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Abstract

Huitlacoche is the Aztecs name given to the smut galls on ears of maize caused by the pathogenic plant fungus Ustilago maydis
[(DC) Corda.)]. It is known as maize mushroom, and it has been considered a delicacy and in Mesoamerica. The aim of the
present study was to determine the responses of some maize varieties to the growth of the fungus in order to evaluate the
prospect production of these smutty ears as a maize mushroom. A 2-year study was conducted in the Mediterranean region of
Turkey in 2010 and 2011. Inoculations were performed by injecting inoculum into the ear through the silk channel of plants
in plots. Each treatment had control plots. Average ear-gall (huitlacoche) severity and incidence of all the varieties were at
the rates of 4.0 and 41.6%, respectively. However, the highest severity of ear-gall (6.5) and incidence (60.6%) were found in
Karadeniz Yildiz: flint maize variety; colossal smutty ears were formed in the maize cultivars. This study showed that certain
maize cultivars (flint corn and dent corn) can be used efliciently in the production of huitlacoche.

Keywords: maize; smutty ears; edible mushroom; U. maydis.

Practical Application: Raise awareness around the world about huitlacoche production.

1 Introduction

U. maydis is a devastating disease of maize when certain
environmental conditions favor fungal development. However,
in parts of central Mexico, smut galls on ears of maize are an
edible delicacy and are designated as maize mushrooms, Mexican
truffles, or maizteca mushrooms, an important food source
in Mesoamerica (Valverde et al., 1993). Maize ears with galls
have been picked up from naturally infected plants and eaten
by people in Mexico and Latin America since the times of the
Aztecs, who named it cuitlacoche (Kennedy, 1989). Huitlacoche
or cuitlacoche comes from the word Nahuatl (the language of
the Mexicas or Aztecs) “cuitlacochin” or “cuitlacuchtli” that
means “degenerate corn on the cob” (Simeén, 1977; Sahagtn,
1989; Juarez-Montiel et al., 2011).

Proximate composition of huitlacoche is 88-94% dry
matter, 3-6% ash (dry basis), 7-12% protein, and 2-5% lipids
(Valdez-Morales et al., 2010). The nutritional value of this
mushroom has great importance for human diet. Protein
content is similar or sometimes higher than that of other edible
mushrooms. Therefore, huitlacoche may be used as an alternative
protein source for vegetarian diets. Huitlacoche contains almost
all essential amino acids, and lysine (6.3-7.3 g/100 g protein) is
one of the most abundant. Serine, glycine, aspartic, and glutamic
acid collectively account for 44.3 to 48.9% of total amino acids.
The high content of essential fatty acids also suggests that
huitlacoche has a high nutritional value; some important fatty
acids are oleic and linoleic acids (54.5 to 77.5%). Huitlacoche
has also been characterized as a high-quality nutraceutical food
and an attractive ingredient to enrich other foods, mainly due
to its extraordinary flavor and exceptional quality (Valverde &

Paredes-Lopez, 1993; Vanegas et al., 1995; Valverde et al., 2015).
Most of total dietary fibre, B-glucans, and total free sugars values
were higher than those reported for other edible mushrooms.
The high concentration of antimutagenic substances appears to be an
asset of this culinary delicacy (Valdez-Morales et al., 2010). Aflatoxin,
ochratoxin, and zearalenone were not found in huitlacoche
(Valverde & Paredes-Lopez, 1993).

Apart from these mycotoxins, Martinez-Flores et al. (2008)
reported that after storage, there was no major change in the
amino acid content of huitlacoche. The mushrooms kept their
appearance, color, and weight better when stored at 3 °C on the
ear. Ethylene production by huitlacoche was not detected in the
postharvest study of huitlacoche. Monroy-Gutiérrez et al. (2013)
emphasized that under refrigeration the shelflife of huitlacoche
was extended up to 30 days.

