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FOREWORD

FOODS THAT HARM, FOODS THAT 
PROMOTE HEALTH: A BIOCHEMICAL AND 
NUTRITIONAL PERSPECTIVE IN HEALTH 

AND DISEASE PREVENTION*

 (HOW TO PROMOTE HEALTH BY 
UNDERSTANDING NUTRITION, LIFESTYLE 

CHANGES AND STRESS MANAGEMENT)

Stefan A. Hulea and Mirela Ahmadi

There is a growing realization in the health care 
community that a healthy diet and lifestyle 

together with adequate rest, physical activity and 
stress management are of paramount importance in 
disease prevention and increased quality of life. The 
problem is that although many people are aware 
of that, most do not heed the good advice. The 
same holds true for many health care providers, i.e. 
 physicians. For example, according to a recent survey 
(British Journal of Sports Medicine, Dec. 2, 2008) 
only 21% of the doctors in the Bedford Hospital 
in U.K. follow a moderate 30 min exercise regimen, 
5–6 times a week.

It has become apparent that by adhering to 
a healthy diet and making appropriate lifestyle 
changes one can keep under control or prevent 
conditions such as diabetes, obesity, hypertension, 
cardiovascular disease, even cancer. By an increase 
in healthy fatty acids intake (omega-3) it is possi-
ble to improve the health status of patients with 
the above conditions. A healthy diet consisting in 
lots of fresh vegetables and fruits, beans, nuts and 
seeds together with a marked decrease in meat and 
processed meat consumption (especially after the 
age of 40) as well as food combining during a meal 
can have long lasting beneficial effects on health.

*This book comes in print and electronic format (pdf ). There is an additional executable file in html format available for download 
with the proof of payment from https://biological-oxidation.com/Ebooks.htm. This file contains interactive quizzes for several 
chapters and additional material as an Appendix to the book. The file is pass-worded and the key is provided by writing to drhulea@
biological-oxidation.com.
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x Foods that harm, foods that promote health: A biochemical and nutritional perspective

The health conscious consumer is nowadays 
faced with a countless number of nutrition-ori-
ented commercial websites. Which one to trust? 
Hard to say. Ideally, the advice of a nutritional-
ly-oriented medical doctor would put patients’ 
mind to rest when it comes to explain the role of 
a proper diet and appropriate lifestyle changes or 
the need for nutritional supplementation in order 
to improve their health status or prevent the pro-
gression of a disease already present. Unfortunately, 
most medical schools in North America and for 
that matter worldwide lack a coherent program to 
train their medical students in nutrition and disease 
prevention. Although the medical graduates take 
the Hippocrates’ oath, they rarely heed it. Not long 
ago, Linus Pauling, the twice winner of the Nobel 
Prize said: “Optimum nutrition is the medicine of 
the future”.

So why should medical students/physicians 
have training in nutrition and related fields? 
Although they smoke less, eat healthier than the 
rest of the population, by nature of their profession 
they are subject to a more stressful work environ-
ment that according to recent surveys, leads to a 
situation characterized by:

• Overall physician mortality is higher than any 
other profession

• Heart disease, depression and stroke are higher, 
per capita rates, for physicians than other 
working groups 

• The lifespan of physicians is shorter than com-
parable socio-economic groups

• Women physicians live some 10 years less than the 
general population (Factors related to physician 
burnout and its consequences: A review1— 
Behav. Scie. 2018, 8 (11), 98).

As health care providers, physicians should be 
in the forefront of promoting healthy nutrition and 
lifestyle to improve health and overall quality of life. 
How can they give advice to their patients when 
they themselves did not receive proper training in 
nutrition? Case in point, Dr. Michael Klaper, MD 
is one of the physicians who admitted he did not 

1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6262585/

get enough training in nutrition and related sci-
ences during his years as an undergraduate medical 
student at the University of Illinois in Chicago. In a 
recent video2—Dr. Klaper discusses the possibility 
that foods can either be a factor in the pathogene-
sis of certain diseases or can help in the treatment 
or more importantly in the prevention of disease. 
Although this book is primarily directed to medical 
students, residents, students in licensed practical or 
vocational nursing programs and associate degree 
programs (ADN, ARN) and health care providers 
it may also interest life science professionals as well 
as those with a basic background in chemistry and 
biology, knowledge that will help understand why 
some foods are healthy and others not so.

Besides the peer-reviewed papers cited in this 
book we have searched the Net for meaningful infor-
mation on topics of interest for both the learned 
and layperson. The information is discussed criti-
cally but the ultimate opinion rests with the reader 
since most of the science material available on the 
internet is not endorsed by the scientific commu-
nity in the form of peer-reviewed articles published 
in science journals. It is worth mentioning how-
ever, that the history of science abounds in stories 
about how many new ideas or discoveries were not 
accepted right away by the contemporaries but 
eventually became widely accepted as self-evident. 
Whether some of the amazing facts presented on 
YouTube such as the controversial “water memory” 
experiment will live up to its expectation remains 
to be seen.

The present book attempts to look at the effects 
of foods on health whether healthy or otherwise 
from a biochemical and nutritional perspective. 
Since it is primarily directed to medical students 
and health care practitioners the first few chapters 
kind of lay the foundation for the “main course”, 
i.e. by refreshing the memory on the general prin-
ciples of cellular metabolism, the role of water in 
biological systems, why essential fatty acids are so 
important in maintaining good health as well as an 
overview on low-grade systemic inflammation and 
its link to metabolic syndrome. The major killer 

2 https://www.youtube.com/watch?app=desktop&v= 
IvlaQJImt9w
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diseases in the modern societies, i.e. cardiovascular 
disease, cancer and diabetes are discussed in relation 
to nutrition and lifestyle, which are central to their 
initiation and progression. More attention is paid 
today to the relationship between xenobiotics 
either from work environments or pollutants from 
air, water and foodstuff. Probiotics, represented 
by friendly bacteria, mostly the Lactobacillus and 
Bifidobacterium species as well as nutritional sup-
plements are joining forces to keep us disease free. 
However, supplementation should always be done 
under the supervision of a nutrition-oriented phy-
sician. Quite often many people take nutritional 
supplements based mainly on what they hear on 
news outlets or internet advertising without know-
ing much about the effects of these supplements in 
the body or the possible interactions with medica-
tion, which sometimes may have a negative impact 
on health. Not to mention the fact that adding 
supplements to a body paralyzed by toxic residues 
(environmental pollutants, heavy metals and some 
of the food additives) is just a waste of money, time 
and energy.

A book on nutritional biochemistry would 
not be complete without the contribution of 
nutrition-oriented MDs who share their experi-
ence in treating patients using a combination of 
healthy diet, appropriate lifestyle changes, physical 
and mental activity and stress reduction. Although 
drug-based medicine is helpful in many cases we 
believe that there is a need to look at the root cause, 
which almost always is rooted in bad nutrition and 
lifestyle choices, too much stress and lack of physical 

activity. Quite often chemical drugs only mask the 
symptoms and do not address the root-cause of the 
disease. That is why an integrative approach has 
more chances to succeed than a prescription drug-
based therapy. We hope that the present book will 
entice family doctors to try more often the integra-
tive approach in their practice.

Last but not least, the recent Covid-19 pan-
demic has taught us a harsh lesson and has caught 
the Western world completely unprepared at both 
personal and societal level. Although epidemiology 
experts warned as early as 2009 that we can expect 
another serious pandemic no one paid attention, 
in particular health authorities. The utter disregard 
for proper nutrition and healthy lifestyle practices 
combined with a lack of vision on the part of 
government health agencies created the conditions 
for an almost total shutdown of economic activity 
in most parts of the world in the first half of 2020. 
The health and well-being of tens of millions could 
be in jeopardy. Unless we take this pandemic as a 
last wake-up call and draw the appropriate con-
clusions, future viral outbursts may leave us com-
pletely exposed.

More than ever before, health care professionals 
must focus on educating patients on the principles 
of preventive medicine, including healthy nutrition 
and lifestyle choices. A robust immune system and 
no co-morbidities such as obesity and T2D will 
make us better prepared to face the challenges of 
future viral attacks, which are bound to happen no 
matter our wishes.

Foreword xi
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1

CHAPTER I

STRUCTURE, PROPERTIES, 
METABOLISM AND BIOLOGICAL ROLE 

OF MACRONUTRIENTS  (PROTEINS, 
LIPIDS AND CARBOHYDRATES)

Simona Oancea

1.1. INTRODUCTION

Consumers today are becoming increasingly aware 
that a healthy, more balanced nutrition is of par-
amount importance for maintaining good health 
and preventing disease. The increasing market 
share of organically-grown foods (free of herbicides 
and pesticides) is a clear sign that consumers are 
demanding products that do not pose a risk to pub-
lic health.

The present chapter describes the biochem-
ical and nutritional properties of those nutrients 
that are required in significant amount for human 
nutrition and are consumed to meet the energy and 
nutritional needs of the body. These nutrients are 
called macronutrients.

Nutrients are defined as chemical elements 
or compounds found in food, that are needed to 
build, repair and protect our body. Through their 

nutrient content, food provide the following main 
functions:

• Structural: food provides the body with the 
substances required for growth and cell renewal

• Energy: food supplies the energy for the basic 
functions of the body

• Regulation and protection: food provides the 
body with the substances required for protec-
tion and regulation of metabolic processes.

The dietary nutrients are shown in the Table 1.1. (1):
Macronutrients are the nutrients that are needed 

in large quantities (tens or hundreds of grams) per 
day. Micronutrients are those nutrients that are 
needed in small amounts (mg or µg) per day.

In addition to these biomolecules, food con-
tains other compounds such as dietary fibers and 
phytochemical substances, that are not required for 

Table 1.1. Dietary nutrients.

Macronutrients
Percentage  
of  body weight Micronutrients

Percentage  
of  body weight Water

Percentage  
of  body weight

Proteins
Lipids
Carbohydrates

17
13.8
1.5

Vitamins +
minerals

6.1 Food +
nutrient

61.6
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2 Foods that harm, foods that promote health: A biochemical and nutritional perspective

nutritional needs but provide certain physiological 
benefits.

