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Abstract

Lectins are a class of specific
proteins widely distributed in nature, which
selectively detect and bind reversibly to
carbohydrates and glycoconjugates. Lectins
have been isolated from wvarious sources,
including plants, algae, fungi, and body
fluids of invertebrates and lower vertebrates.
The majority of regularly consumed edible
plant foods contain lectins. When it comes to
food, lectin comes under antinutritional
factors since harmful local and systemic
reactions might trigger during ingestion.
However, the characteristic property of
lectins being resistant to animal and insect
proteases and their ability to recognize and
affect other molecules in a distinct way
makes them play a vital role in plant defense.
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I. INTRODUCTION

Lectins are a class of natural bioactive proteins and glycoproteins of non-immune
origin widely distributed in nature that reversibly bind to carbohydrates and glycoconjugates
(Kennedy et al.,1995; LIS and SHARON 1981) Lectins have been isolated from numerous
sources such as plants, algae, fungi, and body fluids of invertebrates and lower vertebrates.
(Mishra et al, 2019; Peumans and Van Damme 1995). Plant lectins are referred to as
phytohemagglutinins. When it comes to food, lectin comes under antinutritional factors
(Thompson 1993; Vasconcelos and Oliveira 2004a). Lectins bind to the membrane glycosyl
groups of the cells, lining the digestive tract because of their ability to withstand digestion by
the gastrointestinal tract. This interaction could cause several adverse local and systemic
reactions, placing this class of biomolecule as a toxic or antinutritive substance. (Kumar et
al., 2012; Pusztai, Bardocz, and Ewen 2008a; Vasconcelos and Oliveira 2004a). The first
outbreak of lectin poisoning was reported by the Public Health Laboratory Service in 1976
when a party of schoolboys and adults ate raw kidney beans, Phaseolus vulgaris, which had
been soaked in water for a day (Bender and Reaidi 1982). Later, Rodhouse surveyed the same
poisoning incidents between 1976 and 1989, leading to the conclusion that lectin is
responsible for all the events (Rodhouse ef al., 1990). The carbohydrates and proteins that are
undigested and unabsorbed in the small intestines reach the colon where the bacteria flora
ferments them to short-chain fatty acids and gases. These may contribute to some of the
gastrointestinal symptoms prevalent with the consumption of lectin-associated foods (Thakur
et al., 2019). Lectin comes under one of the five major classes of plant defense proteins,
which include protein inhibitors, a-amylase inhibitors, lectins, chitinases, and polyphenol
oxidases (Fiirstenberg-Hégg, Zagrobelny, and Bak 2013). Keeping these views, we intend to
compile the role of lectin as plants defense molecules and its implications as antinutritional
properties on human dietary lectins.

II. CLASSIFICATION OF LECTINS

Because of their vast diversity, the classification of lectins is still evolving. Based on
structure, lectins are classified as (1) Merolectins, with only one carbohydrate-binding
domain, are small monovalent proteins with a single polypeptide and are incapable of
precipitating glycoconjugates or agglutinating cells (Macedo, Oliveira, and Oliveira 2015;
Peumans and Van Damme 1995; Santos et al, 2016). (2) Hololectins, which are lectins
exclusively with carbohydrate-binding domains, in which two or more are identical or very
similar. They comprise all lectins with multiple binding sites and can undergo cell
agglutination or glycoconjugate precipitation (Santos et al., 2016). (3) Chimerolectins, which
do not contain any carbohydrate domains but are 'chimeric' proteins holding a carbohydrate-
binding domain tagged with other domains having enzymatic activity. The carbohydrate-
binding domain doesn't affect the functions of the enzymatic domain. Chimerolectins can
function as hololectins or merolectins depending on the quantity of sugar binding sites
(Mishra et al., 2019). (4) Superlectins, which consist of molecules with two or more distinct
carbohydrate-binding domains. They have two distinct carbohydrate-binding domains that
can detect sugars with different structural characteristics (Santos et al., 2016).

Based on binding affinity to carbohydrate moiety, lectins are classified as (1)
Glucose/mannose binding lectins; (2) Galactose and N-acetyl-D-galactosamine binding
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lectins; (3) L-fucose binding lectins; (4) N-acetyl-D-galactosamine binding lectins and (5)
Sialic acids binding lectins (Bah, Fang, and Ng 2013; Mishra et al., 2019).

