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1 NUTRIENTS/FOOD CONTENT 

! ƘŜŀƭǘƘȅ ŘƛŜǘ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ŜǾŜǊȅƻƴŜΩǎ ƭƛŦŜΣ ŀǎ ƛǘ Ŏŀƴ ŀǎǎƛǎǘ ƛƴ ǇǊƻƭƻƴƎƛƴƎ ƭƛŦŜ ŀƴŘ ŀǾƻƛŘŀƴŎŜ ƻŦ 

multiple diseases. Understanding the main principles of food can assist in enriching the diet with healthier 

alternatives. The main macronutrients and micronutrients, along with the food groups that contain them 

will be addressed. Participants are expected to enrich their comprehension of how these nutrients affect 

their health. Finally, recipes and recommendations for a healthier diet, that emphasizes on plant-based 

alternatives will be given, to provide them with a useful tool, to apply their attained knowledge to their 

everyday practice. 

 

Learning Outcomes 

Upon completion of this module participants should be able to: 

ω Understand the main macronutrients in our diet  

ω Understand the main micronutrients in our diet  

ω Understand the different food groups  

ω Understand how the different food groups affect our health 

ω Familiarize themselves with ideas and recipes to enhance the consumption of plant-based and 

healthier food choices. 

 

1.1 Macronutrients 

1.1.1 Introduction 

Nutrients are all the food-derived compounds that the human body uses to perform its basic functions. 

bǳǘǊƛŜƴǘǎΩ ǊƻƭŜǎ ǾŀǊȅ ŦǊƻƳ ŀǎǎƛǎǘƛƴƎ ǿƛǘƘ ǎǇŜŎƛŀƭ ŎŜƭƭǳƭŀǊ ŦǳƴŎǘƛƻƴǎ ǘƻ ǇǊƻŘǳŎƛƴƎ ŜƴŜǊƎȅ (University of Hawaii, 

2019). Some nutrients cannot be produced naturally and thus are considered essential. Nutrients are 

categorized into two main categories based on the quantity required, namely macronutrients and 

micronutrients (University of Hawaii, 2019; World Health Organization, 2022). 

Macronutrients primarily provide energy to the human ōƻŘƛŜǎΦ aŀŎǊƻƴǳǘǊƛŜƴǘǎ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ōƻŘȅΩǎ 

cellular structure and chemical procedures. Macronutrients can be categorized as carbohydrates, proteins, 

and lipids (Kohlmeier, 2015; University of Hawaii, 2019; World Health Organization, 2022). 

Macronutrients are carbon-based compounds that can be metabolically processed into ATP (Adenosine 

triphosphate), the main form of cellular energy (Kohlmeier, 2015). Daily energy intake, measured in 

kilocalories (kcal), derives mainly from the consumption of macronutrients. The energy that a food item 
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offers and the combination of the three macronutrients of each food item can be found in the food label. 

CƻƻŘǎ ƭŀōŜƭǎ ǳǎǳŀƭƭȅ ǎǘŀǘŜ ǘƘŜ ŦƻƻŘΩǎ ŜƴŜǊƎȅ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ Řŀƛƭȅ нллл ƪŎŀƭ ŜƴŜǊƎȅ ƴŜŜŘǎ ƻŦ ŀƴ ŀǾŜǊŀƎŜ 

human (CDC, 2021). 

 

1.1.2 Water and Alcohol 

Water is vital for the body but does not offer energy or contain carbon. Everyone should drink about 2 litres 

daily, or about 8 glasses of water. Water also contains electrolytes, chemical components necessary for 

ōƻŘȅΩǎ ŦǳƴŎǘƛƻƴ (Callahan et al., 2020; Zimmermann, 2020). 

Contrarily, alcohol is not necessary for the human body, but it does contain energy and more specifically 7 

ƪŎŀƭ ǇŜǊ ƎǊŀƳΦ !ƭŎƻƘƻƭ ƛǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ŀ άƴǳǘǊƛŜƴǘέ ŀƴŘ ŀŎǘǳŀƭƭȅ Ŏƻƴǘŀƛƴǎ ǎǳōǎǘŀƴŎŜǎ ǘƘŀǘ Ƴǳǎǘ ōŜ ōǊƻƪŜƴ 

down and excreted from the body to prevent toxic effects (University of Hawaii, 2019). 

 

Table 1. Energy content and vitality of nutrients for the human body (University of Hawaii, 2019) 

Carbohydrates Proteins Lipids Water Alcohol 

4 kcal/gram on 
average 

4 kcal/gram on 
average 

9 kcal/gram on 
average 

0 Kcal/gram 7 kcal/gram 

Vital for the 
human body 

Vital for the 
human body 

Vital for the 
human body 

Vital for the human 
body 

Non-vital for the human 
body 

 

1.1.3 Carbohydrates 

Carbohydrate molecules are a combination of carbon, oxygen, and hydrogen (Callahan et al., 2020; 

Kohlmeier, 2015). Carbohydrates are the main source of daily kilocalories. They provide the body with 

glucose, which provides energy to the body and most importantly to the nervous system and brain 

(Kohlmeier, 2015). They are found in large quantities in starchy foods, such as bread, pasta, rice, cereals, 

potatoes, dairy, and in fruits. Lesser quantities can be found in non-starchy vegetables (Harvard University 

Scool of Public Health, 2012a). Carbohydrates are broadly classified into simple carbohydrates (simple 

sugars) and complex carbohydrates (a combination of simple sugars). 
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Simple carbohydrates 

Simple carbohydrates are either one (monosaccharides) or two combined basic sugar units (disaccharides) 

(Kohlmeier, 2015). Both can be broken down and absorbed almost instantly in the small intestine (with some 

exceptions) and offer an immediate burst of energy, after entering the bloodstream (Callahan et al., 2020). 

