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ABSTRACT
Microflora of Traditional Mexican Corn Masa
and Its Effect on Folic Acid Degradation
Stephen J. Adolphson
Department of Nutrition, Dietetics and Food Science, BYU
Master of Science
Many Mexican women consume inadequate amounts of folic acid. Fortification of the
corn tortilla could be an effective way to help increase the folic acid levels among the Mexican
population. Previous studies have shown significant folic acid losses in fortified tortilla dough
(masa) as it is held before baking. This loss in folic acid could be due to degradation by lactic
acid bacteria naturally present in the masa. The microflora of traditionally made nixtamalized
corn masa from six tortilla mills in Guadalajara, Mexico were isolated and characterized, and
their effect on folic acid content was evaluated. Isolated bacteria were identified using whole
cell fatty acid analysis via MIDI Inc.’s Microbial Identification System. Twenty-two unique
bacterial species were identified, primarily belonging to the Streptococcus and Lactobacillus
genera. Lactic acid bacteria were the predominant microorganisms, with counts ranging from
104 to 107 cfu/g. Aerobic mesophilic bacteria also ranged from 104 to 107 cfu/g. Coliforms and
yeasts and mold were present at significantly lower levels. Masa samples, prepared from sterile
fortified corn masa flour, were inoculated with a cocktail of bacteria isolated from the individual
mills. Control samples were prepared using sterile media. Inoculated and uninoculated control
samples were held at 56C for 0, 3 and 6 hours, mimicking the elevated temperature of the masa
as it is held before baking. The loss of folic acid in the sterile control was not different from the
inoculated samples, indicating that the decline in folic acid is not due to bacteria present in the
masa, but appears to be a chemical degradation related to time and temperature.

Keywords: microflora, masa, corn, folate

ACKNOWLEDGEMENTS
I would like to thank my graduate committee Dr. Frost Steele, Dr. Michael Dunn, and Dr.
Laura Jefferies for giving me the opportunity to work on this project and for the many hours they
spent helping review and give feedback throughout the project. I would also like to thank the
many undergraduate research assistants, particularly Eric Engstrom, Carly Stone, Dallin Hardy,
Adam Beus, Joseph Park, Grace Park, Jonathan Kershaw, and Derek Haight for their countless
hours spent helping with enumeration of the microorganisms and for the analysis of folic acid. I
would especially like to thank my wonderful wife Hannah for the continual support and
encouragement she has shown me throughout this project.

TABLE OF CONTENTS
Title Page ......................................................................................................................................... i
Abstract ........................................................................................................................................... ii
Acknowledgements ........................................................................................................................ iii
Table of Contents ........................................................................................................................... iv
List of Tables ................................................................................................................................. vi
List of Figures ............................................................................................................................... vii
Literature Review............................................................................................................................ 1
Folic Acid.................................................................................................................................... 1
Folate Degradation ...................................................................................................................... 2
Folate Enrichment/Fortification .................................................................................................. 4
Microbiology of Maize Products ................................................................................................ 5
References ................................................................................................................................... 7
Isolation and Characterization of the Microflora of Nixtamalized Corn Masa ........................... 10
Section Summary ...................................................................................................................... 11
1. Introduction ........................................................................................................................... 12
2. Materials and Methods ......................................................................................................... 14
2.1. Sample collection ........................................................................................................... 14
2.2. Enumeration and isolation of microorganisms .............................................................. 15
2.3. Identification of bacteria ................................................................................................ 16
3. Results and Discussion ......................................................................................................... 16
3.1. Enumeration of microorganisms .................................................................................... 16
3.2. Identification of bacteria ................................................................................................ 19
4. Conclusion ............................................................................................................................ 23
References ................................................................................................................................. 24
Folic Acid Loss in Fortified, Nixtamalized Corn Masa ................................................................ 26
Section Summary ...................................................................................................................... 27
1. Introduction ........................................................................................................................... 28
2. Materials and Methods ......................................................................................................... 30
2.1. Sample collection ........................................................................................................... 30

iv

2.2. Enumeration and isolation of microorganisms .............................................................. 30
2.3. Identification of bacteria ................................................................................................ 31
2.4. Bacterial folate requirement ........................................................................................... 32
2.5. Irradiation of fortified corn masa flour .......................................................................... 33
2.6. Inoculation of corn masa dough ..................................................................................... 33
2.7. Bacterial Levels in corn masa dough samples ............................................................... 34
2.8. Folic acid and data analysis ........................................................................................... 34
3. Results and Discussion ......................................................................................................... 35
3.1. Enumeration and identification of microorganisms ....................................................... 35
3.2. Bacterial folate requirement ........................................................................................... 37
3.3. Folate degradation in masa ............................................................................................ 40
3.4. Bacterial population levels in masa after incubation ..................................................... 42
4. Conclusion ............................................................................................................................ 44
References ................................................................................................................................. 44
Appendices.................................................................................................................................... 47
Appendix A Folic Acid Data for a Model Masa System ........................................................ 48
Appendix B Method for Plating Bacteria on a Folic Acid Gradient....................................... 67
Appendix C Statistical Output for Folic Acid Analysis.......................................................... 71

v

LIST OF TABLES
Manuscript 1 - Isolation and Characterization of the Microflora of Nixtamalized Corn
Masa
Table 1 Bacterial species isolated from nixtamalized masa from six mills in Guadalajara,
Mexico. (Lactic Acid Bacteria on MRS Agar) ................................................................. 20
Table 2. Bacterial species isolated from nixtamalized masa from six mills in Guadalajara,
Mexico. (Aerobic Plate Count on Tryptic soy agar) ......................................................... 21
Manuscript 2 - Folic Acid Loss in Fortified, Nixtamalized Corn Masa
Table 1 - Bacteria isolated from three individual nixtamal tortilla mills
in Guadalajara, Mexico ..................................................................................................... 35
Table 2 - Bacterial growth patterns, reported as optical density, in environments
with varying folic acid concentrations .............................................................................. 38
Table 3 - Significant differences among organisms' growth patterns, as determined
by optical density, in varying folic acid concentrations ................................................... 39
Table 4 - Bacterial levels of APC and LAB for each mill and control following
incubation at 56C. ........................................................................................................... 42

vi

LIST OF FIGURES
Literature Review
Figure 1. Structure of folic acid ...................................................................................................... 1
Manuscript 1 - Isolation and Characterization of the Microflora of Nixtamalized Corn
Masa
Figure 1. Microbial profile of nixtamalized masa from six tortilla mills in
Guadalajara, Mexico ......................................................................................................... 17
Manuscript 2 - Folic Acid Loss in Fortified, Nixtamalized Corn Masa
Figure 1. Folic acid content (g/g) of masa collected from tortilla mills
after 56 C incubation. ..................................................................................................... 41

vii

LITERATURE REVIEW
Folic Acid
Folic acid, as seen in Figure 1, is comprised of p-aminobenzoic acid (PABA) coupled at
one end to a pteridine ring with a L-glutamic acid residue at the other. The term “folate” refers
to the variety of forms of folic acid that exist commonly in nature and which vary in the number
of glutamic acid residues as well as the nature of various one-carbon substituents on the pteridine
ring. The term “folic acid” generally refers to the synthetic, unsubstituted, monoglutamate form.
This synthetic form is commonly used as a food additive in vitamin premixes.

Fig. 1. Structure of folic acid (Quinlivan et al., 2006)