The Table 1.2. shows the caloric values and the 
content of macronutrients of major foods (1).

Except for human breast milk, the only food 
which supplies the right combination of all nutri-
ents needed by a human for the first six months 
of life, no other food provides all the required 
nutrients for optimal growth and health. For this 
reason, a healthy balanced diet should be based on 
eating different kinds of food, preferably selected 

according to the guidelines provided by nutritional 
sciences experts or government agencies specializ-
ing in food policy matters. Dieticians and nutri-
tion specialists have created nutritional guidelines 
directed at the general public to promote good 
nutrition and health and prevent disease, Food 
Guide Pyramid, Healthy Eating Plate of Har-
vard School of Public Health1 (Fig. 1C), Food 

1 https://www.hsph.harvard.edu/nutritionsource/healthy- 
eating-%20%20%20plate/

Table 1.2. Caloric values and the content of  macronutrients of  major foods.

Food product Proteins (%) Lipids (%) Carbohydrates (%) Calories (%)

whole milk 3.5 3.5 4.5 65

kefir 4 2.8 1 59

yogurt 3.2 2.6 1 54

cow cream cheese 13 9 4.5 155

cow diet cheese 18 0 4 90

sheep cheese 18.9 24 1 305

hen eggs 14 12 0.6 174

lean beef 20.4 2.2 0 104

fat beef 12 24.5 0 277

lean pork 20.4 6.3 0 142

fat pork 15 30 0 340

mutton 17 12 0 131

lamb 18 20 0 260

chicken 20.1 10.2 0 177

liver pate 19.6 19.5 0 261

sausages 18 26.9 0 321

ham 24.9 20.7 0 294

green peppers 1.1 0.2 2.5 17

red peppers 1.3 0.4 7.3 39

potatoes 1.7 0.2 17.4 80

cucumbers 0.8 0.1 3 13

green onion 1 0.2 3.5 20

onion 1.4 0.2 9 40

mushrooms 4 0.15 3.3 26

cauliflower 2.4 0.2 4.9 25

zucchini 0.9 0.1 3.2 18

green beans 2.4 0.2 7.6 35

peas 6.7 0.4 17 90

carrots 1.1 1 9.1 40

tomatoes 1 0.3 4 23

salad 1.3 0.3 2.8 15

garlic 7.2 0.2 26 137

cabbage 1.6 0.1 5.7 25



Cop
yr

ig
ht

ed
 M

at
er

ia
l 

Uni
ve

rs
al

 P
ub

lis
he

rs

Structure, properties, metabolism and biological role of  macronutrients 3

Balance Wheel, The National Dietary Guideline. 
The oldest food pyramid, designed by the USDA 
agency in 1992 (Fig. 1A) is a nutritional guide that 
assigns foods according to their nutritional value 
and the recommended daily consumption. The 
Food Guide Pyramid was updated in 2005 then 
replaced in 2011 by My Plate2 (Fig. 1B). Not long 
ago, nutritionists have come up with several ver-
sions of the food pyramid (Asiatic, Latin American, 
Mediterranean, the Mayo Clinic, the vegetarian 

2 https://www.foodnavigator-usa.com/Article/2011/11/04/
Dietary-Guidelines-put-industry-interests-before-public- 
health-Harvard-professors

food pyramid). In short, the most important foods 
are located at the base of any pyramid, and the 
least important ones at the top. At the bottom of 
 pyramid are the carbohydrates that include bread, 
cereals and pasta (6–11 servings),  followed by fruits 
(2–4  servings) and  vegetables (3–5 servings), then 
higher up lean meat, poultry, fish, beans, eggs (2–3 
servings) and the dairy products (2–3 servings) 
and finally at the top there are fats, oils and sweets 
(should be used sparingly). All  servings are on a 
daily basis.

Nutritional issues related to both deficiency 
and excess of certain nutrients in food, which may 
equally cause serious health problems, have been 

Figure 1.1. Food guides. The images in Fig. 1A and 1B are in the public domain as per https://www.fns.usda.gov/FGP and www.nutrition.
org, respectively. Fig. 1C is “Copyright © 2011 Harvard University. For more information about The Healthy Eating Plate, please see The 
Nutrition Source, Department of  Nutrition, Harvard T.H. Chan School of  Public Health, http://www.thenutritionsource.org and Harvard 
Health Publications, health.harvard.edu.”

Fats, Oils & Sweets

2–3 SERVINGS

Fruit Group

HEALTHY EATING PLATE

Water

Healthy
Oils

Vegetables

Use healthy oils (like
olive and canola oil)
for cooking, on
salad, and at the
table. Limit butter.
Avoid trans fat.

The more veggies-
and the greater the
variety—the better.
Potatoes and French
fries don’t count.

Eat plenty of  fruits of  all
colors.

Drink water, tea, or
coffee (with little or

no sugar). Limit milk/
dairy (1–2 servings/day)
and juice (1 small glass/

day). Avoid sugary drinks.

Eat a variety of  whole
grains (like whole-wheat
bread, whole-grain pasta,

and brown rice). Limit
refined grains (like white

rice and white bread).

Choose fish, poultry, beans,
and nuts; limit red meat and

cheese; avoid bacon, cold cuts,
and other processed meats.

Fruits

Healthy
Protein

Whole
Grains

Fruits
Grains

Vegetables
Protein

Dairy

6–11
SERVINGS

Milk, Yogurt &
Cheese Group

2–3 SERVINGS

Vegetable Group

A

C

B

Fat (naturally occurning and added)
Sugars (added)

Key

Those symbols show fats and added sugars in foods.

3–5 SERVINGS

Meat, Poultry, Fish, Dry Beans,
Eggs & Nuts Group

2–4 SERVINGS

Bread, Cereal, Rice
& Pasta Group

USE SPARINGLY
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4 Foods that harm, foods that promote health: A biochemical and nutritional perspective

For a better use of ingested food it is essential 
to maintain a healthy and efficient digestive system.

1.2. PROTEINS

1.2.1. Structure of  proteins

Proteins are complex biopolymers that incorpo-
rate 20 different monomers—natural amino acids 
linked by peptide bonds. Amino acids (fig. 1.2.) 
are chiral molecules, and can exist as one of two 
possible stereoisomers: L and D, or S and R by the 
Cahn-Ingold-Prelog nomenclature. Except glycine 
which lacks an asymmetric central carbon atom, 
all natural amino acids are L-α-isomers, meaning 

D-amino acidL-amino acid

� �+

R

H
2
N CH

R

COOH H
3
N COO–

R

CH

COO–

HNH
3

+

COO–

H NH
3

+

R

L-amino acid in the neutral state L-amino acid in the ionization state

Figure 1.2. General structure of  amino acids that occur naturally 
in proteins (R stands for the side chain).

given special attention. The limit between the func-
tional and hazardous level of the consumed food 
components varies greatly and depends on the type 
of nutrient. For this reason it must be determined 
separately for each case.

Nutrient requirements are influenced by sev-
eral factors such as:

• dietary factors (the chemical form of the nutri-
ent, the presence of other food constituents, 
food processing, bioavailability)

• human factors (age, gender, physiological sta-
tus, medical condition, genetic factors)

• environmental factors (temperature, altitude, 
infectious agents, food behaviors, hygiene, 
physical activity)

It is known that cells cannot use macronutrients 
in their native state with exception of glucose, so that 
food needs to undergo a series of physical and chem-
ical changes (digestion) in the gastro- intestinal tract. 
Summary of the digestive enzymes involved in split-
ting large and complex food molecules into small 
units (1) is shown in Table 1.3. The resulting small 
molecules are transported through the intestinal cell 
membrane into the bloodstream, which further carry 
them to cells, where molecules perform their phys-
iological functions or take part in cell metabolism.

Table 1.3. Enzymes that process large food components into small absorbable units.

Location Enzyme Action

Salivary Glands Amylase
Lingual Lipase

Starch
Triglycerides (limited action)

Stomach Pepsin (pepsinogen)
Gastric Lipase

Proteins Triglycerides

Pancreas Amylase
Lipase, phospholipase
Trypsin (Trypsinogen)
Chymotrypsin (Chymotrypsinogen)

Starch Triglycerides
Phospholipids
Peptides
Peptides

Intestinal Epithelium Enterokinase
Sucrase
Maltase
Lactase
Peptidases
Endopeptidases
Exopeptidases
Aminopeptidase
Carboxypeptidase

Activates Trypsin
Sucrose
Maltose
Lactose
Peptides
Interior peptide bonds
Terminal peptide bonds
Amide end of  peptide
Carboxyl end of  peptide
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Structure, properties, metabolism and biological role of  macronutrients 5

they have the two specific chemical groups, 
carboxyl –COOH and amino –NH2 bonded to the 
same carbon atom, called α. The amino acid pro-
line does not contain an amino group, but an imino 
one, which is incorporated into the pyrolidine ring. 
It is named an imino acid.

D-isomers of amino acids are found in micro-
organisms and plants, but their presence has been 
also detected in varying amounts in human tissues 
depending on age, diet, physiological state or anti-
biotic therapy.

Some D-amino acids (D-Cys, D-Pro, D-Arg, 
D-Asp, D-Trp, D-Phe) may have beneficial activities and 
applications in biomedical sciences, but levels of some 
of them increases during human pathologies or diseases. 
In mammals, D-amino acids are considered physiolog-
ically active compounds and markers of diseases and 
aging, being formed via in vivo racemization of the cor-
responding L-isomers. Food proteins typically contain 
L-isomers of amino acids, but some D-stereoisomers 
may occur either naturally or processing-induced under 
specific conditions, e.g. high temperatures, strong acid 
and alkali, fermentation processes, or during adultera-
tion and fortification of non-fermented foods.

