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ABSTRACT 

The aim of this study was to find out if nejayote produced at household level in Guatemala 
represents a threat to aquatic ecosystems and, if so, propose sustainable processing, reuse and 
disposal methods.  First, all aspects related to nejayote production were explored.  This study 
presents combined results from literature study on corn consumption and Guatemalan 
demography, a survey to Guatemalan women of all ethnical groups, nixtamalization replica 
and solids removal experiments and laboratory analysis. Findings indicate that the source of 
nejayote are approximate 600 000 tones of corn nixtamalized yearly by Mayan women from 
the rural areas of Guatemala to prepare tortillas for a population of about 5 000 000.  From 
this activity approximately 300 000 tones of concentrated nejayote are produced and 800 000 
tones of water are polluted yearly.  Approximate 63% of these volumes are discharged into 
water ecosystems without treatment due to lack of knowledge of its potential negative impact 
or reuse properties.  The study was done on nejayote produced at national level, but the 
isolation of the Mayan population within less than 20% of the national territory, suggests 
higher punctuality of nejayote discharges.  Chemical and physical analyses made to samples 
from the nixtamalization replica confirmed its similarity to industrial nejayote, which has 
proven to be highly pollutant due to high content of organic matter from corn grain pericarp 
and germ.  Concentrations ranges from 200 to 300 ppm of nitrogen, 160 to 190 ppm of 
phosphorus and 25 000 to 28 000 ppm of organic matter make it a potential fertilizer or soil 
conditioner. Studies indicate that it can be safely reused as supplementary food for chickens 
and pigs, to prepare additional corn based foods for humans or it could be safely discharged 
into ponds, wetlands or pits to minimize any environmental impact. Although findings point 
to nejayote as a potential aquatic ecosystem pollutant, this depends on the capacity of the 
specific recipient aquatic ecosystem to adsorb and process the nutrients and on the volumes 
and concentration of nutrients of the nejayote discharged that might vary from household to 
household. However, the nutrient rich nejayote can be seen as a potential resource, instead of 
a pollutant, to improve the nutritional, social and economical conditions of the Mayan 
populations.   Specially women, an isolated segment of society that lacks opportunities and 
who, according to findings of this study, start processing corn into tortillas from early 
childhood and continue throughout all their lifetime without any benefit on return. 
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GLOSSARY 

• Ladino:  socio ethnic category of Mestizo and Hispanicize people in 
Guatemala 

• Mayan (Guatemalan):  indigenous peoples in Guatemala with specific 
language and traditions  

• Nejayote:  alkaline solution resulting from nixtamalization 

• Nixtamal:  dough to prepare tortillas 

• Nixtamalization:  Mesoamerican ancient method to process corn into tortillas 

• Rheological properties: rheology is defined as the flow of fluids and 
deformation of solids under applied stresses or strains 

• Steeping:  to soak in water or other liquid as to soften, cleanse or extract some 
constituent. 
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PREFACE 

An observation of the discharge into aquatic ecosystems of a thick yellow solution resulting 
from processing corn into tortillas by Mayan women in Guatemala was the inspiration to 
investigate its relevance to Guatemalan aquatic ecosystems.  The main subject of this study is 
the environmental aspect of the production of this alkaline solution.  Nevertheless, the 
relevance of its nutritional, health, cultural, social and technical aspects discovered during this 
study, made them become an integral part of the investigation due to their direct relation with 
its production trends. 
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1 INTRODUCTION 

Increasing deterioration of global water quality is due to contaminants from different sources. 
If production of contaminants cannot be avoided, the more efficient, economical and easiest 
strategy to prevent their negative impact to water resources is to treat them at the source 
(Corcorna, et al., 2010). This study is about a source of contamination called nejayote, the 
alkaline solution resulting from nixtamalization, an ancient method to process corn into 
tortillas that is carried out at household level in Latin America since Mesoamerican 
civilizations thousands of years ago. The technique had cross Latin American boundaries and 
the increasing demand of corn based ethnic foods and snacks utilizing nixtamalization, 
especially in Mexico and the United States, has boomed its industrialization.  Just in the 
United States, sales rates of corn snacks went from US$637 million in 1980 (Staufer 1983 
cited in Rosentrater,  2005) to US$ 5 billion in 2003 (TIA, 2001 cited in Rosentrater, 2005). 
This increasing industrial production trend suggests a relation with the increasing number of 
studies to determine the chemical and physical properties of nejayote to develop more 
ecological production, process and disposal methods at the industrial level. Studies’ results 
indicate that nejayote from industrial nixtamalization is a highly nutritional effluent with a 
high potential of reuse and at the same time highly contaminant if not treated (Velazco-
Martinez, 1997).  In Guatemala, research on nixtamalization at household level has focused 
on its nutritional and health importance, while the environmental aspect at this scale seems to 
be underestimated. This was confirmed through a survey for this study that revealed that its 
producers, the Mayan women interviewed for this study, had no knowledge of its negative 
impact to water ecosystems. Neither they have knowledge of the other relevant issues related 
to the technique and to its production trends. 

The focus of this study is on the potential environmental impact of nejayote resulting from 
nixtamalization carried out at household level in the entire territory of Guatemala to produce 
corn tortillas.  Guatemala is a Central American country with an estimated population of 14.7 
million (INE, 2011). The population is divided in two sectors.  First, the Ladinos who are all 
non-indigenous people with a mixed indigenous-European origins accounting for little more 
than half of the population.  Then, the indigenous peoples, referred as Mayas in this study, 
who are descendents of the Mayans or other pre-conquest groups with separate cultural 
identities and languages (Gley, 1999) and account for almost half the population of 
Guatemala (World Bank, 2003) mostly living in rural areas localized within less than 20% of 
the entire territory (USAID, 2010). The relevance of the population figures is that, although in 
different proportions, the majority of the total population consumes corn tortilla in almost 
every meal.  Therefore, population growth has a direct relation with tortilla demand and 
therefore in nejayote production trends.  The relevance of the territorial aspect is that nejayote 
production might have a more punctual impact if it is impacting less than 20% of the entire 
Guatemalan territory. 

The study is aimed to women, mainly of Mayan ethnical background, as household 
representatives of the Mayan sector of the society who are the main producers of nejayote at 
household level.  Almost 80% of the Mayan population who live in the rural areas (World 
Food Program, 2005) and are established  in about 1.3 million households reports 100% of 
corn tortilla consumption (Food and Agriculture Organization, 2010).  Although the Mayan 
population is the largest tortilla consumer group, Ladinos consumption is also significant for 
studies on nutrition and health (FAO, n.d.), but not for this study, since their sources of corn 
tortilla are tortilla vendors or corn flour, but they are not nejayote producers. 

1.1 The Nixtamalization Process 

Nixtamalization is a traditional method to process corn into tortillas developed in 
Mesoamerica about 3,500 years ago, a contribution to food technology by the Mayans and 
Aztecas (Bressani., n.d.,).  The main concept is to cook corn with lime to obtain dough, as 
suggested by the original Mayan words, nixtli/lime from ash and tamalli/coocked dough “corn 



! (!

cooked with lime” (Figueroa, 2004). The steps of the process have remained unchanged since 
its origin at household level and have been replicated at industrial level. First, the corn grains 
from dried kennels are cooked in boiling water with lime (calcium hydroxide or ash) for a 
short period of time ranging from 5 to 45 minutes and then steeped (soaked) in this solution as 
it cooks for a period of time ranging from 12 to 18 hours.  The resulting solution, called 
nejayote, is discarded and fractions of pericarp and germ are lost.  The already cooked, 
drained and steeped corn is washed to reduce excess of lime and additional pericarp and germ 
are lost with the waste water (Martinez-Bustos, 2002).  After discharging the nejayote and 
remaining water, the corn is ground with a pestle and stone into dough, flattened into disks 
and cooked in a grill for about 30 to 60 seconds to produce each corn tortilla. (Martinez-
Bustos, 2002)  This study emphasizes on the steeping stage when major chemical changes in 
corn occur and the disposal stage when nejayote, the resulting alkaline solution containing 
dissolved cooked corn, starch and other matter is released.  As part of this investigation, the 
process has been mimicked at Kristianstad University campus in Sweden up to the stage when 
the nejayote is released.  The steps are visually described in the chapter of Methodology of 
this study to ease the reader’s understanding of the technique.   

1.2 Nejayote, the Resulting Liquor From Nixtamalization   

Nejayote is the waste water remaining from nixtamalization described in the previous 
paragraph.  It is a highly pollutant effluent with high content of organic matter consisting of 
grain pericarp and small particles hard to degrade with high chemical oxygen demand (COD) 
and high biological oxygen demand (BOD) (Mendez-Albores, et al., 2004). A study that 
compiled data from 12 studies on industrial nixtamalization indicate that the solid matter in 
the nejayote accounts for dry corn losses from 5% to 14.5% from the original corn dry matter 
(Rosentrater,  2005). The same study provides a summary of solid concentrations and 
physical and chemical parameters typically found in nejayote, which are contained in annexes 
1 and 2 of this study as scientific background on nejayote properties. 

1.3 Cultural, Technological, Nutritional, And Health Importance Of 
Nixtamalization   

The process is a heritance of an ancient civilization to the Mayan population of Guatemalan, a 
tradition of thousand of years related to their beliefs.  According to Mayan mythology, the 
gods tried different materials of nature to create the first two Mayan human beings but only 
succeeded when they mixed god’s blood with white corn.  Therefore, since their origin, 3,500 
years ago, Mayan peoples have been preparing corn dough or nixtamal to include corn based 
foods in every meal to be corn men, in practice and mythology (Popol Vuh, n.d.).   

Technologically, the technique of cooking with lime improves the rheological properties of 
the dough (elasticity, resistance to tearing and cracking), conferring desired organoleptic 
characteristics (Walcher, 2003).  

The nutritional aspects of the technique go beyond Mayan and Latin American boundaries.  
The lime cooking softens the grains walls and increases nutrients absorption, (Walcher, 
2003).  Also the technique promotes chemical changes in the maize that increase its calcium 
content, fiber solubility and protein quality, makes niacin available and decreases fat content 
without changing fatty acids distribution (Walcher,  2003). 