Folate is involved in key aspects of cellular function including replication, repair and
methylation of DNA, as well as synthesis of nucleotides and vitamins. Adequate folate levels
are important during embryonic development as it is involved in the formation of the neural tube.
Deficiencies of folate are linked to neural tube defects such as anencephaly and spina bifida
(Czeizel, Dudás, 1992), as well as other disorders like Alzheimer’s disease (Luchsinger et al.,
2007), anemia (Morris et al., 2007), and osteoporosis (Baines et al., 2007).
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Many microorganisms and plants are able to synthesize folate on their own. Synthesis of
folate requires the coupling of the pteridine molecule to PABA to form pteroic acid. Mammals
are unable to catalyze this coupling and therefore are unable to synthesize folic acid (Basu,
Dickerson, 1996). It is therefore necessary that humans obtain folate from exogenous sources
consumed in the diet in order to prevent deficiency. Legumes (peanuts, peas, etc.), leafy greens,
vegetables (particularly broccoli and cauliflower), citrus (orange juice) and fortified cereal
products are good sources of folic acid (Ohrvik, Witthoft, 2008). Due to the importance of the
vitamin in embryonic development, it is recommended that all women of childbearing age
consume between 400-800 g of folic acid per day (USPSTF, 2009), and many prescription
prenatal vitamins contain up to 1000 g.
Folate Degradation
Folic acid is a labile vitamin susceptible to degradation from heat, light, oxygen, and
other sources. This instability presents potential problems when fortifying foods with folic acid.
Thermal processes have varying effects on the degradation of folic acid. Anderson et al. (2010)
showed that during the baking of bread, folic acid levels decline between 21.9% and 32.1%.
Losses of folic acid of up to 80% were seen by Dunn et al. (2008) during the milling of
micronutrient fortified, nixtamalized corn into masa and subsequent baking into tortillas. Burton
et al. (2008) investigated the stability of micronutrients added to nixtamalized corn and reported
a 33% loss of folic acid during the process of grinding the nixtamal into masa and baking. Both
Dunn et al. (2008) and Burton et al. (2008) found that baking had little effect on folate loss in
tortillas. Almost all of the reduction in folic acid resulted after the nixtamal was fortified and
before the masa was baked, indicating that the degradation process is happening in the pre-bake
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masa during holding. Chapman et al. (2010) observed a 50% reduction in folate in fortified,
nixtamal masa during a 3.5 hour holding period before baking.
The effect of thermal treatments, including extrusion, autoclaving, and infrared (IR)
heating, on folate levels in rye grain were studied by Kariluoto et al., (2006b). Folate losses
were the greatest for autoclaving (45-54%). IR led to losses of 35-50%, whereas in the process of
extrusion, losses were moderate, 26-28%. Because of the folic acid losses seen during thermal
processing, scientists are trying to find ways to minimize the degradation. Kariluoto et al.
(2006b) suggested that high-temperature/short-time processes, or low temperature processes are
best for retaining folate levels. Nguyen et al. (2003) studied the stability of folic acid and 5methyltetrahydrofolic acid when subjected to thermal treatments in combination with high
hydrostatic pressure and found that the native 5-methyltetrahydrofolic acid form of folate was
more susceptible to degradation by heat and pressure than the synthetic folic acid. In attempts to
better understand the degradation mechanism of folic acid, Vora et al. (2002) used analytical
techniques of IR spectroscopy, mass spectroscopy, and x-ray diffraction to monitor the
breakdown products. They noted that under thermal stress, the glutamic acid fragment is lost
first.
Degradation of folic acid during processing is an issue that deserves attention. Because
of the vitamin’s key role in life and development, it is important to maximize the amount folic
acid retained and utilized by the body. As mentioned above, folate is a very labile compound
and it is hard to accurately tell how much folate is being consumed, as well as the bioavailability
of the folate. In folate depleted rats, who were subsequently fed a folate rich diet, folate levels
obtained from the plasma, liver and kidneys were lower than the expected levels based on
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product labels, suggesting that degradation in food was possibly greater than expected (O'Leary,
Sheehy, 2001).
Folate Enrichment/Fortification
Due to the seriousness of neural tube defects in newborns, and to help maximize the
intake of folate in the diet, many countries have begun implementing mandatory fortification of
cereal products with folic acid (Hoffpauer, Bonnette, 1998). Folate is typically added to foods in
the form of dry vitamin/mineral premixes that are incorporated at the most convenient mixing
step in the manufacturing process. In addition, scientists are interested in increasing the natural
folate content in foods through fermentation by microorganisms. Some species of bacteria have
been shown to produce folate in dairy products (Lin, Young, 2000) as well as in cereal products
such as oat bran (Kariluoto et al., 2010) and rye (Kariluoto et al., 2006a). The use of
microorganisms in food is becoming more common, not only for the production of folate, but
also for the characteristics of probiotics (Gangadharan et al., 2010). The majority of research on
microorganisms and folate deal with the production of folate by bacteria. Relatively few papers
deal with the fact that bacteria, particularly those within the genus Lactobacillus, can utilize
folate from their surroundings for their own metabolism (Crittenden et al., 2003; Kariluoto et al.,
2006a). Although bacteria cannot utilize the poly-glutamate forms of folate naturally present in
foods, they are capable of metabolizing the synthetic monoglutamate form of folic acid
commonly used in vitamin fortification (Quinlivan et al., 2006). Rappold and Bacher (1974)
identified two Pseudomonas species that are capable of growing with folic acid as the sole
external source of carbon and nitrogen. Since some strains of bacteria produce excess folate,
while others degrade it, it is important to gain a better understanding of the microflora within
food products, and their potential effect on levels of added folic acid.
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Microbiology of Maize Products
A variety of food products can be prepared from maize. Many of these foods are
prepared through fermentation, while other products are intended to be consumed fresh. It is
reasonable that the majority of published research regarding bacterial diversity and
characterization relate to these fermented foods, as microorganisms are responsible for the
fermentation process. Very little published research can be found on the microflora of nonfermented corn products, like fresh corn masa and products derived therefrom, even though they
are a major part of the diet in Mexico and Central America (Martinez-Flores et al., 2004).
Capparelli and Mata (1975) looked at the microflora, particularly pathogenic bacteria, of both
masa and tortillas in attempts to find sources of bacterial contamination. These tortillas were
prepared by housewives in homes in Guatemala and would not be expected to be the same as
those produced on a commercial level in Mexico.
Although most of the published research relating to microbial ecology of maize products
is limited to fermented products, valuable knowledge and information regarding bacterial
diversity can be gleaned from literature on natrually fermented foods. Adegoke et al. (1995)
investigated the bacterial changes that occur in sekete, a fermented maize beverage common in
Africa, and noted that initially, species from the genera Leuconostoc, Streptococcus, and
Pediococcus predominated. After 48 hours of fermentation, species of Lactobacillus were more
prevalent. Pozol is another fermented beverage made from maize, and is popular in regions of
Mexico. Wacher et al. (1993) monitored the production process of pozol, including the soaking
of the kernels and grinding, to identify the source of lactic acid bacteria and contaminating
Enterobacteriaceae genera. A follow-up study, also by Wacher et al. (2000), looked at the
microbiology of pozol fermentations and found Leuconostoc to be the primary genus. Diaz-Ruiz
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et al. (2003) looked at the diversity of amylolytic lactic acid bacteria during the fermentation of
pozol in order to better understand their role in fermented foods. They identified Streptococcus
bovis as the primary lactic acid bacteria present in the pozol dough. Changes in amylolytic lactic
acid bacteria, aerobic mesophiles, coliforms, yeasts, and molds were monitored throughout the
fermentation process of chorote, which is similar to pozol except roasted cocoa beans are added
to the maize dough (Castillo-Morales et al., 2005). Sefa-Dedeh et al. (2004) identified
Lactobacilli species in nixtamalized corn that had been fermented to create a sour flavored
product having antimicrobial properties.
Corn tortillas have a very short shelf-life and are typically consumed the same day
they are produced due to spoilage that can occur as a result of high moisture and water activity
(Martinez-Flores et al., 2004). Preservatives such as potassium sorbate, calcium propionate, and
others have been added to tortillas to help extend the shelf-life (Ortiz, Carrillo, 1997; Tellezgiron
et al., 1988). Knowing the microflora of fresh corn masa can help tortilla manufacturers better
understand the potential spoilage patterns in masa and tortillas.
Traditionally, corn tortillas are produced through a process called nixtamalization. This
process involves soaking corn kernels overnight in a lime (calcium oxide) solution. The alkalisteeped corn (now referred to as nixtamal) is drained, rinsed, and subsequently ground with stone
mills into a dough, called masa. The masa is then formed and baked into tortillas. Because the
corn tortilla is produced in thousands of small artisanal tortilla factories throughout Mexico and
Central America -- and microbial growth affects product quality, shelf-life, and potentially the
micronutrient content -- further investigation into the microflora of commercially prepared masa
and tortillas from these small mills is needed. It would also be of value to explore the possible
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role the native microflora play in the significant loss of folic acid observed in previous studies of
micronutrient fortified corn masa (Burton et al., 2008; Chapman et al., 2010; Dunn et al., 2008).
References
Adegoke, G.O., Nwaigwe, R.N., Oguntimein, G.B. 1995. Microbiological and biochemical
changes during the production of sekete - A fermented beverage made from maize.
Journal of Food Science and Technology-Mysore 32, 516-518.
Anderson, W.A., Slaughter, D., Laffey, C., Lardner, C. 2010. Reduction of folic acid during
baking and implications for mandatory fortification of bread. International Journal of
Food Science & Technology 45, 1104-1110.
Baines, M., Kredan, M.B., Usher, J., Davison, A., Higgins, G., Taylor, W., West, C., Fraser,
W.D., Ranganath, L.R. 2007. The association of homocysteine and its determinants
MTHFR genotype, folate, vitamin B12 and vitamin B6 with bone mineral density in
postmenopausal British women. Bone 40, 730-736.
Basu, T.K., Dickerson, J.W. 1996. Vitamins in Human Health and Disease CAB International,
Wallingford.
Burton, K.E., Steele, F.M., Jefferies, L., Pike, O.A., Dunn, M.L. 2008. Effect of micronutrient
fortification on nutritional and other properties of nixtamal tortillas. Cereal Chemistry 85,
70-75.
Capparelli, E., Mata, L. 1975. Microflora of Maize Prepared as Tortillas. Applied Microbiology
29, 802-806.
Castillo-Morales, M., Wacher-Rodarte, M., Hernandez-Sanchez, H. 2005. Preliminary studies on
chorote - a traditional Mexican fermented product. World Journal of Microbiology &
Biotechnology 21, 293-296.
Chapman, J.S., Steele, F.M., Eggett, D.L., Johnston, N.P., Dunn, M.L. 2010. Stability of Native
Folate and Added Folic Acid in Micronutrient-Fortified Corn Masa and Tortillas. Cereal
Chemistry 87, 434-438.
Crittenden, R.G., Martinez, N.R., Playne, M.J. 2003. Synthesis and utilisation of folate by
yoghurt starter cultures and probiotic bacteria. International Journal of Food
Microbiology 80, 217-222.
Czeizel, A.E., Dudás, I. 1992. Prevention of the First Occurrence of Neural-Tube Defects by
Periconceptional Vitamin Supplementation. New England Journal of Medicine 327,
1832-1835.
Diaz-Ruiz, G., Guyot, J.P., Ruiz-Teran, F., Morlon-Guyot, J., Wacher, C. 2003. Microbial and
physiological characterization of weakly amylolytic but fast-growing lactic acid bacteria:
A functional role in supporting microbial diversity in pozol, a Mexican fermented maize
beverage. Applied and Environmental Microbiology 69, 4367-4374.
Dunn, M.L., Serna-Saldivar, S.O., Sanchez-Hernandez, D., Griffin, R.W. 2008. Commercial
Evaluation of a Continuous Micronutrient Fortification Process for Nixtamal Tortillas.
Cereal Chemistry 85, 746-752.
Gangadharan, D., Sivaramakrishnan, S., Pandey, A., Nampoothiri, K.M. 2010. Folate-producing
lactic acid bacteria from cow's milk with probiotic characteristics. International Journal of
Dairy Technology 63, 339-348.