Two amino acids are linked by the peptide 
bond to form a dipeptide and several amino acids 
are linked to form polypeptides. When polypeptide 
chains are linked together they form proteins of dif-
ferent structures and biological functions.

Food proteins are necessary both for providing 
the essential amino acids (amino acids that cannot 

be synthesized by the body and must be supplied by 
the diet) and the nitrogen needed for the synthesis 
of the non-essential amino acid.

1.2.2. Classification of  amino acids

Amino acids are classified either by their biological 
role or by their chemical properties (Table 1.4 and 
Table 1.5.).

Food protein quality is highly dependent on 
the amount and proportion of essential amino 
acids, requirements that are properly met by pro-
teins of animal origin except gelatin (eggs, milk, 
meat, fish). These proteins are called high- quality 
proteins, proteins of high biological value, or 
complete proteins. Plant proteins (grains, beans, 
vegetables) and gelatin are considered low-quality 
proteins, proteins of low biological value or incom-
plete proteins, because they are deficient in one or 
more essential amino acids. For example, wheat 
proteins are low in lysine, maize proteins are low 
in tryptophan and beans are low in methionine 
and cysteine. Of the plant proteins, soy is of the 
highest quality.

By combining two or more sources of proteins 
which are low in essential amino acids but have com-
plementary concentration of them (called comple-
mentary proteins), one may be able to increase the 
overall quality of the consumed proteins. Common 
examples of complementary proteins are cereals 
(rice, maize) and beans.

Table 1.4. Classification of  amino acids.

Essential amino acids Conditionally 
essential amino acids

Non-essential amino acids

Name Three-letter abbreviation Name Three-letter abbreviation

valine Val arginine glycine Gly

leucine Leu glutamine alanine Ala

isoleucine Ile tyrosine arginine Arg

threonine Thr proline glutamic acid Glu

lysine Lys cysteine glutamine Gln

histidine His aspartic acid Asp

phenylalanine Phe asparagine Asn

tryptophan Trp serine Ser

methionine Met proline Pro

tyrosine Tyr

cysteine Cys
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6 Foods that harm, foods that promote health: A biochemical and nutritional perspective

The increase in free amino acid content may 
occur during food preparation or storage through 
the enzymatic hydrolysis (proteolysis).

Apart of their primary role in protein synthesis, 
amino acids may have other biological functions as 
shown in Table 1.6.

Biologically active peptides are peptides 
derived from food, either by enzymatic hydroly-
sis (released during digestion) or by food process-
ing. These peptides are found particularly in milk, 
eggs, meat and fish, but also in vegetable prod-
ucts (cereals). In addition to their nutritional role, 
these biomolecules have important physiological 
role in the body:

• opiate-like activity (opioid peptides released 
from casein and whey proteins)

• mineral binding capacity
• immunomodulatory effect
• antimicrobial activity

• antioxidant activity (casein/β-lactoglobulin 
derived peptides rich in His and hydrophobic 
amino acids, peptides from eggs, fish 
and soy)

• antithrombotic activity (bovine and human 
caseinoglycomacropeptide, lactoferrin- derived 
peptides)

• hypocholesterolemic activity (peptides derived 
from soy protein and β-lactoglobulin)

• antihypertensive action (casokinins and lacto-
kinins from milk and whey—bioactive peptides 
acting as inhibitors of angiotensin I converting 
enzyme, ACE)

As a result of their bioactive properties, food 
peptides may be used as ingredients in functional 
food (nutraceuticals). Nutraceuticals are food 
products rich in physiologically active compo-
nents, providing health benefits beyond their 
nutritional role (term coined in the late 1980s 
by Stephen DeFelice). Several food products 
containing bioactive peptides are currently on 
the market: Calpis, Evolus, Casein DP, C12 pep-
tide, BioZate, Peptide Soup, BioPURE-GMP, 
CholesteBlock (3–5).

Proteins are classified according to their struc-
ture and function (Table 1.7.).

Most proteins are globular. The three- 
dimensional structure of a protein depends on 
the amino acid sequence and the distribution 
of the ionized groups of amino acids (Glu, Asp, 
Lys, Arg, His). The folded protein represents the 
native protein (soluble) while the unfolded poly-
peptide or random coil represents the denatur-
ated protein (insoluble). Protein denaturation is 
a process in which proteins lose their secondary 
and tertiary structures, under the action of heat, 
strong acids and bases, organic solvents. In living 
cells, denaturation of proteins leads to the loss 
of their biochemical functions and consequently 
to the disruption of cell activity and potential 
cell death.

In order to understand the protein functions 
it is important to know their structure. Proteins 
have a high degree of structural complexity, with 
four levels of structure: primary, secondary, tertiary 

Table 1.5. Chemical properties of  side chains for most of  the 
amino acids.

Chemical properties  
of  side chains Amino acids

basic Arg, His, Lys

hydrophobic Ala, Ile, Leu, Met, Phe, Pro, 
Trp, Val

polar but not charged Asn, Cys, Gly, Gln, Ser, Thr, Tyr

acid Asp, Glu

Table 1.6. Some of  the biological functions of  amino acids (2).

Biological roles of  amino acids

Precursors of  essential  
molecules

taurine –> bile acids

Met, Gly, Ser –> acetylcholine

Glu –> GABA (g-aminobutyric 
acid)

Tyr, Phe –> dopamine, 
norepinephrine

Trp –> serotonin

Mediators of  different metabolic processes

Antioxidants Cys –> taurine, glutathione (non-
enzymatic antioxidants)

Met –> methionine sulfoxide 
reductase (antioxidant system)

Neuromodulators Arg, taurine
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Structure, properties, metabolism and biological role of  macronutrients 7

and quaternary. In addition to these levels of 
structure, a protein may shift between several simi-
lar structures in performing its biological function.

The main techniques for the determination of 
protein structure are X-ray crystallography, NMR 
and circular dichroism.

A comparison of known protein structures has 
shown that proteins actually exhibit a high degree 
of structural regularity.

1.2.3. Protein functions

Proteins are the most abundant macromolecules 
in the living organisms, serving diverse biological 
roles, as described below.

Structural proteins

Proteins are biomolecules found in all cellular and 
subcellular components, being essential for the 
renewal and repair of the cell. Structural proteins are 
commonly divided into contractile proteins of mus-
cles (actin, myosin) and fibrous proteins found in con-
nective tissues (collagen, keratin, and elastin).

Enzymes

Enzymes are proteins that act as catalysts of met-
abolic reactions. They exert their action inside as 
well as outside cells. Enzymes specifically bind to 
their substrates to catalyze a variety of biochemical 

reactions such as oxidation—reduction, transfer of 
atoms or group of atoms, hydrolysis, bond breaking 
and formation, isomerization and so on (6). Phys-
iological processes such as food digestion, energy 
generation, formation and propagation of nervous 
impulses, blood clotting and muscle contraction 
would not occur in the absence of enzymes. Some 
enzymes require non-protein molecules called 
cofactors that bind to the protein moiety, in order 
to be active. Cofactors are prosthetic groups such 
as coenzymes (FAD, FMN, TPP, biotin, NADH, 
NADPH) or metal ions (iron, manganese, cobalt, 
copper, zinc, selenium, molybdenum). Coenzymes 
can be either loosely or tightly bound.

Hormones

Hormones are chemical messengers that regulate 
metabolic processes. These signal molecules are 
synthesized and secreted by the endocrine tissues. 
Several hormones are proteins (insulin, growth hor-
mone, glucagon, calcitonin, etc.).

Immunoglobulins

Immunoglobulins (also known as antibodies) are 
proteins produced by the body as a response to the 
presence of foreign molecules called antigens (bac-
teria, viruses) that enter the body. Immunoglob-
ulins have specificity functions (antigen binding) 
and biological effector functions.

Table 1.7. Classification of  proteins according to structure and function.

Classification criteria of  proteins

Structure Function Functional role in food

Amino acid composition • hydrophobic & hydrophilic 
proteins

• acid & basic proteins
• sulphur proteins

Enzymes
Protein hormones
Transport proteins
Structural proteins
Contractile proteins
Deposit proteins

Food proteins classified 
according to:
• solubility

• albumins
• globulins
• glutelins
• prolamins

• water-binding ability
• viscosity
• elasticity
• emulsification
• foaming

Shape • globular & fibrilar proteins

Presence of  other chemical 
groups

• simple & conjugated proteins:
• glycoproteins
• lipoproteins
• phosphoproteins
• metalloproteins
• chromoproteins
• nucleoproteins
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8 Foods that harm, foods that promote health: A biochemical and nutritional perspective

Nutrient transporters

Some proteins play an important role in the trans-
port and storage of vital body compounds, such as 
metal ions (albumin carries fatty acids, bilirubin, 
calcium and zinc; transferrin carries iron; ceru-
loplasmin carries copper), vitamins (albumin trans-
ports B6 vitamin; transthyretin transports retinol), 
gas (hemoglobin binds and transports O2, CO2).

Regulation of  water and electrolyte exchange

Because of their polyampholitic nature, proteins 
act as buffers that contribute to the maintenance of 
a constant pH in different media (blood, cerebro-
spinal fluid, intestinal secretions) important for the 
human survival. Through electrolytes or hydrogen 
bond formation, proteins bind water thereby pro-
viding a constant hydration of the cells.

Energy supply

Although the main function of proteins is to par-
ticipate in the construction and maintenance of the 
body, they can also provide energy. One gram of 
protein releases 4.1 calories.

In conclusion, a poor nutritional status can 
negatively affect structural and non-structural pro-
teins of the body.

Chemical and functional properties of proteins 
in foods are influenced by various factors:

• intrinsic (amino acid composition, primary, 
secondary, tertiary and quaternary structure of 
a protein)

• extrinsic (pH, temperature, pressure, salts, sol-
vents, interaction with other food constituents)

• food processing (heating, cooling, freezing, 
drying, concentration, storage, enzymatic 
modification)

1.2.4. Protein digestion and absorption

Digestion of food derived proteins—called exog-
enous proteins—begins in stomach, under the 
action of HCl, at pH value around 2.0. This is the 
first phase of protein digestion, when weak bonds of 

the folded structure of a protein break down (5, 6). 
This alteration of the protein structure makes them 
more susceptible to proteolysis.

