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Potential uses of Ustilago maydis 

Potenciales usos de Ustilago maydis 

Isi I. Ordóñez Velázquez a 

 

Abstract: 

Due to the high biodiversity of ecosystems in Mexico, there is a high variety of species, some of the most abundant are fungi, since 

there is an approximate record of 200 thousand endemic species of Mexico, traditionally the use given to these organisms is food and 

medicinal. One of the most characteristic species of our country is Ustilago maydis commonly known as huitlacoche, which has 

various properties in its high nutritional value in amino acids, fats, antioxidants, proteins and its ancestral use to treat different painful 

conditions. These applications have fostered the interest of different industries such as pharmaceuticals, since different studies show 

that U. maydis could have potential biotechnological uses. For this reason, this narrative review article aims to disseminate relevant 

biological aspects and the potential uses of huitlacoche.  
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Resumen: 

Debido a la alta biodiversidad de ecosistemas en México, existe una alta variedad de especies, unas de las más abundantes son hongos, 

ya que se tiene un registro aproximado de 200 mil especies endémicas en México, tradicionalmente el aprovechamiento que se le da 

a estos organismos es alimenticio y medicinal. Una de las especies más características de nuestro país es Ustilago maydis comúnmente 

conocido como huitlacoche, el cual presenta diversas propiedades en su alto valor nutrimental en aminoácidos, grasas, antioxidantes, 

proteínas y su uso ancestral para tratar diferentes padecimientos dolorosos. Estas aplicaciones han fomentado el interés de diferentes 

industrias como la farmacéutica, ya que diferentes estudios demuestran que U. maydis podría tener potenciales usos biotecnológicos. 

Por tal motivo, este artículo de revisión narrativa pretende difundir aspectos biológicos relevantes y los potenciales usos del 

huitlacoche.  
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INTRODUCTION 

Mexico is classified as a diverse country, occupying the fifth 

place in the world due to its wide number of species and 

endemisms, it is estimated that it represents 10% of the 

terrestrial diversity of the planet, due to its geographical 

location, topography, diversity of altitudes and climates, 

resulting in the diversification of habitats and different forms of 

life.1-3 A clear example of this is fungi, which are considered to 

be the second most numerous organisms on Earth after insects4, 

Mexico has temperate forests of gymnosperms and 

angiosperms, favoring the development of approximately 

200,000 species of fungi of which only 3.5% to 5% have been 

reported including national and international research4-6, among 

the uses and customs are gastronomic and medicinal. In pre-

Hispanic times these were used to cure diseases of a spiritual 

nature such as the evil eye and witchcraft practices 

(Dictyophora and the lycoperdaceae)7, currently, there has been 

an increased interest in modern pharmacology in the extraction 

and studies of chemical compounds from medicinal edible 

mushrooms.8,9 Among the properties attributed to them are anti-

inflammatory, antioxidant, treating different types of pain such 

as headache, low back pain, among others.10  

The endemic species of Mexico Ustilago maydis, is a 

basidiomycete parasitic fungus known in the world to cause the 

disease called common corn smut (Zea mays), this infection 

generates large tumors in the cob, culturally known as 
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“huitlacoche” or “cuitlacoche” this fungus is used in the 

preparation of different dishes11, however, the interest in this 

species also lies in the potential uses for its biochemical 

properties. 

HOW IS HUITLACOCHE PRODUCED? 

Fungi are eukaryotic organisms, heterotrophs, 

chemoorganotrophs since they need organic compounds as the 

main source of energy, the vast majority of fungi take their 

nutrients by absorption since they release degrading 

exoenzymes of complex compounds, which allows them to use 

a great diversity of substrates as nutrients and energy sources. 