Huitlacoche is sold during the rainy season in the open-air
markets of central Mexico. Over the years more than 90 Mg-sized
huitlacoche have been canned by Mexican food processors
(Valverde, 1992). About 400-500 tons of huitlacoche are sold
annually during July and August in markets in Mexico City
(Villanueva, 1997; Pataky & Chandler, 2003). It is also processed
by at least six companies that sell the specialty mushroom canned
or lyophilized. Interest in producing U. maydis as a specialty
mushroom in the U.S. has recently increased due to an emerging
acceptance of huitlacoche by North American consumers, who
view it as a gourmet food item that is part of a growing market
for haute Mexican cuisine (Pataky & Chandler, 2003). In the
United States, fresh and frozen huitlacoche are sold for as much
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as $20/kg. In spite of the potential value of huitlacoche, there
are few reports on U. maydis cultivation (Valverde et al., 1993).

Reports of cuitlacoche as a cash crop have generally focused
on gleaning naturally infected ears from fields, but they have
not considered the production of cuitlacoche as an alternative
crop (Pataky, 1991). The objective of the present study was to
evaluate the yield of huitlacoche in different maize varieties
(dent, flint, sweet, and popcorn).

2 Materials and methods

Galls (smutty ears) were obtained from smutty plants from
maize-producing areas of Bat1 Akdeniz Agricultural Research
Institute, located in the Mediterranean region of Turkey in
2009 and 2010. Potato dextrose agar (PDA, Oxoid) and 20% carrot
solution were used to get pure culture of U. maydis and for the
propagation of sporidia (basidiospores), respectively. In the field
trials, dent corn (Zea mays var. indentata) cultivars; Ada-523,
Pioneer-3394 and Side; flint corn (Zea mays var. indurata)
cultivars; Karacay and Karadeniz Yildizi; sweet corn (Zea mays
var. saccharata) cultivars; Merit and Vega; and popcorn (Zea mays
var. everta) variety (Antcin-98) were used as host plants.

2.1 U. maydis isolation

The galls were chopped and the chlamydospores (teliospores)
were separated from the gall tissues by sieving through a tea
strainer. Afterwards, teliospores were surface-sterilized by
immersion in a 1% copper sulfate solution for 20 to 60 h and
filtered through two layers of sterile cheesecloth not allowing
the teliospores to pass through. Later, the teliospores on the
cheesecloth were washed in three times with sterile distilled
water, dried on sterile filter paper, and transferred to petri
dishes containing PDA media supplemented with antibiotic
(streptomycin sulphate). The dishes were incubated at 25 °C for
4 to 5 days until sporidia (basidiospores) of U. maydis emerged.
When sporidia were about a pinhead in size, they were taken from
the cultures, transferred to 500-mL Erlenmeyer flasks containing
20% sterile carrot solution, and incubated at 25 °C for 7 days.
At the same time, the Erlenmeyer flasks were vigorously shaken
for 1 to 2 min once or twice a week. Therefore, the inoculum
required for the inoculations was obtained by allowing sporidia
to multiply in the carrot solution (Tun¢demir, 1985).

2.2 Preparation of inoculum

Basidiospore suspensions in the Erlenmeyer flasks were
stirred to get a homogeneous solution, and basidiospores were
counted using a hemocytometer (Neubauer, Isolab, Germany).
Basidiospore suspensions were diluted to appropriate concentrations
using a sterile carrot solution and adjusted to 4 x 10° sporidia
mL-'. Afterwards, in the same way, teliospore suspensions
were arranged to 1 x 10° teliospores mL™' and added into the
basidiospore suspensions (Tun¢demir, 1985).

2.3 Field trials

Field trials were carried out in a randomized complete blocks
design with a factorial arrangement with three replications. Each
plot consisted of four 5 m long rows. The spacing between the

Food Sci. Technol, Campinas, 35(2): 386-390, Abr.-Jun. 2015

rows was of 70 cm and 20 cm within the rows. Control plots
were established for each treatment.

2.4 Ecological properties of the research area

The general soil texture of the research area was clayish
and loamy. The area was fertilized with nitrogen, phosphor, and
potassium at the rates of 180, 80, and 80 kg ha™', respectively.
Field experiments were set up in the Antalya province of Turkey.
The total monthly rainfall when the inoculations of the maize
ears were performed in August of 2010 was 4.2 mm, whereas
no measurable rainfall was recorded in the same period in
2011. However, the average temperature and relative humidity
in August 2010 and 2011 were 30.5 °C, 59.1% and 29.6 °C and
50.0%, respectively (Turkey, 2013).