Lectins are also grouped into 12 families based on the similarity of amino acid
sequences of these proteins and the structure of their carbohydrate-recognition domains
(CRD). These families include Agaricus bisporus homologs, Amaranthin domain, class V
chitinase homologs, Euonymus europaeus family, Galanthus nivalis agglutinin family,
proteins with hevein domains, Jacalins, Cyanovirin domain proteins with legume lectin
domains, Lys M domain proteins, the Nicotiana tabacum agglutinin family and the ricin-B
domain (Hendrickson and Zherdev 2018; Macedo, Oliveira, and Oliveira 2015).

Another classification of plant lectin is base on sequence data. They are categorized
into four groups based on evolutionarily-related proteins viz: (1) Legume lectins; (2) Chitin-
binding lectins; (3) Type 2 RIP (ribosome-inactivating proteins); and (4) Monocot mannose-
binding lectins (Damme ef al., 1998).

II.LECTINS IN FOODS

Lectins are present in commonly edible foods such as tomato, potato, beans, peas,
carrots, soybeans, cherries, blackberries, wheat germ, rice, corn, garlic, peanuts, mushrooms,
avocado, beetroot, leek, cabbage, tea, parsley, oregano, spices, and nuts, and also in several
non-cultivated plant species (Vasconcelos and Oliveira 2004b). Plant tissues are reported to
have more lectin content compared to animal tissues (Hamid ez al., 2013). When it comes to
food, lectin comes under antinutritional factors. The lectins bind to the membrane glycosyl
groups of the cells lining of the digestive tract because of their ability to withstand digestion
in the gastrointestinal (GI) tract. This interaction could cause several adverse local and
systemic reactions in the GI tract, placing this class of biomolecule as an antinutritive
substance (Kumar et al., 2012; Pusztai, Bardocz, and Ewen 2008a). Several lectins from
many vegetables and fruits have been discovered as potent food allergens. Few of them have
been listed as potential food allergens by the WHO/IUIS Allergen Nomenclature Sub-
Committee. Examples include, restricted number of proteins such as Tri a 18 (Wheat Germ
Agglutinin) and a few chitinases with a hevein domain including Mus a 2 (banana), Bra r 2
(turnip), Cas s 5 (chestnut), Zea m 8 (corn), and Per a 1 (avocado), and contact allergens from
Hev b 6 (hevein) and Hev b 11 (class I chitinase having a hevein domain) from the rubber
tree Hevea brasiliensis, have also been included in the list. A few other plant lectins have also
been identified as potential food allergen according to their ability to bind IgE, degranulate
mast cells and basophils, and initiate interleukin responses in susceptible individuals (Barre et
al., 2020).

The exposure of heterotrophic organisms, including humans, to functionally active
lectins is a common event. The lack of public knowledge concerning the deleterious effects of
dietary lectins on the gut and other part of GI tract has led to several food poisoining
outbreaks. The first outbreak of lectin poisoning was reported by the Public Health
Laboratory Service in 1976 when some people ate raw kidney beans, Phaseolus vulgaris
(Bender and Reaidi 1982). Later, the same poisoning incidents were surveyed between 1976
and 1989 concluding that lectin is responsible for all the events (Rodhouse ef al., 1990). The
carbohydrates and proteins that are undigested and unabsorbed in the small intestines reach
the colon where the bacterial flora ferments them and produce gases. These may, contribute
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to some of the gastrointestinal symptoms associated with the intake of lectins from food
(Thakur et al., 2019).

When consumed, lectins in human may causes vomiting, nausea, bloating and
diarrhoea. It was also reported that, animal fed with lectins, show symptoms of appetite loss,
decrease in body weight and even death of the animal (Liener et al.,, 1986; Lajolo et al.,,
2002).

Lectins are comparatively resistant to digestion in GI tract, and many of them may
undergo further modification leading to remain as active throughout the digestive processes.
And those bound to the mucosa become important as antinutritional lectins (Pusztai and
Bardocz, 1996; Sunil er al 2012). After binding to the mucosal cells, lectins may cause
changes in cellular morphology and intermediary metabolisms leading to frequent disruption
of brush borders and other main absorptive cells. It may cause reduction in the absorptive
surface area and absorption of essential nutrients and become hyperplasia (Otte et al., 2001;
Sasaki et al., 2002). Another secondary toxic effect of accumulated lectins in the small
intestine is the overgrowth of intestinal bacteria which ultimately lead to overproduction of
bacterial toxins. This also may aggravate in the worsening of animal health (Grant, 1999; Ilka
et al., 2004; Sunil et al,, 2012).