Filamentous fungi have a basic structure called a hyphae, it is a 

tubular structure that branches as the fungus grows in an apical 

form, the set of hyphae that produces the fungus is called 

micelio.12-14 U. maydis is a basidiomycete fungus, 

phytopathogenic, this species is dimorphic with a non-

pathogenic yeast form and a pathogenic filamentous form 

which is responsible for the formation of tumors in corn, which 

makes it a non-obligated parasite, due to the above this species 

depends on a living tissue for its proliferation and 

development15,16, thus the symbiotic relationship between these 

two species (U. maydis and Zea mays) is merely parasitic since 

in this correlation only one species is benefited.17 U. maydis 

requires one of its two hosts to complete its sexual cycle.18-20 

During its life cycle it can be divided into two phases, one of 

them saprophytic during which the fungus grows in the form of 

yeasts which, they reproduce by spores, the second phase is 

mycelial and pathogenic, where the fungus grows in the form of 

hyphae which only develop inside the host, most of the growth 

of the fungus occurs in meristematic tissues (embryonic tissue, 

poorly differentiated cells, responsible for growth and 

regeneration) of the plant21, resulting in galls or tumors where 

the sporulation of the fungus subsequently occurs. The hyphae 

grow irregularly and fragment, covered with a thick, equinulate 

and pigmented wall. Symptoms in the plant can range from 

tumor formation, chlorosis, distortions to plant dwarfism.18,22 

The production of huitlacoche can occur in two ways, natural 

and inoculated. The natural way is the “contamination of the 

cob” with the fungus strain without human intervention (Figure 

1), the artificial way is the inoculation of each of the ears by 

means of an injection with the strain, carried out by farmers11, 

it is required that the maize variety (host) be susceptible to the 

fungus, that the pathogen strain is virulent and the environment 

is favourable, with 80–85% relative humidity and a temperature 

of 16–32°C.23 

The huitlacoche in Mexico is not considered a pest, this species 

can naturally infect 1 to 5% of the crop, however, this 

percentage gives an economic gain to the farmer since the 

infected cob is marketable and many times its value is usually 

higher than that of the unparasitized cob.22 

BIOACTIVE COMPOUNDS 

Huitlacoche has been studied as a biofunctional food, which is 

composed of multiple vitamins (C and E), minerals that are 

biologically important for humans24, phenolic compounds and 

flavonoids which exert antioxidant activity, as they protect from 

the action of cellular oxidizing species25, the consumption of 

these compounds are associated with a lower incidence of 

chronic diseases such as diabetes mellitus and cardiovascular 

diseases.26 The fatty acids (FAs) present in this species such as 

oleic and linoleic acids, are precursors of Omega 3 and Omega 

6, which are essential for humans, since their deficiency can 

produce serious metabolic and structural alterations at the 

cellular level.27  
 

 

Figure 1. Life cycle without human intervention of Ustilago 

maydis.18-20 

 

These FAs provide fluidity to cell membranes, which is 

essential for membrane proteins (ion channels, receptors, 

communicating junctions, catalytic receptors, enzymes, vesicle-

forming structures, etc.) to have the mobility they require to 

perform their functions. It has been shown that in the formation 

of nervous tissue, particularly the brain, the fluidity of the 

membranes is especially important.27 The high content of 

essential fatty acids suggests a high nutritional value of 

huitlacoche, could be due to the fact that corn is one of the 

cereals with the highest content of fats and essential unsaturated 

fatty acids.27,28  

The most commonly reported minerals are phosphorus, 

magnesium, zinc, iron, and sodium being metabolically 

indispensable for the body25,28, it contains almost all the 

essential amino acids such as: lysine (most abundant amino 

acid), glycine, leucine, glutamic acid, aspartic acid, valine, 

isoleucine, phenylalanine, alanine, serine, tyrosine, proline, 

threonine, methionine, ornithine, tryptophan, γ-aminobutyric 

acid, ornithine and trichotomic acid.25,29-31  

Regarding the protein value, it has been shown to have a 

considerable amount of protein in conjunction with other edible 

mushroom species (Table 1)32-37, Ustilago maydis increases the 
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percentage of protein in corn.25,37 This mushroom provides 

advantages for the consumer over animal proteins by presenting 

antioxidant properties, antitumor, and antimicrobials. In the 

industry, protein concentrates, hydrolysates and fungal peptides 

are made to contribute to improving human health, in addition, 

edible mushrooms can be used to enrich traditional foods by 

increasing the protein value and functional qualities of the food, 

another important factor is the low-fat content, high fiber 

content38, so it could be considered an alternative and 

complement in vegetarian diets.28 

 

Table 1 Protein content of edible mushrooms 

Species Protein amount* References 

Agaricus bisporus 19% 32,33 

Boletus edulis 18.5 34 

Pleurotus ostreatus 17.5% 35,37 

Ustilgo maydis 13.46% 36 

Amanita caesarea 13% 34 

*Crude protein in dry matter 

 

CONSUMPTION OF HUITLACOCHE FOR 

INFLAMMATION AND PAIN 

The International Association for the Study of Pain (IASP) 

defines pain as an unpleasant sensory and/or emotional 

experience associated with actual or potential tissue 

damage39,40, which can be classified depending on its duration, 

pathogenesis, location, course and intensity41, as a result of cell 

damage, a process of inflammation is generated, which is a 

physiological response in order to repair damaged tissue; the 

inflammatory process begins when chemical compounds are 

released by the damaged tissue, in response, white blood cells 

produce substances that cause cells to divide and grow to 

rebuild tissue and thus repair the injury.  