2.5 Inoculation

The ear inoculation method of Pataky et al. (1995)
was modified as follows: 3 ml of inoculum (3 x
10° sporidia ml™ + 1 x 10° chlamydospores ml™) were injected
into the ear of each plant using a hypodermic syringe 3 days
after silk emergence. Inoculations of the ears were performed
on August 3rd and 21st in 2010 and on August 15th and 27th
in 2011.

2.6 Huitlacoche assessments
Ear gall(huitlacoche) severity and incidence

Ear gall severity was calculated according to the 0 to 5 Johnson
& Christensen (1935) scale, where 0 = very small galls
(<2.5cmin diameter); 1 = small galls (2.5 to 5 cm in diameter);
2.5 = medium galls (5 to 10 cm in diameter) ; and 5 = big galls
(> 10 cm in diameter). The ear gall incidence was calculated
comparing the number of infected and non-infected ears.

2.7 Statistical analysis

The JMP statistical software (SAS Institute Inc., Cary,
North Carolina, USA) was used to perform variance analysis.
Differences between factors were determined by F test, and the
mean values determined as different were grouped according
to the LSD . test (Diizgiines et al., 1987).

3 Results

The average size of the galls varied from 1.0 to 10.7 cm
diameter. In the ears, the ovaries and glumes were smutted.
Sometimes, the entire pistillate inflorescence was converted
into a huge (16.5 cm diameter) smut gall due to severe infection
of U. maydis on the susceptible flint corn variety (Karadeniz
Yildiz1). Interactions of the year, variety, and year x variety were
significant (p<0.01) (Table 1. 2 and 3).

The lowest ear gall incidence (EGI) (10.0% and 21.6%) was
found in the Antcin-98 (popcorn variety) in both years. However,
the highest EGI values, in 2010 and in 2011, 44.6% and 83.3%,
were detected in Karadeniz Yildiz1 (flint corn variety) and Side
(dent corn variety), respectively (Table 2).
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In both years, the highest (3.9, 9.1) and lowest (1.5, 2.2) ear
gall severity (EGS) was detected in Karadeniz Yildiz1 (flint corn
variety) and Antcin-98 (popcorn maize variety), respectively.
The average EGS over the two-year experiments conducted on
all maize cultivars was 4.0 (Table 3).

4 Discussion

The average EGI values of Merit and Vega (sweet corn
cultivars) in 2010 were 26.6 and 23.3%, whereas the values in
2011 were 38.3 and 30.0%, respectively (Table 2). However,
du Toit & Pataky (1999a), studying some sweet corn cultivars,
reported average incidence of ears with galls of 50% for the
hybrid Dazzle, 36% for Frontier, 26% for GH 2690, and 6%
for Punchline, in 1996. The authors also reported an average
incidence of 44% for the hybrid Dazzle, 31% for Frontier, 17%
for GH 2690, and 26% for Punchline in 1997., Similar results
were found in sweet corn cultivars by some other authors (Pataky,
1991; Valverde et al., 1993).

In the present study, the highest EGS was found in Karadeniz
Yildiz1 (flint corn cultivar), whereas the lowest EGS was found in
Antcin-98 (popcorn variety) (Table 3). Since it had more severe
smut gall on its cobs, Karadeniz Yildiz1 was more vulnerable
to infection of U. maydis than the other cultivars. However,
the cobs of Antcin-98 were less affected by the fungus than
the others. In the present study, among the cultivars, the EGS
values of huitlacoche was ranked according to their size (from
largest to smallest) as follows: Flint, dent, sweet, and popcorn,
respectively. It can be concluded that the bigger the cobs, the
higher the development of large smut galls on them; flint

Table 1. Variance analysis of ear gall incidence and severity.

