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ABSTRACT KEYWORDS
Milpa is a traditional polyculture production system mainly composed of Corn; beans; chili; pumpkin;
corn, beans and pumpkin, together with other edible plants. It represents an quelites; health and
important food and nutrients supply, but also bioactive compounds source, nutrition; milpa
such as phenols, anthocyanins, phytosterols, phytates, resistant starch, pep-

tides, among others compounds that confer multiple health benefits.

Therefore, the aim of this work was to gather the scientific evidence on the

health effects of the bioactive compounds found in the plants that belong to

the milpa. Although there are few studies that report the interaction

between different biomolecules and crops in combination, as in meant to

be at regular eating; evidence, here summarized, suggests that consumption

of milpa vegetables has an active effect of biomolecules from these crops

was found active, mainly on chronic non-communicable diseases. Thus, the

main objective of this study was to summarize the scientific evidence on

bioactive compounds found in the plants grown as part of the milpa and

their health-related benefits.

The milpa is a polyculture, where mainly corn (Zea mays), beans (Phaseolus spp.) and pumpkin
(Cucurbita spp.) are grown,; for this reason, it has been called the Mesoamerican triad. Despite a basic
structure in the milpa system, differences can be found in the associated crops among regions and
customs.'"! The diversity of the milpa lies in the management that each peasant family does, it depends
on their tastes and needs and the environment in which it is grown.!” The families cultivate the food
that they will consume throughout the year in their milpas,*' each family has its own configuration
for the milpa system including the food plants available in their locality.

The milpa system is a dynamic reservoir of biological and nutritional resources. For instance, in
tropical milpas stand out some varieties of chili peppers, quelites, tubers and tomatoes that are grown
in the milpa!® and they are the basic products in the diet of Mexicans since pre-Hispanic times and
today they represent the subsistence agriculture.'®’ Traditional polyculture systems, such as indigen-
ous-managed milpas, host a large amount of plant genetic resources that, in general, have hardly been
recorded and therefore underestimated, for example, Heindorf et al,'*! reported 191 types of edible
plants, comprising 84 species in milpas humid and sub-humid tropical zone of northeastern Mexico
known as the Huasteca. This staple-based agricultural regime, called milpa, can largely overcome the
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nutritional deficiencies generated in family diet when it depends on individual crops, by the compen-
satory nutritional qualities of the other components from different crops.!”!

Diet, nutrition and health are tightly related aspects of life, which are affected by food affordability.
Current changes in life style, which go hand in hand with the technological and economic develop-
ment has led to food pattern transitions in people from México and around the world. There is
a market tendency to consume high calorie dense food, which is extremely palatable, nutritionally
unbalanced, low in diet fiber and water, besides to be budget priced industrial food. On the contrary,
fruits, vegetables, complex carbohydrates and minimally processed food, which may be obtained from
locality commodities or home agricultural systems, as the milpa, are less consumed among the
population. This food transition entails also an epidemiologic transition that involves an increase in
chronic non-communicable diseases (NCD) incidence.!”™

The NCD are metabolic disorders related to cellular energy budget and the consequent maladjust-
ment of metabolic and signaling pathways, which may be connected to feeding. Type II diabetes,
arterial hypertension and dyslipidemia disorders are intimately associated to overweight and obesity.
Excessive lipogenesis derives from an unbalanced interplay between energy intake from food and
organism caloric demands, thus chronic sub-clinic inflammatory status is activated in sequence with
lipidic disarrangements and cellular metabolic accelerations that derives in increased reactive oxygen
species production.!'®! In this sense, the properties in corn, pumpkin, chili, tomatoes and quelites are
desirable characteristics to be obtained from food.!"!! Experimental evidence suggests that milpa
vegetable elements may have beneficial effects on preventing or helping on treating NCD and also
communicable diseases if are included in diet, since the milpa elements have various compounds with
pharmacological effects.

Bioactive compounds in plants are diverse, their presence depends on environmental condi-
tions. Most of them are generated through the secondary metabolism of plants, and their function
is mainly as a reserve, defense, or for interaction with other plants, microorganisms and
insects."?! The synthesis of these compounds is influenced by geographic location, climatic,
genetic factors, and interaction with other species. Therefore, it is essential to maintain biodi-
versity in crops to ensure permanent access to them. These compounds differ in their chemical
nature; they have different molecular weight, polarity, solubility, bioavailability, metabolic path-
ways, and excretion. All of this will affect the distribution and concentrations of each compound
at the target sites.!"”!