There are two types of inflammation, acute inflammation, 

which occurs in a short period of time and symptoms last for 

days, and chronic inflammation, which is described as slow and 

prolonged, which can last from months to years.42 Inflammation 

can be due to different causes which can range from a blood clot 

inducing a stroke, immune system disorder, cancer, chemical 

exposure to polycyclic aromatic hydrocarbons, dioxins, 

smoking, physical injury including trauma, or a neurological 

condition.43,44  Conditions of inflammation and pain can become 

disabling for those who suffer from it, impairing quality of 

life45, however, it has been shown that prolonged use of 

Nonsteroidal anti-inflammatory drugs (NSAIDs) used to treat 

pain, fever and other inflammatory processes46, such as 

naproxen, ibuprofen, ketorolac, can lead to adverse effects on 

the cardiovascular, gastrointestinal, hepatic and renal systems.47 

Due to the above, there has been increased interest in offering 

alternatives or adjuvants to treat pain, demonstrating the 

efficacy and biosafety of the use of fungi and medicinal plants 

through research in biochemical and pharmacological 

analyses.48 Generationally, Ustilago maydis has been used in 

painful and inflammatory situations such as intestinal pain, 

muscle inflammation and headaches33,49,50, an ancestral use it is 

to make a poultice, which is placed on a cloth, and then applied 

directly to the area of inflammation51, due to this, interest has 

been aroused in studying the compounds responsible for 

mitigating these discomforts; of the compounds recently 

evaluated for inflammatory and painful processes are 

ustilagols.30 Ustilagols are compounds extracted from the 

mycelium of U. maydis that exhibit dopaminergic properties, 

offering pharmacological potential against some neuroleptic 

diseases50, on the other hand, Ustilago C, E demonstrated anti-

inflammatory properties, Ustilagol G showed that it can 

generate antiplatelet, similar to that observed with Aspirin®, 

Ustilagoles A – F demonstrated in vitro studies its potent anti-

inflammatory and antithrombotic properties.51 However, one 

cannot dismiss the ancestral knowledge in which it has been 

described that huitlacoche has been used to cure heart disease, 

colic, blisters, pimples, skin burns, athlete's foot, wounds, 

nosebleeds, rashes in babies, stop bleeding, heal animal bites, 

relieve dehydration and help with anxiety.7,52-55  Nonetheless, 

there are still areas of opportunity to verify its multiple 

applications in pain and Inflammation and a possible future as 

an adjunct to a pharmacological treatment. 

ANTIOXIDANT PROPERTIES 

The antioxidant capacity of foods is derived from the 

cumulative synergistic action of a wide variety of antioxidants, 

such as polyphenols, flavonoids, vitamins C and E, carotenoids, 

terpenoids, Maillard compounds, and trace elements. These 

antioxidants play a role in the prevention of diseases related to 

oxidative56-58, such as neurodegenerative diseases, in which 

progressive degeneration and neuronal death take place59, due 

to an imbalance in the generation of oxidizing species of nucleic 

acids, proteins, and lipids resulting in mitochondrial 

dysfunction, glial cell activation, apoptosis, protein 

oligomerization, inflammatory response, alteration of the 

blood-brain barrier60-62, however, phenolic compounds, 

flavonoids, and carotenoids have been shown to be antioxidant 

compounds that have potential health benefits, a potential 

industrial, pharmaceutical, and food application.25 

 According to National Institute of Statistics and Geography 

(INEGI) and National Population Council (CONAPO) the trend 

of the Mexican adult population is increasing63, due to the 

increase in people's longevity, it is expected that there will be 

an increase in conical degenerative diseases64, adding to this an 

unbalanced diet with an increase in the consumption of highly 

processed foods reducing traditional ethnic foods with high 

nutritional value.65  

The consumption of antioxidants may be affected; therefore, it 

is opportune to encourage the Mexican population to consume 

foods with content of antioxidants. One of these foods is 

Huitlacoche (table 2)66-70, this food when heat-treated (cooking 

as food) increases the concentration of phenolic compounds and 

flavonoids, benefiting its antioxidant capacity, therefore this 
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food can contribute to an improvement in the state of human 

health, helping to reduce the damage generated during the 

oxidative stress of some metabolic processes.24,55 

 

HUITLACOCHE AS FOOD 

With the information that is available from prehistory to the 

present times, the huitlacoche is used as a food in Mexico, 

mainly in the center and southeast, because of this there is a 

great variety of ways of preparing this fungus, the National 

Autonomous University of Mexico published a book entitled 

‘Cujtlacochi el huitlacoche’, an open-access version describes 

What is it?, How is it made?, trade, life cycle, traditions, history 

and phylogeny of this species; this book includes approximately 

31 recipes ranging from Avocados stuffed with Cuitlacoche 

(Figure 2) to Salmon with sweet cuitlacoche sauce,71 in this 

way, the versatility of this species as a food is shown. With all 

the scientific support that has been given to huitlacoche, it is 

considered an excellent food, the best way to take advantage of 

its properties is cooked24,55, it is important to emphasize that the 

low use of oil is essential in any dish, in this way it is considered 

a complement in food plans and highly adaptable to different 

lifestyles, so promoting its consumption is important. 