Source DF . Ea‘r gall Ear gall severity
incidence

Year 1 7701.3** 98.9**
Replication|Year] 4 16.7 0.1

Variety 7 1570.1** 14.2%¢

Variety x Year 7 343.3** 7.2%%

Interaction

Error 28 18.5 0.1
CV (%) 10.3 8.1

**: Significant at P<0.01

and dent corn varieties showed higher EGS values than the
others. These results corroborate the earlier findings of Pataky
& Snetselaar (2006). These authors stated that incidence of
smut infection was greater than 50% in 1976 in several areas
of Germany where hybrids derived from European flint corn
were prevalent. Similarly, in a study conducted by Bojanowski
(1969) in Poland, U12 (a flint corn inbred) was identified as
susceptible to corn smut. However, Pataky & Chandler (2003)
reported that maximum yields of huitlacoche from male-sterile
field corn hybrids were around 40% greater than those from sweet
corn hybrids. Pataky (1991) stated that extremely susceptible
genotypes may exist between dent, flint, floury, and other types
of corn, and ear galls on these types of corn may be equally well
suited for cuitlacoche production.

In addition, in the present study, the EGI of the cultivars
ranged according to the hosts, and similar EGI responses
were detected as EGS. The average EGS and EGI values of all
cultivars in 2011 were higher than those in 2010. Year-to-year
variation found in the present study could be explained as
follows: it is known that environmental conditions can influence
the development of diseases, in particular during penetration
and infection of the host. Tun¢gdemir & Iren (1980) reported
that the most favorable temperature for development of corn
smut ranges between 18 °C and 21°C. In this regard, in 2010,
the average daily temperature on the inoculation day and on
the ensuing day was 30.7 °C, whereas, in 2011, it was 27.2 °C
(Table 4). Therefore, the difference in temperature may have
adversely affected germination and penetration of the fungus
in 2010. In addition, the environmental conditions in 2010 may
have been favorable for the host. Kyle (1929) also emphasized
that when environmental factors are in favor of the host during
the maize growing season, smut infection levels are reduced.
Moreover, in a two-year study conducted in Germany, Gortz et al.
(2008) stated that in 2006, the frequency of kernel infected by
Fusarium spp. ranged from 0.7% to 99.7%, while in 2007, the
highest incidence of Fusarium ear rot was 64%. The authors
expressed that the year-to-year variability in the overall infection
rate may be explained by significant differences in temperature
and precipitation during the growth periods. Apart from these
factors, plant nutrition can also affect smut infection. Aydogdu
& Boyraz (2011) reported that nitrogen and farmyard manure
could be important factors impacting severity of corn smut in

Table 2. Ear gall sizes and incidence of the cultivars after silk channel inoculation.

2010

2011 Mean

Maize varieties Gall diameter (cm)  Ear gall incidence

Gall diameter (cm)

Ear gall incidence ~ Gall diameter (cm) Mean ear gall

(from min. to max.) (%) (from min. to max.) (%) (from min. to max.) incidence (%)
Ada-523 1.0-6.0 28.6 1.0-12.5 46.6 1.0-12.5 37.6
Pioneer-3394 1.0-5.5 32.0 1.3-6.8 70.0 1.0-6.8 51.0
Side 1.8-10.2 36.3 1.0-15.0 83.3 1.0-15.0 59.8
Karagay 2.5-5.9 30.1 1.5-13.6 68.3 1.5-13.6 49.2
Karadeniz Yildizi 0.6-9.1 44.6 1.6-16.5 76.6 0.6-16.5 60.6
Merit 1.0-5.5 26.6 1.2-6.0 38.3 1.0-6.0 324
Vega 1.0-10.1 23.3 1.2-5.1 30.0 1.0-10.1 26.6
Antcin-98 1.1-5.2 10.0 1.0-5.6 21.6 1.0-5.6 15.8
Average 1.2-7.1 28.9 1.2-10.1 54.3 1.0-10.7 41.6

Year LSD (0.01) = 3.4 Variety LSD (0.01) = 6.8 Year x Variety LSD (0.01) = 9.7.
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Table 3. Ear gall severity of the cultivars after silk channel inoculation.