At the moment there is scientific evidence about the health benefits of consuming the products we
find in the milpa. Thus, it is important to know their individual mechanism of action and the
interactions that may exist between them. For example, some organic acids function as surfactants
for other molecules, polyphenols can increase the aqueous solubility of saponins and they, in turn,
improve transmembrane transport of therapeutic molecules.!'*! ChaveZ—Santoscoy[15 I reported that
flavonoids and saponins in black beans (Phaseolus vulgaris L.) could reduce cholesterol absorption by
inhibiting the micellar solubility of cholesterol. On the other hand, Pan et al, ! reported that
b-carotene increases the bioavailability of lycopene in human plasma and quercetin-3-glucoside
reduces the absorption of anthocyanins, for this, it is desirable that the consumption of food from
the milpa be combined, since there can be synergistic effects, potentiating additives, although also
antagonis‘tic.[13 ]

Thus, the main objective of this study was to summarize the scientific evidence on bioactive
compounds found in the plants grown as part of the milpa and their health-related benefits. This
review approaches elucidating probable functional applications of food in isolation and in very
particular preparations, as this research strategy gives valuable transposable information.

Corn

Corn is one of the most important cereals worldwide besides wheat that is staple food in several
countries. In Mexico, most cultivated corn pertains to one sole species: Zea mays, which includes
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around 64 races and diverse landraces, a diversity that is threatened by experimental sowings and open
cultivation of genetically modified corn.!'®'”!

Chemical composition of this seed and its nutritional value depend on the genotype, variety, and
environmental conditions. The main component of corn is starch (73%), such as amylose and
amylopectin; followed by proteins (8-11%) and lipids (3 to 18%).'®) Corn kernel also contains
carotenoids, which are found mainly in yellow genotypes, in the endosperm and in small amounts
in the germ, phenolic acids generally covalently bind to cell walls, and approximately 75% is located in
the aleurone and pericarp layer.!**"!

Corn varieties differ on the size, the shape of both, grain and cob, the nutritional composition, its
functional characteristics and the color (white, yellow, blue, red and purple). The blue, red and purple
grains stand out for their high content of minerals and secondary metabolites such as ferulic acid,
p-coumaric acid, cyanidin 3-glucoside, peonidin and pelargonidin, present in the pericarp, the
aleurone layer and the cell wall.?")

The phenolic compounds found in the cell wall are beneficial for colon health, because the materials
of their cell wall are non-digestible for humans, so when they reach human colon they are metabolized
by the intestinal microbiota, releasing some compounds, including diferulic acid that benefits colon
health.*”) It has been shown that consuming corn confers bioactive properties: antioxidant, anti-
inflammatory, activation of the enzymes of the metabolism phase 2, cell proliferation arrest and
hypoglycemic.!?'~2*!

It has also been shown that some of the pigments remain intact even after cooking it in an alkaline
solution to obtain the cooked grain,**! so the tortilla provides these important components. Known
et al.'** in an in vitro study on the benefits of corn, selected 8 varieties (yellow, black, white and red
grains) that were autoclaved, noted that thermal processing and pigmentation type of corn are
important factors to enhance the antioxidant effect of this grain and related it with modification in
the profile of individual soluble phenolic compounds due to its probable polymerization resulting
from the heat treatment. They also reported that aqueous extracts of these varieties of corn could
inhibit the enzyme B-glucosidase, thereby delaying glucose uptake, lowering blood sugar levels and
mitochondrial reactive oxygen species (ROS) levels linked to hyperglycemia in non-insulin dependent
diabetes mellitus models.

The corn can be consumed tender (corn cob) or dry; depending on its variety, it is used for different
preparations. One of the most important ways to consume corn in Mexico is as tortillas and its
derivates after cooking it in an alkaline solution (nixtamalization).

Nixtamalization generates significant changes in nutritional content and organoleptic character-
istics of corn, such as: increases the calcium, iron, copper and zinc content, enhances niacin
availability and lowers phytic acid content.’* During nixtamalization, the phenolic content of the
corn grain decreases'?”?*! but baking the masa to obtain tortillas and frying tortillas has a small
effect on the phenolic concentration and composition.””! A slight increase of the free phenolics is
observed when masa is transformed into tortillas and chips. The ferulic acid content of raw corn is
lost in high amounts after nixtamalization since the aleurone layer and pericarp tissue are removed
during cooking and steeping. However, free ferulic acid increases in masa, tortillas and tortilla
chips.[??!

The alkaline cooking process also affects the corn anthocyanin content, but the loss differs among
varieties according to the location of the pigment in the grain. The red corn with pigment in the
pericarp presents greater losses of anthocyanin (73 to 100% of loss) than the blue corn with pigment
located only in the aleurone layer (19.5 to 50.2% of loss). Nixtamalization also changes anthocyanin
pattern in the blue corn: as the proportions of anthocyanins 6 and 8 decrease, the percentage of
cyanidin 3-glucoside increases.*®’ Cyanidin 3-glucoside has been recognized for its antioxidant, anti
inflammatory and neuroprotective effects.*") Further processing of masa into tortillas and chips does
not have a significant effect on anthocyanin concentrations and the remaining content provides
sufficient antioxidant activity.”?”
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Another group of bioactive compounds that are affected by lime-cooking are carotenoids. In the
latter process, around 50% of the carotenoids are lost. Despite this loss, considerable amounts of lutein,
zeaxanthin and beta-carotene are still found in tortillas from pigmented corn varieties.*”’