Monosaccharides (simple carbs)  

Monosaccharides contain only one sugar unit and are the easiest to absorb. There are three main 

monosaccharides: glucose, fructose, and galactose. Even though their chemical structure is identical, based 

on their components (same number of carbon, hydrogen, and oxygen atoms), the arrangement of atoms 

differs (Callahan et al., 2020). This arrangement is responsible for the variability in their sweetness levels 

(Callahan et al., 2020; Spillane, 2006). 

 

Table 2. Monosaccharides sources and sweetness (Callahan et al., 2020; Spillane, 2006) 

Monosaccharides Found in: Sweetness 

Glucose Fruits, juices, honey, products with added 
glucose (i.e. sauces, sugary drinks, salad 
dressing, etc.) 

Quite sweet 

Fructose Naturally occurring in fruits and in lesser 
quantities in vegetables 

Twice as sweet as glucose 

Galactose Milk and dairy products A bit less sweet than glucose 

 

Table 3. Disaccharides sources and sweetness (Callahan et al., 2020; Spillane, 2006) 

Disaccharides Found in: Sweetness 

Maltose  

(glucose + glucose) 

Beer or wine, formed during the fermentation 

process of alcohol 

The least sweet of all 

disaccharides 

Sucrose  
(glucose + fructose) 

Table sugar and sweets The sweetest disaccharide 

Lactose  
(glucose + galactose) 

Milk and dairy products Less sweet than sucrose 

 

Glucose 

It is the primary bloodstream sugar and primary bodily energy. Its quantity is mainly regulated by the 

ƘƻǊƳƻƴŜΣ ƛƴǎǳƭƛƴΦ ¢ƘŜ ǘŜǊƳǎ άōƭƻƻŘ ƎƭǳŎƻǎŜέ ŀƴŘ άōƭƻƻŘ ǎǳƎŀǊέ ōƻǘƘ ǊŜŦŜǊ ǘƻ ǘƘŜ ƎƭǳŎƻǎŜ ŦƻǳƴŘ ƛƴ ōƭƻƻŘΦ 
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Insulin regulates blood sugar, by enabling sugar to move in cells. This regulation balance is disrupted in 

people with type 2 diabetes, and hence their blood sugar level is often high (Kohlmeier, 2015; University of 

Hawaii, 2019). 

 

Lactose and lactose intolerance 

 

Lactose content decreases during the fermentation of dairy products. Milk and soft cheese often contain 

high quantities of lactose, while yogurt and hard cheese contain low. People with lactose intolerance, a 

common condition, after consuming products with lactose can feel bloating, nausea, abdominal (belly) 

cramps, or pain, that sometimes can lead to gas release and diarrhoea. These symptoms and the quantity of 

lactose that induces them vary from person to person (Callahan et al., 2020; John Hopkins University, 2021). 

Even though lactose might seem dangerous, it acts as a prebiotic, meaning that in moderate consumption it 

can increase the beneficial bacteria in the gut (Achón et al., 2019). 

 

Effect of monosaccharides on health 

The intake of free sugars is harmful for long-term health as they increase the risk of obesity, diabetes, dental 

caries, many types of cardiovascular diseases, and even cancer (Kohlmeier, 2015; Mann et al., 2007; 

University of Hawaii, 2019; World Health Organization, 2019). Free sugars refer to simple sugars added to 

foods and drinks by the manufacturer, cook, or consumer and those that appear naturally in foods, such as 

syrups, honey, fruit juices, and others (Callahan et al., 2020). These sugars can increase the energy density 

of foods (how many kilocalories are in a certain amount of food) and consequently lead to diets with higher 

energy consumption. Furthermore, these foods are often not rich in other nutrients, leading to an 

unbalanced diet and unhealthy weight gain (World Health Organization, 2019). 

 

Complex carbohydrates (Polysaccharides) 

Complex carbohydrates are made from sugars connected in long straight or branched chains. The body 

digests them after it breaks them into simple sugars and then absorbs them in the form of glucose. Because 

of this process, their absorption in the small intestine is slower than simple sugars (Kohlmeier, 2015; 

Zimmermann, 2020). 

Digestible carbohydrates offer human body 4 kilocalories per gram of energy, the same as simple sugars 

(University of Hawaii, 2019). Even though the digested carbohydrates will turn to sugars, body can store the 

excess amount in long-chain complex carbohydrates. These polysaccharides in humans are called glycogen, 
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which is the main form of stored carbohydrates. In many plant products, carbohydrates are mainly stored in 

the form of starch (Kohlmeier, 2015; University of Hawaii, 2019). 