The health benefits of the process are the prevention of pellagra thanks to chemical changes in 
the corn that make niacin available; and the prevention of raquitism and osteoporisis due to its 
high concentration of calcium (Mendez-Albores,  et a.l, 2004).  Additionally, the technique 
has been a reliable method to eliminate aflatoxins, a series of highly toxic substances 
produced when Maize is contaminated with Aspergillus flavus at any stage, from seeding and 
harvesting, to storage and even after cooking (Mendez-Albores,  et a.l, 2004).    
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The nutritional and health aspects of nixtamalization are of special importance to Guatemalan 
population.  Studies indicate that Guatemalans in the rural areas have an average daily intake 
of corn in the form of tortilla of about 560g for an adult, 150g for a child and 40 to 60g as 
weaning food (Garcia and Urrutia 1983, cited in Bressani, 1990).  Corn in the form of tortilla 
is the most important source of nutrients as calcium, sodium, magnesium, and potassium for 
Guatemalans and also the source of about 60% of their calories and 70% of their protein 
(Bressani, and Arroyave, 1952).  Therefore, this is the reason why the nutritional aspect of 
nixtamalization is of great importance for the country, considering that Guatemala has one of 
the highest rates of malnutrition in the world and the highest in Latin America, with 43% of 
its population suffering malnutrition (FAO, 2010).  Related to the nutritional aspect, are the 
health benefits promoted by the process, that prevents health problems in a vulnerable social 
sector of society who frequently lacks basic health services. 

The social aspect of nixtamalization is also of great importance.  It relates to Mayan women, 
the social group of Guatemalan society, whose lives characterize by early marriage, limited 
schooling, frequent child bearing, social isolation and chronic poverty (Hallman, K., et al., 
2007).  By tradition, woman of all ages nixtamalize and make tortillas as their daily task 
investing their time and energy through a lifetime without receiving any benefits in return.  
Survey results revealed ranges between 2 and 85 years among the women who indicate to be 
active in the whole process. 

1.4 Environmental Importance Of Nixtamalization   

The environmental relevance of nixtamalization at household level in Guatemala is that 63% 
of nejayote is released into water ecosystems without any treatment and 24% is released in the 
environment. Its chemical and physical characteristics make it a highly pollutant effluent, if 
not adequately processed. Nevertheless, the potential of nejayote to be a threat to Guatemalan 
aquatic ecosystems depends on the capacity of individual water bodies to process the nutrients 
and the concentration of the loads of nejayote discharged into it. 

Otherwise, nejayote has a great potential to be reused to minimize any negative impacts and 
be a resource to its producers.  Its high concentrations of about 200 to 300 ppm of nitrogen, 
160 to190 ppm of phosphates and 26 500 to 28 000 ppm of COD (Salmerón-Alcocer, A., et 
al., 2003) suggest its potential use as organic fertilizer or soil conditioner that could release 
some stress from the environment decreasing the utilization of chemical products. 

 

 

 

2 OBJECTIVES OF THE STUDY 

 

The objectives of this study were to explore if the production of nejayote at household level 
represents a threat to Guatemalan aquatic ecosystems; and if it does, to propose sustainable 
processing and reuse methods to minimize any negative impacts.   
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3 METHODOLOGY 

First and second sources of information were used to reach to the findings of this study.  To 
find out if nejayote is a potential threat to Guatemalan aquatic ecosystems, first it was 
necessary to answer some questions specifically related to nejayote produced at household 
level in Guatemala.  For this phase, the methodology used was a combination of literature 
study, experiments, laboratory analyses and interviews and survey to Guatemalan women.  

To propose sustainable methods to process, reuse and discharge nejayote produced at 
household level in Guatemala, further literature study on nejayote processing, reuse and 
discharge methods at the industrial level and an experiment on solids removal were carried 
out.  

The whole process of this investigation had to be structured into steps.  Each step corresponds 
to one of the methodologies listed above.  Figure 1 shows the two objectives of the study, the 
questions to be answered for each objective and the combination of methods utilized to 
answer them which are developed as steps. 

In order to ease the reader’s understanding, this chapter on Methodology was structured in 
five steps as shown in Figure 1.   The following paragraphs provide a detailed description of 
each method or step, in the order they were developed throughout the study.  Results obtained 
at each step were, either a prerequisite to continue with the next step or a final result.  
Therefore, when required, results were integrated into the description of each step as to 
provide the reader with full understanding of the methodology.    

 

Step 1:   Literature study

Step 2:   Interviews and survey

APPLICABLE METHODS TO GUATEMALA Step 1:   Literature study

Step 5:   Experiment on solids 
removal

OTHER RELEVANT FINDINGS ?

OBJECTIVE 2:  PROPOSE SUSTAINABLE METHODS TO 
PROCESS AND REUSE NEJAYOTE

SOLIDS REMOVAL TEST

OBJECTIVE 1: DOES NEJAYOTE PRODUCED AT HOUSEHOLD 
LEVEL REPRESENTS A THREAT TO GUATEMALAN AQUATIC 
ECONSISTEMS

SOURCE ?

 PROPERTIES ?

NO  ?

!
QUESTIONS TO ANSWER

ESTIMATED VOLUMES ?

YES ? 

Step 4:   Analysis of chemical and 
physical properties of nejayote

ATTITUDE - OVER NEJAYOTE ? 

DISPOSAL METHODS ?
Step 3:   Experiment on household 
nixtamalizaiton replica

Combined research methodology

!

Figure 1: Structure of the methodology of the study 

!

!
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3.1 Step 1:  Literature study  

Literature study was the fundament to build the background of the study to provide general 
information about nixtamalization, the ancient method to process corn into dough and 
nejayote, the resulting alkaline solution.  Additional literature study was required to support 
all stages of the investigation on aspects specifically related to nixtamalization at household 
level in Guatemala.  Figure 2 provides a scope of the themes covered by the literature study to 
give answers to the following questions. 

• Which is the source of nejayote produced at household level in Guatemala?  

• How much nejayote is produced and how much water is polluted through nixtamalization 
at household level in Guatemala?  

• Are the chemical and physical characteristics of nejayote produced at household level in 
Guatemala comparable to the characteristics of nejayote produced at industrial level?  

• How and where is nejayote discharged in Guatemala from household nixtamalization?  

• What is the knowledge of nixtamalization and nejayote among Guatemalan women and 
their attitude towards changes? 

• Which are the methods utilized at the industrial level to recuperate solids from nejayote? 

• Which are the methods utilized at the industrial level to process, reuse and discharge 
nejayote. 

• Which are other relevant findings of the study related to nejayote production at household 
level in Guatemala? 

 

Figure 2: Themes covered by literature study 

!
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3.2 Step 2:  Interviews and Survey  

A questionnaire was designed in English and translated into Spanish aimed at Guatemalan 
women of different ethnical backgrounds.  A pilot live survey was launched on-line to Mayan 
and Ladino woman to measure the effectiveness of the questionnaire.  The questionnaire was 
improved on-line, to guarantee its acceptability and understandability by the targeted group in 
order to provide the data required. The pilot interviews were included in the data base for 
further analysis.  When the survey questionnaire was ready, the following methods were used 
to launch the survey in Guatemala: 

• A proposal was sent through the web to people interested in carrying out a face-to-face 
survey in Guatemala.  The target was to make 100 interviews to Guatemalan women from 
different households, not related to each other or to the surveyor, preferably from 
different ethnical backgrounds and municipalities to increase results diversity. The first 
survey was made to women from rural areas that work as domestic helpers in the city and 
gather in specific sites on Sunday’s afternoons before returning to their jobs. To reach the 
target number of interviews, additional surveys were made at the market place, where 
women from nearby rural areas and city women gather to sell and buy daily household 
products.  Both places were selected aiming to intensify diversity of ethnicity and 
geographic distribution of women interviewed.  Results were received electronically for 
analysis. 

• Electronic requests were sent electronically to colleagues and friends to interview 
additional women by phone or in person to get feed back from the Ladino sector of 
society.  This method was aimed to reach the goal of 100 surveys but resulted useful in 
gathering all relevant information on household, consumption and processes omitted with 
the first method.  The first method failed in some extent because Guatemalans are 
reluctant to answer any questions to strangers, especially personal questions, due to the 
extreme violence that reins in the country.  Results were received electronically for 
analysis. 

• As a last resource, the author invited colleagues and friends in Guatemala to launch on-
line interviews for themselves and/or any women willing to answer a face-to-face 
interview.  These answers were taken directly for analysis.   

As shown in Annexes 3 and 4 of this study, the survey questionnaires in English and its 
translation in Spanish, were structured to gather information required at all stages of the 
investigation and are described as follows: 

• From the first section on ethnical background, municipality and source of tortillas the 
author gathered information to determine the source of nejayote produced at household 
level in Guatemala and the level of knowledge of the process itself and its nutritional, 
health and cultural aspects by women interviewed. 

• From the second section on household composition and consumption, the author gathered 
information on the social and cultural aspects of the process.  

• From the nixtamalization recipe, the author gathered information about the way women 
from Guatemala nixtamalize, required as background for the nixtamalization mimic 
experiment to be carried out at Kristianstad University campus in Sweden.  The purpose 
of this section was also to determine if the Mayan population is taking advantage of the 
health and nutritional benefits of the ancient technique. 

• From the last section about nejayote, the author gathered information about disposal 
methods of nejayote, knowledge, perception about its environmental impact and attitude 
towards positive changes by women interviewed. 

Once the questionnaires were received in Kristianstad, the data was entered in a spread-sheet 
(Microsoft Excel) to generate tables and graphics.   
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3.3 Step 3: Experiment of household nixtamalization replica 

3.3.1 Materials  

The materials used in the experiment to mimic the process of nixtamalization as it is carried 
out at household level at Kristianstad University campus in Sweden, were, as shown in Figure 
3, dry corn provided used in Sweden for livestock feeding provided by Dr. Lena Vought, tap 
water, calcium hydroxide Ca(OH)2,  stove, refrigerator, gram scale, plastic and glass 
containers, cooking pots, watch, drainer, labeling and recording materials. 
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Figure 3: Materials for household nixtamalization replica experiment (Photo:  Luisa 
Cifuentes, June 2011) 

3.3.2 Background  

The main purpose of this experiment was to have data representative of the method as 
performed at household level in Guatemala to calculate the ratio of nejayote and polluted 
water produced by gram of corn nixtamalized.  A second objective was to obtain samples to 
compare physical and chemical properties of nejayote from household nixtamalization with 
data from nejayote produced at the industrial level. 