Regarding cellular antioxidant activity (CAA), an investigation conducted in Mexico showed that
tortillas made from native maize landraces retained 47.4 to 48.7% of the CAA found in raw grains.
Nevertheless, when lime cooking extrusion process was used, the CAA of tortillas was higher (72.8 to
77.5%).1%%) Similar results were observed when Oxygen Radical Absorbance Capacity (ORAC) was
assessed: traditional tortillas had 16 to 52% lower ORAC than raw grains, but this difference was
smaller when extrusion process was used (around 7 to 25%).1*’! It should be noted that blue/purple
corn tortillas have higher antioxidant capacity (29 to 33 umoles Trolox/g dry sample) than white corn
tortillas (15 pmoles Trolox/g dry sample).*”’

Besides the antioxidant properties, a recent report has shown that extract from blue corn tortillas
has antiproliferative activity in certain cancer cell lines, such as: hepatocellular carcinoma (HepG2),
lung carcinoma (H-460), cervix adenocarcinoma (Hela), mammary adenocarcinoma (MCF-7) and
prostate cancer androgen dependent (PC-3). Interestingly, tortilla extract inhibited cell growth of the
cancer lines at lower concentration (250 and 500 pg/mL) than blue raw corn extract, suggesting that
nixtamalization process is beneficial.!**!

Corn oil has been reported to be rich in phytosterols: sitosterol (4.35 mg/g), campesterol (1.55 mg/
g), stigmaesterol (0.70 mg/g) and cycloartenol (0.27 mg/g).**! These compounds are structurally
similar to cholesterol so they are able to compete for their absorption in the epithelial cells of the
intestine without having an effect on fat-soluble compounds such as the essential vitamins for
metabolism. !

Besides to phytochemical compounds, it has also been reported that some macronutrients, such as
proteins, may have other health benefits. Jin et al.®®! reported that amino acid sequences obtained
after gluten hydrolysis had a powerful antioxidant activity: reducing power and elimination capacity
for the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical and the superoxide anion radical.

Beans (Phaseolus spp)

In Mexico, five domesticated species have been identified: Phaseolus acutifolius, P. coccineus,
P. dumosus, P. polyanthus, P. lunatus and P. vulgaris. The main components of beans are carbohy-
drates (54-60%) and proteins (21-22%), which is why they are in fact one of the main sources of
protein in developing countries, and in small amounts: crude fibre (6.3-8.5%) and lipids (2.5%).57)
Bean seed color is determined due to the presence and concentration of flavonols (mainly kaempferol
and quercetin), glycosides, anthocyanins, condensed tannins (proanthocyanidins) and phenolic acids
(ferulic, synaptic, chlorogenic and hydroxycinnamic acids), the highest proportion of these com-
pounds are found in the ones with purple, black and brown colors.**-°!

Xu and Chang!!! reported that black bean phenolic compound extracts showed antioxidant
activity against DPPH and PRSC (Peroxyl radical scavenging capacity) with an IC50 (mean inhibitory
concentration) similar to black soybeans tested in digestive system cancer cell lines (CAL27, AGS,
HepG2, SW480 and Caco-2), prostate cancer (DU145), ovary cancer (SK-OV-3), breast cancer (MCF-
7) and leukemia (HL-60). The authors related the anticarcinogenic effect with the content of total
phenolic compounds, procyanidins, saponins and phytic acid.

Another compound of interest identified in bean seeds are lectins. In a study with experimental
animals in early stages of carcinogenesis it was reported the effect of lectins from P. acutifolius
cytotoxic on colon cancer cells.*?) This was related to antiproliferative and pro-apoptotic effects
related to a decrease in the protein of the signal transduction pathway Akt in its activated form and an
increase in caspase 3 activity, but not with the activation of p53. A positive effect on cell cycle arrest has
also been shown in the GO/G1 phase. Specific gene expression related to apoptosis, where an increase
in p53 and a decrease in Bcl-2 (protein implicated in the promotion of cancer through the avoidance of
cell death) were observed.!**!
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Lacerda et al.,”**! isolated a lectin with a size of 128 kDa, thermostable with radical scavening ABTS
and DPPH. It also had antitumor activity against cells derived from melanoma and gastroprotective
action against damage induced with ethanol. Similar effect was reported by Wu et al,"**! in a lectin
with a molecular mass of 24.3 kDa isolated from P. lunatus seeds reported an antiproliferative effect
against leukemia cells and antifungal activity. Pan et al,'*! identified a 66 kDa dimeric lectin stable at
20 to 70°C, with antitumor effect against CNE1, HepG2 and MCEF?7 cells (nasopharyngeal, liver and
breast carcinoma), in addition to anti-inflammatory effects, for which the authors suggested its use in
pharmacological therapies.