Pepsinogen which is the inactive form of the 
gastric protease secreted by the epithelial cells of 
stomach, is converted into the active pepsin under 
the action of HCl. Pepsin is an endopeptidase that 
break the interior peptide bonds at very specific 
amino acids, cutting before Leu, Phe, Trp or Tyr, 
unless preceded by Pro; it works best at pH 2. The 
action of pepsin in the stomach produces a partial 
hydrolysis of proteins. Digestion is continued into 
the small intestine under the action of pancreatic 
proteases: trypsin, chymotrypsin and elastase (7, 8). 
These enzymes are synthesized as zymogens (inac-
tive forms of enzymes), e.g. trypsinogen, chymo-
trypsinogen and proelastase respectively. Zymogens 
are converted into the active forms by the action 
of an enteropeptidase. Trypsin is an endopeptidase 
that breaks peptide linkages within the protein 
molecule cutting next to Arg and Lys; it works best 
at pH 8. α-Chymotrypsin is an endopeptidase that 
cuts next to an aromatic amino acid (Phe, Tyr, and 
Trp) or Met. Elastase acts on the protein called elas-
tin, breaking peptide bonds with small amino acids, 
e.g. Gly, Ala. Terminal peptide bonds are subjected 
to the hydrolysis under the action of exopeptidase, 
e.g. carboxypeptidase and aminopeptidase.

Dietary proteins (fig. 1.3.) are finally digested to a 
mixture of free amino acids (30%) and small peptides 
(70%). Oligopeptides are further digested or trans-
ported inside the cells where they are broken down. 
Free amino acids of both proteolysis and food are 
absorbed by different membrane transport systems, 
e.g. active Na+—dependent transport, facilitated dif-
fusion or γ-glutamyl cycle. The γ-glutamyl cycle is an 
additional metabolic cycle important for the transport 
of amino acids across the intestinal cell membrane via 
a transpeptidase, which has a translocation function, 
and glutathione, which serves as a carrier.

Endogenous proteins are degraded in lysosomes 
by cathepsins and aminopeptidases. The great part 
of the absorbed amino acids is used by intestinal 
cells for the synthesis of the digestive enzymes, hor-
mones and for energy production (9).

Genetic deficiencies in the metabolism 
of amino acids can lead to severe disorders 
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Structure, properties, metabolism and biological role of  macronutrients 9

(phenyl-ketonuria PKU, ketoacidosis, alkapton-
uria, maple syrup urine disease MSUD, cystinuria, 
glycine encephalopathy). PKU is an autosomal 
recessive disorder caused by the deficiency of the 
hepatic enzyme phenylalanine hydroxylase which 
is able to metabolize the ingested Phe to Tyr. Keto-
acidosis is a type of metabolic disorder character-
ized by a high concentration of ketone bodies. 
Alkaptonuria is a rare autosomal recessive inher-
ited disorder caused by deficiency of the enzyme 
involved in the catabolism of Phe and Tyr. MSUD 
results from a deficiency in the enzyme involved 
in the catabolism of the branched-chain amino 
acids (Leu, Ile, Val). Cystinuria is a heritable disor-
der of cysteine transport. Glycine encephalopathy 
is an autosomal recessive metabolic disorder char-
acterized by abnormally high levels of Gly which 
acts as a neurotransmitter.

It is known that the sodium salt of glutamic acid 
(monosodium glutamate, MSG) used as a flavor 
enhancer may cause the so-called “Chinese restau-
rant syndrome”. Higher concentrations of MSG in 
blood generate symptoms of weakness, facial pres-
sure, chest pains, headaches, nausea which can last 
up to two hours. Gluten intolerance (also known as 
celiac disease) is a malabsorption disorder in which 
certain protein fractions of wheat (gliadin), barley 
and oats (prolamins) are not absorbed properly in 
the small intestine.

1.2.5. Food sources of  proteins

Large amounts of proteins are found in meat prod-
ucts, fish, eggs, dairy products and legumes. Low 
levels of proteins are found in grains, fruits and 
vegetables.

Food proteins

Synthesis of  body proteins
and other tissue components

Absorption and
transport into cells

Digestion

EnergyGlucoseLipidsUrea

Excess

Amino acids

Figure 1.3. Metabolic transformation of  food proteins in organism.

Table 1.8. Type of  proteins.

Protein class I. Complete proteins II. Partially complete proteins III. Incomplete proteins

Biochemical characteristics contain adequate amount and 
proportion of  all essential amino 
acids

contain all essential amino acids, but 
1–3 are in low amounts

lack 1–2 essential amino 
acids and those present are in 
inadequate proportions

Biological characteristics • ensure growth even at a low 
intake

• maintain nitrogen balance in 
adults

• increased amounts are needed 
for growth

• do not maintain growth and 
nitrogen balance

Representatives ovalbumin, ovovitelin 
α-lactalbumin, β-lacto-globulin 
actin, myosin, myoalbumin

glutenin 
pea legumelin
soy glycinin

collagen 
zein from maize
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10 Foods that harm, foods that promote health: A biochemical and nutritional perspective

Proteins can be classified according to bio-
chemical criteria (content of essential amino acids) 
and biological criteria (growth promotion) in three 
classes, as shown in the Table1.8.

1.2.6. Daily protein requirements

Determination of the daily protein requirements 
must take into account two key factors, the energy 
intake and the biological value of proteins. Indi-
viduals with inadequate energy intake need higher 
daily protein requirements. The higher the biologi-
cal value of a protein, the lower the protein require-
ment is. For adults (men and women 19 years of 
age and older) with an appropriate energy intake 
and consumption of proteins of good biological 
value (from total proteins at least two thirds must 
be of animal origin), recommended dietary allow-
ances (RDA) are 0.8 g/kg body weight. In case of 
individuals with negative energy balance and which 
consume proteins of low biological value, daily 
requirements are higher, but not quantified so far.

Regarding the essential amino acids, presently 
RDA (mg/kg body weight/day) for adults are as 
follow: histidine, 14; isoleucine, 19; leucine, 42; 
lysine, 38; methionine plus cysteine, 19; phenylala-
nine plus tyrosine, 33; threonine, 20; tryptophan, 5; 
and valine, 24.

Daily protein requirements vary by age and 
physiological status. For children (1–3 years) the 
recommended daily intake of protein is 3.5 g/kg, 
while for young people ranges from 1.5 to 2.5 g/kg. 
During pregnancy, daily requirements are calcu-
lated in the first months as 1.5 g/kg body weight, 
while later and during lactation requirements are 
of 2 g/kg.

1.3. LIPIDS

1.3.1. Lipids classification

Classification of lipids takes into account several 
criteria, the structural one being the most accepted 
one (Table 1.9.).

1.3.2. Fatty acids

The major part of dietary fatty acids is monocarbox-
ylic acids. There are hundreds of molecular forms of 
isolated fatty acids, but common lipids contain a 
limited number of these. There are several free or 
esterified fatty acids e.g. dodecanoic acid, methyl 
butyrate, ethyl octanoate, which belong to the class 
of aroma compounds, and which are present either 
in environment or in food. Methyl and ethyl esters 
of fatty acids have been detected in the plasma of 
patients with liver dysfunctions following ethanol 
ingestion (10–12).

Usually, triacylglycerols contain fatty acids with 
an even number of carbon atoms (4–32) and linear 
chain; these fatty acids are saturated or unsaturated, 
the latter ones having one or more double bonds.

Dietary saturated fatty acids (butyric, caproic, 
caprylic, capric, lauric, myristic, palmitic, etc.) are 
believed to increase plasma cholesterol levels, with 
the exception of stearic acid which has been shown 
to have neutral or cholesterol-lowering effect as 
result of its interference with micellar solubiliza-
tion of cholesterol in the intestinal lumen. Dietary 
stearic acid comes mainly from cocoa butter (33%), 
beef fat, lard and butter.

Unsaturated fatty acids can be monounsat-
urated (oleic acid) or polyunsaturated (PUFA). 
There are specific rules for the nomenclature of 

Table 1.9. Classifications types of  lipids.

Criteria of  lipid classification

I. Physical properties 
at room temperature II. Polarity III. Biological role IV. Structure

oils (liquid) polar Glycerophospho-lipids 
Glyceroglyco-lipids

essential fatty acids simple triacylglycerols
sterol esters
cerides
etholides

solid fats neutral glycerides
sterol esters

non-essential fatty acids complex glycerophospholipids
glyceroglycolipids
sphingolipids
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Structure, properties, metabolism and biological role of  macronutrients 11

unsaturated fatty acids, which takes into account 
the number of carbon atoms, and the number and 
position of double bonds. Nomenclature is based 
on two systems (13):

(1) standard IUPAC (International Union of Pure 
and Applied Chemistry) nomenclature: fatty 
acids are named after the parent hydrocarbon; 
double bonds are defined using D configura-
tion; numbering of carbon atoms starts with 
the carboxyl group, –COOH;

(2) shorthand n- or ω-nomenclature: designate the 
position of the first double bond starting with 
the methyl group, –CH3.

In the Figure 1.4. is shown the nomenclature of 
γ-linolenic acid considering the both systems.

In most cases, the position of the double bond 
in monounsaturated fatty acids is D9. There are 
plants which can accumulate uncommon fatty acids 
with non-conjugated double bonds in D5 position.