The specifications of the corn were not taken into account for this experiment.  On one hand 
because the corn may not represent the corn used in the rural areas of Guatemala and in the 
other hand because the experiment focused on the method not on the corn, to use its results as 
variables for estimation of volumes of concentrated nejayote and polluted water produced per 
mass of corn nixtamalized.  

Resultant nejayote properties from the chemical analyses were going to be compared to the 
already existent scientific data available on this subject.  At the same time, unspecified corn 
characteristics would be consistent with nixtamalization at household level in Guatemala 
where corn vary from one household to another, depending on many different factors.   

The steps, times and materials for this experiment were based on the description of the 
process by Dr. Bressani in its article Maiz and Nixtamalization, published in page 63 of 
Agroindustria Rural, Recursos técnicos y alimentacióon (Bressani, n.d).  His description was 
selected because, from many authors of scientific articles on nixtamalization, Dr. Bressani is a 
recognized Guatemalan scientist who has contributed to human nutrition and food production 
(Shiever, 2008).  Among his publications, as shown in the reference list, the author used many 
publications of Dr. Bressani’s on Guatemalan nixtamalization to support her findings.  
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Frequency of steeping times reported by Mayan women 
interviewed

2 hr
13%

1 hr
16%

< 1 hour
5%

na
3%

12 hr
50%

4 hr
1%

3 hr
6%

5 hr
6%

The steps of the process as described by Dr. Bressani (Bressani, n.d) were included in the 
questionnaire to find out if the process is kept unchanged at household level in Guatemala, as 
suggested by literature (Martinez-Bustos, 2002).  Nevertheless, results from the survey 
showed variations reported by Mayan women from the process as described by Dr. Bressani 
(Bressani, n.d).  Variations were mainly in boiling, cooking and steeping times and in 
corn:water:lime ratios.  These variations were taken into account when designing the protocol 
for the nixtamalization replica experiment carried out at Kristianstad University campus in 
Sweden. 

!The parameter selected as the base for the experiment was the more frequently reported 
steeping time, which was 12 hours, reported by 50% of the Mayan women interviewed who 
nixtamalize as shown in Figure 4.  Steeping time was selected because it suggests a direct 
relation with nutritional, health and environmental aspects of nejayote production.  It is during 
steeping when the corn reaches optimal time for nutrients adsorption (Walcher, 2003) 
suggesting optimal time for chemical and physical changes affecting nejayote properties. At 
the same time steeping suggests higher accuracy in results because the factors that could 
affect the way of steeping are less than in the case of cooking or boiling times, which are 
dependant on a variety of factors as heating sources, corn:water:lime ratios, size and material 
of cooking pots and tools, etc. increasing variation potential in results.  

 

 

 

 

 

 

 

 

 

 

            

 

 

 

         

Figure 4: Frequency of steeping times reported during survey  

Cooking time of 60 minutes reported by 64% of women who nixtamalize, corn:water ratio of 
1:1.5 and corn:lime ratio of 1:0.02 more frequently reported by women who nixtamalize 
interviewed were adapted to the protocol.  These parameters were almost consistent with the 
process as described by Dr. Bressani (Bressani, n.d). 

3.3.3 Pre-experiment  

Nixtamalization of three 500-gram samples of corn, as shown in Figure 5, was carried out 
based on the steps described by Dr. Bressani (Bressani, n.d).  For this experiment 1:1.5:0.01 
corn:water:lime ratios were used. The purpose of doing this pre-experiment was to detect any 
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factors that could affect the smooth performance of the real experiment.  Based on the results 
of this pre-experiment the following aspects were adapted to the protocol to improve the real 
experiment performance as follows: 

• Simultaneous access to a burner for each sample to keep parameters as similar as 
possible. 

• Time schedule to allow overnight steeping time of 12 hours. 

• Number of samples for the experiment to allow comparison between samples and 
determine parameters that might affect of nejayote volumes and properties.   

• Selection of 100-grams corn samples to ease manipulation of volumes and yet obtain 
enough nejayote to undergo further analysis (volumes resulted too little for concentrated 
nejayote for sample 1)  Therefore, 200-grams would be recommended for another 
experiment 

!

!

 

 

       

Figure 5: Corn samples nixtamalized and resulting nejayote from nixtamalization 
replica pre-experiment (Photo:  Luisa Cifuentes, June 2011) 

3.3.4 Nixtamalization replica  

The following paragraphs describe the steps of the nixtamalization replica carried out at 
Kristianstad University campus in Sweden as shown in Figures 6 A to F according to 
methodology provided in literature, variations reported in survey results and pre-experiment 
modifications. 

Figure 6: Steps of the nixtamalization process mimicked at Kristianstad University campus in 
Sweden; A) sorting the corn, B) selection of corn:water:lime ratios, C) mixing of 
corn, water and lime, D) cooking of corn water and lime,  E) removal of mixture 
form burners, F) steeping of mixture (Photos:  Luisa Cifuentes, June 2011) 
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As shown in Figure 6, the steps of the nixtamalization process replicated at Kristianstad 
University campus are as follow: 

A. Sorting of corn: Whole and good quality corn grains were selected for the 
experiment as shown in Figure 6A and as indicated by Mayan women who 
nixtamalize interviewed who select whole and good quality corn to prepare their corn 
dough. 

B. Selection of corn:water:lime ratios: Four samples of 100-grams of corn were 
weighted. For each sample of 100-gram corn, 150 grams of water and 0.02 grams of 
calcium hydroxide were weighted as shown in Figure 6B.  The purpose of this step 
was to  have a 1:1.5:0.02 corn:water:lime ratio, to be consistent with survey results,  
on more frequently ratios reported by Mayan women interviewed who nixtamalize.   

C. Mixing of corn, water and lime:! !Water and lime (calcium hydroxide) were mixed 
well first to dissolve any lumps of lime. After that, corn was added to water with 
dissolved lime as shown in Figure 6C.  This was done to be consistent with Mayan 
women interviewed who indicated that lumps of lime should be dissolved before, 
cooking, otherwise, they will spoil the dough and make tortillas bitter.  

D. Cooking of corn water and lime:  The four replicate samples were nixtamalized. 
They were brought to boil and cooked with water and lime as shown in Figure 6D.  
Although parameters were kept almost the same for the four samples they were dry at 
different times. As indicated by Mayan women who nixtamalize during the 
interviews, more water would need to be added during this step.  Original corn:water 
ratio of approximate 1:1.5 described in the protocol was changed to about 1:3 in this 
case because the mixture was dry before corn grains reached its optimal point to be 
removed from the burner. 

E. Removal of mixture from burners:  Samples were expected to cook for 60 minutes 
to be consistent with survey results. Nevertheless, after 25 to 30 minutes of boiling, 
corn grains reached optimal point when the pericarp was loose and the corn was soft 
as shown in Figure 6E.   Corn was removed from burners after approximately 30 
minutes of cooking, which was the second most frequent cooking time reported 
during the survey. Mayan women interviewed indicated that if corn overcooks, the 
dough would get sticky. Therefore optimal cooking time has no standard time but 
depends on corn reaching optimal point of cooking. 

F. Steeping of mixture:  Figure 5F show mixtures being steeped.  It was decided to 
steep sample 1 for 2 hrs, consistent with the third most frequent steeping time 
reported during the survey. as shown  in Figure 4.  Samples 2, 3 and 4 were steeped 
for 12 hours consistent with the most common steeping time reported during the 
survey as shown in Figure 4. 
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After nejayote was steeped, it was drained and washed until it was free of starch.  Normally in 
the rural areas nejayote is discharged into water ecosystems, the environment or the plants.  
Nevertheless, for this experiment it was kept to calculate volumes of nejayote and polluted 
water produced per gram of corn nixtamalized and to undergo further chemical and physical 
analyses.  The steps are shown in Figure 7 (A to D) and described in the following 
paragraphs: 
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Frequency in washing times of nixtamal reported by Mayan 
women who nixtamalize

2 times
23%

1 time
6%

just wash it
30%

6 times
1%

4 times
12% 3 times

28%

 

Figure 7: Steps the discharge the concentrated nejayote and polluted water during the 
nixtamalization experiment mimicked at Kristianstad University in Sweden; A) 
draining the nejayote, B) washing the mixture, C) multiple washings, D) solids 
removal (Photos:  Luisa Cifuentes, June 2011) 

As shown in Figure 7, the steps of discharging the concentrated nejayote and the polluted 
water during the nixtamalization process replicated at Kristianstad University campus are as 
follow: 

A. Drainage of nejayote:  As shown in Figure 7A, concentrated nejayote was drained first 
as reported by women surveyed.  In this case it was kept for further analysis. 

B. Washing the mixture:   The washing method consisted of filling up the container with 
the mixture with clean water, as shown in Figure 7B, steering it to loose small particles 
and discharging it as indicated by Mayan women who nixtamalize.  In this case it was 
saved for further analysis 

C. Multiple washes: The process is repeated as many times until the mixture is free of 
starch as shown in Figures 7 B to D to avoid spoiling or embittering the dough as 
described by Mayan women interviewed. In this case, 3 times were enough for all 
samples, except for sample 2, which required 4 times washing.  These results were 
consistent with the 3 washing times most frequently reported during the survey as shown 
in Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8:  Frequency in washing times of resulting mixture from nixtamalization 
reported by Mayan women 
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D. Solids removal: In the real life, solids are lost with the polluted water used to wash the 
mixture.  In the case of this study, they were kept for volume estimations of concentrated 
nejayote and polluted water from nixtamalization. 

3.3.6 Estimation of nejayote and polluted water volumes from 
nixtamalization 

To estimate concentrated nejayote, solid matter and polluted wastewater produced per mass of 
dried corn nixtamalized, the byproducts were divided into three parts as shown in Figures 9 
(A to D).  