IV.LECTINS AS PLANT DEFENSE MOLECULE

Plant lectin plays a vital role against fungi, bacteria, and insects (Souza Candido et al.,
2011). Lectin comes under the five major classes of defense proteins which include protein
inhibitors, a-amylase inhibitors, lectins, chitinases, and polyphenol oxidases. The first
defense lectin discovered was the glucose/mannose-specific concanavalin A (ConA) from
Canavalia ensiforms (Jacobean) (Fiirstenberg-Hédgg, Zagrobelny, and Bak 2013). Plants
accumulate part of their nitrogen reserve in the form of carbohydrate-binding proteins, which
can be used as passive-defense proteins (Peumans & Van Damme,1995). Lectins play a major
role in plant defense against herbivorous insects by penetrating, destroying, or modifying the
peritrophic membrane (Konno and Mitsuhashi 2019). Chrispeels & Raikhelb also closely
analyzed the protective role of lectin and several chitin-binding proteins (Chrispeels &
Raikhelb,1991). One of the most crucial characteristics of lectins is their ability to survive in
the digestive system of insects, thereby claiming their significant insecticidal potential. They
act as antinutritive and/or toxic substances by binding to membrane glycosyl groups lining
the digestive tract, leading to an array of harmful systemic reactions in insects (Belete 2018).
Plant lectins also have the advantage of remaining stable under a wide pH and temperature
range, and being resistant to animal and insect proteases (Souza Candido et al., 2011). Many
reports show how these bioactive defense proteins often interfere with their digestion. Esch
and Schaffrath, discussed the possibility that Jacalin-Like Lectin (JRL) domains as a decoy in
fusion proteins that help to alert plants of the presence of attacking pathogens (Esch and
Schaffrath 2017). A small-sized lectin from Rhizomes of stinging nettle inhibits the growth of
several phytopathogenic and saprophytic chitin-containing fungi (Broekaert et al,
1989).0liveira and his team reported Cratylia argentea lectin and its insecticidal activity
upon Callosobruchus maculatus larvae which attack cowpea (Vigna unguiculata) seeds,
reinforcing the hypothesis that lectins take part in the mechanisms against herbivory (Oliveira
et al., 2004).
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Plant genomes encode a plethora of RLKs (receptor-like kinases), RLPs (receptor-like
proteins), and lectins to protect themselves against the vast array of pathogenic bacteria,
viruses, fungi, oomycetes, and pest insects. A large diversity of membrane-bound and soluble
PRRs (pattern recognition receptors) responsible for recognizing carbohydrate structures of
pathogens and initiating stress response have been described to carry lectin domains (De
Schutter and Van Damme 2015).

V. EFFECT OF LECTINS ON HUMANS.

Most plants seem to contain lectins, although the majority of them do not bind to cells
of higher animals (Damme et al., 1998; Van Damme, Lannoo, and Peumans 2008). Their
resistance to heat denaturation varies, as does their resistance to proteolytic enzyme
degradation during passage through the digestive tract. The latter also appears to depend on
the animal species ingesting (Pustzai 1990,). Since many cellular receptors and other
components of the intestinal tract's epithelium are equipped with carbohydrate-rich side
chains, lectins may bind to the cells depending on their carbohydrate specificity. They may
elicit responses that are related to the function of the receptors/components (Krogdahl and
Bakke 2015). Some can interrupt the mucosal barrier whereas others may secure beneficial

microflora, have anti-inflammatory properties, or even prevent cancer (Pusztai, Bardocz, and
Ewen 2008b).

The lack of public knowledge concerning the deleterious effects of dietary lectins on
the gut and health has led to several food poisoning outbreaks. When consumed in excess by
sensitive individuals, they can cause primary physiological reactions, including severe
intestinal damage disrupting digestion and causing nutrient deficiencies, provoking IgG and
IgM antibodies causing food allergies and other immune responses, and binding to
erythrocytes, simultaneously with immune factors, causing hemagglutination and anemia
(Fekadu Gemede 2014)

Many lectins from many vegetables and fruits have been discovered as potential food
allergens. Few have been listed as potential food allergens by the WHO/IUIS Allergen
Nomenclature Sub-Committee, consisting of a restricted number of proteins such as Tri a 18
(wheat germ agglutinin, WGA) and a few chitinases with a hevein domain, which includes
Mus a 2 (banana), Bra r 2 (turnip), Cas s 5 (chestnut), Zea m 8 (corn), and Per a 1 (avocado),
contact allergens Hev b 6 (hevein) and Hev b 11 (class I chitinase with hevein domain) from
the rubber tree Hevea brasiliensis, have also been included in the list. A few other plant
lectins have also been identified as potential food allergens according to their ability to bind
IgE, degranulate mast cells and basophils, and initiate interleukin responses in a various
allergic individual (Barre et al., 2020).