 

 

Fibre 

CƛōǊŜ ƛǎ ŦƻǳƴŘ ƛƴ ŀƭƭ ǇƭŀƴǘǎΣ ŀƴŘ ƳƻǊŜ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǇƭŀƴǘΩǎ ŎŜƭƭ ƳŜƳōǊŀƴŜΦ Lƴ ƘǳƳŀƴǎΣ ŦƛōǊŜ ƛǎ ƛƴŘƛƎŜǎǘƛōƭŜΣ 

meaning that human digestive enzymes cannot break them into their sugars. Therefore, it can resist 

absorption and reach the large intestines, providing food to the microorganisms that live there. Fibre, also, 

slows down the absorption rate of sugars, not allowing blood sugar to rise immediately. Fibre can be 

categorized into soluble and insoluble fibre (Harvard University Scool of Public Health, 2012b; Holscher, 

2017). 

 

Table 4. Fibres, characteristics, impact and dietary sources (Callahan et al., 2020; Harvard University Scool 

of Public Health, 2012b; Holscher, 2017; Samra & Anderson, 2007) 

Fibre Dissolves 
in water 

Forms gel 
in intestine 

Effect on 
gut 

Effect on 
stool 

Effect on gut 
microbiome 

Effect on 
hunger 

Sources 

Soluble Yes Yes Slows 
down 
movement 
of food - 
Assistsdiarr
hoea 

Makes it 
firmer 

Prebiotic 
(increases 
helpful 
bacteria) 

Limits 
hunger 
(increases 
satiety) 

Nuts, legumes 
(lentils, beans), 
fruits (apples, 
blueberries), 
oatmeal 

Insoluble No No Enhances 
the 
movement 
of digested 
material- 
Assists 
constipatio
n 

Increases 
volume 

Limited Limits 
hunger 
(less 
effective 
than 
soluble) 

Wholegrain 
(bread, 
couscous), 
brown rice, all 
legumes, 
carrots, 
tomatoes, 
cucumbers 

 

1.1.4 Proteins 

Protein assists in movement and structural support and conducts various chemical reactions (enzymes) 

(Harvard University Scool of Public Health, 2012c; Watford & Wu, 2018). After all, the world protein that 
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comes from the Greek language, means prime or primary. It can be found in every part of the human body 

and is made of combinations of amino acids (Kohlmeier, 2015; Wu, 2016). 

 

Amino acids 

An amino acid is comprised of 4 units: a carbon atom connected to a hydrogen atom, an acidic and an amino 

ƎǊƻǳǇΣ ŀƴŘ Ŧƛƴŀƭƭȅ ŀ ǎƛŘŜ ƎǊƻǳǇΦ ¢Ƙƛǎ ǎƛŘŜ ƎǊƻǳǇΩǎ ǾŀǊƛŀǘƛƻƴ ƛǎ ǿƘŀǘ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ǘȅǇŜ ƻŦ ŀƳƛƴƻ ŀŎƛŘΦ !ǎ ǘƘŜ 

human body is not able to synthesize or produce adequate quantities of some amino acids, some must be 

taken from food. These 9 amino acids are called indispensable and should be included in adequate amounts 

ƛƴ ǇŜƻǇƭŜΩǎ ŘƛŜǘ (Harvard University Scool of Public Health, 2012c; Wu, 2016). 

 

Table 5. Essential amino acids and their main sources. (Callahan et al., 2020; Wu, 2016) 

Essential amino acids Sources 

Histidine, Isoleucine, Leucine, Valine, Lysine, 
Methionine, Phenylalanine, Threonine, 
Tryptophan 

Eggs, soy protein, buckwheat, whitefish, chicken, 
meat, and seeds (hemp, pumpkin, chia, sesame) 

 
 

Protein needs 

¢ƘŜǊŜ ƛǎ ŀ ǎƛƳǇƭŜ ǊǳƭŜ ǘƻ ŦƛƴŘ ƻǳǘ Ƙƻǿ ƳǳŎƘ ǇǊƻǘŜƛƴ ŀ ǇŜǊǎƻƴ ƴŜŜŘǎΥ ƳǳƭǘƛǇƭȅ ǘƘŜ ǇŜǊǎƻƴΩǎ ǿŜƛƎƘǘ ōȅ лΦуΦ ¢ƘŜ 

outcome is the least amount of protein the person needs daily. For instance, an average man weighing 80 

kilos needs a little more than 64 grams, while a woman weighing about 70 kilos needs about 56 grams of 

protein daily (Harvard University Scool of Public Health, 2012c; Wu, 2016). Although this might seem a lot at 

first, most citizens in developed countries tend to surpass this threshold (Callahan et al., 2020; Harvard 

University Scool of Public Health, 2012c; Wu, 2016). 

 

Protein sources 

Protein can be found in almost all food items. Meat, fish, and dairy are high in protein, but there are also 

ƻǘƘŜǊ ǇǊƻǘŜƛƴ ǎƻǳǊŎŜǎ ŦǊƻƳ ŀ ǇŜǊǎƻƴΩǎ ŘƛŜǘΚ [ŜƎǳƳŜǎΣ ǎǳŎƘ ŀǎ ǇŜŀ ŀƴŘ ǇŜŀǎΣ ƴǳǘǎΣ ǎŜŜŘǎΣ ǎƻȅΣ ǿƘƻƭŜ ƎǊŀƛƴΣ 

and some vegetables, such as broccoli, corn, brussels sprouts, and artichokes, can also contain adequate 

amounts of protein. While protein is found in a wide variety of foods, it differs in quality (Callahan et al., 

2020; Harvard University Scool of Public Health, 2012c; Wu, 2016). 
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Protein Quality  

Protein sources vary in their quality and can be categorized into two groups: the high-quality complete 

proteins, that contain sufficient amounts of all nine essential amino acids, and lower quality incomplete 

proteins, with insufficient amounts of at least some of the essential amino acids (Wu, 2016; Zimmermann, 

2020). However, since different foods lack different types of amino acids, when consumed together they can 

provide all the necessary amino acids and hence are called complementary protein sources (Callahan et al., 

2020). 