 

Figure 9:  Measurements of mass of dry corn and nixtamalization byproducts from 
nixtamalization mimic experiment and Kristianstad University Campus; 
A) dry corn to be nixtamalized, B) resulting nixtamalized corn, C) 
resulting concentrated nejayote, D) resulting solids, E) resulting polluted 
water (Photos:  Luisa Cifuentes, June 2011) 

As shown in Figure 9, the steps to determine the ratio between nixtamalized corn and 
concentrated nejayote and polluted water resulting from the nixtamalization process 
mimicked at Kristianstad University campus are as follow: 

A. Sample of 100 g of dry corn selected to be nixtamalized was weighted 

B. Resultant  nixtamalized corn was weighted 

C. Resultant concentrated nejayote, first alkaline solution resultant from the 
nixtamalization after steeping was weighted.  

D. Resultant solids which are normally released with the polluted wastewater used to 
wash the mixture were weighted. In this case, they were kept in a drainer to be 
included in the estimation of total nejayote byproducts produced per dried corn 
nixtamalized. Also they were removed from the water face to ease its chemical and 
physical analyses. Solids were not aimed for this study, only for volume estimation 
purposes.  Nevertheless, scientific studies provide enough information about its 
properties as described in Annexes 1 and 2 of this study. 

E. Resultant polluted waste water used to wash the mixture until it was free from starch 
was combined and weighted. 

The resulting weights of the above products were used to obtain their ratios per gram of corn 
nixtamalized.  Results, shown in Table 1, were combined with survey and study results 
described in the following paragraphs to estimate volumes of nejayote and polluted water 
produced at household level in Guatemalan territory. The same was made individually for 
each sample to have an average of the three different results and a base to compare.  
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Table 1: Results from mass measurements of samples of dry corn and 
byproducts from nixtamalization replica at Kristianstad University in 

Sweden. 

 

Table 2: Results from literature study on Guatemalan demography and corn 
consumption in Guatemala  

 

 

Data for variables to estimate yearly volumes produced of nejayote and 
polluted water in Guatemala. 

• Estimated 14.7 million total population of Guatemalan in 2011 (INE, 2011)  

• Estimated Mayan population of 6,300,000, (approximated 43% in 2000 of total 
population in Guatemala (World Bank, 2003) 

• Estimated corn consumer Mayan population of approximate five million people, 
corresponding to estimated 80% estimated Mayan population that lives in the rural 
areas (WFP, 2005) and (estimated 90% of nixtamalizing Mayan woman results from 
survey).  The figure found in literature was used because could be more accurate 
suggesting the use of more samples and stronger statistical analyses.  

• Mayan population average daily consumption rate of corn in the form of tortilla of 318 
grams per person (FAO, 1983).  This figure for rural areas was selected over the 
figures presented for national average consumption of approximate 560g for an adult, 
150g for a child and 40 to 60g as weaning food (Garcia and Urrutia 1983, cited in 
Bressani in 1990) presented at the introduction of this study.   

• Average 0.052 grams of concentrated nejayote and 1,305 grams of contaminated water 
produced per gram of corn nixtamalized obtained from the household nixtamalization 
mimic experiment performed at Kristianstad University campus. 

 

 

 

Average of mass results of nixtamalization byproducts 
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Nixtamalizaiton 
byproducts

Ratio of 
nixamalization 

byproducts per dry 
corn nixtamalized 

in grams

Approximate daily 
corn consumption 

per capita in 
Guatemalan rural 

areas  in the form of 
tortilla in grams  

Approximate Mayan corn 
consumer populaiton 

(80% of 42% of 
14,700,000 total 

populaiton) 

Source: 
Experiment results (Source:  FAO, 1983)  (Soruce: WFP 2005)

Nejayote 0.52

Wastewater 1.35

Corn nixtamalized 1

318 5 056 000

Estimated yearly 
concentrated nejayote 

and polluted water 
production in tones

300 000 tones 

800 000 tones 

600 000 tones 

With this information, Table 3 was constructed with the variables required to estimate the 
volumes of nejayote and contaminated water produced which are represented in Figure 9. 

Table 3:  Variables for the estimation of nejayote and contaminated wastewater 
produced at household level in Guatemala  

 

3.4  Step 4: Analyses Of Chemical And Physical Properties Of Nejayote  

3.4.1 Materials  

The materials required to analyze the chemical and physical characteristics of the samples of 
nejayote and remaining waste water were: samples of nejayote and waste water, chemical 
reagent compounds, chemical analyses pre-designed kits for total nitrogen, total phosphorus 
and total organic carbon, distillated water, measurement instruments (pH and turbidity) and 
required laboratory equipment, recording and marking tools to perform the tests as shown in 
Figure 10. 

 

 

 

 

 

 

 

Figure 10:  Materials to carry out chemical and physical analysis of concentrated   
nejayote and polluted water from nixtamalization process mimicked at 
Kristianstad University in Sweden (Photo:  Luisa Cifuentes, June 2011) 
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3.4.2  Background  

Different parameters that have been studied on typical nejayote at the industrial level are 
described in Annexes 1 and 2 to this study.  Among them, this study focused in the 
parameters of relevance to aquatic ecosystems contamination from household sources.  The 
parameters analyzed were total nitrogen, total phosphorus, total organic carbon, pH and 
turbidity levels.  Literature study results show concentrations in typical nejayote produced at 
industrial level of between 200 to 300 ppm of nitrogen, 160 to 190 ppm of phosphates and 
26,500 to 28,000 ppm of COD (Salmerón-Alcocer, A., et al., 2003) and ranges of pH in 
typical between 6.2 and 11.2 (Rosentrater, et al., 2002).   Based on this data, chemical and 
physical analyses were made at Kristianstad University Laboratory to the samples of 
concentrated nejayote and polluted water from the household nixtamalization replica 
experiment carried out for this study.    

3.4.3  Analysis of chemical and physical properties of nejayote and 
polluted water 

Samples from concentrated nejayote, as shown in Figure 11, were taken to perform total 
nitrogen, total phosphorus, total organic carbon and alkalinity tests. Mixture was washed from 
3 to 4 times until it was free from starch.  Water from all washes was combined and samples 
were taken to perform total nitrogen, total phosphorus, total organic carbon and alkalinity 
tests.  Additional 100 ml of polluted water were taken from each sample, as shown in Figure 
12, to monitor pH and turbidity.   

 

 

 

 

 

                                               

Figure 11: Sample of concentrated nejayote from nixtamalization experiment  
carried out at Kristianstad University campus (Photo:  Luisa 
Cifuentes, June 2011) 

 

 
 

 

                                           

                                                       

Figure 12: Samples of nejayote wastewater from nixtamalization experiment 
carried out at Kristianstad University campus (Photo:  Luisa 
Cifuentes, June 2011) 

For concentrated nejayote, chemical analyses were carried out using the instructions provided 
by the corresponding manufacturers of pre-designed LANGE analyses kits for water quality, 
provided at Kristianstad University Laboratory.  For total organic carbon analyses analysis kit 
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LCK 386 for 30–300 mg/l, for total nitrogen analyses LCK 138 for 1-16 mg/l range and for 
total phosphorus analyses LCK 349 for 0.15-4.50 mg/l were used. The equipment utilized to 
promote the chemical reactions and provide the reading of results that is specifically designed 
to be used with the above indicated analysis kits was utilized.  The instruments belong to 
Kristianstad University Laboratory and their model numbers are as follows: Hach Lange 
TOC-X5, Hach LANGE LT 200 and the reader Hach LANGE DR 2800. 

For the wastewater used to wash the mixture, chemical analyses were performed according to 
Swedish Standard Methods used as guidelines at Kristianstad University Laboratory  provided 
by Dr. Britt-Marie Svensson during the Aquatic Ecosystems Course for the 2011 Sustainable 
Water Management Master Program.  The specific directives are described as follows: for 
total nitrogen, Standard Methods 419 A (modified by Haina Rybzynski) revision 2009-01-11; 
for total phosphorus, SIS 028127 revision 2009-09-01 and for alkalinity, SS 02839 (2009-09-
01).  The instrument used to provide the readings of the results was a Varian, Casi 50Bio UV-
visible Spectanotometer.  For total organic carbon analysis in he waste water used to wash the 
mixture resulting from the nixtamalization experiment, a LANGE for water quality, analysis 
kit LCK 386 for 30 – 300 mg/l range was used in combination with the corresponding 
equipment.  

Monitoring of turbidity and pH in samples was made after the chemical tests were performed 
with a Hach turbidity meter model 2100P and a Knick Portamess pH meter, property of 
Kristianstad University Laboratory in Sweden. Turbidiy and pH monitoring  for concentrated 
nejayote was only possible for samples 2, 3 and 4 because there was not enough solution of 
sample 1.    

For the first turbidity and pH measurements, the mixture was steered with a stick ten times to 
standardize the suspension of particles as much as possible between samples. After the first 
measurement was carried out, pH and turbidity monitoring was carried out without steering 
after approximately 1, 24, and 48 hours and 5 days.   To avoid turbidity increase through 
sediment particles movements, water was taken from above the sedimentation line using a 
pipette to measure turbidity and then the pH was measured. 

3.5 Step 5: Experiment of solids removal 

3.5.1  Materials  

The materials used for the solids removal experiment were laboratory glass containers and 
measuring instruments, household drainer, cloth filter as shown in Figure 13. 
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Figure 13:  Materials to test screening and sedimentation of nejayote solids (Photo:  
Luisa Cifuentes, June 2011) 
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Literature study results indicate that the methods used to remove the solids from nejayote at 
industrial level are screening, centrifuging and decanting (Rosentrater, 2002).  Based on this 
information, a laboratory experiment was carried out for this study to test solids removal 
efficiency through a low technique of screening and sedimentation that could be adapted to 
any sub-developed regions as the rural areas of Guatemala.   

3.5.3  Screening and sedimentation test  

1) It was assumed that the first screening layer to remove solids would be a household 
drainer, in this case the drainer used was a metal drainer used for cooking purposes as 
shown in Figure 14, to retain the largest particles.  

 

 

 

 

 

 

                                              

                                                         

Figure 14:  Household drainer used as first screen for polluted water during 
screening and sedimentation of solids experiment (Photo:  Luisa 
Cifuentes, June 2011) 

2) No screening or sedimentation was performed for concentrated nejayote.  After the 
chemical analyses were performed to the wastewater from washing the mixture, two 300-
ml samples were taken from each of the four samples. Eight 300-ml samples in total, as 
shown in Figure 15 were put aside.  For each sample, one 300-ml sample was the control 
and the other the filtered sample.  A homemade linen filter used to wash berries, provided 
by Dr. Britt-Marie Svensson, was used to filter the polluted water as shown in Figure 13 
in section 3.5.2 above and 20A in the Results and Discussion Chapter of this study.  After 
filtered, samples were let to sediment. 