The human body does not synthesize polyun-
saturated ω−3 and ω−6 fatty acids and that is why 
these molecules are called essential fatty acids (EFAs 
or vitamin F), and must be provided largely through 
the diet. One important function of EFAs is to serve 
as precursors to prostaglandins and leukotrienes. 
There is evidence that some EFAs, linoleic acid 
(18:2 ω−6 or 18.∆9,12) and α-linolenic acid (18:3 
ω−3 or 18.∆9,12,15) can be converted through enzy-
matic desaturation and chain elongation in liver, to 
some long-chain PUFAs (γ-linolenic acid –> 18:3 
ω−6 or 18.∆6,9,12, arachidonic acid, EPA, DHA) 
although at insufficient rates needed for the bio-
chemical requirements of the body. This process is 
substantially reduced under certain circumstances 
(age, disease) (12).

COOH

Arachidonic acid (ω–6)

The three major ω−3 fatty acids are α-linolenic 
acid, eicosapentenoic acid (EPA, 20:5 ω−3) and 
docosahexaenoic acid (DHA, 22:6 ω−3) [``]. 
α-Linolenic acid is found predominantly in vegeta-
ble oils such as flaxseed and rapeseed oils. EPA and 
DHA are nutritionally important polyunsaturated 
fatty acids widespread in fish oil, fish liver (cod, 
herring, mackerel, salmon, sardines) and krill. EPA 
is also found in breast milk.

OH

OH

O

O

EPA (ω–3)

DHA (ω–3)

Omega-3 (ω−3) fatty acids play important bio-
logical roles as follow: decrease the plasma level of 
triacylglycerols, reduce inflammation and the risk 
of cancer. Epidemiological studies have shown a 
reverse correlation between the consumption of 
ω−3 fatty acids and Alzheimer disease (12–14). 
Although clinical trials have demonstrated this 
correlation only in patients with mild form of the 
disease, limited evidence suggested that the effect 
on Alzheimer’s disease is seen only after prolonged 
period (lifelong consumption) outlining their pre-
ventive role.

Omega-3 fatty acids act through different 
mechanisms such as:

• Modification of cell membrane phospholipid 
composition

• Induction of mediators synthesis (e.g. 
eicosanoids)

• Regulation of transcription factor activity

Diet supplementation with omega-3 (ω-3) 
fatty acids may have beneficial role on thrombosis, 
in reducing hypertension and hyperlipidemia, and 

1

1

COOH

H
3
C

18

16
15

14
13

12
11

10

3
2

2
3

4

4

5

5

6

6

7

7

9
8

8
9

10
11

12
13

14
15

16

17

17

18

γ-linolenic acid

Figure 1.4. IUPAC (down numbering): 18:3 Dcis-6, cis-9, cis-12 ω system (up numbering): 18:3 ω−6.
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12 Foods that harm, foods that promote health: A biochemical and nutritional perspective

also for prevention of cardiovascular diseases, dia-
betes type 2 and insulin resistance (13–16).

Some EFAs (DHA, EPA and arachidonic acid) 
are added to milk powder for infant nutrition with 
the purpose of giving it a composition as close as 
breast milk. DHA concentration in breast milk var-
ies between 0.07% and 1%.

Soy, maize, sunflower and sesame oils, wal-
nuts, broccoli, cabbage, spinach are some examples 
of food rich in polyunsaturated fatty acids; olive, 
peanut and canola oils, peanuts, almonds, avocados 
are rich in monounsaturated fatty acids, while most 
animal fats (butter, lard, cheese, meat, milk) and 
tropical oils (palm, coconut) contain large amounts 
of saturated fatty acids.

Because unsaturated fatty acids contain dou-
ble bonds, unsaturated fats are more susceptible 
to oxidative degradation in both food and body. 
Therefore, high intakes of PUFAs require increased 
vitamin E ingestion. Generally, vegetable oils which 
are rich in unsaturated fatty acids contain also 
appreciable quantity of vitamin E.

Naturally occurring fatty acids are in the (S) cis 
configuration (Fig. 1.5.). The geometrical (E) trans 
isomers of fatty acids in the diet may come from three 
main sources: bacteria (particularly under anaerobic 
conditions), deodorized oils (obtained during oil 
refining process) and partially/fully hydrogenated 
oils (found in margarine, sauces, dressings, bread, 
fried potatoes, snacks, chips, crackers).

Trans fatty acids have altered biological func-
tions. They can replace the naturally occurring 
cis fatty acids in the membrane changing the 
permeability of cell membranes. Trans fats may 
increase serum cholesterol levels and interfere with 
the metabolism and use of essential fatty acids in 

the body. It has been shown that the cholesterol-
emic effects of trans fats are inverse correlated with 
the content of dietary linoleic acid. High consump-
tion of trans fats is believed to represent a risk factor 
for developing cardiovascular diseases.

Starting in 2006, U.S. food manufacturers 
were required to state the content of trans fatty 
acids on the nutrition label of all packaged food 
products.

1.3.3. Important nutritional lipids

Dietary fats mainly comprise acylglycerols (90% of 
total dietary fats), phospholipids, sterol esters (cho-
lesterol) and free fatty acids.

Acylglycerols are esters of glycerol with one, two 
or three fatty acid residues. Are the most common 
lipids found in oils and fats of commercial impor-
tance, particularly in the form of mono- and diacyl-
glycerols, which have good digestibility being used 
to obtain more homogeneous and better processed 
food products?

Sterols. Sterol esters are sterols esterified with 
fatty acid residues. They may come from plant 
sources (phytosterols), animals (zoosterols) or 
microorganisms (mycosterols).

Phytosterols are compounds without nutritional 
value and are derived from plants (fruits, vegeta-
bles, nuts, seeds, cereals). They are found in large 
amounts in corn oil (800–1500 mg %) and palm 
oil (70–100 mg %). Although there are more than 
250 different phytosterols, only three of them are 
largely spread in plants: β-sitosterol, campesterol 
and stigmasterol. Studies have shown that phytos-
terols are effective in reducing absorption of dietary 
and biliary cholesterol, acting through two poten-
tial mechanisms:

• Displacement of cholesterol from micelles
• Induction of expression of ABCA1 transporters 

which cannot differentiate between cholesterol 
and β-sitosterol, increasing the cholesterol efflux.

Some studies have shown that a consump-
tion of about 2 g/day of phytosterols as esters may 
reduce LDL-cholesterol by 10–15% in about 90% 
of  individuals. Modern methods applied in food 

cis isomers (oleic acid)

O

OH

O

OH

trans isomers (elaidic acid)

Figure 1.5. Cis and trans configuration of  18 C—fatty acid.
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Structure, properties, metabolism and biological role of  macronutrients 13

technology have created nutraceuticals, among 
them food enriched in phytosterol-esters, e.g. 
yogurt, salad dressings, cheese, cereal bars, milk, 
margarine. Better results can be obtained by com-
bining phytosterols with ω−3 fatty acids, combina-
tion which will add other health benefits through 
their anti-inflammatory and antihypertensive 
effects in addition to the benefits in regulating the 
circulating lipids concentration.

One important zoosterol is cholesterol.

Cholesterol

HO

3

Cholesterol is found predominantly in brain 
and nervous system (33%) and muscle. It is an 
essential molecule for life, being involved in differ-
ent biological processes, such as:

• Regulation of membrane permeability
• Emulsifying fats in the gut
• Biosynthesis of vitamin D, bile acids and ste-

roid hormones

Cholesterol can oxidize in vivo leading to the 
formation of different cholesterol oxides, which 
are involved in the process of atherosclerosis. 
Cholesterol may oxidize also during food processing 
(roasting, grilling) to epoxides, and may also cyclize 
to the carcinogen benzopyrene.

Cholesterol circulates in the blood within 
lipoprotein particles. The clinically most relevant 
lipids are:

• low density lipoprotein (LDL), which is the 
“bad cholesterol” involved in the formation of 
atheromatous plaques.
• Normal plasma values: below 100 mg/dl
• Near optimal: 100÷130 mg/dl
• Borderline high: 131÷160 mg/dl

• High: 160÷190 mg/dl; risk for developing 
atherosclerosis

• Very high: 190 mg/dl and above
• high density lipoprotein (HDL), which is the 

“good cholesterol” which transport cholesterol 
from the entire body to the liver. The higher 
plasma level of HDL, the lower the risk of car-
diovascular disease;

• triacylglycerols (TGs) is a form of transport 
of lipids in the blood and the main form of 
fat storage. Increased TGs are directly associ-
ated with the development of atheromatous 
plaques (for more info see this presentation3 on 
lipoproteins).

Animal tissues (skin) contain small quantities 
of 7-dehydrocholesterol, a compound which can 
be converted to vitamin D3 (cholecalciferol) under 
UV irradiation (250–310 nm)—Fig. 1.6.

Phospholipids are amphiphilic molecules 
either synthesized in the body or provided with 
the diet (egg yolks, muscle, soybean, milk and 
dairy products, peanuts). Are classified into two 
classes: (1) glycerophospholipids, which are esters 
of glycerol with two molecules of fatty acids and 
a phosphate linked to an organic base (choline for 
lecithins, ethanolamine for cephalines, serine for 
serinphospholipids and L-myoinositol for inositol-
phospholipids); (2) sphingophospholipids, which 
contain sphingosine, fatty acids and other com-
pounds (phosphate, monosaccharides).

Phospholipids together with proteins are the 
most important components of biological mem-
branes. Because of their amphypatic character, phos-
pholipids (lecithin) show good emulsifying properties 
being used as food additives. Thus, soy lecithin and 
egg yolk are used as emulsifying agents added to may-
onnaise, sauces, ice cream, cakes, margarine. Besides 
their role in cell membrane permeability, phospho-
lipids are also important for micelle formation and 
cholesterol solubilization. Dietary phospholipids are 
known to inhibit cholesterol absorption.

It is estimated that dietary saturated fatty 
acids have cholesterolemic effects, increasing the 
risk for cardiovascular diseases. Regarding dietary 

3 https://www.youtube.com/watch?v=4D6CqHpvVz8&t=9s
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14 Foods that harm, foods that promote health: A biochemical and nutritional perspective

fats, the recommended healthy diet must include 
predominantly EFAs. A detailed list regarding the 
content of fatty acids in animal fats and oils is pro-
vided by the IUPAC Lexicon of Lipid Nutrition.