 

Table 2 Antioxidant compounds recorded in huitlacoche. 

Group Derived compound Reference 

Phenolics ferulic 24,28,55,66,67 

Sinapic 

Chlorogenic 

p-coumaric 

caffeic 

Flavonoids Anthocyanins 25,28,55,67 

Quercetin 

Naringenin 

Catechin 

Carotenoids β-carotene 67,68 

β-cryptoxanthin 

Phytosterols campesterol-3-β-glucoside 28,69,70 

Δ7-stigmasterol 

Δ7-avenasterol 

Ergosterol 

FUTURE OF MUSHROOMS 

As mentioned above, most mushrooms have a broad profile of 

essential amino acids, which can contribute to different dietary 

requirements, while fungi have economic advantages over plant 

and animal sources.72 With the passage of time the food industry 

seeks to meet the demand for food. It is predicted that by 2050 

the world's population will exceed 9 million people. Agriculture 

Organization (FAO) says that agricultural production will have 

to increase food production by 70% to meet demand.73 Due to 

the nature of fungi, they can be produced industrially in a high 

quantity and in a short period of time. Within the 

biotechnological field, multiple species of fungi have been used 

for processes such as bioconversion, biorefining, 

bioremediation, biodegradation, antimicrobial and antifungal 

agents, although Ustilago maydis is more studied to be a 

complementary and functional food for the population, its 

biotechnological potential cannot be discarded, since it was 

shown that it can be used as a complement in biological control 

for wine production at the beginning of fermentation, since U. 

maydis produces an effective toxin against Brettanomyces 

bruxellensis yeast deteriorating.74  

 

Figure 2. A, B: Raw Huitlacoche for sale at the Pachuca 

Hidalgo supply center, C: Avocados stuffed with huitlacoche 

and cheese (Recipe based on the book Cujtlacochi el 

huitlacoche).71 

 

The antimicrobial and antifungal activity of this species is 

relevant since its extracts have been shown to be effective 

against yeasts, bacteria and molds, its glycolipids showed 

efficacy against Staphylococcus aureus and Salmonella 

enterica, Typhimurium, Aspergillus terreus and Candida 

albicans, which shows that U. maydis has potential application 

in the food, pharmaceutical and industrial industries.30,75-77 As 

has been shown in different molecular studies, fungi are strictly 

evolutionarily related to animal cells, consequently many of the 

cellular processes are conserved between these groups; cell 

model systems of fungi such as yeasts have contributed to the 

understanding of different cellular pathways, as they have a 

good genetic accessibility, a short generation time and simple 

culture form, the role that species like U. maydis is that they 

have an advantage as a yeast. U. maydis was shown to have an 

unexpected similarity in the engines of microtubule 

organization, long-distance transport and mitosis, with higher 

eukaryotic cells, this discovery demonstrates that U. maydis has 

A B 

C 
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a large number of genes closely related to human genes, this 

supports the use of this species as a model system for the study 

of cellular processes that may favor the genetic study of our 

species.78 

CONCLUSION 

As has been demonstrated through the generations, huitlacoche 

has a wide variety of uses, from gastronomic to medicinal. It is 

important to bear in mind that there are still areas of opportunity 

in which different investigations can be carried out to 

demonstrate and rectify such uses. The interest in this species 

in different industries such as pharmaceutical, food and 

biotechnology have shown that this species is being considered 

as a good model to study different cellular metabolic processes 

and at the same time has compounds that could have 

pharmaceutical potential, although there is still much to be 

investigated, however, with the already existing evidence. The 

huitlacoche is undoubtedly a good complementary food for the 

Mexican diet, taking into account its multiple benefits due to 

antioxidants, fats and proteins that it contains, adding that the 

preparation of this is a representative dish in Mexican culture. 

REFERENCES 

[1] Koleff P, Urquiza-Haas T. Planeación para la conservación de la 

biodiversidad terrestre en México: retos en un país megadiverso. 

México: CONABIO, CONANP; 2011. 

[2] CONABIO. Expertos evalúan y enlistan hongos en riesgo de extinción 

de los bosques templados de México. 2019. 

[3] Plascencia RL, Castañón Barrientos A, Raz-Guzmán A. La 

biodiversidad en México su conservación y las colecciones biológicas. 

Ciencias 2011; 101: 36-43. 

[4] López Sánchez CO. Tierra de Hongos. México: CONABIO; 2022. 

[5] Aguirre-Acosta E, Ulloa M, Aguilar S, Cifuentes J, Valenzuela R. 