                                                                                              

Figure 15: Samples of filtered and non-filtered polluted water for screening and 
sedimentation experiment (Photo:  Luisa Cifuentes, June 2011) 
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3) Each 300-ml control and filtered samples were steered before experiment with a stick to 
standardize the suspension of particles.  Then pH and turbidity were monitored before 
filtering for further comparison. 

4) One 300-ml volume of waste water from washing the mixture was filtered for each of the 
4 samples. After filtration, the waste water samples were returned to their containers and 
the solids kept in the filter were washed with 100 ml tap water to observe volumes 
retained in the filter as shown in Figures 20 B and C in the Results and Discussion 
Chapter of this study. 

During the next 1, 24, hours and 5 days, turbidity and pH were monitored to determine 
variations between the controls and the filtered samples.  To avoid turbidity increase through 
sediment particles movements, water was taken from above the sedimentation line using a 
pipette to measure turbidity and then the pH was measured. 

3.6 Step 6:  Sustainable processing, reuse and disposal methods of 
nejayote used at industrial level 

Literature studies indicate that residuals of nejayote have a great potential of reuse in 
livestock, human and industrial activities instead of continue to be a waste.  Some methods of 
processing and reuse supported by scientific studies that could be adapted to Guatemalan rural 
areas are described in the following paragraphs and are discussed further down in this study:   

• Processing nejayote in ponds, wetlands, pits or basins:  Industries process 
nejayote in ponds, wetlands, pit or basins (Rosentrater,  2005). 

• Chickens or pigs’ diet supplements: Studies indicate that neayote solids, part of 
pericarp, endosperm, small portions of germ and carotenoids (pigments). 
hemicellulose, carbohydrates, protein and calcium  could be a supplement for 
chickens’ diets without affecting their growth performance.  They contribute calcium, 
protein and metabolizing energy, (Calderon , 1991 cited in  Velazco-Martinez et al., 
1997).   Livestock feeding is the best option at the industrial level  due to the high 
dehydration or processing costs. (Rosentrater, 2002).  Also it could be recycled as 
supplementary food for pigs since it does not pose any negative effect (Cid Ortega, 
S., et al., n.d.) 

• Production of more corn dough: other option could be the promotion recuperating 
the solids to produce more corn dough as it was proposed in Mexican corn dough 
factories as a sustainable nejayote process initiative (Diaz Favela,  2010).  

• Move from nixtamalization ot use of NCF (Nixtamalized corn dough):  Promoting the 
use of corn flour will improve the nutritional values of Mayan populations (Bressani 
et al, 1997). 

The purpose of this chapter was to list some sustainable methods to reuse, process or 
discharge the nejayote that could be adapted to Guatemalan rural areas, but the methods were 
not investigated deeply to make recommendations on how to apply them. All methods 
indicated are contained in scientific studies but they should be studied more deeply before 
applying to specific communities to guarantee its efficiency and safety. 
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4 RESULTS AND DISCUSSION 

To attain the two objectives of this report it was necessary to solve a series of questions linked 
to the production of nejayote at household level in Guatemala.   Results were obtained 
through a combination of methodologies and they were linked to one another to respond 
question by question. Therefore, to ease the understanding of the reader, the presentation of 
the results and discussions is structured to answer each of the questions leading to the main 
objectives. 

4.1 Which is the source of nejayote produced at household level in 
Guatemala?  

Survey results revealed that the source of nejayote produced at household level is from the 
rural Mayan women who nixtamalize.  From the 100 Guatemalan women surveyed, 83% 
percent belong to the Mayan population and 17% represent the Ladino sector of the 
population.  Among the 83% of Mayan women interviewed, all ethnical mayor groups were 
present, as shown in Figure 16.   Results shown in Figure 17 indicate that the source of tortilla 
for almost 100% of the Mayan women for all ethnical groups is their own nixtamalization.  
Only 20% from the ethnical group Kaqchiquel, indicated that they buy their tortillas. Results 
of survey also indicate that 83% of Ladino women buy tortillas and 17% use nixtamalized 
corn flour (NCF), none of the Ladino women surveyed nixtamalize as a source of corn 
tortilla.  

Figure 16: Representation of Guatemalan ethnical groups during the survey 

The survey was targeted to Guatemalan women as the individuals responsible to provide 
tortillas for their family. Although the author was convinced by 50 years of experience, that 
nixtamalization at household level is carried out by Mayan women in Guatemala, the survey 
was aimed to women of all ethnical backgrounds to support this belief.  The survey covered 
both Mayan and Latino women and all Mayan ethnical groups were represented.  Results 
from survey indicate that Mayan women from rural areas nixtamalize as a their source of corn 
tortilla; only few of them who indicated to live in the city, buy tortillas, but when they go to 
their rural home, they nixtamalize.   Results also indicate that Ladino women and Mayan 
women living in urban areas, either buy tortillas, or use corn dough as the source of corn 
tortilla and do not nixtamalize.   This is understandable considering that in the urban area 
there is no space to grow corn, there is easy access to nixtamalized corn flour (NCF) or tortilla 
providers.  Additionally, the life in the urban area demands time that cannot be spent 
nixtamalazing or making tortillas.  Additionally, buying tortilla might be more economical 
considering the cost of fuel or electricity in urban areas. 
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Figure 17: Source of tortilla for Guatemalan families 

4.2 How much nejayote is produced and how much water is polluted by 
nixtamalization at household level in Guatemala? 

Table 3 in the methodology section of this study, show the variables used to determine the 
volumes of nejayote and contaminated water produced at household level in Guatemala.  
Approximate 300 000 tones of concentrated nejayote are produced yearly in Guatemala and 
800 000 tones of potable water are contaminated through nixtamalization at household level 
of approximate 600 000 tones of corn yearly by Mayan women in the rural areas as 
represented in Figure 18.   

Figure 18:   Yearly estimated volumes of corn nixtamalized, nejayote produced and water 
polluted through nixtamalization 

These volumes are linked to nutrients and organic mater loads to aquatic ecosystems that will 
be discussed in following chapters.  Nejayote and wastewater volumes estimated might be a 
contaminant to aquatic ecosystems depending on the method of discharge, the capacity of 
adsorption of specific recipient aquatic ecosystems, volumes and concentration of nutrients.   

More studies need to be carried out to determine if the criteria is met to conclude that nejayote 
represents a risk to aquatic ecosystems.  Nevertheless, it represents contamination of potable 
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water that could minimize the daily allowance for some families in Guatemala.  These 
volumes could be of significance, especially during the dry season or in areas where there is 
shortage of the resource. 

In reference to the difference in volumes between the concentrated nejayote and the polluted 
water, the impact suggests to be similar because the first is concentrated and the other is the 
dilution of the first. Once the concentrated nejayote reaches recipient water ecosystems it will 
be diluted and possibly will contaminate volumes of water from 3 to 5 times its volume.   

4.3 Are the chemical and physical characteristics of nejayote produced at 
household level in Guatemala comparable to the characteristics of 
nejayote produced at industrial level? 

Literature study results revealed the typical characteristics found in nejayote at industrial 
level, reported in Annexes 1 and 2 of this study, that make it a highly contaminant effluent. 
Based on this, nejayote and polluted water from the household nixtamalization mimic 
experiment carried out at Kristianstad University campus in Sweden were analyzed.  The 
parameters analyzed were the more commonly affecting aquatic ecosystems negatively from 
household sources.  The following results were obtained:   

4.3.1 Nutrients and organic carbon 

Literature findings indicate concentrations in typical nejayote produced at industrial level of 
between 200 to 300 ppm of nitrogen, 160 to 190 ppm of phosphates and 26 500 to 28 000 
ppm of COD (Salmerón-Alcocer, A., et al., 2003) as shown in the first row of numbers in 
Table 4. The concentrations of nitrogen and organic matter found in nejayote from the 
household nixtamalization mimic experiment at Kristianstad University campus are consistent 
with concentrations reported for the industrial nejayote produced, except for total phosphorus 
that gave very low results compared to the ones in literature and as shown in the second 
column of numbers in Table 4.  Values of nutrients and organic matter from wastewater are 
low compared to concentrated nejayote, but they are consistent with approximate tones of 
nutrients and organic matter produced per year, as shown in the last columns of Table 4. 

Multiplying concentration figures of nutrients and organic matter in concentrated nejayote 
and polluted water by its estimated yearly volumes produced at national level, was the method 
utilized to estimate the volumes of nutrients and organic matter produced at national level 
through nixtamalization as shown in the last three columns in Table 4. 
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Table 4:  Concentrations of nutrients and organic carbon found in 
samples of nejayote and polluted water from nixtamalization process 

mimicked at Kristianstad University in Sweden 

 

TOTAL 
NITROGEN

TOTAL 
PHOSPHORUS

TOTAL 
ORGANIC 
CARBON

TOTAL 
NITROGEN

TOTAL 
PHOSPHORUS

TOTAL 
ORGANIC 
CARBON

300 190 28000 na na na

277 16 35000 84 5,0 1100

236 14 36000 70 4,0 1068

20 20 2500 0,02 4,0 2000

38 7,0 850 0,03 0,01 680

Nixtamalizaiton byproducts

Maximum concentrations in 
nejayote reported in literature

Nejayote 2 hr steeping

Nejayote 12 hr steeping

Poluted water 2 hr steeping

Poluted water 12 hr steeping

Average  concentration  of nutrients 
and organic matter in 

nixtamalization byproducts (mg/l)

Estimated volumes of nutrients and 
organic matter contained in 

nixtamalization byproducts produced at 
national level (in tones) 

 

4.3.2 pH 

The values of pH found in nejayote from the nixtamalization replica shown in Table 5 are 
consistent with results reported in literature for nejayote produced at the industrial level of 
ranges of pH between 6.2 and 11.2 (Rosentrater, et al, 2002). Monitoring of pH results show 
that the values remain stable for each sample during the period of monitoring, with very few 
variations over time or with sedimentation.  There was consistency on pH values from 
concentrated nejayote and its corresponding polluted water, even in dilutions to 10 and 50 
times.  Nevertheless, there are variations between samples.  Samples 2 and 4 show a high pH 
values during the entire monitoring period while sample 1 and 3 show lower values during the 
monitoring period. Values of pH originating from same nejayote remained consistent between 
nejayote, polluted water and dilutions.  Temperatures remained consistent in ranges of 
between 20o C and 21 o C within and between samples at all times. 