Protein quality can also be characterized by its digestibility, meaning how much of it is being absorbed by 

human body. Animal proteins tend to be absorbed almost fully, while plant proteins are partially not 

absorbed, as the existence of fibres binding to some proteins prohibits their absorption (Callahan et al., 2020; 

Watford & Wu, 2018). 

 

Table 6. Complete and incomplete protein sources (Callahan et al., 2020) 

Protein groups Food sources 

Complete proteins Most animal food and their products (milk, cheese, eggs, poultry, 
meat, fish) 
Soy and its products (soybeans, tofu, soy milk) and Quinoa 

Incomplete proteins Most plant-based food (grains, vegetables, fruits, legumes, nuts, 
seeds) 

 

 

Table 7. Complementary protein sources (American Society for Nutrition, 2011; Callahan et al., 2020) 

Foods Deficient in which amino 
acid 

Complementary food Complementary food 
menu options 

Legumes Methionine and Tryptophan Combination of legumes 
with grains or nuts or 
seeds or corn 
 
Combination of 
vegetables with grains, 
nuts or seeds 

Lentils and wholegrain 
bread 
 
Chickpeas with brown rice 
 
Stuffed zucchini (or other 
vegetables) with rice and 
lentils 
 
See more options on Unit 
4 

Grains Threonine, Lysine, and 
Isoleucine 

Nuts and seeds Lysine and Isoleucine 

Vegetables Methionine 

Corn Tryptophan, Lysine 
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1.1.5 Lipids 

It is a common belief that lipids are a potential hazard to health and should be avoided. Actually, the quality 

of fats plays a more significant role in weight gain than the total amount of lipids consumed (Beulen et al., 

2018; Harvard University Scool of Public Health, 2015). Lipids are an essential tool. They create all cell 

membranes, they act as signalling molecules and, most importantly, they function as long-term energy 

storehouses (Callahan et al., 2020; Zimmermann, 2020). Their chemical composition is mostly carbon, 

hydrogen, and oxygen. Most lipids are insoluble in water. They are classified into eight categories: fatty acids, 

sterols, mono-, di-, triglycerides, phospholipids, waxes, and fat-soluble vitamins (Fahy et al., 2009). Fat-

soluble vitamins include vitamin A, D, E, and K and will be discussed in the next unit. 

 

Fatty acids 

Fatty acids are comprised of a carbon and hydrogen chain that ends in the carboxylic acid group. Part of its 

chain is soluble in water (carboxylic group) and part of it is insoluble in water (hydrocarbon chain) (Callahan 

et al., 2020; Fahy et al., 2009; Kohlmeier, 2015). The bond between the carbon atoms is either single or 

double. If there is no double bond in the chain then the fatty acid is called saturated, and if there is at least 

one it is called unsaturated. Finally, by combining one, two, or three fatty acids with a glycerol molecule, a 

monoglyceride, a diglyceride, or a triglyceride, respectively, is formed. Triglyceride is the most common lipid 

in human diet and body (Fahy et al., 2009; Groff et al., 1995; Kohlmeier, 2015). 

 

Saturated fatty acids 

¢ƘŜȅ ŀǊŜ ƪƴƻǿƴ ŀǎ άōŀŘ ŦŀǘǎΦέ ¢ƘŜȅ ŀǊŜ ǎƻƭƛŘ ŀǘ ǊƻƻƳ temperature, resistant to oxidization, and do not turn 

rancid when they are exposed to air (Callahan et al., 2020; Groff et al., 1995; Zimmermann, 2020). Saturated 

fat is mostly found in animal-derived products, such as butter, whole milk, milk cream, and meat. Some 

tropical oils, such as coconut or palm oil are high in saturated fats (Callahan et al., 2020; Clabrese et al., 

2020). Excessive consumption of saturated fats has been liƴƪŜŘ ǘƻ ƛƴŎǊŜŀǎŜŘ ōƭƻƻŘ ŎƘƻƭŜǎǘŜǊƻƭ όǘƘŜ άōŀŘ 

ŎƘƻƭŜǎǘŜǊƻƭέΣ [5[ύΣ ǿƘƛŎƘ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎƘŀƴŎŜ ƻŦ ƘŀǾƛƴƎ ŀ ǎǘǊƻƪŜ ƻǊ ƘŜŀǊǘ ŘƛǎŜŀǎŜ (Callahan et al., 2020). 