Biodiversidad de hongos en México. Rev. Mex. Biodiv. 2014; 85( Suppl 

): 76-81. 

[6] Sánchez JE, Mata G. Hongos comestibles y medicinales en Iberoamérica 

investigación y desarrollo en un entorno multicultural. ed 1. Chiapas 

México: El colegio de la frontera Sur. 2012. 

[7] Guzmán G. Diversity and use of traditional Mexican medicinal fungi A 

Review. Int J. Med. Mushrooms 2008; 10(3): 209-17. 

[8] Barros L, Cruz T, Baptista P, Estevinho LM, Ferreira IC. Wild and 

commercial mushrooms as source of nutrients and nutraceuticals. Food 

Chem. Toxicol. 2008; 46(8):27 42-7. 

[9] Yu-Cheng D, Zhu-Liang Y, Bao-Kai C, Chang-Jun Y, Li-Wei Z. 

Species diversity and utilization of medicinal mushrooms and fungi in 

China (Review). Int. J. Med. Mushrooms 2009; 11(3): 287-302. 

[10] Jiménez Ruiz M, Pérez-Moreno J, Juan J, Almaraz-Suárez, Torres-

Aquino M. Hongos silvestres con potencial nutricional, medicinal y 

biotecnológico comercializados en Valles Centrales, Oaxaca. Rev. Mex. 

Cienc. Agríc. 2013; 4(2): 199-213. 

[11] Aguayo-González DJ, Guevara-Lara F, Luna-Ruiz JJ, Pérez-Cabrera 

LE, García Munguía-CA, García-Munguía AM. Patogenicidad de cepas 

de Ustilago maydis para la producción en condiciones controladas. Rev. 

Mex. Cienc. Agríc. 2021; 12(3): 513–24. 

[12] Estrada Salazar GI, Ramírez Gelando MC. Micología general. 

Manizales Colombia: Centro Editorial Universidad Católica de 

Manizales; 2019. 

[13] Suárez-Contreras LY, Peñaranda-Figueredo FA. Identificación 

molecular de hongos filamentosos y su potencial biotecnológico. Rev. 

Bio. Agro. 2022; 20(1): 194-206. 

[14] Cepero de García MC, Restrepo Restrepo S, Franco Molano AE, 

Cárdenas Toquica M, Vargas Estupiñán N. Biología de hongos. Bogotá 

Colombia: Ediciones Uniandes; 2012. 

[15] Macuil-Tlachino V, Sobal-Cruz M, Martínez-Carrera D, Morales-

Almora P, Peña-Olvera B, Maimone-Celorio MR. Obtención de cepas 

infectivas de Ustilago maydis para la producción de huitlacoche en la 

sociedad rural mexicana. Agri. Soc. Desarrollo 2021; 18(3): 335-45. 

[16] Yu C, Qi J, Han H, Wang P, Liu C. Progress in pathogenesis research 

of Ustilago maydis, and the metabolites involved along with their 

biosynthesis. Mol. Plant Pathol. 2023; 24(5): 495-509. 

[17] Brefort T, Doehlemann G, Mendoza-Mendoza A, Reissmann S, 

Djamei A, Kahmann R. Ustilago maydis as a Pathogen. Annu. Rev. 

Phytopathol. 2009; 47: 423-45. 

[18] Banuett F, Herskowitz I. Discrete developmental stages during 

teliospore formation in the corn smut fungus, Ustilago maydis. 

Development 1996; 122(10): 2965-76. 

[19] León-Ramírez CG, Sánchez-Arreguín JA, Ruiz-Herrera J. Ustilago 

maydis, a Delicacy of the Aztec Cuisine and a Model for Research. 

Natural Resources 2014; 5: 256-67. 

[20] Ruiz-Herrera J, León-Ramírez C, Martínez-Espinoza AD. 

Morphogenesis and pathogenesis in Ustilago maydis. Develop. 

Microbiol. 2000; 5: 585-98. 

[21] Cordero del Campillo M, Rojo Vázquez FA, Martinez Fernández AR: 

Sánchez Acedo MC, Hernández Rodríguez S, Navarrete López-Cozar I, 

et alt. Parasitología veterinaria: Madrid España; McGraw-Hill 

Interamericana; 2007. 

[22] Ruiz J, Ustilago maydis: ascenso de un hongo mexicano de la 

gastronomía local al mundo científico. Nova Scientia 2008; 1(1): 118-

35. 

[23] Martínez L, Villanueva C, Sahagún J. Susceptibility and resistance of 

maize to the edible fungus huitlacoche (Ustilago maydis Cda.) 

improving its virulence. Rev. Chapingo Serie Hort. 2000; 6 (2): 241–48. 