Also, protease inhibitors (PIs) of a protein nature have been associated with anticancer activity. In
this sense, a Bowman-Birk type PI isolated from P. acutifolius showed this effect by increasing cell
adhesion, decreasing the degradation of the extracellular matrix in cell lines what correlates with
a decrease in the capacity for cell invasion in vitro, among the possible mechanisms proposed, the
decrease in metalloproteinase-9 activity.*”)

In a model of acute colitis in experimental animals induced with sodium dextran sulfate (DSS) for
7 days and fed with diets with 20% cooked black beans showed that condensed tannins extracted from
black beans had cytotoxic effects by inducing apoptosis in colon, breast and prostate cancer cells.**!
Dong et al.*”! studied the compounds with possible biological activity contained in the black bean peel
and identified 24 compounds among which are: 12 triterpenoids and 7 flavonoids with antiprolifera-
tive activity against liver cancer cells (HepG2); rectal colon cancer (Caco-2) and breast cancer (MCEF-7)
in a dose-dependent relationship.

The consumption of bean seeds requires to have been previously processed, for which a soaking
and cooking process is usually performed. One of the main concerns is that in general, the secondary
metabolites are water soluble or heat sensitive. However, Zhang et al.’®®' showed in murine models
that bean consumption contributes to reducing the mRNA expression of inflammatory cytokines of
the colon (IL-6, IL-9, IFN-g and IL-17A) and stress oxidative induced by DSS, as well as increase the
presence of the anti-inflammatory molecule IL-10 and increased the mRNA expression of FasL
(apoptosis mediator) and the number of apoptotic cells in the colon and cecal concentrations of
short chain fatty acids (-SCFAs- such as acetate, propionate and butyrate).

Beans contain a fraction called non-digestible, consisting of soluble and insoluble fiber, resistant
starch, oligosaccharides, polyphenols and some bioactive peptides®! which are believed to have
prebiotic effects, since post-intake, SCFAs are generated (butyrate and propionate) in the intestinal
tract as a metabolic product of healthy bacterial populations for the colon. These compounds have
a positive effect on genetic expression, regulation of cell growth and differentiation in various types of
animal cells"*?!

Haydé et al'®"! demonstrated that the consumption of the non-digestible fraction of baby bean is able
to regulate the expression of genes involved in the activation of the Tp53 protein, function as a defense
against cell damage. The phytosterols, saponins and flavonoids of the black bean seed coat, have activity
on the reverse transport and cholesterol metabolism, reducing the micellar solubility; thereof, phytoster-
ols negatively regulate lipogenic genes such as SREBP1, FAS, and ABCGS5, but positively the expression of
CPTI in the liver, which promotes beta-oxidation of long-chain fatty acids.™™’

Due to the evidence of a low incidence of cancer associated with the consumption of beans,
Thompson et al'® studied the effect of common beans in a breast cancer model, focusing on
systemic factors such as signaling dependent growth factor of insulin, in addition to routes
associated with energy balance and cellular anabolism. They reported that induction of apoptosis
is dose dependent and it is related to Bax and Bcl-2 dependent mitochondrial mechanisms in
carcinomas.

Pumpkin

The pumpkin is creeping plant, it grows at the base of the corn plants; thus it helps to preserve the
humidity of the floor and, due to the structure of its leaves and a substance it releases, to protect the
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rest of certain animals and insects.!”*! The species generally found in the milpa are Cucurbita pepo,
C. moschata, C. argyrosperma (peninsula de Yucatan), C. fiscifolia'®. It is a very versatile vegetable
because almost everything it is consumed: stems, leaves, tender and immature fruit, either tender in
casseroles and salads or ripe in regional sweets, moles and soups. In addition to the fruit, its seeds are
also consumed, when roasted with salt and chili as snacks, incorporated into mole “pipidn” or as oil
extracted from them to season salads and pasta.

Among pharmacological activities with which pumpkin pulp has been linked is its effect on
diabetes, the pulp of C. ficifolia, has been associated with promoting insulin secretion, increased
storage of glycogen in the liver and glycogen synthase level.>® Jin et al.®”! demonstrated that the
aqueous and ethanolic extracts of fresh C. moschata, rich in polysaccharides composed of hetero-
geneous monosaccharides such as glucose, galactose, arabinose and rhamnose are capable of reducing
blood glucose concentration, while parallel increasing insulin in plasma. This mechanism was pro-
posed for the prevention of diabetic nephropathy in mice administered with alloxan, a compound that
induces diabetes through insulin deficiency. On the other hand, it has been reported that the ethanol
extract of C. moschata, rich in protein-bound polysaccharides, at a dose of 1 g/kg has an effect similar
to gliblenclamide (20 mg/kg) in the concentration and in the curve of insulin resistance in rats
administered with alloxan."”® Kwon et al.'**! reported that cooked pumpkin (C. pepo) extracts are
capable of inhibiting the enzymes B-glucosidase and a-amylase, preventing the release of glucose from
complex carbohydrates, consequently reducing blood glucose concentration.

