25.44 0.00

Mussel meat, cooked (15165)c 172 61.15 23.80 7.39

Beef brain, cooked (13320)d 151 74.86 11.67 1.48

Clam meat, cooked (15159)d 148 63.64 25.55 5.13

Egg, poached (01131) 142 75.54 12.52 0.78

Oyster meat, eastern, wild, cooked

(15169)d
137 70.32 14.10 7.82

Moose meat, wild, roasted (17173)d 134 67.83 29.27 0.00

Water buffalo meat, wild, roasted

(17161)d
131 68.81 26.83 0.00

Shrimp meat, cooked (15151)d 99 77.28 20.91 0.00

Pear, raw (09252)d 58 83.71 0.38 15.46

Broccoli, cooked (11091)d 35 89.25 2.38 7.18

Spinach, boiled (11458)d 23 91.21 2.97 3.75

Watercress, raw (11591)d 11 95.11 2.30 1.29

Entries retrieved from the USDANational Nutrient Database for StandardReference, Release 22 (2009) and are identified
by a five-digit nutrient database number in parentheses.
a Soybean oil provides 20% of all calories in the median USA diet.Gerrior, S., Bente, L., 2002. Nutrient content of the U.S.
food supply, 1909–99: a summary report. US Department of Agriculture, Home Economics report no. 55,Washington, DC
b High-energy-density >2 kcal g�1.
c Medium energy density 2.0–1.6 kcal g�1.
d Low-energy-density<1.6 kcal g�1. Ledikwe, J.H., Blanck, H.M., Kettel Khan, L., et al., 2006. Dietary energy density is
associated with energy intake and weight status in US adults. American Journal of Clinical Nutrition 83, 1362–1368
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the nutrients needed for mass-scale optimal human brain nutrition including protein,

DHA, AA, iodine, iron, copper, zinc, manganese, and selenium as well as a variety of

antioxidants including vitamins (Harun et al., 2010; Liu et al., 2012; Ortiz et al., 2006).

Reducing particle size using nanotechnology can further improve the properties of bioac-

tive compounds (e.g., DHA), such as delivery, solubility, prolonged residence time in the

gastrointestinal tract, and efficient absorption through cells (Chen et al., 2006).

A reduction in liquid calorie intake has been found to have a greater effect on weight

loss than a reduction in solid calorie intake (Chen et al., 2009). Sugar-sweetened bever-

ages (SSBs) require little digestion. Glucose and fructose can be directly absorbed into the

bloodstreamwithout digestion. Reducing the energy density of processed foods, including

SSBs and simultaneously increasing the cost of their assimilation makes them more akin to

foods consumed by late Palaeolithic humans. The energetic cost of the assimilation of pro-

cessed foods can be increased by increasing their protein and fiber content (both protein

and fiber can be produced on a mass scale using aquatic biotechnology) (Eaton et al.,

2010; Robson, 2010a, 2011). Protein has more than three times the thermic effect of either

fat or carbohydrate (Crovetti et al., 1998), and protein has a greater satiety value than fat or

carbohydrate (Crovetti et al., 1998; Stubbs, 1998). A high-protein diet (protein and car-

bohydrate intake both being approximately one third of total energy intake, (Eaton et al.,

2010)) is of vital importance as a weight-loss strategy for the overweight or obese and for

weight maintenance (Robson, 2009; Veldhorst et al., 2008). Clinical trials have shown that

calorie-restricted, high-protein diets are more effective than are calorie-restricted, high-

carbohydrate diets in promoting (Baba et al., 1999; Layman, 2003; Skov et al., 1999)

and maintaining (Westerterp-Plantenga et al., 2004) weight loss in overweight subjects,

while producing less hunger and more satisfaction (Johnston et al., 2004). Furthermore,

high-protein diets have been shown to improve metabolic control in patients with type

2 diabetes (Odea, 1984; Odea et al., 1989; Seino et al., 1983). Food-grade protein-based

nanotubes (Graveland-Bikker and De Kruif, 2006) may be used to increase the protein

content of processed foods that are currently high in fat or high in carbohydrate. Functional

foods and drinks are required to simultaneously satisfy the human “sweet tooth” and almost

completely remove added sugars such as glucose, fructose and sucrose from the diet (Eaton

et al., 2010). Savoury food and drinks can be sweetened by adding fruit to them or

adding calorie-free Purefruit™ (Tate & Lyle) monk fruit (Siraitia grosvenorii) extract

(Robson, 2013a). PUREFRUIT™ is approximately 200 times sweeter than sugar and

has exceptional stability.

