
Plant Based Food
Vegetals



Unit 1: Dietary fibre: definitions, chemical composition 
and nutritional characteristics. Definition of pre-biotic 
and pro-biotic (functional foods) and effects on human 
metabolism.

Unit 2: Anti-nutritional substances and toxic substances
present in plants: protease inhibitors, lectins, phytates, 
glucosinolates, AA derivatives, alkaloids, cyanogenic
glycosides, saponins).



Foods of plant origin, fresh and/or subjected to technological treatments can be 
classified as follows:

 "I gamma" - Fresh products (e.g. fresh vegetables);
 "II gamma" - Foods preserved through heat treatment (e.g. pasteurized milk);
 "III gamma" - Frozen and deep-frozen foods (e.g. frozen fish fillets); fresh-cut 

foods - fresh, clean and ready-to-eat foods (e.g. washed and pre-cut 
vegetables);

 "V gamma" - Food already cooked and vacuum preserved (e.g. vacuum 
cooked first courses).

Classifications



Dietary Fiber

U1
In the EU, regulation 1169/2011 on the provision of food information to 
consumers, defines fibre as 'carbohydrate polymers with three or more 
monomeric units, which are neither digested nor absorbed in the human small 
intestine and belong to the following categories:

 edible carbohydrate polymers naturally occurring in the food as consumed,

 edible carbohydrate polymers which have been obtained from food raw 
material by physical, enzymatic or chemical means and which have a 
beneficial physiological effect demonstrated by generally accepted scientific 
evidence,

 edible synthetic carbohydrate polymers which have a beneficial physiological 
effect demonstrated by generally accepted scientific evidence'.



Dietary Fiber

U1
Similar to the EU, the United States (US) Food and Drug Administration (FDA) 
definition refers to 'non-digestible soluble and insoluble carbohydrates (with 3 or 
more monomeric units), and lignin that are intrinsic and intact in plants; isolated 
or synthetic non-digestible carbohydrates (with 3 or more monomeric units) 
determined by FDA to have physiological effects that are beneficial to human 
health'.

The EU and US definitions differ from the Codex 
Alimentarius definition on the number of monomers 
that constitute the carbohydrate polymer; while the EU 
and US includes three or more monomeric units, the 
Codex definition specifies ten or more, leaving national 
authorities to decide whether to include as fibre also 
carbohydrates with 3-9 monomers.



Dietary Fiber

U1
Early definitions of dietary fibre included only non-digestible components of the 
plant cell wall (namely NSP), but more recent definitions now include any edible 
parts of the plant or analogous (extracted/synthetic) carbohydrates that are 
resistant to digestion in the small intestine and fermented in the large intestine.
Such expansions have led to the inclusion of non-digestible oligosaccharides 
within many definitions.

Oligosaccharides are a category of short-chain carbohydrates, which are 
considered low molecular weight (LMW) dietary fibre and are plant energy 
reserves found naturally in wheat-based grains, pasta, bread, pulses, and 
legumes. Oligosaccharides are primarily associated with their microbial effects, 
rather than their effects on bowel function, and there has been great 
controversy regarding their classification as dietary fibre.



Dietary Fiber

U1



Dietary Fiber

U1

The components of the low FODMAP 
(fermentable oligosaccharides, 
disaccharides, monosaccharides, and 
polyols) diet and respective sources. 
Oligosaccharides, including inulin, are the 
main components of the low FODMAP diet 
due to their presence in many commonly 
consumed foods. 



U1

Dietary Fiber



Dietary Fiber

U1
LMW non-digestible carbohydrates, due to their rapid 
fermentation in the proximal colon, may cause deleterious 
effects in individuals with functional bowel disorders (FBDs) 
and, as such, are excluded on the low FODMAP (fermentable 
oligosaccharides, disaccharides, and polyols) diet and similar 
protocols. 

Their addition to food products as dietary fibre allows the use 
of associated nutrition/health claims, causing a paradox for 
those with FBDs, which is further complicated by lack of 
clarity on food labelling. 



Dietary Fiber
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Dietary Fiber
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https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-fibre-recommendations-2_en



Pre-biotics vs. pro-biotics

U1

Probiotics interact with both the host and the microbiome via molecular 
effectors present on the cell structure or secreted as metabolic products. 
Probiotic metabolites can act on the microbiota by crossfeeding interactions, 
changes in the gastrointestinal microenvironment (e.g., pH lowering), 
competition for nutrients and binding sites, and inhibition of growth via the 
production of strain-specific antibacterial compounds including bacteriocins. 
Such microbiota-directed effects contribute to the ability of probiotics to 
mediate health benefits in pathogen overgrowth states.