 

Unsaturated fatty acids 

¢ƘŜǎŜ ŀǊŜ ƪƴƻǿƴ ŀǎ άƎƻƻŘ ŦŀǘǎέΦ  ¢ƘŜȅ ŀǊŜ ƭƛǉǳƛŘ ŀǘ ǊƻƻƳ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ Ŏŀƴ ōŜ ŦƻǳƴŘ Ƴƻǎǘƭȅ ƻƴ Ǉƭŀƴǘ-

based products, such as sunflower oil, olive oil, nuts, avocadoes, and in small quantities in wholegrain 

products. Depending on how many double bonds are included in the chain, they are categorized as 

monosaturated (only one double bond) or polysaturated (two or more double bonds) (Callahan et al., 2020). 
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Monounsaturated fats 

These fats counteract the negative impact of saturated fats, by decreasing the bad cholesterol in human 

body. They can be found in various vegetable oils, such as olive, peanut, sunflower, and canola (Callahan et 

al., 2020). 

 

Polyunsaturated 

These fats play a significant role in health. Depending on the position of the bonds these fatty acids can be 

divided into omega 3, 6, and 9 fatty acids. Among these fatty acids, there are two that the body cannot 

synthesize, called linoleic and alpha-linolenic acids. Furthermore, two more fatty acids, called 

eicosatetraenoic and docosahexaenoic acid, have a low rate of synthesis and are therefore beneficial to be 

consumed (Callahan et al., 2020; Kaur et al., 2014). 

 

Table 8. Unsaturated fatty acids (Callahan et al., 2020; Kaur et al., 2014; Patterson et al., 2012) 

Unsaturated fatty acids Sources Effect on health 

Omega-3 fatty acids Plant oils and oily fish Development of the retina 
(eyes), skin, and brain 

Alpha Linolenic acid (ALA) 
(Omega-3) 

plant oils (flaxseed, 
sunflower), seeds, algae 

Used as the basis for the 
creation of EPA 

Eicosatetraenoic acid (EPA) 
(Omega-3) 

Oily fish Lower inflammation in the 
body 

Docosahexaenoic acid (DHA) 
(Omega-3) 

Oily fish and algae oil Important during pregnancy 
and lactation 

Omega-6 fatty acids Plant-based oils and fat Helpful for many body 
functions. When consumed in 
large quantities compared to 
omega-3 fatty acids, they may 
lead to chronic inflammatory 
diseases. 

Linolenic acid 
(Omega-6) 

Whole grains, wheat, 
vegetable oils, cereals 

Has anti-inflammatory 
effects. Turns to arachidonic 
acid, which promotes proper 
hair and skin growth. 

Omega-9 fatty acids Vegetable fat and oils Boosts energy levels and 
brain function 
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Trans and effect 

Trans fats are a type of unsaturated fats created through the hydrogenation of fatty acids. This type of fat is 

particularly dangerous to health. The difference lies in the different types of bond formation, called trans, 

which are different from the cis-bond that the rest of unsaturated fats have. This new bond increases their 

stability and makes them solid (Callahan et al., 2020; Harvard University Scool of Public Health, 2014). These 

types of fat can greatly increase blood cholesterol, increase inflammation, and elevate the risk of having 

heart disease by a lot (Callahan et al., 2020; Harvard University Scool of Public Health, 2014; PAHO/WHO, 

2022). Since 2000, trans fats have been heavily regulated (PAHO/WHO, 2022). Nowadays, industrialized 

hydrolysed vegetable oils and animal fat are the main source of trans fat (Callahan et al., 2020; Wanders et 

al., 2017). 

 

Cholesterol 

Cholesterol is extremely useful for the human body, as it is the main component of cell membranes and as 

it is a precursor for the biosynthesis of steroid hormones, bile acid, and vitamin D (Callahan et al., 2020; Fahy 

et al., 2009; Kohlmeier, 2015). Cholesterol is known to most people by their blood examination. Cholesterol 

Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ŦƛǾŜ Ƴŀƛƴ ŦƻǊƳǎ ƛƴ ǘƘŜ ōƻŘȅΥ [5[ όǘƘŜ άōŀŘέ ƻƴŜύΣ I5[ όǘƘŜ ƎƻƻŘέ ƻƴŜύΣ L5[Σ ±[5[Σ ŀƴŘ ŦǊŜŜ 

cholesterol (Callahan et al., 2020; Kohlmeier, 2015). The role of LDL is to provide cells with cholesterol, 

whereas the role of HDL is to transport cholesterol back to the liver. Cholesterol can be found in animal 

products high in fat, such as liver, egg yolks, red meat, fish oil, and butter (Callahan et al., 2020; Soliman, 

2018; Wanders et al., 2017). Although it affects cardiovascular health, cholesterol in the blood is mostly 

related to the amount of trans fat and saturated fatty acids consumed rather than the amount of cholesterol 

consumed (Callahan et al., 2020; Soliman, 2018; Wanders et al., 2017). 

Case Study  

The USDA's Dietary Guidelines for Americans emphasizes the need to reduce the amount of fat, sodium 

(salt) and added sugar consumed, while increasing the consumption of fiber. When buying food, we can 

check the label, but when using a recipe, we might need to make some changes by substituting 

ingredients or changing the cooking technique. Just like we substitute when we're out of a certain 

ingredient, we can make changes in a recipe to make it healthier.  

Most recipes can be made healthier without changing the taste or texture of the food. Techniques include 

reducing the amount of fat and sugar, substituting ingredient(s), deleting ingredient(s), changing the method 

of preparation and changing the portion size. 
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 Imagine that you are asked to make a recipe healthier in terms of reducing salt. 