Most of the pumpkin (C. pepo, C. moschata and C. maxima) beneficial effects on health have been
reported in its seeds. They contain a large amount of protein (31.2%) and oil (49.3%), which is abundant
in unsaturated fatty acids (mainly linoleic and oleic acid) and other components such as polyphenols,
phytosterols, choline, vitamins and minerals. In traditional medicine, fresh or roasted seeds are used to
relieve abdominal cramps and bloating caused by intestinal parasites, this effect has been related to their
content of cucurbitacins, alkaloids (berberine and palmatine), amino acids and fatty acids."*”!

It was also reported that C. ficifolia has an important activity against systemic inflammation
induced by obesity, which in turn is related to insulin resistance and progression to diabetes mellitus
type 2 (DM2) °“! this problem has been related to vulnerability to infections due reduces the immune
system. Fortis-Barrera et al., °") evaluated the daily administration of an aqueous extract of C. ficifolia
in obese mice using a monosodium glutamate (MSG) induction model whose mechanism is increased
body weight due to white adipose tissue accumulation, and exhibited high levels of inflammatory
cytokines. Among their results, body weight loss was observed by decreases in mRNA expression and
protein levels of TNFR2 and IL-6 also increased IFN-y. In other experiment, the extract from
C. ficifolia exhibited modulation of chronic systemic inflammation in obese mice in the MSG model
and enhances the adaptive immune system in obesity. Treatment with the extract decreased body mass
and reduced inflammation by suppressing the expression of TNF-a and IL-It has also been identified
that its consumption has an effect as a secretagogue of insulin through an increase in Ca>* of the
calcium reservoir in the endoplasmic reticulum’ '** Another study reported that C. ficifolia was
significantly able to down-regulate the genes responsible for adipogenesis and with it, the differentia-
tion of adipocytes, which could have an antiobesity effect.!®*! Added due to its antioxidant it is capable
of reducing oxidative stress by decreasing H,O, levels, increasing glutathione peroxidase activity and
changes in the GSH/GSSG ratio, reduced resisting protein levels and increased IL-6 levels.[*"

Among the bioactive compounds that have been identified in pumpkin pulps are carotenoids,
which importance in health lies in the fact of being a precursor of vitamin A together with a powerful
antioxidant. Bergantin et al,'®, reported the presence of lutein, violaxanthin with concentrations of
10.5 and 10.3 ug/g of fresh pulp, antheraxantina and astaxantina with concentrations between 1.7 and
1.1 pg/g of fresh pulp in C. moschata. These authors also reported that after some traditional
treatments such as cooking and baking, there was a loss of bioactive compounds, 10% from cooked
and 30% in baked pumpkins. Other bioactive compounds that have been identified in C. pepo and
C. moschata are caffeic acid, quercetin, protocatechuic acid, p-coumaric acid and synapic acids '*°!. In
terms of concentrations, very wide ranges are reported 0.57-18.40 mg/100 g of fresh carotenoid pulp,
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where pumpkins with more orange pulps are those with the highest content.” "), A phytochemical
study in C. ficifolia allowed to identify the stigmast-7,22-dien-3-ol, stigmast-7-en-3-ol and salicin,
which have reports of pharmacological activity and D-chiro-inositol (DCI), the latter has been
associated with effect on glucose metabolism.!*>%"!

In the case of C. pepo seeds, it has been reported that they have compounds such as cucurbitin,
amino acids, fatty acids, berberine and palmatine, which have been associated with the anti-hemitic.
Both, aqueous and ethanol extract from the seed made possible to control gastrointestinal nematode
infections in animal models,”*”" while its oil has shown positive results in efficient wound healing,
what has been related to its high concentration of linoleic acid, tocopherols and sterols.”?! Also,
methanol and hexanolic extracts from seeds of C. argyrosperma showed positive effects on the repair of
corneal damage by inhibiting neovascularization in addition to decreasing the expression of inflam-
matory and angiogenic factors. The authors correlated it with the presence of phytochemicals such as
flavonoids such as quercetin, luteolin and apigenin.!”*! It has also been reported in seed oils of
C. moschata and C. argyrosperma the presence of Chlorophyll b and squalene, among other phenolic
compounds and carotenoids, which give it antioxidant properties.!