7

Hoffpauer, D.W., Bonnette, R.E. 1998. Enrichment update on folic acid. Cereal Foods World 43,
365-367.
Kariluoto, S., Aittamaa, M., Korhola, M., Salovaara, H., Vahteristo, L., Piironen, V. 2006a.
Effects of yeasts and bacteria on the levels of folates in rye sourdoughs. International
Journal of Food Microbiology 106, 137-143.
Kariluoto, S., Edelmann, M., Herranen, M., Lampi, A.-M., Shmelev, A., Salovaara, H., Korhola,
M., Piironen, V. 2010. Production of folate by bacteria isolated from oat bran.
International Journal of Food Microbiology 143, 41-47.
Kariluoto, S., Liukkonen, K.-H., Myllymäki, O., Vahteristo, L., Kaukovirta-Norja, A., Piironen,
V. 2006b. Effect of Germination and Thermal Treatments on Folates in Rye. Journal of
Agricultural and Food Chemistry 54, 9522-9528.
Lin, M.Y., Young, C.M. 2000. Folate levels in cultures of lactic acid bacteria. International
Dairy Journal 10, 409-413.
Luchsinger, J.A., Tang, M.X., Miller, J., Green, R., Mayeux, R. 2007. Relation of higher folate
intake to lower risk of Alzheimer disease in the elderly. Archives of Neurology 64, 86-92.
Martinez-Flores, H.E., Gaytan-Martinez, M., Figueroa-Cardenas, J.D., Martinez-Bustos, F.,
Reyes-Vega, M.D., Rodriguez-Vidal, A. 2004. Effect of some preservatives on shelf-life
of corn tortillas obtained from extruded MASA. Agrociencia 38, 285-292.
Morris, M.S., Jacques, P.F., Rosenberg, I.H., Selhub, J. 2007. Folate and vitamin B-12 status in
relation to anemia, macrocytosis, and cognitive impairment in older Americans in the age
of folic acid fortification. American Journal of Clinical Nutrition 85, 193-200.
Nguyen, M.T., Indrawati, Hendrickx, M. 2003. Model Studies on the Stability of Folic Acid and
5-Methyltetrahydrofolic Acid Degradation during Thermal Treatment in Combination
with High Hydrostatic Pressure. Journal of Agricultural and Food Chemistry 51, 33523357.
O'Leary, K., Sheehy, P.J.A. 2001. Influence of folic acid-fortified foods on folate status in a
folate depletion-repletion rat model. British Journal of Nutrition 85, 441-446.
Ohrvik, V., Witthoft, C. 2008. Orange juice is a good folate source in respect to folate content
and stability during storage and simulated digestion. European Journal of Nutrition 47,
92-98.
Ortiz, J.J.O., Carrillo, M.G.V. 1997. Shelf-life and sensory evaluation of corn tortillas, made
with preservatives and texture conditioners. Archivos Latinoamericanos De Nutricion 47,
372-376.
Quinlivan, E.P., Hanson, A.D., Gregory, J.F. 2006. The analysis of folate and its metabolic
precursors in biological samples. Analytical Biochemistry 348, 163-184.
Rappold, H., Bacher, A. 1974. Bacterial-Degradation of Folic Acid. Journal of General
Microbiology 85, 283-290.
Sefa-Dedeh, S., Cornelius, B., Amoa-Awua, W., Sakyi-Dawson, E., Afoakwa, E.O. 2004. The
microflora of fermented nixtamalized com. International Journal of Food Microbiology
96, 97-102.
Tellezgiron, A., Acuff, G.R., Vanderzant, C., Rooney, L.W., Waniska, R.D. 1988.
Microbiological characteristics and shelf-life of corn tortillas with and without
antimicrobial agents. Journal of Food Protection 51, 945-948.
USPSTF. 2009. Folic Acid for the Prevention of Neural Tube Defects: U.S. Preventive Services
Task Force Recommendation Statement. Annals of Internal Medicine 150, 626-W:111.

8

Vora, A., Riga, A., Dollimore, D., Alexander, K.S. 2002. Thermal stability of folic acid.
Thermochimica Acta 392-393, 209-220.
Wacher, C., Canas, A., Cook, P.E., Barzana, E., Owens, J.D. 1993. Sources of Microorganisms
in Pozol, a Traditional Mexican Fermented Maize Dough. World Journal of
Microbiology & Biotechnology 9, 269-274.
Wacher, C., Canas, A., Barzana, E., Lappe, P., Ulloa, M., Owens, J.D. 2000. Microbiology of
Indian and Mestizo pozol fermentations. Food Microbiology 17, 251-256.

9

ISOLATION AND CHARACTERIZATION OF THE MICROFLORA OF
NIXTAMALIZED CORN MASA
Stephen Adolphsona, Michael Dunna,b, Laura Jefferiesa, Frost Steelea
a

Department of Nutrition Dietetics and Food Science
Brigham Young University
S-221 ESC
Provo, UT 84602
b

Corresponding author information:
Phone: 801-422-6670
Fax: 801-422-0258
Email address: michael_dunn@byu.edu

10

Section Summary
Corn tortillas are a staple in the diet among the Mexican population, and are traditionally
produced through a process known as nixtamalization. This traditional process involves steeping
whole-kernel corn in an alkaline solution overnight and then grinding the corn into a dough
(masa), which is then baked. As the masa sits out before baking, significant microbial change
can occur which leads to fermentation and spoilage. The objective of this research was to
characterize and identify the microflora of nixtamalized corn masa from six different commercial
tortilla mills throughout Guadalajara, Mexico. The identification of samples was conducted
using the Microbial Identification System (MIS), which analyzes cellular fatty acids via gas
chromatography to identify bacterial species. Lactic acid bacteria and aerobic mesophiles were
the predominant organisms, with both groups having counts ranging from 104 to 107 cfu/g across
all mills. Coliforms had growth at 102 cfu/g, while yeast and mold showed very little growth.
Some mills showed no growth of coliforms or yeast or mold at all. Streptococcus bovis and
Lactobacillus oris were isolated from all mills, and were the most prevalent organisms
representing 43% and 17% of all lactic acid bacteria isolated, respectively. Streptococcus bovis
was also isolated on the aerobic tryptic soy plates and was the most prevalent species
representing 19% of the total organisms from these aerobic plates.

Keywords: microflora, masa, corn, nixtamalization, lactic acid bacteria
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1. Introduction
Corn tortillas are a common staple in the diets of Mexican and many Central American
populations. It has been estimated that in certain areas of Mexico, the corn tortilla provides
approximately 50% of the individual energy intake constituting 60 - 90% of cereal grain intake
(Villalpando, 2004). Traditionally, corn tortillas are prepared by steeping whole-kernel corn in a
hot, alkaline solution, containing 1.5 - 2% lime (CaO), and subsequently grinding the drained
and rinsed corn (now referred to as nixtamal) into a fresh dough called masa. The ground masa
typically exits the grinding stones at a temperature near 56C (Chapman et al., 2010). Tortillas
are produced using this process in tens of thousands of very small mills scattered throughout
towns and cities across Mexico. Many of these mills have limited sanitation capabilities, which
can lead to a diverse and abundant microbial population in the masa dough.
Due to the short shelf life of fresh tortillas (Aida et al., 1996), as well as the daily demand,
and the tendency for one mill to transport masa to multiple tortillerias in an expanded
distribution area, the fresh masa is often held for a period of time before baking into tortillas. In
commercial tortilla mills, the hot masa is often stacked and stored in large pails or sacks at
ambient temperature for anywhere from a few minutes to several hours before being formed into
tortillas and baked (Chapman et al., 2010). Due to the availability of nutrients, the high moisture
content (approximately 56%) (Ramirezwong et al., 1994), and warm storage temperature,
significant microbial growth can occur while the masa is being held for extended periods.
Natural fermentation and souring of the masa usually leads to spoilage within four to six hours
(personal communication: Lorenzo Vital, Todo de Maiz, Guadalajara, Mexico).
Published research regarding the microflora of maize products focuses primarily on
fermented products such as pozol, sekete, chorote and others and monitors the changes of