 

The answer:  

Use a mix of spices instead of table salt and salty sauces. 

 

 

1.2 Micronutrients 

1.2.1 Introduction 

Apart from the macronutrients, important components to a ǇŜǊǎƻƴΩǎ ŘƛŜǘΣ ƴŜŜŘŜŘ ƛƴ ƭŜǎǎŜǊ ǉǳŀƴǘƛǘƛŜǎΣ ŀǊŜ 

the micronutrients. These micronutrients consist of water-soluble vitamins, fat-soluble vitamins, and 

minerals. Participants will examine the necessary vitamins and minerals and understand their role in the 

hǳƳŀƴ ōƻŘȅΩǎ ŦǳƴŎǘƛƻƴΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜȅ ǿƛƭƭ ŜȄǇƭƻǊŜ ǾŀǊƛƻǳǎ ŦƻƻŘ ǎƻǳǊŎŜǎ ƻŦ ƳƛŎǊƻƴǳǘǊƛŜƴǘǎΣ ŀƴŘ ŦƛƴŘ ƻǳǘ 

how different practices can influence their absorption. Finally, the contribution of vitamins and minerals, as 

well as other substances, not included ƛƴ ǘƘŜ ƳƛŎǊƻƴǳǘǊƛŜƴǘǎΣ ǘƻ ƘǳƳŀƴΩǎ ƘŜŀƭǘƘ ǿƛƭƭ ōŜ ŜȄǇƭŀƛƴŜŘ ƛƴ ŘŜǘŀƛƭΦ 

aƛŎǊƻƴǳǘǊƛŜƴǘǎ ŀǊŜ Ǿƛǘŀƭ ƴǳǘǊƛŜƴǘǎ ǘƘŀǘ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀ ǇŜǊǎƻƴΩǎ ŘƛŜǘΣ ōǳǘ ƛƴ ƭŜǎǎŜǊ ǉǳŀƴǘƛǘƛŜǎ ǘƘŀƴ 

macronutrients. Micronutrients include the vitamins, minerals, and trace elements (University of Hawaii, 

2019).  

As for vitamins, like the main three macronutrients, they are organic compounds (carbon based) that are not 

broken down by the human body when digested, but rather are absorbed directly in the intestine. They have 

to be consumed, as the body cannot synthesize sufficient (Callahan et al., 2020). Vitamins are divided into 

two major categories, that depend on the substance solubility in water. If a vitamin is soluble in water, it is 

called water-soluble. If it is not soluble in water, but soluble in fat, it is called fat-soluble vitamin (University 

of Hawaii, 2019).  

Minerals are essential to human health. Minerals are categorized based on recommended daily intake. If a 

mineral is consumed quantities more than 100 milligrams, they are called major minerals, otherwise trace 

elements (Callahan et al., 2020). 

 

1.2.2. Water-soluble vitamins 

The main distinction between water-soluble vitamins and fat-soluble vitamins, apart from their solubility in 

water, is the storage capacity in the body. Water-soluble vitamins cannot be stored in great quantities in 

human body; therefore it is important to consume adequate amounts daily. Surplus water-soluble vitamins 
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are excreted from the body through the urinary system. Finally, since they cannot be stored in large 

quantities, the toxicity of overconsumption is relatively rare (Callahan et al., 2020).  

There are 9 water soluble vitamins. Vitamin C is the most well-known vitamin. The other 8 vitamins are 

included in the B complex; namely the B1, B2, B3, B6, B12, biotin, pantothenic acid and folate. 

 

Vitamin C 

Ascorbic acid, also commonly known as vitamin C, is an antioxidant and is part of various hormones, 

enzymes, amino acids, and enables the production of collagen, the most abundant protein in the human 

body (School of Public Health Harvard, 2012f; University of Hawaii, 2019). 

The amount of vitamin C in the body is regulated by the amount ingested (diet) and the excretion of excess 

amount (kidneys). Vitamin C has proved to reduce the risk of developing cancer and cardiovascular diseases, 

although studies argue that this reduced risk is attributed to the increase in vitamin C rich fruit and vegetable 

consumption and not in supplementation. Moreover, vitamin C has several roles in the immune system. 

People often tend to increase their intake of vitamin C when they have a cold or are trying to prevent it. This 

practice has not proven to be effective at preventing the disease, contrary to peoǇƭŜΩǎ ōŜƭƛŜŦΣ ōǳǘ Ŏŀƴ ǊŜŘǳŎŜ 

the severity and duration of a cold if the diet was rich in vitamin C prior to infection (School of Public Health 

Harvard, 2012f). 

Not receiving enough vitamin C can lead to scurvy, a condition rare to the developed world. Toxicity from 

excessive intake of vitamin C is scarce and require constant ingestion of high doses (often in form of 

supplements). To prevent toxicity, an UL (Upper intake Level) has been set at 2000 milligrams/day (20 times 

higher than the RDA (Recommended Dietary Allowance). Citrus fruits are the main source of vitamin C, 

followed by other legumes and fruits. Boiling a vegetable or fruit, up to half of the vitamin C can be lost 

(School of Public Health Harvard, 2012f). 