On the other hand, it has been reported that pumpkin seed oil comercial of the C. pepo, moderately
reduced the signs of metabolic syndrome developed during high saturated fats diets and reduced the
concentration of triglycerides, total cholesterol and LDL cholesterol in blood and decreased liver
fibrosis.”””! Another major compound in pumpkin seeds are proteins, which have antioxidant capacity.
This was reported in a study with experimental animals after intoxication with CCl, (carbon tetrachlor-
ide), the proteins from C. pepo seeds managed to reduce the levels of the enzymes lactate dehydrogenase,
alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase.’®’ Although the
mechanism is not proposed, the authors mention that it may be due to the profile of amino acids and
nitrogen compounds contained in the seed. Other activities that have been reported after the hydrolysis
of C. moschata proteins are antibacterial for both Gram positive and Gram negative bacteria.l””!

Other products present in the Mexican milpas

As mentioned above, in addition to corn, beans and pumpkin, you can find other products of vegetable
origin. Among them, a great diversity of chili peppers, tomatoes, yucca, edible leaves known as quelites and
others.

Chili

Chili is a condiment cuisine that confers flavor with few or no calories, an advantage over other
flavorings also they are a good source of minerals, vitamin A, C and E, carotenoids, and phenolic
compounds.””>”®! Due to its level of pungency, its consumption has been related to heartburn and
conditions such as colitis and gastritis. However, it has been shown that chilis contain bioactive
compounds, mainly the alkaloid responsible for puncture capsaicin, which has an effect on the
cardiovascular system and the gastrointestinal tract. It has been reported that chili intake improves
metabolic rate and relieves pain, prevents overweight, obesity and cancer, decreases the incidence of
cardiovascular and gastrointestinal diseases.””*"! In Table 1 we show some biological effects reported
for capsaicin, main phenolic compound found in chili.

Tomatoes

Tomatoes (Solanum lycopersicum) are herbaceous plants. The tomato fruit has a characteristic red
color due to its high content of carotenoid pigment that is synthesized during fruit ripening.'®*® It is an
important ingredient in traditional cuisine as well as in some industrial products, perhaps because it
gives the products a reddish color which increases their organoleptic properties. Its consumption is
related to the prevention of chronic non-communicable diseases such as cancer and in the prevention
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Table 1. Biological effects reported for capsaicin, main phenolic compound found in chili.

Effect Mechanism

Auxiliary in the treatment of type 2 Reduction of plasma glucose concentration and maintenance of insulin levels”® inhibited
diabetes mellitus. the activity of the enzyme a-amylase and B-glycosidase so they reduce the absorption of
glucose by cells®!

Protection of the intestinal barrier Increase in the Firmicutes/bacteroidetes ratio, increase in glucagon-like peptide in plasma
and butyrate concentration, as well as a decrease in ghrelin®®"!

Anti-obesity Modulation of hypothalamic satiety increase in expression of thermogenesis genes,
appetite and satiety regulation, inhibition of PPARy expression, C/EBP -a and leptin.
Positive regulation of adiponectin at the protein level, induction of apoptosis and
inhibition of adipogenesis in preadipocytes and adipocytes
Activation of TRPV1 channels by capsaicin in the diet, which causes browning of white
adipose tissuel®2%3!

Inhibition of glucagon secretion, gastric emptying and appetite, so that food intake is
decrea{gg}d as well as inhibitory gastric polypeptide and decreases plasma ghrelin
levels.

Anti-cancer Antiproliferative and cytotoxic effect. Inhibits phosphorylation of ERK and p38 MAPK, cell
growth, angiogenesis and metastasis. Induces apoptosis by regulation of TRPV
receptors, synergistically with docetaxel, inhibiting PI3K life/Akt/mTOR and activating
AMPK.[85_87

of cataracts and eye disorders.’®**") Its main bioactive molecule is lycopene, which is one of the most
powerful antioxidants against singlet oxygen inhibition added contain others molecules with biologi-
cal activity such a B-carotene, a-tocopherol,'”®! and phenolic compounds mainly: rutin apioside, rutin,
naringenin chalcone, naringenin and chlorogenic acid.”"!

Yucca (Manihot esculenta Crantz)

Yucca (Manihot esculenta Crantz) is found mainly in the milpa from tropical areas. It is rich in
carbohydrates (and 80 to 90% carbohydrate on dry weight) and contains non-nutritional compounds
polyphenols, oxalate, and saponins. These compounds can have positive effects such an antioxidant,
antiinflamatory,'®? anticancer and anticholesterol,®! but also can have adverse effects on health,
depending upon the amount and frequency ingested. For example, some physical interactions, such as
surfactants, with other components of the digest and their ability to interact with the membranes of
mucous cells, thus reducing the bioavailability of some nutrients.!**!

It is important to note that it contains cyanogenic glucosides, therefore before consumption it must
be detoxified, which is achieved with thermal treatments or by dilute sodium bicarbonate solutions.”!