1.3.4. Functions of  lipids

Lipids serve many biological roles in the body, as 
follow:

• provide energy (9.1 cal/g), much more than 
other macronutrients, as a result of their struc-
ture (long hydrocarbon chains of fatty acids)

• phospholipids, along with proteins, participate 
to the structure of cell membranes

• provide EFAs which cannot be synthesized in 
the organism; EFAs are important parent mole-
cules for eicosanoids involved in the regulation 
of physiological processes inside the organism 
(prostanglandins are involved in inflammatory 
processes; leukotrienes regulate the immune 
response, inflammatory processes and bron-
choconstriction; thromboxanes are involved in 
thrombosis and bronchoconstriction)

• facilitate absorption, transport and storage of 
fat-soluble vitamins (A, D, E and K) and carotenes.

Besides their physiological role, lipids ensure 
palatability, texture and flavor of many foods.

1.3.5. Digestion and absorption of  lipids

The digestion of acylglyceroles (also called glycerides) 
occurs in the small intestine under the action of 
pancreatic lipase, an enzyme which mainly hydro-
lyzes the primary ester bonds (from the carbon 
atoms 1 and 3 of glycerol). The secondary ester 
bond from the carbon atom 2 of triacylglyceroles 
usually is not attacked or is degraded in irrele-
vant amounts. Monoacylglyceroles and fatty acids 
derived from lipid digestion, together with choles-
terol and phospholipids, will form mixed micelles 
in the presence of bile acid salts. These micelles can 
penetrate the epithelial cells through diffusion.

The products of the digestion of acylglyceroles 
will be used to resynthesize triglycerides. Neutral 
lipids and cholesterol formed inside cells cannot 
diffuse through the membrane, so they organize in 
particles called chylomicrons, molecules from mem-
brane vesicles. Chylomicrons are further released by 
exocytosis in lymph and blood. The internal part of a 
chylomicron particle is hydrophobic (neutral lipids, 
cholesterol esters) while the external one is hydrophilic 
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Structure, properties, metabolism and biological role of  macronutrients 15

(phospholipids, free cholesterol,  proteins). After 
a meal rich in fats, chylomicrons enter the blood-
stream through the lymph, and give a milky appear-
ance of blood. In addition to chylomicrons, there 
are also other circulating lipoproteins: VLDL (very 
low density lipoproteins) which are involved in the 
transport of fatty acids in liver cells, LDL (low den-
sity lipoproteins) involved in cholesterol transport 
from liver to cells and HDL (high density lipopro-
teins) involved in cholesterol removal from cells to 
the liver.

Synthesis of triacylglycerols from the products 
of fat digestion requires glycerol activated in the 
form of glycerol-3-phosphate (G-3-P), which is 
an intermediate of carbohydrates metabolism. The 
amount of G-3-P determines the rate by which free 
fatty acids are converted to triglycerides, showing 
the correlation between the metabolism of carbo-
hydrates and of lipids.

When the body needs energy, the hydrolysis of 
triglycerides to free fatty acids occurs. Further, fatty 
acids are degraded through β-oxidation.

Digestion of food phospholipids occurs through 
the action of phospholipases (A1, A2, C and D) 
which gradually hydrolyze the molecules to differ-
ent intermediate compounds.

Genetic deficiencies in fatty acid metabolism 
can cause severe dysfunctions (hypoglycemia, low 
ketogenesis) with neuromuscular or cardiac com-
plications. Genetic deficiencies in the synthesis 
of cholesterol may lead to the Smith-Lemli-Opitz 
syndrome (neurological and psychomotor 
disorders).

1.3.6.  Daily lipid requirements 
and recommendations

There are no recommendations for daily intake 
of total fats. It is estimated that at least 3% of the 
energy consumption should come from ω−6 fatty 
acids and 0.5–1% from ω3 fatty acids. In adults, 
the adequate consumption of ω−6 ranges from 
14–17 g/day and of ω3 from 1.1–1.6 g/day respec-
tively. As result of potential adverse effects associated 
with excess fats, saturated fatty acids, trans fatty 
acids and cholesterol, the general recommendation 
is to reduce the intake of these compounds but 

maintaining a nutritionally adequate diet, in par-
ticular in elderly people.

Lipid requirements vary by age, gender, type 
of physical and socio-professional activity, and 
climate. Excess fats in food represent a risk for 
chronic diseases (cardiovascular, diabetes, cancer, 
obesity).

The negative perception of lipids 
often resulted in drastic reduction of these 
macronutrients in the diet, which can lead to 
deficiencies of other nutrients such as proteins, 
calcium, iron or zinc. Consequently, people must 
be informed that lipids are essential macronutrients 
providing beneficial effects, if they contain a high 
amount of EFAs and if consumed in adequate 
quantities. Recent research showed that excessive 
consumption of carbohydrates is associated with 
an increased risk for chronic diseases, as a result of 
the augmented triglycerides synthesis.

Dietary lipids have the advantage of being 
consumed as such in meals, compared to some 
carbohydrates and proteins, which require prior 
culinary preparation, a process that can lead either 
to other nutrients being depleted or the formation 
of potentially toxic compounds, due to cooking 
conditions (17).

1.4. CARBOHYDRATES

Carbohydrates also known as saccharides or sugars, 
are molecules produced in green plants through 
photosynthesis—the process by which plants con-
vert water and carbon dioxide into carbohydrates 
and oxygen.
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16 Foods that harm, foods that promote health: A biochemical and nutritional perspective

1.4.1. Structure of  carbohydrates

Monosaccharides which are simple carbohydrates, 
are polyhydroxy aldehydes or polyhydroxy ketones. 
The presence of hydroxyl groups (–OH) allows car-
bohydrates to interact with water and participate 
in hydrogen bond formation. Carbohydrate deriv-
atives may contain nitrogen, phosphorus and sul-
fur. Sugars may be found also in combination with 
lipids in the form of glycolipids—which have an 
essential role in neurotransmission, cell recognition 
and immunity—or with proteins in the form of 
glycoproteins, e.g. pituitary hormones or glycopro-
teins of blood groups (18).

Carbohydrates can be classified into two 
groups according to their complexity (number of 
sugar units) as simple (monosaccharides) and com-
plex carbohydrates (see Table 1.10.).

Monosaccharides are the simplest form of sugars. 
Some representative examples of monosaccharides are 
given next. Glucose is the most abundant monosac-
charide. In plants, glucose is the precursor molecule 
for the biosynthesis of ascorbic acid. In the body, free 
glucose is found in blood, serving as main source of 
energy for cells (essential energy substrate for brain) 
while its polymer—glycogen—is stored in muscle 
and liver cells. In food, glucose is mainly found in the 
form of oligosaccharides and polysaccharides. Com-
mercially glucose in the form of tablets is produced 
by enzymatic hydrolysis of starch. Fructose (levulose 
or fruit sugar) is another example of monosaccharide 
widely distributed either in the free form in fruits, 
sweet corn and honey, or combined (sucrose, inulin). 
Fructose is the sweetest of all naturally occurring 

carbohydrates, being used as sweetener particularly in 
soft drinks (high-fructose corn syrup) (19).

Enzymatic interconversion of monosaccharides 
can occur in living organisms (epimerization). As an 
example, glucose, mannose and galactose are epimers, 
isomers which differ from each other by the config-
uration of one stereogenic center (see Figure 1.7.).

The content of monosaccharides may increase 
in food by culinary preparation. Monosaccharides 
are functionally important ingredients for many 
foods, because of their specific properties:

• sweetening capacity
• ability to reduce humidity in certain foods (bis-

cuits, cakes) as a result of their high binding 
affinity for water (preservation role)

• ability to decrease the freezing point of a solu-
tion, ensuring the formation of much smaller 
ice crystals and an improved texture of the 
product (glucose/fructose syrups are important 
in the manufacture of ice and frozen desserts)

Table 1.10. Classifications types of  carbohydrates.

Classification of  carbohydrates

Simple

Complex

Holosides Heterosides  
(glycosides)Aldose Ketose Oligo-saccharides Polysaccharides

glyceraldehyde glucose  
mannose  
galactose  
xylose  
fucose ribose, deoxyribose 
N-acetylglucosamine 
N-acetylgalactosamine

dihydroxy-acetone 
ribulose  
fructose 
sedoheptulose

maltose  
lactose  
trehalose  
sucrose  
rafinose

homopolysaccharides (starch, glycogen, 
cellulose, xylan, inulin, chitin)
heteropolysaccharides
(hemicellulose, agar, pectin, gums)

O-glycosides  
N-glycosides  
S-glycosides

Figure 1.7. Fischer projection of  epimer molecules.
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Structure, properties, metabolism and biological role of  macronutrients 17

• fermentation (applications in bakery and beer 
industry)

• formation of flavor compounds by Maillard 
reaction (reaction of monosaccharides with 
amino acids, proteins, at high temperature)

There are also nitrogen derivatives of mono-
saccharides, e.g. galactosamine which is a compo-
nent of chondroitin sulfate, molecule present in 
cartilages.

Ribose and deoxyribose are monosaccharides 
(pentoses) used to form the structure of RNA 
and DNA.

Of oligosaccharides, sucrose is what we call 
sugar, being the most common disaccharide 
(α-glucose and β-fructose linked 1–2). Sucrose is 
extracted from sugar beet and sugar cane. Under 
the action of acids or enzymes (invertase from yeast) 
sucrose is hydrolyzed to the echimolecular mixture 
of glucose and fructose, called invert sugar. Invert 
sugar is sweeter and crystallizes much more slowly 
than sucrose being used in the manufacture of can-
dies. Maltose (α-glucose and α-glucose linked 1–4)  
occurs as a hydrolytic product of polysaccharides. It 
is widespread in germinated seeds, being the main 
sugar responsible for the fermentation process in the 
brewing of malt. Lactose (β-galactose and α-glucose 
linked 1–4) is a disaccharide that occurs naturally 
only in milk. Lactose breaks down and converts 
to lactic acid by lactic fermentation—the process 
involved in the production of dairy products. Tre-
halose (α-glucose and α-glucose linked 1–1) is 
found in fungi and yeast.