Cookinghas obvious beneficial effects by increasing food safety and improvingdiet qual-

ity (Carmody andWrangham, 2009). However, cooking can reduce the water content of a

high-energy-dense processed food and, thus, further increase its deleteriously high-energy-

density, especially if it is cooked twice. For example, toastingwhole-wheatbread increases its

energy density from 2.5 to 3.1 kcal g�1 as water content decreases by 14% (data calculated

from USDA National Nutrient Database for Standard Reference). Nanoscale science and
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technology are nowenabling us to understandmanynatural andunnatural processes. Study-

ing nanostructures at the cell and DNA level gives us insight into the working of these pro-

cesses and how to manipulate, prevent, and/or enhance them for the benefit of mankind.

6. ROADMAPPING THE FUTURE

There are more humans on Earth than can be sustained by the natural world. Thus, the

nutritional value of processed and farmed foods will be increasingly based on the nutri-

tional value of the late Paleolithic human diet to help prevent diet-induced mental ill

health, because unbiased observers agree that nutritional advice from conventional

sources, whether based on epidemiologic or mechanistic findings, has not affected com-

plex degenerative disease incidence/prevalence as much as hoped (Eaton et al., 2010).

Furthermore, modern animal husbandry caused the rise in the production of high fat

meat with a low nutrient density2 and it will have to be corrected because of its negative

effects on animal welfare and human nutrition (Wang et al., 2010; Ametaj et al., 2010;

Daley et al., 2010; Jonsson et al., 2006). Food products and wellness programs that help

prevent the causal mechanisms of mental ill-health will be of great benefit to the mankind

(Lands, 2009; Robson, 2010b). Emergent technologies can enhance the cleaning and

management of lakes, rivers, estuaries, and coastal waters to restore and enhance CO2

and nitrogen fixation and simultaneously provide more sustainable foods rich in bioavail-

able brain nutrients, for example, omnivorous shellfish (Robson, 2006), to help prevent

the current epidemic of mental ill-health. Emergent technologies will change the society

beyond anything that has gone before. This should, but not with any certainty, eventually

slow down the spiraling increase in healthcare costs (Tolfree and Smith, 2009).

7. CONCLUSION

Mental ill health is an epidemic worldwide because of the combined effect of the modern

diet and a sedentary lifestyle (e.g. Robson, 2013b). A low-energy-dense diet rich in bio-

available brain nutrients-plus-exercise is most effective for preventing mental ill-health

throughout life. Obesity in pregnancy and poor human nutrition must be tackled head-

on. Human food production must be linked to human nutritional requirements as its first

priority. High-energy-density and low nutrient density which characterize the modern

diet must be overcome simultaneously. Nanocellulose and calorie-free monk fruit extract

could be used to lower the energy density of processed foods/drinks, and their bioavailable

brain nutrient content including cofactors can be increased using bioactive encapsulation.

Aquatic biotechnology can provide all the nutrients needed tomake processed foods really

nutritious. In conclusion, the nutritional value of processed and farmed foods should be

2 Compare the energy density and protein content of farmed and wild salmon in Table 14.2.
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based on the nutritional value of the late Palaeolithic humandiet to help preventmental ill-

health and other postprandial insults (Robson, 2009, Robson, 2013b).
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RELEVANT WEBSITES
http://www.mccarrisonsociety.org.uk/ – The McCarrison Society for Nutrition and Health.
http://www.mother-and-child.org/ – The Mother and Child Foundation – working for good health in

mothers and children.
http://www.who.int/en/ – World Health Organization.
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