[24] López-Martínez LX, Aguirre-Delgado A, Saenz-Hidalgo HK, 

Buenrostro-Figueroa JJ, García HS, Baeza-Jiménez R. Bioactive 

ingredients of huitlacoche (Ustilago maydis), a potential food raw 

material. Food Chem. (Oxf) 2022; 22(4): 100076. 

[25] Valdez-Morales M, Barry K, Fahey JrGC, Domínguez J, Gonzalez de 

Mejia E, Valverde ME. Effect of maize genotype, developmental stage, 

and cooking process on the nutraceutical potential of huitlacoche 

(Ustilago maydis). Food Chem. 2010; 119(2): 689-97. 

[26] Cereceres-Aragón A, Rodrigo-García J, Álvarez-Parrilla E, Rodríguez-

Tadeo A. Ingestión de compuestos fenólicos en población adulta mayor. 

Nutr. Hosp. 2019; 36(2): 470–8. 

[27] Molina Montes E, Martín Islán ÁP. Ácidos grasos esenciales Omega-

3 y Omega-6 papel en el embarazo y la lactancia. Of. 2010; 29(1): 66–

72. 

[28] Aydoğdu M, Gölükçü M. Nutritional value of huitlacoche, maize 

mushroom caused by Ustilago maydis. Food Sci. Technol. 2017; 37(4): 

531–5. 



Biannual Publication, Mexican Journal of Medical Research ICSa, Vol. 13, No. 25 (2025) 75-81 

80 

 

[29] Méndez-López A, Sánchez-Vega M, Cruz-Salazar Torres J, Martínez-

Amador YS, Leal-Robles A. El cultivo de huitlacoche: alimento 

nutritivo y sustentable. Rev. Cien. Agro. Apli. Biotec. 2019; 9-12. 

[30] Villagrán Z, Martínez-Reyes M, Gómez-Rodríguez H, Ríos-García U, 

Montalvo-González E, Ortiz-Basurto RI, et al. Huitlacoche (Ustilago 

maydis), an iconic Mexican fungal resource: biocultural importance, 

nutritional content, bioactive compounds and potential biotechnological 

applications. Molecules 2023; 29;28(11): 4415. 

[31] Martínez-Flores A, Corrales-García JJ, Espinosa-Solares T, García-

Gatica PG, Villanueva-Verduzco C. Postharvest changes in the edible 

mushroom huitlacoche (Ustilago maydis (D.C.) Corda). Rev. Chapingo 

Ser. Hortic. 2008; 14(3): 339-46. 

[32] Bernás E, Jaworska G, Lisiewska Z. Edible mushroom as a resource of 

valuable nutritive constituents. Acta Sci. Pol. Technol. Aliment. 2006; 

5(1): 5-20. 

[33] Cano-Estrada A, Romero-Bautista L. Valor económico, nutricional y 

medicinal de hongos comestibles silvestres. Rev. Chil. Nutr. 2016; 

43(1): 75–80. 

[34] Instituto Politecnico Nacional. Catálogo de hongos comestibles de 

Santiago Papasquiaro. Sistema de Administación de Programas y 

Proyectos de Invetigación. IPN 2002; 1-27. 

[35] Bonatti M, Karnopp P, Soares HM, Furlan SA. Evaluation of Pleurotus 

ostreatus y Pleurotus sajor-caju nutricional characteristics when 

cultivated in differents lignocellulosic waste. Food Chemistry 2004; 

88(3): 425-28. 

[36] Pimentel-González DJ, Rodriguez-Huezo ME, Campos-Montiel RG, 

Trapala-Islas A, Hernández-Fuentes AD. Influencia de la variedad de 

maíz en las características fisicoquímicas del huitlacoche (Ustilago 

maydis). Rev. Mex. Ing. Quim. 2011; 10(2): 171-8. 

[37] Vanegas PE, Valverde ME, Paredes-López O, Pataky JK. Production 

of the Edible Fungus Huitlacoche (Ustilago maydis): Effect of Maize 

Genotype on Chemical Composition. J. Ferm. Bioen. 1995; 80(1): 104-

6 

[38] Ayimbila F, Keawsompong S. Nutritional quality and biological 

application of mushroom protein as a novel protein alternative. Curr. 

Nutr. Rep. 2023; 12(2): 290-307. 

[39] Krenzischek DA, Wilson L, Newhouse R, Mamaril M, Kane HL. 

Clinical evaluation of the ASPAN pain and comfort clinical guideline. 

J. Perianesth. Nurs. 2004; 19(3): 150-63. 

[40] Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R. et al. 

Chronic pain as a symptom or a disease: the IASP classification of 

chronic pain for the international classification of diseases (ICD-11) 

Pain 2019; 160(1): 19-27. 