 

Vitamin B complex 

There are 8 vitamins in the B complex. In the following table, information on their main roles, sources, health 

outcome due to deficiencies, and daily recommended doses are presented. Since these vitamins are water-

soluble, toxicity from overconsumption is highly unlikely. 
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Table 9: B-vitamins main roles, sources, deficiency outcomes, and recommended amounts (School of 

Public Health Harvard, 2012b) 

B-
name 

Full name Main role (takes 
part in) 

Main sources Deficiency 
can lead to: 

Daily 
RDA 
for 
adult 
men 

Daily 
RDA for 
adult 
women 

Daily 
RDA 
during 
PG and 
LA 

1 Thiamine Growth and 
functions of cells, 
change 
carbohydrates to 
energy 

Whole grain, 
meat, fish, 
(fortified 
bread & 
cereals) 

Congestive 
heart 
failure, 
cognitive 
function 

1.2 mg 1.1 mg  1.4 mg 

2 Riboflavin Energy production,  
breakdown of 
medications, cell 
growth 

Variety of 
foods 

Migraines, 
Cardiovascu
lar diseases 

1.3 mg 1.1mg PG:1.4m
g 
LA: 1.6 
mg 

3 Niacin Energy production, 
creation of fats, 
DNA reparation, 
antioxidant effect 

Meat, 
poultry, fish, 
cereal, yeast 

Cardiovascu
lar diseases, 
cognitive 
health 
(Alzheimer, 
cognitive 
function) 

16 mg 
NE 

14 mg 
NE 

PG:18 
mg NE 
LA: 17 
mg NE 

5 Pantothenic 
acid 

Fat-related 
metabolism 

Almost 
everywhere 

Deficiency 
is rare 

5 mg  5 mg PG: 6 mg  
LA: 7 mg 

6 Pyridoxine Support immune 
and nervous 
system, breakdown 
of macronutrients 

Fish, beef 
liver, 
potatoes, 
starchy 
vegetables & 
fruits 

Cardiovascu
lar diseases, 
cognitive 
function, 
cancer, 
morning 
sickness 
(PG) 

1.3 mg 
1.7 mg 
(>50 
y.o.) 

1.2 mg 
1.3 mg 
(>50 
y.o.) 

PG: 1.9 
mg  
LA: 2 mg 

7 Biotin Breakdown of 
macronutrients 

Eggs, fish, 
meat, seeds, 
nuts, certain 
vegetables 

Deficiency 
is rare 
(apart from 
some 
alcoholics) 

ол ˃Ǝ ол ˃Ǝ [!Υ ор ˃Ǝ 

9 Folic acid 
(folate) 

DNA & RNA 
formation, red 
blood growth, 
healthy 
development of 
the foetus 

Dark leafy 
vegetables, 
fruits, animal 
products 

Neural tube 
effect of 
foetus, 
heart 
disease, 
cancer, 
dementia 
and 

плл ˃Ǝ 
όслл ˃Ǝ 
in 
alcoholi
cs) 

плл ˃Ǝ PG, LA: 
рлл ˃Ǝ 
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cognitive 
function 

12 Cobalamin Formation of red 
blood cells, 
development and 
function of nervous 
system 

Animal 
products 
(fish, meat, 
poultry eggs, 
milk 
products) 

Cardiovascu
lar diseases, 
cognitive 
function 

нΦп ˃Ǝ нΦп ˃Ǝ PG: 2.6 
˃Ǝ 
LA: 2.8 
˃Ǝ 

PG: pregnancy, LA: lactation, NE: niacin equivalent, equivalent to 60 mg of tryptophan, y.o.: years old, mg: 

ƳƛƭƭƛƎǊŀƳǎΣ ˃ƎΥ ƳƛŎǊƻƎǊŀƳǎ 

 

 

Vitamin B12 deficiency 

Among vegan and especially those with strict vegan diets, B12 vitamin deficiency may be possible(School of 

Public Health Harvard, 2012b). This occurs, as the main source of vitamin B12 is animal products and there 

are limited quantities in plant-based products. Vegetarians often compensate this deficiency, by eating 

products that animals produces, such as eggs and milk. 

 

1.2.3 Fat-soluble vitamins 

Fat-soluble vitamins are equally essential. Their high solubility in fat allows them to protect cell membranes 

ŦǊƻƳ ŦǊŜŜ ǊŀŘƛŎŀƭ ŘŀƳŀƎŜ ŀƴŘ ŀŎǘ ŀǎ ƳƻŘƛŦƛŜǊǎ ƻŦ ǘƘŜ ŎŜƭƭΩǎ ƴǳŎƭŜǳǎ ōȅ ƛƴŦƭǳŜƴŎƛƴƎ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴΦ ¢ƘŜ Ƴŀƛƴ 

difference between types of vitamins is that due to their nature, fat soluble vitamins can be stored in large 

quantities which means that a diet low in a fat-soluble vitamin may not be evident immediately (University 

of Hawaii, 2019). Both deficiency and toxicity are likely to appear and can have serious consequences in the 

long term. Toxicity can be an outcome of consuming high doses of these vitamins, often in the form of 

supplements (Callahan et al., 2020). 