12

microbial populations throughout the fermentation process (Adegoke et al., 1995; CastilloMorales et al., 2005; Diaz-Ruiz et al., 2003; Sefa-Dedeh et al., 2004; Wacher et al., 2000;
Wacher et al., 1993). Since microorganisms are responsible for the fermentation process, it is
reasonable that most of the research regarding bacterial diversity and characterization relate to
commonly fermented foods. While tortilla masa is not purposefully fermented, studies of
fermented maize foods can still offer some knowledge and insight into the microflora of nixtamal
and other fresh, unfermented maize products. Wacher et al. (2000) found lactic acid bacteria
present at 105 – 106 cfu/g in pozol, a fermented corn dough often consumed as a beverage in
Mexico, and identified 25 bacterial isolates to the genus level. They used selective plating and
carbohydrate utilization methods to tentatively identify Leuconostoc and Lactococcus as the
primary genera in this fermented product. Escalante et al. (2001) used 16S rDNA sequencing to
identify a variety of Lactobacilli species, including L. lactis, L. alimentarium, L. plantarum, as
well as Streptococcus suis from fermented pozol dough. Streptococcus bovis was identified by
Diaz-Ruiz et al. (2003) as the predominant microorganism in samples of pozol. These
researchers attributed the predominance of S. bovis over other species to its high specific growth
rate and efficient conversion of energy to cell biomass, which would confer a competitive
advantage.
Very little research has been published on the microflora of non-fermented corn products,
like tortillas, even though they are a major staple food in Mexico and other countries (MartinezFlores et al., 2004). Capparelli and Mata (1975) looked at the microflora, particularly pathogenic
bacteria, of both masa and tortillas in attempts to find sources of bacterial contamination. The
masa and tortillas were prepared by housewives in homes in Guatemala and would probably
differ from those produced in commercial mills in Mexico. Rocha and Malcata (2012) examined
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the microbiological profile of maize and rye flours used to make broa, a traditional Portuguese
sourdough bread. No identification of microorganisms was attempted in their study. Instead, a
variety of selective media was used to obtain presumptive counts for certain target
microorganism groups. They found bacterial population levels for total plate count, coliforms,
yeast and mold, and lactic acid bacteria to be 107, 105, 103, and 105 cfu/g respectively. Their
study looked at the microflora of dry flours instead of hydrated masa dough. Due to the
differences between the dry flour milling and the wet, alkaline nixtamalization process, the
microflora of maize flour can significantly differ from that of fresh masa.
Further investigation of the microflora of commercially prepared masa and tortillas is
needed due to the lack of published research and the widespread production and consumption of
tortillas throughout Mexico. A microbial survey of masa from traditional artisanal mills would
highlight the diversity of microflora present, including potentially beneficial species, as well as
spoilage organisms and potential pathogens. This knowledge can help tortilla manufacturers
implement improved cleaning and sanitation practices, and optimize the production process.
Therefore, the objective of this research is to characterize and identify the microflora of fresh,
nixtamalized corn masa obtained from small, commercial tortilla mills throughout Guadalajara,
Mexico.
2. Materials and Methods
2.1. Sample collection
One-kilogram samples of corn masa were collected from six different commercial tortilla
mills throughout Guadalajara, Mexico. All masa samples were produced through the traditional
nixtamalization and wet-milling of whole-kernel corn, and not by using corn masa flour. Fresh
masa samples were collected within a few hours after being milled. Samples were collected in

14

plastic bags, placed immediately on ice, and transported on ice to Brigham Young University
within 24 hours after collection.
2.2. Enumeration and isolation of microorganisms
Upon arrival at Brigham Young University, 20 g of each masa sample were aseptically
transferred to a Whirl-Pak® stomacher bag (Nasco, Fort Atkinson, WI, USA) along with 180 g of
sterile 0.1% peptone water (HiMedia Laboratories, Mumbai, India) and stomached for 30
seconds using a Smasher blender (AES Chemunex, Bruz, France). Homogenates were serially
diluted, and plated on tryptic soy agar (3M, St. Paul, MN, USA) for Aerobic Plate Count (APC),
and de Mann, Rogossa and Sharpe (MRS) agar (Merck, Darmstadt, Germany) for Lactic Acid
Bacteria (LAB). Coliforms and yeasts and mold were selected for and enumerated using 3M E.
coli/Coliform and Yeast and Mold Petrifilm™ (3M), respectively.
APC and LAB plates were incubated at 35C for 48 hours, with the LAB plates incubated
anaerobically in a nitrogen-flushed incubator. Coliform and yeast and mold Petrifilm™ were
incubated at 35C for 24 hours and 25C for 130 hours, respectively. Colonies from LAB and
APC plates were enumerated and categorized based on their differing morphologies (colony size,
shape, color, and Gram staining). Representative colonies of each morphology type were
selected for identification to the genus and species level. The number of individual colonies
selected for further identification was based on the percentage of each morphology type from the
initial spread plates. This gave an adequate representation of all the colony types and their
approximate concentrations. Individual colonies were re-streaked on fresh medium twice to
ensure pure cultures. The isolated cultures were stored in 15% glycerol in combination with
their appropriate broth (MRS or trypticase soy) at -50 C until further use.
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2.3. Identification of bacteria
Only colonies from the APC and LAB plates were isolated and identified to the species
level due to their substantially higher colony counts. The identification of samples was
conducted with the Microbial Identification System (MIS), which uses whole cell fatty acid
analysis via gas chromatography to identify bacterial species (MIDI Inc, Newark, DE, USA).
Extractions of fatty acid methyl esters from samples were performed according to MIDI
instructions. Methanolic NaOH, in combination with heat, was added to isolated colonies to kill
and lyse the cells. Fatty acids were cleaved from the cell lipids, converted to their sodium salts,
and methylated to increase their volatility for the GC analysis. Fatty acid methyl ester extracts
were analyzed on a 6890 Series Gas Chromatograph (Agilent Technologies, Santa Clara, CA,
USA) using the MIDI MIS software (MIDI Inc). Similarity indices for genus and species were
given for the top possible matches of each isolate based on the uniqueness of the fatty acid
profile. The species with the highest similarity index for each isolate was chosen as the best
match and linked to the identity of the given isolate.
3. Results and Discussion
3.1. Enumeration of microorganisms
Bacterial counts from the APC and LAB plates were similar within each mill, although
differences existed between mills. Figure 1 shows the microbial profiles of the masa samples
collected from each of the six mills. Counts for LAB between mills ranged from 2.3 x 104 to 6.0
x 107 cfu/g, while APC populations were between 3.5 x 104 to 8.3 x 107 cfu/g.
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Fig. 1. Microbial profile of nixtamalized masa from six tortilla mills in Guadalajara, Mexico
LAB = Lactic Acid Bacteria; APC = Aerobic Plate Count; Col. = Coliforms; Y/M = Yeast and Mold
*No growth is reported as <10 cfu/g

These counts for LAB and APC are similar to those obtained by other researchers.
Wacher et al. (2000) found APC and LAB levels of 105 cfu/g from nixtamal dough used for
pozol production, although in their study nixtamal dough was purchased from only one
manufacturer. Sefa-Dedeh (2004) reported LAB levels at 106 cfu/g in nixtamalized corn soaked
in both a 0.5 and 1% lime solution. Slightly higher LAB growth (107 cfu/g) was seen in corn
soaked without lime (0% lime solution). In the same study, the level of APC growth was
reported at 105 in a 1% lime solution, with increasing growth (106 and 107 cfu/g) as the percent
of lime solution dropped to 0.5 and 0%. The percent of lime used during nixtamalization was
not determined for any of the mills in our study; however, traditional nixtamalization processes
typically use a 1 to 2% lime solution. Differences in amounts of lime added during
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nixtamalization could possibly help explain differences in microbial growth between the mills, as
increasing alkalinity may inhibit total microbial growth, or favor the growth of certain organisms.
The levels of microorganisms in each mill might also be related to the extent and type of
cleaning done on the equipment and surroundings. We were unable to determine the frequency
and depth of cleaning for each mill, but it was apparent that there were differences in sanitation,
which would affect microbial levels. Mill 6 is known to chlorinate the water used in the steeping
process to help control for microbial growth, and it is highly likely that other mills follow this
same practice. Although we are uncertain which of the other mills chlorinate their water, another
miller suggested that Mill 5 may also chlorinate their water, which would account for the similar
microbial profiles and general lower levels of APC and LAB growth between Mills 5 and 6.
Populations of coliforms were insignificant compared to those from APC and LAB plates,
and were lower than those reported in other studies. Wacher et al. (2000) found significantly
higher coliform counts (104 cfu/g) compared to the levels of 102 cfu/g reported in this study.
Capparelli and Mata (1975) found coliforms present at 106 cfu/g in nixtamalized masa prepared
in homes. In their study, they were looking for sources of contamination of tortillas, and found
that soiled hands and water were a likely cause. The homemade masa and tortillas in their study
would likely have a different microbial profile than masa and tortillas produced in a commercial
mill, where treated municipal water was used. Coliforms were expected to be found in all mills,
but Mill 3 showed no coliform growth (<10 cfu/g). This could be due in part to competition
from organisms with higher growth rates, although this is unlikely due to the fact that all other
mills show counts around 102 cfu/g.
Yeasts and mold were also present at insignificant levels compared to the APC and LAB
plates. Mills 3 and 6 showed no detectable levels of either yeasts or mold (<10 cfu/g). It would
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be expected that the LAB and APC populations would outcompete the yeast and mold in the
stored masa due to their higher growth rates; however, growth would still be expected based on
results from other researchers. Wacher et al. (2000) reported levels of yeast and mold at 104 and
102 cfu/g respectively. Yeasts and mold were present at 104 cfu/g in nixtamal steeped in a 1%
lime solution and increased to 105 cfu/g as the percent lime solution dropped to 0.5 and 0%
(Sefa-Dedeh et al., 2004). Again, both competition from organisms with higher growth rates and
chlorination of water could possibly explain differences between the yeast and mold levels found
in this and other studies.
In this study, coliforms and yeast and mold were plated and enumerated using 3M
Petrifilm™. The use of Petrifilm™ for the enumeration of coliforms and yeasts and mold in
foods are approved AOAC methods. However, the results by other authors mentioned above
were obtained by plating on conventional agar plates selective for coliforms and yeast and mold.
The differences in plating methods may also play a role in the discrepancies between the
coliform and yeast and mold growth levels.
3.2. Identification of bacteria
A total of 82 bacterial colonies were isolated for identification from the six mills. These
colonies represented 22 different species belonging primarily to the Streptococcus and
Lactobacillus genera. Forty-six of the isolates were obtained from the LAB plates, with the
remainder from the APC plates. Tables 1 and 2 show the identification of colonies isolated from
the LAB and APC plates for each mill, respectively.
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Table 1
Bacterial species isolated from nixtamalized masa from six mills in Guadalajara, Mexico. (Lactic Acid
Bacteria on MRS Agar)
Mill