[41] Anekar AA, Maxwell Hendrix JM, Cascella M. WHO Analgesic 

Ladder. Treasure Island: StatPearls; 2024. 

[42] Pahwa R, Goyal A, Jialal I. Chronic inflammation. Treasure Island: 

StatPearls; 2023. 

[43] Doll DN, Barr TL, Simpkins JW. Cytokines: their role in stroke and 

potential use as biomarkers and therapeutic targets. Aging Dis. 2014; 

5(5): 294-306. 

[44] Banerjee A, Khemka VK, Roy D, Dhar A, Sinha Roy TK, Biswas A, 

et alt. Role of pro-Inflammatory cytokines and vitamin D in probable 

Alzheimer's disease with depression. Aging Dis. 2017; 8(3): 267-6. 

[45] Woolf CJ. Central sensitization: implications for the diagnosis and 

treatment of pain. Pain 2011; 152(3 Suppl): S2-S15. 

[46] Ghlichloo I, Gerriets V. Nonsteroidal Anti-inflammatory drugs 

(NSAIDs). Treasure Island: StatPearls; 2024. 

[47] Dávila Cabo de Villa E, Morejón Hernández JM, Acosta Figueredo E. 

Pain and painkillers. some timely considerations. Medisur 2020; 18(4): 

694-705. 

[48] Quiñonez-Bastidas GN, Navarrete A. Mexican plants and derivates 

compounds as alternative for inflammatory and neuropathic pain 

treatment-A Review. Plants (Basel) 2021; 10(5): 865. 

[49] Venturella G, Ferraro V, Cirlincione F, Gargano ML. Medicinal 

mushrooms: Bioactive compounds, use, and clinical trials. Int. J. Mol. 

Sci. 2021; 22(2): 634. 

[50] Kurz M, Eder C, Isert D, Li Z, Paulus EF, Schiell M, et alt Ustilipids, 

acylated β-D-mannopyranosyl D-erythritols from Ustilago maydis and 

Geotrichum candidum. J. Antibiot. (Tokio) 2003; 56(2): 91-101. 

[51] Hope ME, Pereyra L. Nuestro maíz, treinta monografías populares. 

México: Museo nacional de culturas populares; 1982. 

[52] Wu HC, His HY, Hsiao G, Yen CH, Leu JY, Wu CC et al. Chemical 

constituents and bioactive principles from the Mexican truffle and 

fermented products of the derived fungus Ustilago maydis MZ496986. 

J. Agric. Food Chem. 2023; 71(2): 1122–31. 

[53] Juárez-Montiel M, Ruiloba de León S, Chávez-Camarillo G, 

Hernández-Rodríguez C, Villa-Tanaca L. Huitlacoche (corn smut), 

caused by the phytopathogenic fungus Ustilago maydis, as a functional 

food. Rev. Iberoam. Micol. 2011; 28(2): 69–73. 

[54] Bautista-González J. A. Conocimiento tradicional de los hongos 

medicinales en seis localidades diferentes del país [Tesis de 

licenciatura]. México: Facultad de Ciencias. 2013. 

[55] Salazar López JM, Martínez Saldaña MC, Reynoso Camacho R, 

Chávez Morales RM, Sandoval Cardoso ML, Guevara Lara F. 

Antioxidant capacity and phytochemical characterization of ethanolic 

extracts from raw and cooked huitlacoche (Ustilago maydis-Zea mays) 

Rev. Mex. Cienc. Farm. 2017; 48(3): 37–47. 

[56] Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, et al. 

Fruit and vegetable intake and risk of cardiovascular disease in US 

adults: the first national health and nutrition examination survey 

epidemiologic follow-up Study. Am. J. Clin. Nutr. 2002; 76(1): 93–9. 

[57] Brighenti F, Valtueña S, Pellegrini N, Ardigò D, Del Rio D, Salvatore 

S, et alt. Total antioxidant capacity of the diet is inversely and 

independently related to plasma concentration of high-sensitivity C-

reactive protein in adult Italian subjects. Br. J. Nutr. 2005; 93(5): 619-

25. 

[58] Pitsavos C, Panagiotakos DB, Tzima N, Chrysοhoou C, Economou M, 

Zampelas A, Stefanadis C. Adherence to the Mediterranean diet is 

associated with total antioxidant capacity in healthy adults: the ATTICA 

study. Am. J. Clin. Nutr. 2005; 82(3): 694-99. 

[59] Katsnelson A, De Strooper B, Zoghbi HY. Neurodegeneration: from 

cellular concepts to clinical applications. Sci. Transl. Med. 2016; 

8(364): 364ps18. 

[60] Martínez Leo EE, Segura Campos MR. Systemic oxidative stress: a 

key point in neurodegeneration– A review. J. Nutr. Health Aging. 2019; 

23(8): 694–9. 