The social behavior of cells depends on membrane glycosylation, including cell
communication, adhesion, and migration. Once they are consumed, different biological
properties are observed at biochemical and molecular levels. Binding between lectins and
surface cell molecules or internalization into cells involve a wide variety of signals that are
important for cell regulation, including Cell agglutination or aggregation, induction of
apoptosis or cell cycle arrest, down-regulation of telomerase activity, inhibition of
angiogenesis, increased drug sensitivity of tumor cells, direct effects on the immune system
by altering the production of various interleukins (Krogdahl and Bakke 2015), or by
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activating specific protein kinases. Consuming lectins also sequesters the body's supply of
polyamines, thereby inhibiting cancer cell growth. Some lectins can bind with ribosomes to
prevent protein synthesis Ferriz-Martinezet et al., (2010).

The overall impact of dietary lectins on human health is still an area of ongoing
research and debate. While some lectins can have negative effects, others might have
potential health benefits, such as their potential to modulate the immune system or act as
prebiotics to support beneficial gut bacteria (Pusztai, Bardocz, and Ewen 2008b).

VI. CONCLUSION

Lectins are antinutritional or toxic substances detrimental to various plant-eating
organisms. This property is associated with their high resistance to proteolysis in the
gastrointestinal tract of various organisms and to their capacity of binding and modulate
epithelial cells lining of the small intestine. In plants, lectins are effective defense molecules
and insect resistant transgenic plants produced by the expression of lectin genes are already a
reality. This approach could increase crop productivity and reduce the usage of pesticides.
However, their effect on human consumption should also be investigated thoroughly since
many of the food lectins are proven to be antinutritional and toxic to humans.

REFERENCES

[1] Bah, Clara Shui Fern, Evandro Fei Fang, and Tzi Bun Ng. 2013. “Medicinal Applications of Plant
Lectins.” In Antitumor Potential and Other Emerging Medicinal Properties of Natural Compounds,
Springer Netherlands, 55-74. DOI: 10.1007/978-94-007-6214-5 5

[2] Barre, Annick, et al., 2020. "Are Dietary Lectins Relevant Allergens in Plant Food Allergy?" Foods 9(12).
https://doi.org/10.3390/foods9121724

[3] Belete, Tibebu. 2018. “Defense Mechanisms of Plants to Insect Pests: From Morphological to Biochemical
Approach.” Trends in Technical & Scientific Research 2(2).

[4] Bender, A. E., and G. B. Reaidi. 1982. “Toxicity of Kidney Beans (Phaseolus Vulgaris) with Particular
Reference to Lectins.” J. PLANT FOODS 4(1): 15-22. DOI: 10.1080/0142968X.1982.11904243

[5] Broekaert, W. F., Van Parijs, J. A. N., Leyns, F., Joos, H., & Peumans, W. J. (1989). A chitin-binding lectin
from stinging nettle rhizomes with antifungal properties. Science, 245(4922), 1100-1102.

[6] Chrispeels, Maarten J, and Natasha V Raikhelb. Lectins, Lectin Genes, and Their Role in Plant Defense.

[7] Damme, Els J. M. Van, Willy J. Peumans, Annick Barre, and Pierre Rougé. 1998. “Plant Lectins: A
Composite of Several Distinct Families of Structurally and Evolutionary Related Proteins with Diverse
Biological Roles.” Critical Reviews in Plant Sciences 17(6): 575-692.
https://doi.org/10.1080/07352689891304276

[8] Damme, Els J.M., Nausicaa Lannoo, and Willy J. Peumans. 2008. “Chapter 3 Plant Lectins.” In Advances
in Botanical Research, Academic Press 48: 107-209. https://doi.org/10.1016/S0065-2296(08)00403-5

[91 Esch, Lara, and Ulrich Schaffrath. 2017. “An Update on Jacalin-like Lectins and Their Role in Plant
Defense.” International Journal of Molecular Sciences 18(7). https://doi.org/10.3390/ijms18071592

[10] Fekadu Gemede, Habtamu. 2014. “Antinutritional Factors in Plant Foods: Potential Health Benefits and
Adverse Effects.” International Journal of Nutrition and Food Sciences 3(4): 284. doi:
10.11648/5.ijnfs.20140304.18

[11] Ferriz-Martinez, R. A., Torres-Arteaga, I. C., Blanco-Labra, A., & Garcia-Gasca, T. (2010). The role of
plant lectins in cancer treatment. Nova Sci, 71-90.