With regard to host cells, probiotic effector molecules can interact directly 
with receptors in intestinal epithelial, enteroendocrine, and immune cells as 
well as vagal afferent fibres. These interactions produce local gut effects, such 
as enhancement of intestinal barrier integrity and inflammation (e.g., via Toll-
like receptors), as well as systemic effects via host immune, endocrine, and 
nervous system.

Probiotics can also perform enzymatic metabolism of host compounds such 
as bile salts and ingested xenobiotics. Specific probiotic surface-associated 
effector molecules include pili, lipoteichoic acids, exopolysaccharides, and 
various surface-layer proteins, many of which are strain-specific and 
therefore mediate the delivery of strain-specific effects.

Classical prebiotic effects are mediated through consumption of the 
substrate by specific groups within the microbiota, promoting their 
growth and metabolic activity. Provision of substrate to select group/s 
of bacteria can also indirectly influence other bacterial groups within 
the microbiome – promoting growth through crossfeeding
interactions as well as inhibitory effects via pathogen displacement. 
Resulting changes in microbial composition and metabolite 
concentrations from prebiotic administration impact host epithelial, 
immune, nervous, and endocrine signalling and mediate health 
benefits such as improvements in bowel function, immune response, 
glucose and lipid metabolism, bone health, and regulation of appetite 
and satiety.

Chief by-products of bacterial prebiotic metabolism are the SCFAs 
acetate, butyrate, and propionate, which are well recognised to 
interact with these host systems and facilitate many prebiotic effects.

In addition to nutritive effects on microbes, prebiotic molecules are 
also recognised to interact directly with host receptors, modulating 
immune and gut epithelial cell signalling with local effects on 
inflammation and barrier function.



Pre-biotics vs. pro-biotics
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Pre-biotics vs. pro-biotics

U1



Vegetables may contain substances capable of interfering with the absorption, distribution and/or 
metabolism of nutrients. These substances are defined as "anti-nutritional" and have different targets 
depending on their structure and mechanism of action.

Some examples of anti-nutritional substances are:
Inhibitors of proteases, amylases, lectins (in legumes they cause malabsorption), phytates (they reduce the 
absorption of some micronutrients - metals) etc...

When a real toxicity mechanism is established (which can have different connotations depending on the 
exposure - acute/chronic) then we are referring to toxic compounds. In this category it is possible to include 
the glucosinolates contained in the Brassicaceae which have goitrogenic activity, some glycosidic alkaloids 
of legumes which cause hemolytic anemia in individuals with hereditary enzyme deficiencies, the saponins
present in legumes with haemagglutinogenic activity, the pyrrolizidine alkaloids present in derivatives such 
as honey with marked hepatotoxicity, the cyanogenic glycosides which through hydrolysis release HCN, a 
powerful inhibitor of cellular respiration, amino acid derivatives such as β-N-oxalyl-L-a,b-diaminoproprionic
acid contained in the wild pea (Lathyrus sativus) and responsible for lathyrism (limb paralysis lower and 
damage to the CNS), erucic acid (present in rapeseed oil) which leads to metabolic disorders. Not to be 
forgotten are the proteins capable of triggering allergic responses.

Follow some examples of toxic and/or anti-nutritional substances, also discussing possible technological 
treatments and/or measures that can reduce the impact on human health.

Anti-nutritional substances and toxic substances

U2



Enzyme inhibitors

The main enzyme inhibitors to be 
considered real anti-nutritional factors 
are protease inhibitors; they are proteins 
whose sequence is known, as well as the 
active sites, which reduce the activity of 
pancreatic enzymes, leading to pancreatic 
hypertrophy and decreasing protein 
absorption.

They are particularly present in legumes 
(beans, peas and soya) but also in eggs 
and cereals; to reduce its activity, 
denaturation by heat treatment (cooking) 
is necessary.

Some protease inhibitors found in 
legumes, also called Bowman-Birk
inhibitors, have two different active sites 
capable of blocking enzymes such as 
trypsin and chymotrypsin. These 
compounds are particularly resistant to 
normal treatments aimed at inactivating 
them.

U2



The resistance of protease inhibitors to stomach pH is quite 
significant (especially for Bowman-Birk inhibitors). Thermal 
treatments are generally the most effective way to reduce 
their effectiveness and therefore limit their effects on 
health.