High pH in samples 2 and 4 could be explained by the Calcium Hydroxide content left from 
the process, which is consistent with literature study results about high pH (Rosentrater, et al, 
2002).   In the case of low pH in samples 1 and 3, it can be assumed that less Calcium 
Hydroxide content was in those samples due to different aspects in the process.  Methods and 
materials used were the same for the four samples. Nevertheless, as shown in Figure 5D in the 
Methodology chapter, the pots were not exactly the same in size and material.  This suggests 
that size of pot and material could affect amount and properties of nejayote and wastewater. 
Sample 2 and 4 had higher values in all parameters, probably because they kept more nejayote 
compared to samples 1 and 3.  Another factor that could decrease pH values and other 
parameters could be the steeping times.  Sample 1 was steeped 2 hours while samples 2, 3 and 
4 were steeped for 12 hours.  Sample 1 showed lower values for all parameters, especially in 
the waste water released. The values for nejayote samples for all parameters were consistent 
throughout the experiment for all four samples.  The only variation was that sample 1, steeped 
for 2 hours produced very little amount of nejayote.  But this could have been affected by 
many factors, not specifically the steeping time 
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Table 5:  Results of pH monitoring of nejayote and waste water form 
nixtamalization process mimicked at Kristianstad University in Sweden 

2 2 2 2

Date Settlement time 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

17 may 2011 no settlement 7.7 11.8 9.6 11.7         ** 12.4 12.2 12.2

aprox. 1 hour 
settlement 7.2 11.6 8.5 11.7     ** 12.4 12.2 12.1
aprox. 24 hour  
settlement 7.4 9.9 7 10.4         ** 12.4 12.2 12.1

19 may 2011
approx. 48 hour 
settlement 8.2 11.6 8.2 11.7 8.6 10.7 9.1 10.5 8.6 11.1 8.1 11.1 **

No readings

No readings

pH results of waste water from corn washing after nixtamalization Nejayote
No dilution 10 times dilution 50 times dilution concentrated

Steeping times 
(hours)

12 12 12 12
pH Steeping times (hours)

Steeping times 
(hours) Steeping times (hours)

sample numbersample number sample number sample number

!

** not enough volume to measure pH                                

4.3.3 Turbidity 

The values of turbidity found in nejayote from the nixtamalization replica shown in Table 6, 
are consistent with results reported in literature for nejayote produced at the industrial level. 
Studies report values of 26,500 to 28,000 ppm of COD (Salmerón-Alcocer, et al., 2003) 
which can be related to turbidity in nejayote, taking into account that the majority of 
suspended particles are dissolved corn particles. Results of turbidity monitoring indicate 
unreadable turbidity results.  Turbidity decreased with gravitational sedimentation.  Turbidity 
samples of nejayote were unreadable at all times, and in some of the samples of contaminated 
water, turbidity was only measured after sedimentation. The reason is that possible the 
particles must have been bigger than 1!, out of range for the turbidity meter used.   In this 
case, turbidity is higher for samples 2 and 4 and lower for samples 1 and 3 consistent with 
other parameters measured.   Obviously, values of turbidity are less with dilution.  In the case 
of turbidity, results show that a decrease with sedimentation for all samples measured. 

Table 6:  Results of turbidity (NTU) monitoring of nejayote and 
wastewater from nixtamalization process mimicked at Kristianstad 

University in Sweden 

2 2 2 2

Date Settlement time 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

17 may 2011
Turbidity (no 
settlement) * >1000 >1000 >1000     * * * *
Turbidity  
(approximately after 1 
hr.) 53 !1000 392 389         * * * *

18 may 2011

Turbidity  
(approrixunate after  
24 hrs.) 47 166 116 141 18.5 71.2 41.5 38.9 8.3 12.3 15.4 15.9 * * * *

19 may 2011

Turbidity  
(approximatele after 
48 hrs) 42 70.8 55.6 44.7 3.6 14.9 8.1 12.9 0.99 1.78 1.94 1.88 * * * *

No readings

sample number sample number sample number sample number

Steeping times (hours)
Steeping times 

(hours)
(NTU)

Steeping times 
(hours)

12 12 12 12
Turbidity Steeping times (hours)

Turbidity  results of waste water from corn washing after nixtamalization Nejayote
No dilution 10 times dilution 50 times dilution concentrated

 

*particles >1! out of range of turbidity meter reading  
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4.3.4 Discussion on chemical and physical properties of nejayote and 
polluted water 

Nutrients: 

To consider nejayote as a contaminant because the amounts of nutrients being discharged into 
aquatic ecosystems depend on the recipient aquatic ecosystem capacity to adsorb and process 
the nutrients.  The more diluted the less contaminant they will be, but if there is a chain 
impact from multiple households and if the recipient water ecosystems do not have the 
capacity to adsorb them, the impact downstream will be negative. 

If the recipient water ecosystems were not capable to adsorb the nutrients, nejayote would be 
another pollutant contributing to eutrophication of Guatemalan water bodies.  For example, if 
the yearly volumes of nitrogen from nejayote of about 70 tons, are compared to the yearly 
loads of nitrogen into Lake Amatitlan they could account for almost half the volumes if the 
discharge were direct into the lake (Internatinal Lake Environment Comitee, 2011) 

. 

It is important to mention that, although the study is for the entire Guatemalan territory, the 
Mayans are geographically isolated in densely concentrated areas.  Literature study results 
indicate that in Guatemala 2.5% of the farms occupies 65% of the territory and 88% of 
smaller farms occupy 16% of the territory (USAID, 2011). Considering this fact, it is 
probable that nejayote is produced and discharged into same water bodies presenting negative 
chain effects.  Therefore, its potential pollution is dependant to specific geographic and 
demographic aspects.  Also at household level, turbidity and other parameters will vary 
constantly from one house to another. 

On the other hand, if volumes of nutrients found in nejayote and polluted water from 
nixtamalization could be considered as a resource for food security as fertilizer or livestook 
diet supplements.  Any method to recuperate nutrients will decrease the stress in aquatic 
ecosystems by reducing the use of chemical products and decreasing withdrawal of other 
natural resources.  

Finally, volumes of water contaminated are especially relevant in Guatemala.  Guatemala is a 
privileged country that counts with enough fresh water resources, but due to lack of water 
management, stands at a high position in child mortality due to water sources contamination 
(IARNA, 2006).  Guatemala withdraws 160 m3 cu per month per capita (CIA, n.d.), which are 
contaminated with a variety of sources.  Based on the findings of this study, it could be said 
that nejayote is one of the contaminants, considering that the volumes of contaminated water 
could be part of the daily potable water allowance of some families, especially during dry 
seasons. 

pH: 

The high pH in nejayote and resulting wastewater might be of negative impact in the 
environment since many organisms cannot survive to pH higher than 9.  On the other hand, 
high pH might be an advantage depending on the recipient water body.  Again, this could be 
considered only with centralized studies of specific sites. Additionally for developing 
processing, reusing or discharging methods, the high pH might be an advantage to avoid 
bacterial growth.  Nevertheless, it is important to determine the factors that affect pH 
variations before implementing any corrective action to process nejayote. 

Turbidity:   

Variations between lower turbidity in samples 1 and 3 from samples 2 and 4 could be 
attributed to different pot sizes and materials that could have released less or more material 
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Nejayote discharge methods used by Mayan women who nixtamalize

Pits
4%

Pigs
1%

Water
63%

Soil
25%

Fertilizer
7%

with waste water.  Otherwise, it could also affected by a shorter steeping time.  The effect of 
steeping times in turbidity and other parameters should be subject of further research. 

The environmental problem of high values of turbidity is related with high concentrations of 
suspended materials that affect aquatic organisms feeding because they cannot see their pray, 
breathing because it clog the gills, and in some cases mating because some aquatic organisms 
depend on their sight to mate.  Therefore, turbidity will indirectly decrease diversity and 
decrease quality of aquatic ecosystems.  Additionally, high concentrations of organic matter, 
contribute to eutrophication.  Once particles sediment they will increase bacterial population 
growth and depletion of oxygen.    

If the sediments of nejayote are a rich source for fertilizer due to high nutrients concentration 
or soil conditioners due to the large rates of organic matter, it would be of greater benefit if 
they are removed from aquatic ecosystems instead of let them keep contaminating water 
sources. 

4.4 How and where is nejayote from household nixtamalization 
discharged in Guatemala? 

Literature study results indicate that even at industrial level, the nejayote is treated as waste or 
material or for landfills (Rosentrater, 2002).  In the case of Guatemala, as shown in Figure 19, 
survey results reveal that 63% of the Mayan women interviewed who nixtamalize throw the 
nejayote into the drainage that goes directly to water bodies or directly into the rivers, 
followed by 25% who throw it in the soil.  From the other 12 %, 7% throw it in the plants as 
fertilizer and the others throw it in pits and only one gives it to the pigs as food.    

 

Figure 19:  Disposal methods of nejayote by Mayan women who nixtamalize 

In this point it is important to remember, as discussed in previous paragraphs, that, although 
the study is for the entire Guatemalan territory, the Mayans are geographically isolated in 
densly concentrated areas (USAID, 2011) therefore,  it is probable that nejayote is produced 
and discharged into same water bodies presenting negative chain effects.  
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The methods that Mayan women use to discharge the nejayote in Guatemala are not 
sustainable at all and might contribute to deterioration of recipient water bodies or might be 
health hazards.  Out of the four methods of discharging nejayote, the two more commonly 
used are the ones with more negative impact.  Discharging nejayote in the drainage represents 
the highest threat to aquatic ecosystems. This method affects negatively the time, quality and 
quantity of run off to water ecosystems.  It affects life of the ecosystem because it does not 
allow it to take the time to process the contaminants naturally and it promotes downstream 
contamination contributing to eutrophication of recipient lakes and seas.  This is especially 
relevant in Guatemala where less than 15 municipalities out of 333 have water treatment 
plants (IARNA, 2006) and considering that the content of nejayote is nutrient rich (nitrogen 
and phosphorus) and organic rich, probably it might contribute to increase of anoxia and 
eutrophication creating deadzones and lowering the quality of streams and lakes.   