Overall, there are 4 types of fat-soluble vitamins, namely A, D, E, K. The table below shows information about 

their main role, main sources, deficiency, and daily recommended amount of intake.  
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Table 10. Fat-soluble vitamins main roles, sources, deficiency outcomes, and recommended amounts 

N
a
m

e 

Full name Main role (takes 
part in) 

Main sources Deficiency 
can lead to: 

Daily 
RDA 
for 
adult 
men 

Daily 
RDA 
for 
adult 
women 

Daily 
RDA 
during 
PG and 
LA 

A Retinol (School of 
Public Health 
Harvard, 2012e) 

Regulates protein 
synthesis, 
antioxidant 
(especially beta-
carotene), and 
cholesterol 
synthesis, essential 
for vision 

Carrot, mango, 
papaya, green 
leafy 
vegetables, 
and fish liver oil 

Night 
blindness, 
xeropthalmi
a (dry-eye), 
keratomala
cia 

3000 
IU* 

2333 
IU* 

- 

D Cholecalciferol 
(School of Public 
Health Harvard, 
2012g) 

Regulates 
absorption of 
calcium and bone 
mineralization 

Exposure to 
sunlight, fatty 
fish, fish liver 
oil, egg yolk, 
cheese, beef 
liver 

Rickets in 
children, 
osteomalaci
a, 
osteoporosi
s (long-
term) 

600 
IU**  
(>70 
y.o. 800 
IU) 

600 
IU**(>7
0 y.o. 
800 IU) 

- 

E Tocopherol 
(Boston, 2012) 

Antioxidant Vegetable oils 
(olive, 
sunflower, 
soybean), nuts, 
avocado 

Sterility, 
decreased 
immune 
function 

15 mg 15 mg LA: 19 
mg 

K (K1) 
phylloquinone  
(K2) 
Menaquinone 
(School of Public 
Health Harvard, 
2012h) 

Synthesis of blood 
clots 

Green leafy 
vegetables, 
cauliflower, 
cabbage 

Increased 
blood 
clotting 
time 

мнл ˃Ǝ мнл ˃Ǝ PG,LA: 
фл ˃Ǝ 

ϝм  L¦ ƻŦ ǾƛǘŀƳƛƴ ! ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ лΦо ˃Ǝ 
ϝϝм L¦ ƻŦ ǾƛǘŀƳƛƴ 5 ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ лΦлнр ˃Ǝ 

tDΥ ǇǊŜƎƴŀƴŎȅΣ [!Υ ƭŀŎǘŀǘƛƻƴΣ ȅΦƻΦΥ ȅŜŀǊǎ ƻƭŘΣ ƳƎΥ ƳƛƭƭƛƎǊŀƳǎΣ ˃ƎΥ ƳƛŎǊƻƎǊŀƳǎ 

 

 

Vitamin A 

Vitamin A has two main forms that can be obtained from the diet, which are retinol or retinyl esters and 

provitamin A (beta-carotene, which can be converted to retinol) (School of Public Health Harvard, 2012e). 

Vitamin A has proven effective at reducing the risk of developing lung cancer, while some carotenoids have 

shown promising results in reducing the risk of prostate cancer and age-related vision disease. Vitamin A 
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toxicity is more likely in developed countries due to the high doses found in supplements. It is advised to not 

ŎƻƴǎǳƳŜ ƳƻǊŜ ǘƘŀƴ оллл ˃Ǝ Řŀƛƭȅ ό¦ǇǇŜǊ ǘƻƭŜǊŀōƭŜ LƴǘŀƪŜύ (School of Public Health Harvard, 2012e; 

University of Hawaii, 2019). Outcomes of the toxicity can be vision changes (e.g. blurry vision), bone pain, 

nausea, vomiting and sensitivity to bright light. Vitamin A toxicity can be especially harmful for pregnant 

women and their future children. Therefore, avoiding products with excessive amounts of vitamin A, such as 

liver and products containing it should be consumed in moderation (not exceeding 10,000 IU daily or 25,000 

IU weekly) (School of Public Health Harvard, 2012e). 

 

Vitamin D 

This vitamin is well known for its relation to sunlight. Vitamin D is especially helpful for health as it can 

prevent poor bone health in later age, many types of cancer, cardiovascular diseases, type 2 diabetes and 

even boost the immune system (School of Public Health Harvard, 2012g; University of Hawaii, 2019). 

Deficiency is common in those living in countries close to the north and south pole. In these regions, vitamin 

D supplements are advised to be taken in low doses. Diet can assist in preventing deficiency but is less 

effective than sun exposure. In older people, vitamin D plays a significant role as it can prevent poor bone 

health. 

 

Vitamin E 

This vitamin acts mostly as an antioxidant which may help prevent cardiovascular diseases and even some 

types of cancer. Furthermore, vitamin E has a role in preventing poor cognitive function at later age(Boston, 

2012).  Due to its overabundant presence in foods and supplements, deficiency is rare. Toxicity is also rare. 

 

Vitamin K 

This vitamin can be found in two forms, namely K1 (phylloquinone) and K2 (menadione). Vitamin K1 is mostly 

found in leafy green vegetables, while K2 is mostly produced by bacteria (fermented products, or own large 

intestine) (Callahan et al., 2020; School of Public Health Harvard, 2012h). Vitamin K plays an important role 

in the synthesis of blood clotting. Therefore, it is closely related to cardiovascular health (heart and blood 

vessels). In cases of deficiency, the formation of blood clots (formed to stop blood from overflowing during 

injuries) is decreased, leading to excessive blood loss. People who take medication that affect the speed that 

blood clots should be careful about their vitamin K intake (School of Public Health Harvard, 2012h). 

 












