Quelites

To the variety of crops that are sown within the cornfield, we found quelites, weed plants whose
consumption in Mexico is determined regionally and culturally (Table 2). The species currently
consumed represent only 3% of the 500 different identified by some authors in ancient
Mexico.'***) The quelites are green leafy vegetables, tender stems, sprouts, buds or flowers that are
consumed in different ways, whether raw, cooked or fried. The word quelite comes from Nahuatl word
quilitl and evidences its ancient origin, since the quelites were high value resources among pre-
Hispanic peoples such as the Aztecs. In Table 3, some studies are observed of the pharmacological
potential of some quelites of frequent consumption in Mexico.

Among the main bioactive compounds stand out, in general, flavonoids (kaempferol, apigenin,
luteolin, myricetin, quercetin, and chlorogenic, caffeic, p-coumaric, ferulic and rosmarinic acids)
betacyanins, alkaloids and these are found in the roots, stem and leaves.,!'°>'**'**! which give them
antioxidant properties either by trapping free radicals or by inducing the endogenous antioxidant
system.['°»1% "Other reported activities are anticancer, hypoglycemic and anti-diabetic
properties.”'>1°*12°] anthelmintic,!'**! antiinflamatory!'*”antileishmanial activity''2*'2%)
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Table 3. Bioactive compounds contained in some of the most widely consumed quelites in Mexico according to CONABIO and their
reported effects on health.

Papalo (Porophylum
ruderale subsp.
Macrocephalum)

Verdolaga (Portulaca
oleracea)

Quintonil
(Amaranthus spp)

Romerito (Suaeda
nigra),

Quelite cenizo
(Chenopodium
berlandieri subsp.
berlandieri),

Huauzontle
(Chenopodium
berlandieri subsp.
nuttalliae),

Leaves

Aerial
parts

Leaves

Aerial
parts

Aerial
parts

Aerial
parts

Aerial
parts

Aerial
parts

Aerial
parts
Seed

Leaves
Leaves
Sprouts
Aerial
parts
Leaves

Leaf

Essential
oil
Leaves

Leaves
and
stems

Leaves
and
stems

Sprouts

Flavonoids, tannins, saponins, alkaloids, fatty
acids, volatile oils and anthranoids

Thiophene derivatives: 5-methyl-22 " :5 ',
2" -terthiophene and 5" -methyl- [5 -
(4-acetoxy-1-butynyl)] —2,2" -bistiophene.

Phenolic compounds, ethylcyclohexane,
ciclogeraniolane, and triethylether glycerol,

Chlorogenic, caffeic, p-coumaric, ferulic and
rosmarinic acids and
flavonoids: quercetin and kaempferol

Catechin, chlorogenic acid, salicylic acid and
pyrogallol, flavonoids: rosmarinic acid, rutin
and quercitrin, chlorophyll and carotenoids.

Phenolic acids (ferulic acid and caffeic acid)
and flavonoids (luteolin, myricetin,
quercetin, apigenin) catecholamines
components, the contents of noradrenaline
(NA) and levodopa
(L-dopa)

Polysaccharides with molecular weight of
11 kD

Betacyanins

Indole alkaloids (oleraindole A and oleraindole
B)

Polyunsaturated fatty acids, flavonoids, and
polysaccharides

Flavonoids, steroids, terpenoids
Carotenoids and tocopherols
Phenolic acids and Flavonoids
Phenolic acids, flavonoids

Phenolics, flavonoids and tannins
cardiac glycosides
Flavonoides, terpenoides
quercetin and chrysin
caffeic, gallic, chlorogenic, vanillic,
p-hydroxybenzoic, ferulic and syringic acids

Flavonoids, terpenoids, ascaridol, p-cymene

Flavonoids, terpenoids, chrysin, triterpenoid,
saponins

Flavonoids and phenolic compounds

Loridzine, myricetin, quercetin, and phloretin,
caffeic, gallic, chlorogenic, vanillic,
p-hydroxybenzoic, ferulic and syringic acids

Tannins, saponins

Anti-inflammatory action on burns in
experimental animals®”

Lesions caused by Leishmania sp'°®

Antioxidante ABTS method using the 2,20
azino-bis(3-ethylbenzo-thiazoline
-6-sulfonic acid)®”

In vitro antioxidant activity assays
DPPH. radical scavenging, ABTS radical
scavenging and inhibition of lipid
peroxidation!'®%

Antidiabetic, decreased glycated hemoglobin,
and serum levels of glucose, TNF-a and IL-6
in diabetic rats'®"

Hypoglycemic and antioxidant in cell line and
micehOZ]

Treatment of diabetes by modulation on
insulin secretion/production®*

Neuroprotective effect, increased activities of
the enzymes superoxide dismutases (SOD),
catalase (CAT), glutathione peroxidase
(GPx) and glutathione reductase (GR),
reduction of lipid peroxidation,
improvement of cognitive deficits

Inhibition of cholinesterase and scavenging
DPPH radicals!'*!

hypoglycaemic, hypolipidaemic and insulin
resistance reducer effects in humans with
type-2 diabetes

Antimicrobial activity!'%®!