Among superior oligosaccharides, raffinose 
(galactose, glucose and fructose) and stachyose 
(galactose, galactose, glucose and fructose) are 
thought to exert antinutritional effects. These mol-
ecules are particularly prevalent in mature bean 
seeds, representing 30–80% of total soluble carbo-
hydrates. They cannot cross the intestinal mucosa 
and cannot be hydrolyzed in the body. It is consid-
ered that sugars of raffinose family are responsible 
for the flatulence that follows a high consumption 
of beans and other legumes.

Polysaccharides (also called glycans) are supe-
rior carbohydrates with macromolecular structure, 
consisting of a large number of monosaccharide 

residues linked together by glycosidic linkages. 
These biopolymers are of vegetable, animal and 
microbial origin, serving different functions: reserve 
compounds (starch, glycogen), structural com-
pounds (cellulose, chitin) or energy source. From 
the nutritional point of view, the most important 
polysaccharides are starch, glycogen and dietary 
fibers which are indigestible carbohydrates (cellu-
lose, hemicellulose, β-glucans, pectin) plus lignin.

Starch is a polysaccharide widespread in 
almost higher plants, such as grains (wheat, maize, 
rice), tubers and roots (potato, tapioca) serving as 
energy storage material. It is an important source 
of food carbohydrates for humans and animals. 
Starch naturally occurs in food in combination 
with dietary fibers. Food processing can alter this 
natural balance.

The starch molecule consists of two compo-
nents: amylose (the part soluble in hot water) and 
amylopectin (the part insoluble in water). Amylose 
is a straight chain—polymer of α(1–4)-glucose res-
idues, while amylopectin is a branched chain con-
sisting of α(1–4, 1–6)-glucose residues (Fig. 1.8.).

Starch can be hydrolyzed by acids and enzymes. 
Initially, undefined macromolecular products are 
obtained (dextrins), then maltose and finally glu-
cose. Enzymatic hydrolysis occurs in living organ-
isms during metabolism, but also in food during 
bread making and preparation of malt and wort. 
Enzymatic hydrolysis of starch is important for 
human nutrition, because only glucose (final prod-
uct of starch hydrolysis) can pass the intestinal 
mucosa. Glucose is further phosphorylated during 
metabolic processes to give glucose-1-phosphate, 
the active form of glucose.

Because of the hydrocolloid properties, starch 
is used as additive for binding, thickening and sta-
bilization in sauces, soups, creams and ice creams. 
For this purpose, best results are obtained with par-
tially hydrolyzed starch. Amylopectin is used as an 
excipient in pharmaceutical tablets.

Glycogen is another example of polysaccharide 
used as reserve sugar (temporary source of stored 
energy) for animal and human body, being partic-
ularly prevalent in liver (10%) and muscle (0.5 to 
2%). It has a similar chemical structure to starch 
but with more branches. The body converts some 
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18 Foods that harm, foods that promote health: A biochemical and nutritional perspective

of its glycogen reserves to glucose by glycogenolysis, 
thus maintaining constant the level of blood sugar. 
When blood glucose is high, it will turn into glyco-
gen by glycogenogenesis.

Some oligosaccharides and polysaccharides 
act as nonessential nutrients and are known as 
prebiotics. The most important type of prebi-
otic soluble fibers is inulin (polysaccharide) and 
fructo-oligosaccharides. These molecules are stor-
age materials in plants (onions, leeks, garlic), cere-
als (wheat, barley, rye) and fruits (bananas). Recent 
studies have shown their immunomodulatory role. 
Inulin is a fructose-based polysaccharide composed 
of linear chains of fructose linked β(1–2), being 
widespread in Inula helanium, chicory, dahlia and 
also in bananas, asparagus, garlic, onions, wheat. 
Inulin is eliminated by the body as such—it is not 
metabolized. Inulin and fructo-like oligosaccha-
rides are not digested in the small intestine but are 
fermented in the colon under the action of bacterial 
microflora, promoting the development of bifido-
bacteria and lactobacteria. Inulin has also stimula-
tory effects on the immune system being the main 
polysaccharide of Echinacea inulin. Inulin is used 
as prebiotic in fermented dairy products (symbiotic 
products), as nutritional supplement or as fat sub-
stitute. Fructose syrup resulted from inulin is used 
as sweetener in food industry.

Structurally, heterosides (glycosides) consist 
of a sugar part related to a nonsugar part called 
aglycon. Of these, flavonoids have important 
implications for nutrition due to their antioxidant 

properties. The Table 1.11. shows the class, struc-
ture and distribution of major food flavonoids 
(20). The aglycon type and number, the position 
and type of substitutions in the core group influ-
ence the biological properties of these compounds. 
Aglycons are more active than the corresponding 
glycosides.

Among flavonoids, anthocyanic glycosides—red, 
purple and blue pigments of flowers and fruits—are 
important as they are consumed in higher quanti-
ties than other flavonoids. Epidemiological studies 
have shown that moderate consumption of antho-
cyanins has protective effects against coronary heart 
disease, chronic inflammation and cancer. Antho-
cyanins consumption in particular those from red 
fruits and red wine is estimated to range from 
12–215 mg/day according to geographical area and 
culture, but the consumption may be higher due to 
their presence in food additives.

Dietary anthocyanins are complex mixture of 
molecules. Chemical structure of these molecules 
influences their absorption in the body. In general, 
there is a low absorption of anthocyanins and there 
is a great inter-individual variation determined 
partly by biochemical factors (differences in the 
expression or activity of enzymes involved in the 
metabolism of anthocyanins).

• The anthocyanins beneficial effects are 
explained by several mechanisms (21), such as:

• Promotion of adhesion of circulating blood 
monocytes across the endothelium
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Figure 1.8. Structure of  starch.
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• Regulation of monocyte chemoattractant pro-
tein MCP-1 expression, molecule involved in 
infectious and inflammatory processes

• Induction of gene expression of other antioxi-
dants via signal transduction

• Ability of metal chelating
• Inhibition of absorption of cytotoxic lipid per-

oxidation products.

In the digestive tract, flavonoids are degraded to 
different compounds by reactions such as hydroxyl-
ation, O-methylation, degradation of heterocycles, 
deglycosilation and depolymerization.

Dietary fibers are complex mixture of substances 
commonly found in fruits, vegetables, nuts, seeds 
and whole grains. There are soluble fibers (fruits, 
vegetables, legumes, rye, barley) and insoluble fibers 
(whole grains, nuts, seeds, potato). Dietary fibers are 
resistant to enzymatic digestion in humans, having 

either local beneficial physiological effects, such as 
improved intestinal transit, absorption of minerals 
and development of bifidobacteria, or systemic effects 
such as lowering the cholesterol level, detoxification, 
decreasing the glucose absorption and immunoreg-
ulatory effects. Diets low in fibers are associated with 
certain disorders such as constipation, heart disease, 
colon cancer, diabetes. But excess fibers decrease the 
bioavailability of minerals and energy intake, and 
promote gastrointestinal stress.

1.4.2. Functions of  carbohydrates

Dietary carbohydrates perform the following func-
tions in the body:

• Energy reserves (4.1 cal/g)
• Constitution of cellular and subcellular com-

ponents (including RNA)

Table 1.11. Properties of  some major food flavonoids.

Class Aglycon basic structure Occurence

anthocyanidins O colored fruits, wine

flavanol

OH

O tea

flavone

O

O fruit skin, celery, parsley, red pepper, 
red wine

flavonol

O

OH

O broccoli, endives, grapefruit, black 
tea, onion, lettuce, red wine

flavanone

O

O citrus fruits

isoflavone

O

O soybean
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• Cell recognition moieties (oligosaccharides in 
glycoproteins and glycolipids)

• Detoxification
• Good functioning of the digestive tract (dietary 

fibers).

1.4.3.  Digestion and absorption 
of  carbohydrates

Only monosaccharides (glucose, fructose, galac-
tose) are absorbed into the body through the active 
membrane transport systems. Starch, which is a 
polysaccharide is initially degraded under the action 
of salivary and pancreatic amylases, while oligosac-
charides are hydrolysed by specific intestinal gluco-
sidases (isomaltase, sucrase, lactase) to the resulting 
monosaccharides. From the intestine, monosaccha-
rides pass in the circulatory system which transports 
them to the liver. In the liver, fructose and galactose 
are converted to glucose.

Starch digestion is realized by salivary and pan-
creatic α-amilases. These enzymes hydrolyze the 
glycosidic α(1–4) bonds from the interior, but not 
the α(1–6) bonds from the branch of amylopec-
tin. Limit dextrins are obtained which are further 
hydrolysed by the intestinal enzyme amylo-α−1–6 
glucosidase. The resulting maltose is further hydro-
lyzed by maltase to obtain glucose. As the action of 
salivary amylase is limited in time, starch digestion 
occurs mostly in the intestine.

Lactose digestion takes place under the action of 
the enzyme lactase (β-galactosidase) in the epithe-
lial cells of the small intestine. The final products of 
hydrolysis are glucose and galactose.

Sucrose digestion occurs through the action of 
sucrase leading to glucose and fructose.

The absorption of glucose resulted from the 
digestion of food carbohydrates in the epithelial 
cells occurs via the co-transport mechanism (Na+/K+ 
pump). Glucose comes out of the epithelial cells in 
the blood by a passive transport, and is delivered to 
the liver.