Log cfu/g

# of isolates

Similarity Index (%)

1

Organism
Streptococcus spp. Lancefield B

5.5

3

22.6 - 49.3

1

Lactobacillus oris

5.0

1

56.1

1

Streptococcus equinus

5.0

1

53.2

1

Streptococcus bovis GC subgroup A

4.8

3

58.2 - 67.0

2

Enterococcus cecorum

6.5

1

82.0

2

Streptococcus bovis GC subgroup A

6.3

3

26.7 - 79.2

2

Streptococcus anginosus GC subgroup A

6.2

2

27.3 - 71.0

2

Streptococcus vestibularis

6.1

1

53.6

2

Lactobacillus oris

6.0

2

56 .7 - 57.6

3

Streptococcus bovis GC subgroup A

7.4

4

26.5 - 63.5

3

Streptococcus vestibularis

7.3

1

41.2

3

Lactobacillus oris

6.5

2

56.3 - 59.9

3

Streptococcus equinus

6.3

1

55.7

4

Lactobacillus oris

7.1

1

54.2

4

Streptococcus equinus

7.1

1

55.3

4

Streptococcus bovis GC subgroup A

6.9

2

46.7 - 57.8

5

Streptococcus bovis GC subgroup A

4.2

3

40.4 - 57.4

5

Streptococcus spp. Lancefield D

4.0

1

74.5

5

Lactobacillus pentosus

3.2

2

57.8 - 78.1

5

Lactobacillus delbruekii-bulgaricus

3.0

1

48.7

5

Lactobacillus oris

3.0

1

49.1

5

Streptococcus equinus

3.0

1

50.9

6

Streptococcus bovis GC subgroup A

4.7

5

43.0 - 75.6

6

Lactobacillus pentosus

3.6

2

55.7 - 74.9

6

Lactobacillus oris

3.3

1

55.6
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Table 2.
Bacterial species isolated from nixtamalized masa from six mills in Guadalajara, Mexico. (Aerobic Plate
Count on Tryptic soy agar)
Mill

Log cfu/g

# of isolates

Similarity Index (%)

1

Organism
Lactobacillus pentosus

5.4

1

77.5

1

Serratia marcescens GC subgroup A

5.4

2

13.8 - 58.6

1

Enterococcus cecorum

5.4

2

82.9 - 89.0

1

Hafnia alvei GC subgroup B

5.1

1

62.4

1

Escherichia coli GC group E

5.0

3

51.9 - 57.5

2

Streptococcus salivarius GC subgroup A

6.5

1

57.9

2

Enterococcus cecorum

6.5

1

87.9

2

Escherichia coli GC group E

6.3

2

55.4 - 57.1

2

Enterococcus gallinarum

6.2

1

73.6

2

Streptococcus bovis GC subgroup A

5.8

1

60.2

2

Rahnella aquaticus

5.7

1

63.2

2

Streptococcus bovis GC subgroup B

5.0

1

62.6

3

Hafnia alvei GC subgroup B

7.9

1

53.2

3

Streptococcus intermedius DNA homology group II

7.9

1

51.8

3

Streptococcus bovis GC subgroup B

7.4

2

54.4 - 63.6

3

Streptococcus sanguinis GC subgroup A

7.0

1

55.1

3

Proteus vulgaris GC subgroup B

6.3

1

52.0

3

Enterococcus cecorum

6.0

1

87.1

4

Staphylococcus hominis GC subgroup A

6.9

1

74.7

4

Streptococcus salivarius GC subgroup A

6.8

1

39.2

4

Streptococcus bovis GC subgroup B

6.4

2

66.9 - 67.9

5

Streptococcus intermedius DNA homology group II

4.4

1

54.8

5

Escherichia coli GC group E

4.3

1

55.6

5

Streptococcus bovis GC subgroup B

3.3

2

63.2 - 65.8

5

Hafnia alvei GC subgroup B

3.0

1

45.5

5

Streptococcus sanguinis GC subgroup A

3.0

1

64.0

6

Enterococcus cecorum

4.5

1

86.3

6

Rothia dentocariosa

4.0

1

16.8

The genus Streptococcus was the most common among the isolates, comprising 56% of
the total. Species of Lactobacilli were the next largest group, representing 17% of the total. This
finding is different from that of Wacher et al. (2000), who tentatively identified Leuconostoc as
the most prevalent genus in nixtamal dough used for pozol. Escalante et al. (2001) identified a
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number of Lactobacillus species, with L. lactis and L. alimentarium as the predominant
organisms in pozol dough. In our study, Streptococcus bovis was the most prevalent organism
and was isolated from both the LAB and APC plates. S. bovis represented 33% of the total 82
isolates, and 43% and 19% of the LAB and APC plates, respectively. This finding agrees with
that of Diaz-Ruiz et al. (2003) who also identified Streptococcus bovis as the predominant
organism in pozol dough. They noted that the high specific growth rate of S. bovis, along with
its efficiency at converting energy to cell biomass, would give it a competitive advantage over
other microorganisms.
Differences in identification methods may explain discrepancies among predominant
genera. Both Wacher et al. (2000) and Sefa-Dedeh et al. (2004) used selective media and
carbohydrate utilization methods to tentatively identify microorganisms, although Sefa-Dedeh
identified Lactobacilli as the primary genus, with no Leuconostoc present. Diaz-Ruiz et al.
(2003) and Escalante et al. (2001) used 16S rDNA sequencing in their identification methods.
This is the first study to use MIDI fatty acid profile analysis to identify species in nixtamalized
corn masa; however, the results generally agree with those of other researchers, particularly with
those of Sefa-Dedeh et al. (2004).
Lactobacillus oris and Streptococcus bovis were the only organisms to be isolated from
all of the six mills studied. Mill 5 was the most diverse of all the mills with 11 different species
identified between the LAB and APC plates. Mill 3 showed the largest populations with an
average of 6.0 x 107 LAB/g and 8.3 x 107 APC/g. Although all mills produced their masa
through the traditional nixtamalization process, it is likely that there were differences in the corn
supply, the lime concentration, the time of steeping in the alkaline solution, or other process
parameters, all of which may play a role in the microflora of the masa.
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As lactic acid bacteria comprise the majority of the microflora, it is understandable that
nixtamalized maize would be used in a variety of naturally fermented food products. Although
desirable in fermented foods, such as pozol, lactic acid and other compounds produced by lactic
acid bacteria are a cause of spoilage and quality deterioration in the tortilla masa as it is held
before baking. Corn tortillas have a very short shelf-life and are typically consumed the same
day they are produced due to spoilage that can occur as a result of high moisture and water
activity (Martinez-Flores et al., 2004). Preservatives such as potassium sorbate, calcium
propionate, and others have been added to masa to help extend the shelf-life of the masa and the
tortillas (Ortiz et al., 1997; Tellezgiron et al., 1988).
4. Conclusion
To our knowledge, this is the first study to characterize and identify bacteria of
nixtamalized corn masa from traditional commercial tortilla mills. In this study, it was
demonstrated that corn masa produced at selected mills in Guadalajara, Mexico contains a
variety of bacteria from several different genera. The microbial profile of fresh, nixtamalized
corn masa is primarily composed of LAB and non-lactic, aerobic, mesophilic bacteria, with
smaller amounts of coliforms and even fewer numbers of yeasts and mold. This study has the
potential to help commercial producers of nixtamalized masa and tortillas gain a better
understanding of their products. In addition, it may help manufacturers understand how the
microflora in the fresh masa can potentially lead to spoilage, as well as nutritional and sensory
changes in their products over time. Further study is needed to investigate effects the microflora
may have on the spoilage, nutritional, and sensory aspects of the masa and tortillas.
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Section Summary
Folic acid is one of the B-vitamins vital to life and development. Many Mexican women
do not consume adequate amounts of this vitamin. Fortification of the corn tortilla could be an
effective way to help increase the folic acid levels among the Mexican population. Previous
fortification studies using fresh masa from nixtamal have shown significant folic acid losses in
the masa dough as it is held before baking. This loss in folic acid could be due to degradation by
lactic acid bacteria naturally present in the masa. The objective of this study is to determine the
effect bacteria native to corn masa have on the folic acid content in a model masa system.
Bacteria were isolated and identified using the MIDI Microbial Identification System based on
the organisms’ unique fatty acid profiles. Individual bacteria isolates were plated on a 96-well
microtiter plate containing varying concentrations of folic acid. All isolates grew uniformly
regardless of folic acid concentration and were independent of the vitamin. Sterile samples of
fortified corn masa flour were inoculated with a cocktail of bacteria isolated from the individual
mills. Inoculated and control samples were held at 56C for 0, 3 and 6 hours, replicating the
warm conditions of the masa as it’s held before baking. All samples, including the control,
showed losses of folic acid between 66 and 79% in the first three hours of incubation. No
significant difference was found in folic acid levels between samples incubated for 3 and 6 hours.
As the sterile control samples were not different than the inoculated samples, the decline in folic
acid is not due to bacteria present in the masa, but appears to be a chemical degradation related
to time and temperature.