Antioxidant activity!'®”)

Antioxidant activity!'%®!

Antioxidant''%"!

[104]

Antioxidant activity!"'%

Antibacterial and antifungal activity
Antioxidant activity, antitumor
Activity. induce macrophage activation and
Phagocytic activity, induce positive
Immunomodulation in the body and induce
nitric oxide production"'?
Antibacterial and antifungal activity
Induces apoptotic process, and
DNA fragmentation in cancer cells.
Antioxidant activity, antitumor activity. induce
macrophage activation and phagocytic
activity, induce positive
immunomodulation in the body and induce
nitric oxide production
Antibacterial and antifungal activity
Antioxidant""”!

[111]

[113]

[114,115]

[112,116]

Antioxidant activity!"'*!

Strengthen the immune system!"'®

Vasoactive and antioxidant activities!' "%

(Continued)
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Table 3. (Continued).

Epazote (Dysphania  Essential Insecticide! "
ambrosioides) oil
Leaves Vitamin C, phenolics and flavonoids. quercetin Antioxidant activity, Hypoglycemic have
and catechin counteract efects on bacterium responsible
for triggering chronic gastritis, peptic ulcer
diseases and gastric cancer.'2%12"!
Leaves Carvacrol, phytol, squalene, vitamin E and Induction of the endogenous antioxidant
sucrose system and anti-inflammatory''?”
Leaves  Phenolic and flavonoid Vasodilatory effect!'>*!
Table 2. Main quelite species consumed in Mexico.’8'&2-
Common
name Scientific name Region of comsumption
Purslane Portulaca oleracea Northern of Mexico, derived from Tarahumara and Purépecha peoples.
Quelite or Chenopodium berlandieri
huazontle
Quintonil Amaranthus hybridus Center of Mexico, Zapotec native zone, Chiapas and Tabasco
Epazote C. ambrosoides, Dysphania ~ From northern (by Tarahumara heritage) to the south of Mexico, with reports in
ambrosioides (syn.) Veracruz, Chiapas, Tabasco, Campeche and Oaxaca
Holy leaf Piper auritum Veracruz, Oaxaca, Tabasco, Chiapas y Campeche
Chaya Cnidoscolus aconitifolius Veracruz, Oaxaca, Tabasco, Chiapas, Campeche and Yucatén
Chepiles Crotalaria spp. Oaxaca, Chiapas, Tabasco and Campeche

In conclusion, the milpa is a traditional multicrop system in which the species planted
depend on both, environmental and social factors. The consumption of the products grown
in these crops could confer health benefits, due to its complexity, the effects already
mentioned could be enhanced. Although there is little information on the mechanism of
action on human health when consumed as a whole or combined with other foods; it is
recommended that from the documented evidence, the study of the complex combinations
of milpa foods on human health must be continued. Dominguez-Uscanga et al.,!*"
evaluated the consumption of snacks made with a mixture of white corn and beans (70/
30%), in a model of mice fed with a high-fat diet and evaluating its effect on dyslipidemia
caused by this diet. Among their results, they reported that lipid storage decreased and it
improved glucose metabolism, as well as the inhibition of PPARy and SREBF2, genes
involved in lipogenesis. Avila-Nava et al,!"'! evaluated the effect of consuming
a traditional pre-Hispanic diet composed of mixtures of corn, beans, tomatoes, nopal,
chia, and pumpkin seeds in obese rats, among their results they reported that after
consuming these diets, weight gain, decreased glucose intolerance, regulation of triglycer-
ide and leptin concentrations in liver and serum were controlled, as well as inhibition of
protein oxidation and GSSG/ratio. GSH, in addition to an increase in the relative abun-
dance of bifidobacteria and improvement of cognitive activity. These studies are relevant
because as it is known, the consumption of industrialized or processed food products are
favouring health problems in children and adults, such as obesity and diabetes. Both
belong to the group of chronic non-communicable diseases and represent an important
challenge for public health systems, as well as a strong impact on families’ economy.
Chronic non-communicable diseases have a multifactorial origin, however preventable by
means of choosing the right diet.

Summarizing, data here reviewed point to the milpa system is a diverse source of
bioactive compounds with functional capacity, which is based on the presence of
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compounds of a varied nature, including plant pigments, nutrients and secondary meta-
bolites. The biological activity provided by the milpa products supply antioxidant effects,
regulators of cell growth, cell metabolism, anti-inflammatory action and modulators of cell
signaling, among other benefic actions against the pathological processes of NCD related to
the current food transition. However, it is necessary to continue the efforts that contribute

with

knowledge to the mechanisms involved in the biological activity of these foods from

the milpa and thus, contribute to the promotion of a functional diet based on the products
of the same.
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