Ear gall severity*

Variety
2010 2011 Mean
Ada-523 2.1%* 6.5 43
Pioneer-3394 2.4 4.9 3.6
Side 3.3 8.6 59
Karagay 2.0 6.3 4.1
Karadeniz Yildiz1 3.9 9.1 6.5
Merit 3.0 34 32
Vega 2.8 3.1 2.9
Antcin-98 1.5 2.2 1.8
Mean 2.6 5.5 4.0

Year LSD (0.01)=0.2 Variety LSD (0.01)=0.5. Year x variety LSD (0.01)=0.7. *:
The highest value of disease severity accepted was 10.0. **: Data are means of three
replicates.

Table 4. Daily mean temperature of the research area during inoculations.

Inoculation Daily average Inoculation Daily average
time in August temperature time in August temperature
(2010) (°C) (2011) (°C)

3 29.8 15 27.2
4 29.5 16 27.5
21 32.0 27 27.6
22 31.8 28 26.8

Regional Meteorology Station, Antalya.

the field. Additionally, physiology and morphological structure
of the host can also play an important role in development of
the fungus. Since the maize cultivars evaluated have specific
physiology and morhological features, different reactions
against U. maydis were determined in the study. Pataky &
Richter (2007) underscored that husk leaves may affect silk
dynamics and therefore indirectly affect smut infection. Pataky
& Chandler (2003) also emphasized that corn cultivars, isolates
of U.maydis, and environmental factors affect gall maturity and
size. A cultivar-trial in the Columbia Basin in the U.S showed
marked differences in susceptibility to corn smut between field
corn hybrids (Mohan et al., 2013).

Eighteen ear galls were harvested after inoculation, and the
big ones varied from 220 to 312 g in Karadeniz Yildizi, Karagay
(flint corn varieties) and Ada-523, Side (dent corn varieties).
Nevertheless, smaller galls, maximum ranging from 6, 10.1 and
5.6 cm diameter, were found in from Merit, Vega (sweet corn
varieties) and Antcin-98 (popcorn variety), respectively. Pataky &
Chandler (2003) stated that the yield of huitlacoche and severity
of ear galls are closely related. Valverde et al. (1993) reported
that gall weight is related to ear size. However, establishing an
ideal harvest time for the maize mushroom is crucial due to
its vulnerable texture. Observing the huitlacoche development
on the maize cultivars, following the silk channel inoculation,
18 d post-inoculation ear galls were harvested and weighed.
Valverde et al. (1993) reported that the optimal huitlacoche
harvest time varied from 17 to 19 days after inoculation between
hybrids. However, Pataky & Chandler (2003) stated that yield
and quality of huitlacoche were optimal during a 1- to 2-d
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harvest window, about 16 d after inoculation, and the quality of
huitlacoche harvested 16 or 17 d after inoculation was acceptable.

The introduction of this food into the international market
requires the development of techniques for massive year-long
production (Valverde et al., 2015). In the present study, the
silk channel inoculation method was efficiently used for the
hutilacoche production. du Toit & Pataky (1999a) reported
that the silk channel method of inoculating for common smut
is suitable to evaluate a limited number of lines or to induce
ear galls for commercial production of huitlacoche. Pataky &
Chandler (2003) also stated that silk-channel inoculation methods
developed to evaluate common smut resistance in maize can be
used to produce huitlacoche commercially.

5 Conclusion

Too little is known about huitlacoche and its production
commercially in Turkey and elsewhere, except for Mesoamerica
and United States of America. However, commercial production
of huitlacoche is carried out in some parts of Mexico. Gaining
popularity as a maize mushroom in interntional cuisines such as US,
Japan, and Europe, huitlacoche has been produced commercially
in some sweet corn cultivars (Pataky, 1991; Valverde et al., 1993;
du Toit & Pataky, 1999a, b). The main purpose of the present
study was to determine the yield of huitlacoche in dent, flint,
popcorn, and sweetcorn varieties. In conclusion, flint and dent
corn cultivars were found to be more suitable for huitlacoche
production than the popcorn and sweet corn varieties, i.e.,
flint and dent can provide higher yield than the others and
can be more efficiently used in huitlacoche production. It was
also found that the ideal harvest time of this mushroom is 18 d
post-inoculation. Harvesting it during this period of time can
extand huitlacoche shelflife. Since huitlacoche has been gaining
popularity in international cuisines, further studies are needed
to promote its commercial production, storage, and trade.
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