[12] Furstenberg-Hagg, Joel, Mika Zagrobelny, and Seren Bak. 2013. “Plant Defense against Insect
Herbivores.” International Journal of Molecular Sciences 14(5): 10242-97.
https://doi.org/10.3390/ijms 140510242

[13] Grant, G., Edwards, J., Ewan, E., Murray, S., Atkinson, T., Farningham, D., & Pusztai, A. (1999).
Secretion of pancreatic digestive enzymes induced in rats by first-time oral exposure to kidney bean E2L2
lectin is mediated only in part by cholecystokinin (CCK). Pancreas, 19(4), 382-389.

Copyright © 2024 Authors Page | 92



[14]

[15]
[16]

[17]

[18]
[19]
[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]
[29]

(30]

[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-705-5

IIP Series, Volume 3, Book 5, Part 1, Chapter 7
ANTINUTRITIONAL PROPERTIES OF DIETARY LECTINS

Hamid, Rabia, Akbar Masood, Ishfak H. Wani, and Shaista Rafiq. 2013. “Lectins: Proteins with Diverse
Applications.” Journal of Applied Pharmaceutical Science 3(4SUPPL.1).
http://dx.doi.org/10.7324/JAPS.2013.34.S18

Hendrickson, O. D., and A. V. Zherdev. 2018. “Analytical Application of Lectins.” Critical Reviews in
Analytical Chemistry 48(4): 279-92. https://doi.org/10.1080/10408347.2017.1422965

Kennedy, J. F. et al., 1995. “Lectins, Versatile Proteins of Recognition: A Review.” Carbohydrate Polymers
26(3): 219-30. https://doi.org/10.1016/0144-8617(94)00091-7

Konno, Kotaro, and Wataru Mitsuhashi. 2019. “The Peritrophic Membrane as a Target of Proteins That
Play Important Roles in Plant Defense and Microbial Attack.” Journal of Insect Physiology 117.
https://doi.org/10.1016/j.jinsphys.2019.103912

Krogdahl, Ashild, and Anne Marie Bakke. 2015. Dietary Nutrients, Additives, and Fish Health.
https://doi.org/10.1002/9781119005568.ch10

Kumar, KKiran et al., 2012. “Biological Role of Lectins: A Review.” Journal of Orofacial Sciences 4(1):
20. DOI: 10.4103/0975-8844.99883

Lajolo, F.M., Genovese. M.I., (2002) “Nutritional significance of lectins and enzyme inhibitors from
legumes.” J Agric Food Chem. 50(22):6592-8. doi: 10.1021/jf020191k. PMID: 12381157.

LIENER, I. E. (1986). Nutritional significance of lectins in the diet The lectins (pp. 527-552): Elsevier.
LIS, HALINA, and NATHAN SHARON. 1981. “Lectins in Higher Plants.” In Proteins and Nucleic Acids,
Elsevier, 371-447. https://doi.org/10.1016/B978-0-12-675406-3.50016-5

Lopez-Moreno, M., M. Garcés-Rimoén, and M. Miguel. 2022. "Antinutrients: Lectins, Goitrogens,
Phytates, and  Oxalates, Friends or Foe?" Journal of Functional Foods  &9.
https://doi.org/10.1016/j.jf£.2022.104938

Macedo, Maria Ligia R., Caio F.R. Oliveira, and Carolina T. Oliveira. 2015. “Insecticidal Activity of Plant
Lectins and Potential Application in Crop Protection.” Molecules 20(2): 2014-33.
https://doi.org/10.3390/molecules20022014

Mishra, Abtar et al., 2019. “Structure-Function and Application of Plant Lectins in Disease Biology and
Immunity.” Food and Chemical Toxicology 134. https://doi.org/10.1016/j.fct.2019.110827

Oliveira, J. T.A. et al., 2004. “Cratylia Argentea Seed Lectin, a Possible Defensive Protein against Plant-
Eating Organisms: Effects on Rat Metabolism and Gut Histology.” Food and Chemical Toxicology 42(11):
1737-47. https://doi.org/10.1016/.fct.2004.06.018

Otte, J.-M., Chen, C., Brunke, G., Kiehne, K., Schmitz, F., Folsch, U. R., & Herzig, K.-H. (2001).
Mechanisms of lectin (phytohemagglutinin)-induced growth in small intestinal epithelial cells. Digestion,
64(3), 169-178.