The regulation of the two important bio-
chemical processes in carbohydrate metabolism 
(degradation and synthesis of glucose) occurs 
through intracellular and extracellular regulating 
substances. The regulating intracellular substances 

are amino acids, citrate derived from acetyl- CoA 
and Krebs cycle. All these compounds stimulate 
gluconeogenesis. Other molecules such as ATP, 
ADP and AMP control glycolysis and gluconeogen-
esis as follow: low energy levels (AMP, ADP) stim-
ulate  glycolysis while the high ones (ATP) inhibit 
glycolysis and activate gluconeogenesis. The regu-
lating extracellular substances are hormones: insu-
lin stimulates glycolysis to lower the blood sugar 
levels after a meal and to provide energy to other 
organs, while glucagon and epinephrine (adrena-
line) stimulates gluconeogenesis to provide energy 
for muscles and brain under the conditions of stress 
(Fig. 1.9.).

Inborn errors in the metabolism of carbohy-
drates may cause serious disorders such as galactose-
mia, fructose intolerance, Gierke disease. Diabetes 
mellitus is a group of disorders caused by high 
blood glucose levels.

1.4.4. Glycemic index

The glycemic index (GI) is a physiological concept 
of classifying foods based on the glycemic response 
(how much and for how long increase the postpran-
dial blood glucose concentration). GI is defined as 
the area under the curve of blood glucose after the 
consumption of 50 g of carbohydrates of a given 
product, expressed as a percentage of the response 
to the same amount of carbohydrate in the ref-
erence product. Reference products are 50 g of 

Food proteins

Digestion

Excess
Absorption and

transport into cells

Metabolization to
CO

2
 + H

2
O + energy

Glycogen Lipids

Glucose + other monosaccharides

Figure 1.9. Metabolic pathways of  food carbohydrates.
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glucose or white bread. Easily digested foods that 
quickly release glucose in the blood, have a high 
GI, while foods that slowly release glucose and 
insulin have a low GI. Slow absorption of carbo-
hydrates is considered a potential factor in chronic 
disease  prevention (22). The GI value is influenced 
by many factors, such as culinary preparation, food 
processing or food habits (Table 1.12.).

1.4.5.  Daily carbohydrate requirements  
and recommendations

It is considered that at least 55% of the daily caloric 
diet should come from carbohydrates (mainly starch 
and monosaccharides). In addition, other sugar 
sources should be considered, such as carbohydrates 
coming from processed foods, e.g. modified starch, 
fructose syrup, gums, mucilages and polyols from 
soft drinks, cakes, dairy desserts or candies (23, 24). 
It is recommended that the consumption of added 
carbohydrates should not exceed 25% of total 

energy. For example, corn syrup contains 42–55% 
fructose. When fructose intake comes from natural 
products (fruits, vegetables), the consumption of 
fructose is limited to 15 g/day, while a large soft 
drinks consumption increases the fructose level to 
73 g/day.
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CHAPTER II

METABOLISM AND NUTRITION—
HEALTH IMPLICATIONS

Mirela Ahmadi

2.1. INTRODUCTION

Proper nutrition and normal metabolism are criti-
cal to cell/tissue/organ/body homeostasis, in other 
words to a state of good health. Metabolism can 
be defined as a set of biochemical reactions within 
cells, occurring in a coordinated fashion in space 
and time. Under normal conditions of adequate 
supply of macro- and micro-nutrients as well as 
phytochemicals cells are able to keep growing and 
dividing, which are essential to living organisms.

The two arms of metabolism, catabolism and 
anabolism provide living cells with energy and 
reducing power from nutrients and manufac-
ture building blocks for the synthesis of proteins, 
nucleic acids, lipids and complex carbohydrates, 
respectively. The main metabolic pathways of the 
catabolic and anabolic metabolism are:

• Glycolysis—glucose breakdown that leads to 
ATP production.

• Krebs (TCA) cycle—generates reducing equiv-
alents (a reducing equivalent refers to any of 
a number of chemical species that transfer the 
equivalent of one electron in a redox reaction) 
that are carried along the electron transport 
chain with the end result of ATP synthesis.

• Pentose phosphate pathway—its primary role 
is anabolic rather than catabolic and serves 
for the generation of NADPH required for 

reductive biosynthetic reactions in fatty acid, 
cholesterol and steroid hormones synthesis.

• Fatty acid b-oxidation—degradation of fatty 
acids to acetyl-CoA.

• Gluconeogenesis—synthesis of glucose from 
precursors such as lactate, pyruvate and 
oxaloacetate.

• Glycogenesis—when the blood glucose level is 
too high glycogen synthesis is switched on in 
the liver and muscles

Figure 2.1. shows in a nutshell the main 
catabolic and anabolic pathways. On the left hand-
side you have the glycolytic pathway with the pentose 
phosphate pathway (PPP) and serine and glycine 
pathways branching off from glucose-6-phos-
phate and glycerate-3-phosphate, respectively. Blue 
arrows represent catabolic pathways whereas green 
arrows represent anabolic pathways. Glycolysis and 
the TCA cycle pathways are collectively referred to 
as “central metabolism” because these pathways are 
at the center of all metabolism that occurs in a cell.

The metabolic pathways can be likened to a 
computer software that is designed to maintain 
cell homeostasis, i.e. making sure cell’s energy and 
biosynthetic needs are met. Even during sleep or a 
coma the body needs energy to be generated. The 
beauty of metabolism is its ability to use what is 
available to produce what is needed. For instance, 
when carbohydrate resources are depleted the body 
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degrades lipids and as a last resort proteins to gen-
erate ATP.

Diet has been known for over one hundred 
years to be intricately linked to health. Because of 
his diet the Paleolithic man did not experience any 
of the degenerative diseases that afflict the modern 
societies.

As depicted in Fig. 2.2. the switch from a 
hunter-gatherer way of life to agricultural societ-
ies and a more sedentary lifestyle led to a host of 
degenerative diseases unknown to the primitive 
hominins. As Luca et al. state in their review article1 
(1): “Identifying the genetic loci that were targeted 
by these diet-related selective pressures may provide 
insights into the evolutionary history of our species 
as well as into the biological pathways that mediate 
the effect of dietary risk factors for common dis-
eases such as diabetes, hypertension and cancer”.

The most studied genetic adaptations to 
dietary specialization in humans are the genetic 
variations for lactase and amylase. Although most 
humans lose the lactase activity in the gut after 
weaning some groups still exhibit the so-called 

1 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4163920/

lactase-persistence phenotype. This is mostly seen 
in populations with a long history of pastoralism 
and dairy production. The selective pressures 
acting on the lactase-persistence phenotype seem to 
have occurred some 8000–9000 years ago for the 
European mutation and 2700–6000 years ago for 
the African mutation (1). Genes that underwent 
mutations under selective adaptation pressure 
included those in the carbohydrate and lipid 
metabolism and calcium signaling.

If the type of diet has such a great impact on 
health the big question is how can we design diets 
that prevent disease? However, since we all have a 
different genetic makeup it is better to have a per-
sonalized diet that is in sync with our genes and 
metabolism.

A powerful tool for understanding how diet 
can either “wreck” or support normal metabolism is 
probably represented by the concept of systems biol-
ogy, which is the mathematical analysis and mod-
eling of complex biological systems using a holistic 
approach rather than a reductionist one. Systems 
biology is focused on discovering and modeling 
properties of cells/tissues/organisms functioning as 
a system. The system typically involves metabolic 
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Figure 2.1. Catabolic and anabolic metabolic pathways.
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or cell signaling networks (for more on that see this 
website2.

Metabolic networks are the best indicator of 
the physiological state of cells in health and dis-
ease. In the last 15 years a multiomic (genomics, 
epigenomics, transcriptomics, proteomics and 
metabolomics) approach has been in place in 
which all these layers are analyzed together in 
order to study the effect of interactions and feed-
back (see Fig. 1, Ref. 2)3. A core issue in systems 
biology is the definition and understanding of the 
genotype-phenotype relationship. As stated by 
Angione in his review article (2): “A mechanistic 
link between genotype and phenotype is offered 
by genome-scale metabolic models, which contain 
all known biochemical reactions occurring in a 
cell. Such models have been generated taking into 
account decades of studies in biochemistry and in 
most cases are able to predict the cellular phenotype 
with high accuracy.” The ultimate goal of systems 
biology approach is to understand how metabolic 
changes can lead to a disease state and the ways to 
prevent that. The personalized nutrition approach 
is part of that endeavor.

2 https://en.wikipedia.org/wiki/Systems_biology
3 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6590590/

2.2. INTEGRATION OF METABOLISM

It is now well documented that nutrients play 
an active role in regulating gene expression and 
cellular functions. They also serve as modifi-
ers of protein/enzyme function and as signaling 
molecules (certain amino acids). As noted in Fig. 1, 
Ref. 34 “Intrinsic factors (sex, age, gene variations), 
extrinsic factors (food, xenobiotics, environ-
ment) as well as host/microbiota interaction can 
influence the assimilation, transformation and 
action of both nutrients and non-nutrient com-
ponents of food”. It is also abundantly clear that 
the quantity and quality of food is of paramount 
importance for metabolic homeostasis. In this 
respect, it is well known the effect on metabolism 
of energy-dense and nutrient-poor diets such 
as fast-foods and sweetened beverages. Obesity 
epidemic and MetS are a consequence of such diets. 
Both undernutrition (nutrition deficiency) and 
over-nutrition (nutrient excess) are known to trig-
ger cellular stress. Cellular response mechanisms 
are activated to cope with and reduce/eliminate 
stress. When stress does not subside programmed 
cell death is activated. If homeostasis is not timely 

4 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6020734/

Figure 2.2. Paleo and modern diet and their effect on health.

Paleo diet Modern day diet

Table salt Meat, dairy, bread

Arteriolar vasoconstriction Metabolic acidosis

Kidney stones

Urinary Ca excretion

Berries, tubers, herbs,
mushrooms, game meat

Lack of  cardiovascular and
degenerative diseases

HCO
3
 precursors

intake

Hypertension
atherosclerosis
stroke

Muscle protein
degradation/
sarcopenia

Bone formation

Bone resorption

Plasma Cl–

Urinary citrate
excretion

Plasma & tissue
K+ level

Fruit & veggies

K+ intake
Endogenous H+

production