Keywords: fortification, folate, nixtamal, masa, lactic acid bacteria
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1. Introduction
Folate is one of the water-soluble B-vitamins vital to life and development. Numerous
studies have shown that adequate folate intake helps decrease the risk of neural tube defects such
as anencephaly, spina bifida and others (Czeizel et al., 1992; Imhoff-Kunsch et al., 2007).
Humans cannot synthesize folic acid on their own, and must consume it in the diet to prevent
deficiency. Women of childbearing age are encouraged to consume between 400 – 800 g of
folic acid per day (USPSTF, 2009), and many prescribed prenatal vitamins contain up to 1000 g
of the vitamin.
Several studies have shown that many Mexican women do not get the recommended
amount of folic acid in their diet. One study showed that 54% of women from different
socioeconomic groups in Mexico consumed less than 200 g of folic acid per day, which is less
than half of the recommended levels (Bacardí-Gascon et al., 2003). Caire-Juvera et al. (2007)
surveyed sixty lactating women across Mexico and showed that 77% of them consumed folate
levels below the recommended levels. A folic acid awareness campaign in the state of Nuevo
Leon, Mexico in 1999 led to a 50% decrease in the rate of neural tube defects over a two-year
period. (De Villarreal et al., 2002). Part of this campaign included giving free folic acid
supplements to women of low socioeconomic status, indicating the significant impact of
fortification and supplementation with folic acid.
Corn tortillas are a common staple in the diets of the Mexican population and could be an
effective vehicle for vitamin fortification. It has been estimated that in certain areas of Mexico,
the corn tortilla provides approximately 50% of the individual energy intake, and constitutes 6090% of cereal grain intake (Villalpando, 2004). Micronutrient fortification of corn tortillas has
successfully been demonstrated with no significant effect on consumer sensory results (Burton et
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al., 2008), and can play a vital role in increasing nutrient consumption among the Mexican
population.
In traditional mills, corn tortillas are prepared by steeping whole-kernel corn overnight in
a hot, alkaline solution containing 1.5-2% lime (CaO), and subsequently grinding the corn (now
referred to as nixtamal) into fresh dough, called masa. The ground masa typically exits the
grinding stones at a temperature near 56C (Chapman et al., 2010). Depending on the daily
demand for tortillas and the distribution area, the hot masa may be stored in large pails or sacks
at ambient temperature for up to four hours before being formed into tortillas and baked. In tests
at a commercial tortilla mill in Guadalajara, Mexico, a micronutrient premix was added to the
nixtamal just before it was ground into masa. The fortified masa and cooked tortillas at this mill
showed excellent stability of all added micronutrients except for folic acid, which exhibited
losses of up to 80%, compared to theoretical levels (Dunn et al., 2008). Almost all of the
reduction in folic acid resulted after the nixtamal was fortified and before baking, indicating that
the degradation process was happening in the pre-bake masa during holding. In a subsequent
study, Chapman et al. (2010) observed a 50% reduction in folic acid in fortified, nixtamal masa
during a 3.5-hour holding period before baking. They also found that variations in masa pH,
holding temperature, and iron source in the micronutrient premix did not have significant effects
on folic acid loss and postulated that microbial degradation might be responsible.
It is possible that the substantial loss in folic acid could be due to metabolism by bacteria,
particularly lactic acid bacteria (LAB) present in the masa. The hot, moist conditions of the
masa as it is held before being baked into tortillas are favorable for microbial growth. Although
LAB and yeasts have been shown to increase the folate content of a variety of cereal grain
products such as wheat (Katina et al., 2012), oats (Kariluoto et al., 2010), and rye (Kariluoto et

29

al., 2006a), many LAB species require exogenous folate and metabolize folate from their growth
environment (Kariluoto et al., 2006a; Turbic et al., 2002). Kariluoto et al. (2006a) observed up
to a 55% reduction in native folic acid in rye dough following fermentation by LAB. Although
bacteria are unable to consume the native, poly-γ-glutamate forms of folate, many can readily
utilize the synthetic, monoglutamate form of folic acid commonly used in fortification premixes
(Quinlivan et al., 2006). No research has been published on the ability of microorganisms to
either produce or consume folate in vitamin fortified maize products. The objective of this study
was to isolate bacteria from masa prepared in traditional tortilla mills and determine the effect
that these native bacteria have on the folate content in a model masa system before baking. If the
hypothesis that the native bacteria are metabolizing folic acid is true, tortilla mills could
implement a variety of anti-microbial and sanitation practices to minimize vitamin losses in the
future.
2. Materials and Methods
2.1. Sample collection
One-kilogram samples of corn masa were collected from six different commercial tortilla
mills throughout Guadalajara, Mexico. All masa samples were produced through the traditional
nixtamalization and wet-milling process and not from corn masa flour. Fresh masa samples were
collected within a few hours after being milled. Samples were collected in plastic bags, placed
immediately on ice, and transported on ice to Brigham Young University within 24 hours after
collection.
2.2. Enumeration and isolation of microorganisms
Upon arrival at the laboratory, twenty grams of each masa sample were aseptically
transferred to a stomacher bag (Nasco, Fort Atkinson, WI, USA) along with 180 g of sterile 0.1%
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peptone water (HiMedia Laboratories, Mumbai, India) and stomached for 30 seconds using a
Smasher blender (AES Chemunex, Bruz, France). Homogenates were serially diluted, and
plated on tryptic soy agar (3M, St. Paul, MN, USA) for Aerobic Plate Count (APC), and de
Mann, Rogossa and Sharpe (MRS) agar (Merck, Darmstadt, Germany) for Lactic Acid Bacteria
(LAB). Coliforms and yeasts and mold were selected for and enumerated using 3M E.
coli/Coliform and Yeast and Mold Petrifilm™ (3M), respectively.
APC and LAB plates were incubated at 35C for 48 hours with the LAB plates incubated
anaerobically in a nitrogen-flushed incubator. Coliform and yeast and mold Petrifilm™ (3M)
were incubated at 35C for 24 hours and 25C for 130 hours, respectively. Colonies from LAB
and APC plates were enumerated and categorized based on their differing morphologies (colony
size, shape, color, and Gram staining). The number of individual colonies isolated was based on
the percentage of each morphology type from the initial spread plates. This gave an adequate
representation of all the colony types and their approximate concentrations. Individual colonies
were re-streaked twice on fresh agar to ensure pure cultures. Isolated cultures were stored in
15% glycerol with their appropriate broth (MRS or trypticase soy) at -50 C until further use.
2.3. Identification of bacteria
The scientific literature gives no indication of a requirement on the part of yeasts, mold,
or coliforms to obtain free folic acid from their surroundings. Therefore, due to their
substantially higher colony counts, and their potential to consume free folic acid from their
surroundings, only organisms from the APC and LAB plates were isolated and identified to the
species level. The identification of samples was conducted by the Microbial Identification
System (MIS), which uses whole cell fatty acid analysis via gas chromatography to identify
organisms to the species level (MIDI Inc, Newark, DE, USA). Extractions of fatty acid methyl
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esters from samples were performed according to MIDI instructions and were analyzed on a
6890 Series Gas Chromatograph (Agilent Technologies, Santa Clara, CA, USA) using the MIDI
MIS software (MIDI Inc). Similarity indices for genus and species were given for the top
possible matches of each isolate based on the uniqueness of the fatty acid profile. The species
with the highest similarity index for each isolate was chosen as the best match and linked to the
identity of the given isolate.
2.4. Bacterial folate requirement
Individual bacterial isolates were cultured in broth and were aseptically transferred on a
weekly basis to fresh broth and incubated for 24 hours at 35C to continually propagate fresh
cultures. In order to evaluate their ability to metabolize folate, isolated colonies were plated on a
96-well microtiter plate containing a gradient of folic acid from 2 ng/ml to 0 ng/ml with minor
modifications to the method used by Chapman et al (2010). Prior to plating, the cultures were
transferred to a depletion media prepared from lactobacilli broth and folic acid casei media as
outlined in the method of Chen and Eitenmiller (2007). Duplicate columns on the microtiter
plate were inoculated with 150 μl of depleted cultures, leaving one row un-inoculated as a
control. Additional duplicate columns on the plate were inoculated with Lactobacillus casei
subsp. Rahmnosus, a standard organism used in folic acid microbiological assays, due to its
requirement for the vitamin. Plates were incubated for 20 hours at 37C and turbidity (optical
density) indicating bacterial growth was determined by a FLUOstar OPTIMA microtiter plate
reader (BMG LABTECH, Offenburg, Germany). To determine significant differences in growth
among the organisms, ANOVA was run on the difference in optical density from the high and
low folic acid concentration wells, and a Tukey’s test was performed to control for multiple
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comparisons. Statistical analysis for this part of the study was done using XLStat (v. 2008,
Addinsoft, Belmont, MA, USA).
2.5. Irradiation of fortified corn masa flour
Corn masa flour (Masa Harina de Maiz, Quaker ®, Chicago, IL, USA) that had been
fortified with folic acid was purchased from a local grocery store. Ninety-gram samples of corn
masa flour were weighed into plastic bags (80:20 polyethylene/nylon blend, 75 m thickness).
Air was excluded from the bags, and they were heat sealed to eliminate future contamination,
and then irradiated. Irradiation was generously provided by Sadex Corporation in Sioux City,
Iowa, and performed at a minimum level of 10 kGy. All sampling and irradiation was performed
under subdued lighting to minimize light oxidation of vitamins. Folic acid content of the corn
masa flour was analyzed in triplicate both before and after irradiation to determine the effect of
irradiation on the flour.
2.6. Inoculation of corn masa dough
The bacterial isolates from the different mills did not differ much in their folic acid
requirements when plated on a folic acid gradient (results shown below). For this reason, the
effect of isolated bacteria on the folate content of fortified masa flour was evaluated by adding
bacterial “cocktails,” representing the microflora from the three mills showing the greatest
bacterial diversity (Mills 3, 5, and 6).
To simulate the bacterial levels originally present in the masa from the individual mills,
fresh overnight cultures were diluted with broth to deliver the cell population observed in the
original masa samples. Masa samples for each treatment were created in duplicate by mixing the
irradiated corn masa flour with 110 g of sterile water (control), or 110 g of water inoculated with
appropriate levels of freshly incubated bacterial isolates. Samples were mixed by manually
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kneading the bag of masa flour and water for 2 minutes until a homogenous dough was formed.
Each masa dough was aseptically divided into six subsamples and placed in sterile bags (Nasco).
All subsamples were weighed to contain 30 ± 1g of masa. Duplicate subsamples from each mill
and control were incubated at 56C for 0, 3, and 6 hours to mimic potential extended holding
time prior to baking. After incubation, samples were immediately frozen at -40C until analyzed
for folic acid content.
2.7. Bacterial Levels in corn masa dough samples
To determine the bacterial levels in the control and inoculated corn masa samples at each
incubation time, frozen masa samples from each mill were thawed at 4C after folic acid analysis
was complete. Homogenates were created using 0.1% peptone water (HiMedia Laboratories )
and serial dilutions were subsequently plated for APC and LAB using 3M Petrifilm™ (3M) and
incubated at 37C for 36 hours. Petrifilm™ plates for LAB were plated using MRS broth
(Merck) and incubated anaerobically. Following incubation, colonies were enumerated.
2.8. Folic acid and data analysis
Folic acid was analyzed according to the trienzyme extraction method (AOAC 2004.05)
using 96-well microtiter plates with minor modifications as outlined by Chapman et al. (2010).
Turbidity of the plates was read by a microtiter plate reader (BMG LABTECH). All folate
content in this study is reported on a dry weight basis. Moisture content of samples was
analyzed gravimetrically using Approved Method 44-15.02 (AACC International 2012). A
mixed model ANOVA was run blocking on the masa dough sample from each mill across time.
Post-hoc Tukey adjusted comparisons were made between mills and times. Statistical analysis
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for the folic acid determination was done using Statistical Analysis Software (v.9.3, SAS
Institute, Clary, NC, USA).
3. Results and Discussion
3.1. Enumeration and identification of microorganisms
Complete results from the microbial isolation and characterization study of the masa
samples from the 6 different mills will be published in a separate paper. However, the individual
bacteria isolated from the LAB and APC plates for the three mills used in the flour inoculation
study are identified in Table 1. These organisms at their corresponding log populations represent
comprised the individual bacterial “cocktails” used to inoculate the irradiated flour for each mill
treatment.
Table 1
Bacteria isolated from three individual nixtamal tortilla mills in Guadalajara, Mexico
Log (cfu/g)