[61] Pegoretti V, Swanson KA, Bethea JR, Probert L, Eisel ULM, Fischer 

R. Inflammation and oxidative stress in multiple Sclerosis: 

consequences for therapy development. Oxid. Med. Cell. Longev. 2020; 

12:(2020) 7191080. 



Biannual Publication, Mexican Journal of Medical Research ICSa, Vol. 13, No. 25 (2025) 75-81 

81 

 

[62] Sienes Bailo P, Llorente Martín E, Calmarza P, Montolio Breva S, 

Bravo Gómez A, Pozo Giráldez A, et alt. The role of oxidative stress in 

neurodegenerative diseases and potential antioxidant therapies. Adv. 

Lab. Med. 2022; 3(4): 351–60. 

[63] Dávila-Cervantes CA, Pardo-Montaño AM. Cambios en la esperanza 

de vida por causas de muertes crónicas en adultos mayores. México 

2000-2013. Rev. Cienc. Salud 2017; 15(2): 223-35. 

[64] Roa Rojas PA, Martínez Ruiz A, Gutiérrez Robledo LM. 

Envejecimiento y demencias en México desde una perspectiva de 

género. Género y salud 2017; 15(3): 18. 

[65] Gómez Delgado Y, Velázquez Rodríguez EB. Health and food culture 

in Mexico. RDU. 2019; 20(1). 

[66] González-Cervantes ME, Hernández-Uribe JP, Gómez-Aldapa CA, 

Navarro-Cortez RO, Palma-Palma HM, Vargas-Torres A. 

Physicochemical, functional, and quality properties of fettuccine pasta 

added with huitlacoche mushroom (Ustilago maydis) J. Food Process. 

Preserv. 2021; 45(10): e15825. 

[67] Beas FR, Loarca PG, Guzmán MSH, Rodríguez MG, Vasco MNL, 

Guevara F. Potencial nutracéutico de componentes bioactivos presentes 

en huitlacoche de la zona centro de México. Rev. Mex. Cienc. Farm. 

2011; 42(2): 36-44. 

[68] Estrada AF, Brefort T, Mengel C, Díaz-Sánchez V, Alder A, Al-Babili 

S, Avalos J. Ustilago maydis accumulates β-carotene at levels 

determined by a retinal-forming carotenoid oxygenase. Fungal Genet. 

Biol. 2009; 46(10): 803–13. 

[69] Vezza T, Canet F, De Marañón AM, Bañuls C, Rocha M, Víctor VM. 

Phytosterols: Nutritional health players in the management of obesity 

and its related disorders. Antioxidants (Basel) 2020; 9(12): 1266. 

[70] Ras RT, Trautwein EA. Consumer purchase behaviour of foods with 

added phytosterols in six European countries: Data from a post-launch 

monitoring survey. Food Chem. Toxicol. 2017; 110: 42–8. 

[71] Valadez Azúa R, Moreno Fuentes Á, Gómez Álvarez G. Cujtlacochi. 

El cuitlacoche. 1ra ed. México: UNAM Instituto de investigaciones 

Antropológicas; 2011; 89: 104. 

[72] González A, Cruz M, Losoya C, Nobre C, Loredo A, Rodríguez R, 

Contreras J, Belmares R. Edible mushrooms as a novel protein source 

for functional foods. Food Function 2020; 23:11(9): 7400-14. 

[73] Scialabba NE-H. Managing health livestock production and 

consumption. Academic Press; 2022. 

[74] Santos A, Navascués E, Bravo E, Marquina D. Ustilago maydis killer 

toxin as a new tool for the biocontrol of the wine spoilage yeast 

Brettanomyces bruxellensis. Int. J. Food Microbiol. 2011; 31:145(1): 

147-54. 

[75] Cortés-Sánchez A, Hernández-Sánchez H, Jaramillo-Flores M. 

Production of glycolipids with antimicrobial activity by Ustilago maydis 

FBD12 in submerged culture. African J. Microbiol. Res. 2011; 5: 2512–

23. 

[76] Yang Long X, Takayoshi A, Wakimoto T, Abe I. Induced production 

of the novel glycolipid ustilagic acid C in the plant pathogen Ustilago 

maydis. Tetrahedron Lett. 2013; 54(28): 3655–57. 

[77] Becker F, Stehlik T, Linne U, Bölker M, Freitag J, Sandrock B. 

Engineering Ustilago maydis for production of tailor-made 

mannosylerythritol lipids. Metab. Eng. Commun. 2021; 12: e00165. 

[78] Steinberg G, Perez-Martin J. Ustilago maydis, A new model system of 

fungi for cell biology. Trends Cell Biol. 2008; 18(2): 61–7. 