Throwing the nejayote to the soil or the plants, it is of less risk to the environment, but yet, 
could be a health threat due to quick bacterial growth.  The best way to dispose it, if nothing 
better could be done, would be to throw it in pits, if they are not to near of ground water or 
otherwise use it as a fertilizer or for livestock supplement food.  Nevertheless, to take 
advantage of the richness of the nejayote, more research is required on the appropriate 
methodology and dilution rates to use it according to the plants to be fertilized or animals to 
be fed.    

4.5 What is the knowledge of nixtamalization and nejayote among 
Guatemalan women and their attitude towards changes? 

Possibly, the present methods have been commonly used traditionally and they seemed 
harmless years ago when population rates were low, but with population increases, also 
volumes increase and become significant.  These trends might continue if the right actions on 
dissemination of information are not taken.  It is obvious from survey results that Mayan 
women lack knowledge of the contamination potential of nejayote and that it could be treated 
with methods rather simple that could represent economical benefits for them.  Survey results 
shoe that 83% of the women who nixtamalize do not know that it is a contaminant. 

As population increases, nejayote and other contaminants will increase their stress in water 
resources.  If any actions are to be taken towards changing the present trend in nejayote 
disposal methods, results of this survey are very optimistic.  From the 76 Mayan women who 
nixtamalize, 88% indicate their positive attitude towards moving to more ecological methods 
to discharge the nejayote to avoid environmental contamination  Additionally the survey 
revealed that 65%  prefer to work individually and 34% as a common 

4.6 Which are the methods utilized at the industrial level to recuperate 
solids from nejayote?  

At the industrial level, solids are removed through screening and sedimentation.  Results from 
the screening and sedimentation experiment show that both methods are somewhat efficient in 
removing particles.  As shown in Figure 20A, some particles were removed by filtering, but 
many particles remained in the sample, actually no difference can be observed between 
control and filtered sample as shown in Figure 20B.  Particles kept in filter were kept in 
another container to observe it volumes as shown in Figure 20C. 
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Figure 20:  Results of sedimentation and screening of nejayote solids test; A) solids retained 
in linen filter, B) filtered and non-filtered samples, C) sediments removed with 
filtered set aside  (Photos:  Luisa Cifuentes, June 2011) 

Measurements of turbidity were taken before and after filtering, 24 hours later and 5 days 
later to determine and compare the differences between filtering and sedimentation and only 
sedimentation.  

The pH remained constant for the first 24 hours as shown in Table 7.  Filtration did not affect 
pH.  Values of pH only changed at the 5th day for all open samples.  This could be explained 
by evaporation that allowed organic particles to escape from the alkaline solution to lower 
pHs increasing acidity.   

After 5 days all pH values drop for all polluted water samples.  Nevertheless, pH from 
samples covered showed still high pHs for samples 2 and 4, which started with high pH the 
first day.  This could be explained because samples with pHs of ranges around 7 allow 
microorganisms growth.  Samples that had pHs higher than 11 remained the stable.  

Turbidity dropped considerably after filtration.  After filtration there was no standard trend of 
sedimentation, for some samples turbidity drop quicker than for others.  Turbidity was lower 
in the filtered samples for the first 24 hours, but at 5th day, the control sample showed less 
turbidity that the filtered one, the explanation could be the type of particles left after filtering 
were bigger in the non filtered samples.   

At the 5th day of pH and turbidity monitoring, microorganism’s growth was observed in the 
nejayote samples as shown in Figure 21.  Measures of pH were taken showing a tendency of 
decrease in pH values up to pH 5.2 in some samples.  Three nejayote samples dropped pH to 
values between 5 and 6. Wastewater samples that were covered with a lid and that had high 
pH originally remained the same.  Samples that originally reported values of pH between 7 
and 7.5 dropped to ranges between 5 and 6 and showed microorganism’s growth even with a 
lid as shown in Table 7.  

Table 7:  Comparison of pH results between nejayote and wastewater 
samples filtered and non-filtered from nixtamalization process.  

pH

Filtering phase control 
sample   

filtered 
sample  1

control 
sample  2

filtered 
sample  2

control 
sample  3

filtered 
sample  3

control 
sample  3

filtered 
sample  3

pH before filtration 
(mixed) 7 7 11.9 11.9 7.1 7.1 11.7 11.7

pH after filtration 7.2 7.1 11.3 11.2 7.7 7.4 11.5 11.3

pH approximate 24 hrs. 
after filtration) 7.4 7.7 11.5 10.6 8.5 8.1 11.1 9.8

pH approximate 5 days. 
after filtration) 7.8 7.6 7.5 7.5 7.6 7.7 7.4 7.6

2 hrs 12 hrs

A B C 
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Turbidity

(NTU)

Filtering phase control 
sample   

filtered 
sample  1

control 
sample  2

filtered 
sample  2

control 
sample  3

filtered 
sample  3

control 
sample  3

filtered 
sample  3

Turbidity before 
filtration (mixted) 861 882 * * >1000 >1000 * *

Turbidity after filtration  
(mixed) * 599 * * >1000 >1000 * *

Turbidity approx. 24 hrs 
after filtration 65.5 63.8 316 678 123 143 632 454

Turbidity approx. 5 
days after filtration 19.4 27 34.3 41.7 51.6 79.4 105 125

Steeping times

2 hrs 12 hrs

Table 8:  Comparison of turbidity (NTU) results between nejayote and 
wastewater samples filtered and non-filtered from nixtamalization 

process mimicked at Kristianstad University in Sweden 

*particles >1! out of range of turbidity meter reading 

Table 9:  Comparison of pH values after five days of standing of 
concentrated nejayote and wastewater samples from nixtamalization 

process mimicked at Kristianstad University in Sweden 

2 2

1 2 3 4 1 2 3 4
** 6.7 5.4 5.3 6.5 11.6 5.8 11.3

Steeping times (hours)

sample number sample number
12 12

Concentrated Nejayuote Polluted water covered samples
Steeping times (hours)

 

** not enough volume to measure pH 

 

 

 

 

 

 

Figure 21:  Microorganism´s growth at low pH in concentrated nejayote samples after five 
days of experiment (Photo:  Luisa Cifuentes, June 2011) 

Both methods, screening and filtering are efficient to remove solids from nejayote.  The first 
screening for the large particles is required for any system to be implemented to avoid further 
clogging  It seems that there is more efficiency with sedimentation than with filtration in 
solids removal.  Cloth filtration requires contact with filter which, at household level might 
promote contamination or microorganism’s growth due mismanagement.   If filtration 
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represents a better solution in specific cases, experiments should be done with smaller size 
holes.  Time might decrease pH values and promote microorganisms’ growth. This is a health 
issue of relevance to be considered when processing or reusing the nejayote.  

4.7 Which are the methods utilized at the industrial level to process, reuse 
and discharge the nejayote?  

The aim of this research as to promote ways to decease the discharge of a highly pollutant 
effluent into streams and lakes, but also to promote actions that will bring benefits. 

• If no immediate action is taken instead of throwing the nejayote and polluted water 
into water ecosystems, Mayan women must change their method and use it as 
fertilizer or throw it in pits far form ground water. 

• Industrial examples can be replicated to create ponds, wetlands or pits to treat it and 
retain the nutrients before reaching water ecosystems. 

• It could be fed to chickens or pigs at it has been done in some industrial plants in 
Mexico and the United states. 

• Promoting the use of nixtamalized corn four will remove the nutrients form 
nixtamalization form aquatic ecosystems and will guarantee nutritional and health 
benefits to their consumers. 

• The solids could be used to prepare more corn based foods for humans. 

Any method described before, has a scientific background proven to be effective.  
Nevertheless experimental research is required according to each specific case.  This will 
guarantee its safety and efficiency and will spare any health, environmental and economic 
risks. 

4.8 Which are other relevant findings of the study related to nejayote 
production at household level in Guatemala?  

There are two very important findings related to the production of nejayote that should be 
studied both for the sake of the environment and also for the Mayan population benefit. 

• As shown in graphic 4 in the methodology chapter on nixtamalization replica in page 28, 
the steeping times are not being followed, which might lead to nutritional and health 
deficiencies. 

• It is important that any initiative on this subject be aimed to Mayan women since the 
results of the survey indicate, as shown in Figure 22, that the age ranges of women 
involved in the process of nixtamalization range from 2 to 85, a whole life. 
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CONCLUSION 

Nejayote at industrial and low scale levels is highly pollutant with high content of nutrients 
and organic matter consisting of corn grain pericarp and small suspended particles hard to 
degrade. Although findings point at nejayote as a source of pollution, it cannot affirmed that 
nejayote produced at household level in Guatemala represents a threat to Guatemalan water 
ecosystems because it depend on the carrying capacity of recipient water bodies and 
concentration of loads discharged into water ecosystems. 

Findings of this study indicate that Mayan women in the rural areas yearly nixtamalize 
approximately 600 000 tones of corn to produce tortillas for a population of about 5 million 
producing approximately 300 000 tones of concentrated nejayote and contaminating about 
800 000 tones of potable water per year.  

This study refers to diffuse loads of nejayote in the entire Guatemalan territory, nevertheless, 
it should be taken into account that the Mayan population is isolated in less than 20% of the 
whole territory, which has a direct relation with the size of the area where nejayote is 
produced and discharged. This fact also suggests a potential threat of nejayote being a source 
of pollution contributing to eutrophication and deadzones in lakes and seas of Guatemala.  
Specially, if in Guatemala more than 60% of nejayote volumes produced are thrown directly 
into aquatic ecosystems. 

On the other hand, the high content of nutrients and organic matter represents a hidden wasted 
resource. Nejayote properties are worth to take advantage of, especially in Guatemala that 
ranks number 1 in malnutrition in Central America.  The use of the nutrients as fertilizers or 
for supplementary diet of livestock could release some stress to the Mayan population and 
provide resources to improve their food production.  Moving the nejayote from water 
ecosystems could bring economical and environmental benefits to the Mayan population, 
especially women who devote large part of their life to the process without any benefit in 
return. 