Peumans, Willy J, and Eis J M Van Damme. 1 Plant Physiol Lectins as Plant Defense Proteins’.
https://doi.org/10.1104%2Fpp.109.2.347

Peumans, Willy J, and ] M Van Damme. 1995. 27 Histochemical Journal The Role of Lectins in Plant
Defence.

Pusztai, A., Ewen, S. W. B., Grant, G., Peumans, W. J., Van Damme, E. J. M., Rubio, L., & Bardocz, S.
(1990). Relationship between survival and binding of plant lectins during small intestinal passage and their
effectiveness as growth factors. Digestion, 46(Suppl 2), 308-316. https://doi.org/10.1159/000200402
Pusztai, A., & Bardocz, S. (1996). Biological effects of plant lectins on the gastrointestinal tract metabolic
consequences and applications. Trends in glycoscience and glycotechnology, 8(41), 149-165.

Pusztai, Arpad, Susan Bardocz, and Stanley W B Ewen. 2008a. 13 Frontiers in Bioscience Uses of Plant
Lectins in Bioscience and Biomedicine.

. 2008b. 13 Frontiers in Bioscience Uses of Plant Lectins in Bioscience and Biomedicine.
Rodhouse, J. C., C. A. Haugh, D. Roberts, and R. J. Gilbert. 1990. “Red Kidney Bean Poisoning in the
UK: An Analysis of 50 Suspected Incidents between 1976 and 1989.” Epidemiology and Infection 105(3):
485-91. https://doi.org/10.1017/S0950268800048 10X

Santos, Andréa F. S.; Silva, M. D. C. da; Napoledo, T. H.; Paiva, P. M. G.; Correia, M. T. S.; Coelho, L. C.
B. B., Lectins: Function, structure, biological properties, and potential applications. Current Topics in
Peptide and Protein Research, 15, 41-62, 2014.

De Schutter, Kristof, and Els J.M. Van Damme. 2015. “Protein-Carbohydrate Interactions as Part of Plant
Defense and Animal Immunity.” Molecules 20(5): 9029-53. https://doi.org/10.3390/molecules20059029
Sasaki, T., Yamazaki, K., Yamori, T., & Endo, T. (2002). Inhibition of proliferation and induction of
differentiation of glioma cells with Datura stramonium agglutinin. British Journal of Cancer, 87(8), 918-
923.

Sunil S, Rupachandra L and Kunjeshwori S (2012): Antinutritive properties of plant lectins: a brief review,
Journal of North East Food, (2012): 1(2), 31-38.

Copyright © 2024 Authors Page | 93



Futuristic Trends in Agriculture Engineering & Food Sciences
e-ISBN: 978-93-5747-705-5

IIP Series, Volume 3, Book 5, Part 1, Chapter 7
ANTINUTRITIONAL PROPERTIES OF DIETARY LECTINS

[39] Souza Candido, Elizabete et al., 2011. “Plant Storage Proteins with Antimicrobial Activity: Novel Insights
into Plant Defense Mechanisms.” The FASEB Journal 25(10): 3290-3305. https://doi.org/10.1096/1j.11-
184291

[40] Thakur, Abhishek, Vishal Sharma, Aayushee Thakur, and Correspondence Vishal Sharma. 2019. “An
Overview of Antinutritional Factors in Food.” ~ 2472 ~ International Journal of Chemical Studies 7(1).

[41] Thompson, Lilian U. 1993. 26 Food Research International Potential Health Benefits and Problems
Associated with Antinutrients in Foods*. https://doi.org/10.1016/0963-9969(93)90069-U

[42] Vasconcelos, Ilka M., and José Tadeu A. Oliveira. 2004a. “Antinutritional Properties of Plant Lectins.”
Toxicon 44(4): 385—-403. https://doi.org/10.1016/j.toxicon.2004.05.005

[43] 2004b. “Antinutritional Properties of Plant Lectins.” Toxicon 44(4): 385-403.

Copyright © 2024 Authors Page | 94