Organism

Mill 3

Enterococcus cecorum
Escherichia coli GC group E
Hafnia alvei GC subgroup B
Lactobacillus delbruekii-bulgaricus
Lactobacillus oris
Lactobacillus pentosus
Proteus vulgaris GC subgroup B
Rothia dentocariosa
Streptococcus bovis GC group B
Streptococcus bovis GC subgroup A
Streptococcus equinus
Streptococcus intermedius DNA homology group II
Streptococcus sanguinis GC subgroup A
Streptococcus spp. Lancefield D
Streptococcus vestibularis
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Mill 5

6.0
7.9
6.5

Mill 6
4.5

4.3
3.0
3.0
3.0
3.2

3.3
3.6

6.3
4.0
7.4
7.4
6.3
7.9
7.0
7.3

3.3
4.2
3.0
4.4
3.0
4.0

4.7

Table 1 shows that the masa from each mill had a unique bacterial profile. Mill 3 had ten
different organisms ranging from 6.0 to 7.9 log cfu/g. Mill 5 had eleven unique organisms, but
respective populations were only in the 3.0 to 4.3 log cfu range. Mill 6 was similar to Mill 5
with growth levels of 3.3 to 4.7 log cfu/g, but only five different species were identified.
Lactic acid bacteria represented the vast majority of bacteria isolated from the corn masa,
comprising 77% of the total species across the three mills. This finding agrees with other
published research, which also identify LAB as the predominant organisms in other nixtamalized
products such as pozol, a fermented maize drink popular in Mexico (Diaz-Ruiz et al., 2003;
Escalante et al., 2001; Wacher et al., 2000). In this study, Hafnia alvei, Rothia dentocariosa,
Proteus vulgaris, and Escherichia coli were the only isolates not belonging to the LAB
classification. Only Streptococcus bovis and Lactobacillus oris were isolated from all three mills
and were the predominant organisms representing on average 19% and 12%, respectively, of the
total microorganisms across the three mills. Diaz-Ruiz et al. (2003) also identified S. bovis to be
the predominant microorganism in pozol dough, and noted that its dominance is likely due to the
organism’s high specific growth rate and its efficiency in converting energy to cell biomass.
Escalante et al. (2001) identified a variety of LAB in fermented pozol dough with Lactobacillus
lactis and Lactobacillus alimentarium as the predominant species. Wacher et al. (2000)
identified Leuconostoc as the predominant genus in pozol. No Leuconostoc species were
identified in this study or in those of Diaz-Ruiz or Escalante. This may be due to microbial
variability in the samples, or to the fact that Wacher used selective plating and carbohydrate
utilization methods to tentatively identify species, while the other authors used more technical
methods of identification such as 16S rDNA sequencing. Ours is the first study to use MIDI
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fatty acid profile analysis to identify species in nixtamalized corn masa, however the results
generally agree with those of other researchers, particularly with those of Diaz-Ruiz et al. (2003).
The relative differences in growth levels among the mills could potentially be due to
differences in cleaning regimens, or manufacturing practices at each mill. The frequency or
depth of cleaning and sanitation was unclear at the time of sampling. The use of chlorinated
water in the steeping process is becoming a common practice in tortillas mills to help control
microbial growth. Mill 6 is the only mill we know for sure to chlorinate their water, which may
help explain the low growth levels and smaller diversity of species, but it is likely other mills
also follow this practice. These factors would play a large role in the diversity of the bacterial
profile and the levels of microbial growth.
3.2. Bacterial folate requirement
In order to quickly determine if there were folate requiring organisms among the mill
isolates, a modification of the standard microtiter plate folate assay was used to evaluate folate
dependence. Microtiter plates containing individual bacterial isolates on a folic acid gradient did
not show much variation among the cultures. Table 2 shows the growth patterns of the standard
L. casei as well as those of each organism. Values in the table are a measure of growth (optical
density) as read by the microtiter plate reader. Table 3 shows significant differences between the
organisms’ ability to grow in environments of varying folic acid concentration.
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Table 2
Bacterial growth patterns, reported as optical density, in environments with varying folic acid
concentrations
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Table 3

Significant differences among organisms' growth patterns, as determined by optical density, in varying
folic acid concentrations

Similar capital letters indicate no significant difference in the pattern of growth in varying folic
acid concentrations. Least Squares means represents the mean difference in optical density of the
high and low folic acid concentration wells. Significance level of p < 0.05.
No organisms had a similar growth pattern to that of the folate requiring organism, L. casei used
as a standard in the official folate assay. All organisms appeared to grow independent of folic
acid concentration with consistent growth regardless of the folate level in the media.
Interestingly, the Enterococcus species showed a trend of higher optical density (bacterial
growth) in the lower concentrations of folic acid. Kariluoto et al. (2010) identified Enterococcus
durans as one of the major producers of folate among the bacteria isolated from oat bran. It is
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possible that species of Enterococcus preferentially grow in environments where there is limited
folic acid due to their ability to produce it on their own.
3.3. Folate degradation in masa
Although the data from the microtiter plate study did not identify any organisms that
required folate in the growth media, it was postulated that folate-producing bacteria might
preferentially use exogenous folate from the environment. To evaluate this possibility, folate
degradation was monitored in inoculated and uninoculated, enriched corn masa flour, which had
previously been irradiated for sterility.
Irradiation of the flour did have a small impact on the folic acid content of corn masa
flour samples. Fresh masa flour samples had an average folic acid content of 2.28 g/g, while
post-irradiation samples had an average of 1.80 g/g. The physical state of folic acid plays a
large role in its stability to irradiation. Folic acid in aqueous solution is highly unstable to
ionizing radiation, whereas the stability is greatly increased when in dry form (Araujo et al.,
2011). Dionisio et al. (2009) looked at folic acid stability after irradiation of fortified white rice
and observed that losses were higher in the crushed grain compared to the intact kernel. It is not
unexpected, therefore, to see some degradation of folic acid in the corn masa flour after
irradiation. However, even though this loss was significant and represented a 21% loss (p =
0.0024), the post-irradiation samples were still above the 1.3 g/g label claim for folic acid made
on the commercial corn masa flour package.
Folic acid content of all masa samples declined sharply between zero and three hours of
incubation at 56C, and the loss was statistically significant (p < 0.0001) (see Fig. 1).
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Fig. 1. Folic acid content (g/g) of masa collected from tortilla mills after 56 C incubation. Error bars
represent standard error of the mean for each sample.

The mean folic acid content between time zero and three hours of incubation for the control
sample and inoculated samples from Mills 3, 5, and 6 dropped from 0.97 to 0.29, 1.22 to 0.27,
1.05 to 0.35, and 1.09 to 0.23 g/g respectively. These declines represented a 66.3% to 79.1%
loss in folic acid, and agree with the 80% drop in folic acid noted by Dunn et al (2008), as well
as the 73% loss noted by Chapman et al. (2010) in masa samples fortified with unencapsulated
folic acid after being held for four hours before baking. There was no significant difference in
folic acid content between samples incubated for three and six hours. Of particular interest in
this study, the three and six hour folic acid losses in the sterile control were similar to those in
the inoculated samples, indicating that the decline in folic acid was not due to the bacteria
present in the masa.
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3.4. Bacterial population levels in masa after incubation
Bacterial population levels declined from those of the initial inoculation during
incubation. Table 4 shows the bacterial levels of APC and LAB (cfu/g) from the masa samples
from each mill and control following incubation at 56C along with the bacterial levels at the
time of inoculation.
Table 4
Bacterial levels of APC and LAB for each mill and control following incubation at 56C.