U2

Enzyme inhibitors



Lectins

Legumes contain a group of proteins, many of which have links to carbohydrate residues 
(glycoproteins), called lectins which are able to bind to erythrocytes causing hemo-
agglutination. There are other toxic effects on humans including: morpho-functional 
damage to the intestinal epithelium, pancreatic and hepatic hypertrophy, thymic atrophy 
and in general an increase in the catabolism of proteins and fats.

Soy lectins are inactivated by heat with treatment at 100°C for 10'.
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Phytates

Cereals and legumes contain significant quantities (up to 1% in cereals) of phytic acid. 
It is capable of binding up to 70% of the phosphorus contained in the vegetal matrix, in 
the caryopsis it is compartmentalized in the aleurone layer and its concentration in the 
flours will depend on the degree of buttering. During the formation of gluten, due to 
hydration of the flours, the phytases are activated and hydrolyze the substrate to 
myoinositol and phosphoric acid. The anti-nutritional activity of this compound is 
linked to the ability to sequester metals such as Zn, Fe, Ca and Mg, thus removing them 
from absorption.
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Glucosinolates
The Brassicaceae contain a class of compounds called glucosinolates which, following 
enzymatic hydrolysis by specific enzymes - myrosinase -, form oxazolidine derivatives defined 
as rhodanides which, by interfering with the uptake of iodine by the thyroid tissue, act as 
goitrogens, especially if administered in iodine-poor diets.

Goitrine

Amino acid derivatives

U2

Some varieties of pea, of the genus Lathyrus sativus, particularly widespread in India where 
they are grown during the dry period, contain a compound, structurally similar to glutamic 
acid, β-N-oxalyl-L-a,b-diaminopropionic acid. This compound, which can be eliminated by 
soaking the legumes in water for 12 hours, targets the CNS, causing chronic toxic effects such 
as paralysis of the lower limbs (neurolathyrism).



Alkaloids fromVicia faba

Among the legumes, the fruits of Vicia faba, the broad beans, 
compete for some glucoside alkaloids (vicin and convicin – I and II) 
which, attacked by the β-glycosidases of the gastro-intestinal tract, 
release the aglycones (divicin and isouramyl – III and IV 
respectively) which by interacting with glutathione at the 
erythrocyte level (GSH) cause its oxidation. 
In individuals with hereditary deficiency of the enzyme G6PDH 
(glucose-6-phosphate dehydrogenase) this causes hemolytic 
anemia, the so-called favism.
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Saponins

Saponins are specialized plant metabolites with a pentacyclic structure, belonging to the 
triterpene class. They have an aglyconic portion and a glycosidic portion in which from 1 to 8 
carbohydrate and/or uronic acid residues are present. They have surfactant properties and in 
legumes they are responsible for the characteristic flavour. They are divided into two classes, 
monodesmosides and bidesmosides, depending on the number of glycoside chains they 
present.
The toxic activity translates into a hemolytic effect, present only for some compounds, given 
the reduced absorption in the GI tract the toxicity of saponins is not relevant.

Bidesmoside

Monodesmoside
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Cyanogenic glycosides

The cyanogenic glycosides present in the seeds 
of green beans (Lima bean – Phaseolus lunatus) 
and other vegetables including Cassava, sweet 
almonds, peaches, apples etc. are compounds 
which, hydrolysed by b-glucosidases, release 
HCN.
Technological treatments such as crushing and 
hydrating the seeds lead to the hydrolysis of the 
glycosides and the subsequent heating 
promotes the removal (through evaporation) of 
the hydrocyanic acid formed.
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Cyanogenic glycosides
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Cyanogenic glycosides

August 2022
The causes are attributable to the drought, which on 
the one hand would have pushed farmers to use 
fodder more resistant to water shortages, such as 
sorghum, and on the other hand this year's weather 
and climate factors would have favored greater 
production of this toxin by fodder sorghum. This 
year's levels are probably such that they frequently 
reach the lethal dose, causing the poisoning of cows.
The analyzes conducted on a sample of sorghum 
highlighted the presence of over 10,000 mg/kg of 
dhurrin. These quantities, taking into account the 
transformation factor from durrin to hydrocyanic 
acid, correspond to the presence of over 900 mg/kg 
of hydrocyanic acid. The limit for feed is set by the 
National Official Control Plan on Animal Nutrition at 
50 mg/kg. The quantity found in this case is almost 
20 times higher than the limit.
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Cyanogenic glycosides