APC

Mill

Initial
inoculation
(cfu/g)
7

0 hrs
7.7 x 10

6

Mill 3

8.3 x 10

Mill 5

3.5 x 104

3.0 x 102

Mill 6

2.3 x 10

5

3

Control

--

Mill 3
6.0 x 107
Mill 5
2.3 x 104
Mill 6
6.5 x 104
Control
-No growth is reported as <10 cfu/g

LAB

Bacterial population after
incubation and freezing (cfu/g)

2.3 x 10

3 hrs
8.8 x 10

6

<10
1.0 x 10

6 hrs

1.9 x 106
<10

1

<10

<10

<10

<10

1.1 x 107
2.0 x 103
1.5 x 103
<10

4.7 x 104
2.0 x 101
<10
<10

1.7 x 104
<10
<10
<10

Following incubation, the masa samples were frozen before folic acid analysis. There
was in general, a one to two log reduction in bacterial levels from the initial inoculation due to
the freezing process. The heat of incubation also led to further, more dramatic decreases in
bacterial levels, with Mills 5 and 6 showing no growth after six hours. As the majority of
bacterial species isolated from the masa samples were Streptococci and Lactobacilli, it is likely
that the 56C incubation temperature is above their optimum growth temperatures. Collins and
Hartlein (1982) showed the temperature optimums of various strains of Lactobacilli to be from
37 to 43C, with a maximum temperature of up to 51C. In addition, S. bovis has an optimum
growth temperature of 43C (Murray et al., 2003). Despite the decline in bacterial levels during
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incubation, it is evident that there were indeed bacteria present in the initial inoculation of the
masa samples, and that the control samples were free of bacterial growth, which further
strengthens the conclusion that bacterial metabolism was probably not responsible for the folate
degradation.
Since the loss in folic acid observed in this study is not related to bacterial contamination
there must be other factors playing a role. In the absence of bacterial involvement, a strictly
chemical degradation reaction is the only explanation. Chapman et al. (2010) studied the
stability of folic acid in fortified masa and tortillas and concluded that elevated holding
temperature, masa pH, and use of different iron fortificants had no effect on the folic acid
stability in corn masa flour fortified in a laboratory setting. However, when conducting his
factorial design study, Chapman had no idea that the masa temperature in the large pails or bags
remained near the mill exit temperature (56C) throughout the holding time. Consequently, he
made small masa balls of approximately 100g each with an initial temperature of 56C, but then
stored them at potential ambient temperatures in Mexico of 25 or 35C for up to 2 hours. It is
likely that Chapman’s smaller masa samples would quickly lose heat in ambient temperatures
and would not be representative of the actual masa temperature as it is stored in large pails prior
to baking.
The exact manner in which factors such as pH, moisture, temperature, time, and other
compositional factors combine to cause folic acid losses in the fresh masa are still uncertain.
However, the combination of a very high temperature and the high moisture content of masa is a
likely cause of chemical degradation. As mentioned earlier, Araujo et al. (2011) found that folic
acid is much less stable to irradiation in aqueous form compared to the powdered form. The
moisture content of all masa samples ranged from 56 to 61%. Since water transfers heat
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efficiently, and serves as a solvent for aqueous reactions, possible effects of thermal degradation
on folic acid could be amplified and play a large role in the losses observed. Anderson et al.
(2010) reported folic acid losses of up to 32.1% in white and wheat bread due to the heat of
baking. Kariluoto et al. (2006b) found significant folate losses in rye grain after being subjected
to different thermal treatments such as extrusion, infrared, autoclaving and toasting. Further
research is needed into how these effects, particularly possible time-temperature effects,
contribute to the folic acid loss in micronutrient fortified corn masa. This understanding would
assist in development of approaches to minimize these significant losses.
4. Conclusion
In this study, folic acid losses of up to 79.1% were seen as corn masa dough was
incubated at an elevated temperature. These losses occurred in sterile, irradiated masa, and are
not due to the natural bacteria present in the masa. It appears that a time-temperature dependent
chemical degradation is taking place in the high moisture masa when held at significantly
elevated temperatures, typical of those generated during mechanical milling with volcanic mill
stones. Despite the losses observed, fortification of corn tortillas is still important and any
increased intake of folic acid in the diets of Mexican women is beneficial. Additional study is
needed to identify the cause of folic acid loss so that preventative measures can be implemented.
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Appendix A
Folic Acid Data for a Model Masa System
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This appdendix contains the raw data for the samples analyzed for folic acid content. Each
page contains the analysis for one plate (up to five samples). The top table contains the final
information including the moisture content and final folic acid concentration (reported on a dry weight
basis) of each sample. Not all samples on each plate are for this study. On every plate there is at least
one flour sample run as an internal standard for analysis lab purposes. These flour samples are
identified by a two digit number followed by one letter. The samples for this study are identified by
the following keys:
Masa samples
 First digit = S for Steve to distinguish my samples from other graduate students’ samples.
 Second digit designates the mill (3, 5 or 6) or C for sterile control
 Third digit is the time (hours) in the incubator (0, 3 or 6)
 Fourth digit is the initial masa replicate (A or B)
 Fifth digit is the subsample (1 or 2)
Example: S53B1 – This sample is inoculated with the bacterial cocktail from mill 5, incubated for
3 hours. It is taken from the initial masa replicate B and is the first subsample for these conditions.
Pre-irradiation flour samples
 QS2.1, QS2.2 and QS2.3 – These samples were run on 5/16/12
Post-irradiation flour samples
 IRA, IRB, IRC – These samples were run on 9/11/12

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Appendix B
Method for Plating Bacteria on a Folic Acid Gradient
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Folate Gradient Plating Method for Steve’s Plates
Supplies needed:
 Folate standard solution
 Depletion media
 Basal media
 L. casei
 Steve’s cultures
 Sterile filter (2) w/ syringes
 Troughs
 Multichannel pipette
 Lots and lots of autoclaved tips
 96 well plates
Prepare Depletion Media
 Materials Needed:
o Erlenmeyer flask at least 2x the volume of desired amount of media
o Lactobacillus broth
o Folic acid casei media
o Screw cap tubes capable of holding 10 ml plus room to mix
Add Lactobacillus broth and folic acid casei media to water according to Table 1 in flask and
boil for 2-3 min. After cooling quickly, dispense 10 ml each into 18 mm diameter test tubes.
Cap tubes and autoclave at 121C for 15 min. Quickly cool to room temp. Store in
refrigerator until ready to use.
Table 1
Water (ml)
Lactobacillus Broth (g)
Folic Acid Casei Media (g)

100
1.9
4.7

200
3.8
9.4

300
5.7
14.1

Prepare Double strength basal media
 Materials Needed:
o Folic acid casei media
o Ascorbic acid
o Erlenmeyer flask at least 2x the volume of desired amount of media
Suspend folic acid casei media and ascorbic acid in water according to Table 2. Boil for 1
minute and dispense 5 ml into test tubes. Cap tubes and autoclave at 121C for 15 min and
quickly cool to room temp. Refrigerate until ready to use.
Table 2
Water (ml)
Folic Acid Casei Media (g)
Ascorbic Acid (g)

100
9.4
0.050

200
18.8
0.100
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300
28.2
0.150

Prepare folate standard solution
 Using clean volumetric flasks and pipettes,
o Add 5 ml of folate stock solution to a 500 ml volumetric flask and bring up to volume
with distilled water, mix thoroughly
o Add 1 ml of this solution to a 100 ml flask and bring up to volume with distilled water,
mix thoroughly
o Add 1 ml of this solution to a flask and bring up to 5 ml with distilled water, mix
thoroughly.
 Keep out of light
6 hours before plating:
 Inoculate depletion media with L. casei and Steve’s cultures.
 Incubate at 37C for 6 hours
Plating in sterile filter hood (A diagram showing which wells in a 96-well plate are inoculated, and
which are left blank is on the following page):
 Sterile filter distilled water into a trough
 Using multichannel pipette, dispense 150 ul of water into each well of the plate
 Sterile filter folate standard solution into a trough
 Plate folate solution in a gradient across the rows
o Pipette 150 ul into Row G, mix using the pipette
o Do serial dilutions to Row B
 Discard 150 ul from Row B
o All wells should contain 150 ul of fluid at this point
Note: Mix carefully to avoid spilling into adjacent wells!!









Transfer 150 ul of sterile basal media into Row H.
Transfer cultures to Basal Media
o Add 20 ul of incubated depleted bacteria culture into autoclaved basal media labeled
appropriately
o Vortex each tube for 30 sec. and pour into a pipette trough. Be careful not to mix up
samples!
Inoculate with L. casei and Steve’s cultures
o Using the multi-channel pipette with 7 tips, draw up the culture and slowly pipette 150
ul of each culture in two columns in rows A-G as shown below:
 Tip: Bring the pipettor in along the column you are pipetting to help minimize
contamination into an adjacent column.
Label the columns with the appropriate culture ID on the lid of the plate.
Place plate in a whirlpak bag. Fold bag and close.
Incubate at 37 for 20 hours.
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Sample plating diagram (circles indicate inoculated wells, blank boxes indicate uninoculated wells.)
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[Folate] (ng/ml)
0
0.0625
0.125
0.25
0.5
1
2
Un-inoculated blank

Folate gradient

A
B
C
D
E
F
G
H

L.
casei

Appendix C
Statistical Output for Folic Acid Analysis

71

72

73

74

75

76

77