There are some easy to implement sustainable methods that could be adapted to the rural 
areas in Guatemala to remove the nejayote from water ecosystems and take advantage of its 
properties.  More than 80% of the women interviewed indicate lack of knowledge on 
nixtamalization and nejayote benefits or the negative impact to the environment.  The positive 
response of almost 90% of the women interviewed towards moving to more ecological 
methods is an open door to address the problem with enthusiasm.       
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RECOMMENDATIONS  

 

Initiatives should be enforced for the implementation of sustainable methods to process and 
reuse removing it from water ecosystems and take advantage of its nutrients. While initiatives 
start to be are implemented, dissemination of information should start to promote among 
women who nixtamalize a change in disposal methods, moving from throwing it in the 
drainage or the soil, to use it in gardens as a fertilizer or put it in pits, far from ground water.   

The relevance of the linkage of nutritional, health, social, cultural and technical issues should 
be taken into consideration.  Any new initiative should be addressed integrally.   

Similar studies to this should be carried out on but on punctual areas to determine all aspects 
related to nejayote pollution potential for specific water ecosystems. 

This study was the root of many questions related to all the aspects lined to nejayote 
production.   Research is recommended in issues of relevance as : 

• Methodology and materials as used by the Mayan women in Guatemala when they 
nixtamalize to determine if the steps fulfill the requirements to obtain the nutritional 
and health benefits and the effect of variations to  benefits of nixtamalization and 
nejayote produced. 

• Comparison of nixtamalized corn flour and nixtamalization at household level, 
properties, benefits, costs and affects to the environment. 

• Studies to update corn consumption to have more accurate figures on volumes 

• Studies on nixtamalization at the industrial level in Guatemala 

• Studies on Mayan population opportunities, specially for women, to benefit from 
this innovative resource 

• Research on the loss of traditions and identities and knowledge in relation to 
nixtamalization  

Health and environmental safety is very important, therefore, before taking any initiative 
experiments should be carried out to determine the appropriate management and 
implementation according to each specific situation and site.  
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ANNEXES 

Annex 3: Reported generation of corn masa processing byproduct streams 

Corn dry matter Reported values References 

Loss to nejayote (%, dry 
basis) 0.5–4.7a Mistry and Eckhoff (1992) 

 0.8–6.2b Morad et al. (1986) 

 1.1–5.9c Morad et al. (1986) 

 1.2–7.0d Morad et al. (1986) 

 1.4–5.8e Serna-Saldivar et al. (1988) 

 1.7–7.0f Morad et al. (1986) 

 2.0–6.0g Gomez et al. (1987) 

 4.3–7.1h Bedolla et al. (1983) 

 4.4–12.5i Pflugfelder et al. (1988a) 

 4.9–10.2j Bressani et al. (1958) 

 5.0–14.0 Katz et al. (1974) 

 5.6–11.9k Almeida-Dominguez et al. (1997) 

 5.7–8.3l Bedolla et al. (1983) 

 5.8–8.0m Serna-Saldivar et al. (1988) 

 6.3–10.8n Jackson et al. (1988) 

 7.0–9.0o Khan et al. (1982) 

 7.7–12.1p Jackson et al. (1988) 

 8.7–14.2q Bressani et al. (1958) 
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Corn dry matter Reported values References 

 8.8–11.5r Khan et al. (1982) 

 9.5–10.4s Bedolla et al. (1983) 

 11.0–13.0t Khan et al. (1982) 

 13.3–14.5u Bedolla et al. (1983) 

   

Concentration in nejayote   

 2540v Gonzalez-Martinez (1984) 

 10,000–35,000g Gonzalez-Martinez (1984) 

 11,295w Gonzalez-Martinez (1984) 

 17,680x Gonzalez-Martinez (1984) 

 50,000g Velasco-Martinez et al. (1997) 

 5.7 (% nejayote 
mass)y Trejo-Gonzalez et al. (1982) 

 5.9 (% nejayote 
mass)z Trejo-Gonzalez et al. (1982) 

 8.0 (% nejayote 
mass)aa Trejo-Gonzalez et al. (1982) 

 17,000 (ppm)z Trejo-Gonzalez et al. (1982) 

Suspended solids (mg/L) 470v Gonzalez-Martinez (1984) 

 1810x Gonzalez-Martinez (1984) 

 2015w Gonzalez-Martinez (1984) 

 5000g Velasco-Martinez et al. (1997) 



! -$!

Corn dry matter Reported values References 

 11,000 (ppm)z Trejo-Gonzalez et al. (1982) 

   

Total generation (dry 
basis) 

0.4–0.7 (m3/ton dry 
corn)g Gonzalez-Martinez (1984) 

Source:  Rosentrater, K. A. et all, 2002 

aa 200 g corn, 400 mL water, 6 g lime, cooked at 92 °C, for 24 min, steeped 8–12 h, normal 
endosperm variety. 
a 100 g corn, 200 mL of 4–10% NaOH solution, cooked at 46–68 °C, for 5–12 min, yellow 
variety, solids removed via hydroabrasor. 
b 1000 g corn, 3 L water, 10 g lime, heated to boiling point (30 min), cooked at 100 °C, 
between 0 and 100 min, white variety. 
c 1000 g corn, 3 L water, 10 g lime, heated to boiling point (30 min), cooked at 100 °C, 
between 0 and 100 min, yellow variety. 
d 1000 g corn, 3 L water, 10 g lime, heated to boiling point (30 min), cooked at 100 °C, 
between 0 and 80 min, 12 h presoak in lime solution at 25 °C, yellow variety. 
e 100 g corn, 12 L water, 40 g lime, cooked at 100 °C, for 10–60 min, white variety. 
f 1000 g corn, 3 L water, 10 g lime, heated to boiling point (30 min), cooked at 100 °C, 
between 0 and 80 min, 12 h presoak in lime solution at 25 °C, white variety. 
g Reported as typical industry values. 
h 3000 g corn, 9000 g water, 30 g lime, cooked at 100 °C, for 90 min, steeped 4 h, yellow 
variety. 
i Collected from two commercial processing operations, white and yellow varieties. 
j 4994–5448 g corn, 5000–6000 mL water, 23.3–28.0 g lime, cooked at 94 °C, for 40–67 min, 
steeped 14 h, yellow variety. 
k 100 g corn, 0.5–1.5% lime (corn mass basis), cooked at 98 °C, between 0 and 45 min, 
steeped 16 h, range of soft to hard endosperm varieties. 
l 3000 g corn, 9000 g water, 30 g lime, cooked at 100 °C, for 90 min, steeped 4 h, white 
variety. 
m 100 g corn, 12 L water, 40 g lime, cooked at 100 °C, for 60 min, steeped for 0–8 h, white 
variety. 
n 2000 g corn, 5 L water, 20 g lime, cooked at 100 °C, for 20 min, mild mixing, quenched 
with 2 L water, steeped 16 h. 
o 500 g corn, 1 L water, 10 lime, cooked at 85 °C, for 109–169 min, white variety. 
p 2000 g corn, 5 L water, 20 g lime, cooked at 100 °C for 20 min, harsh mixing, quenched 
with 1 L water, steeped 16 h. 
q 4540–5448 g corn, 4700–5000 mL water, 8.0–29.2 g lime, cooked at 94 °C, for 40–65 min, 
steeped 14 h, white variety. 
r 500 g corn, 1 L water, 10 lime, pressure cooked at 1.06 kg/cm2, for 45–65 min, white 
variety. 
s 1000 g corn, 3000 g water, 10 g lime, cooked at 100 °C, for 70 min, steeped 15 h, yellow 
variety. 
t 500 g corn, 1 L water, 10 lime, cooked at 100 °C, for 35 min, simmered at 85 °C, for 25–
55 min, steeped 15 h, white variety. 
u 1000 g corn, 3000 g water, 10 g lime, cooked at 100 °C, for 70 min, steeped 15 h, white 
variety. 
v Corn:water:lime at a ratio of 1:3:0.015 (corn mass basis), cooked at 90 °C, for 5 min, 
steeped 1.5 h, rinsing liquor only. 
w Corn:water:lime at a ratio of 1:3:0.015 (corn mass basis), cooked at 90 °C, for 5 min, 
steeped 1.5 h, cooking liquor only. 
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x Corn:water:lime at a ratio of 1:3:0.015 (corn mass basis), cooked at 90 °C, for 15 min, 
steeped 14 h, cooking liquor only. 
y 200 g corn, 400 mL water, 6 g lime, cooked at 92 °C, for 11 min, steeped 8–12 h, soft 
endosperm variety. 
z 200 g corn, 400 mL water, 6 g lime, cooked at 92 °C, for 13 min, steeped 8–12 h, hard 
endosperm variety.  
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Annex 4: Reported properties of corn masa processing byproduct streams 

Property Reported values References 

Physical   

 Density (kg/m3) 1030.85–1047.32d Rosentrater et al. (1999) 

 Hunter L color value (–) 35.15–49.13d Rosentrater et al. (1999) 

 Hunter a color value (–) 0.27–0.98d Rosentrater et al. (1999) 

 Hunter b color value (–) 6.85–9.38d Rosentrater et al. (1999) 

 Moisture content (%, d.b.)a 97.85c Velasco-Martinez et al. (1997) 

 88.15–89.29b,d Rosentrater et al. (1999) 

 7.04e Velasco-Martinez et al. (1997) 

 pH (–) 10.5–11.2c Trejo-Gonzalez et al. (1982) 

 11.5–11.6c Gonzalez-Martinez (1984) 

 6.17–6.30d Rosentrater et al. (1999) 

 Water activity (–) 0.99–1.00d Rosentrater et al. (1999) 

 Yield stress (N/m2) 1440.04–1618.08d Rosentrater et al. (1999) 

   

Nutritional   

 Ash (%, d.b.) 12.66c Velasco-Martinez et al. (1997) 

 17.41–19.09d Rosentrater et al. (1999) 

 23.15e Velasco-Martinez et al. (1997) 

 1.09f Mistry and Eckhoff (1992) 

 Calcium (%, d.b.) 13.13c Velasco-Martinez et al. (1997) 
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Property Reported values References 

 4.68d Rosentrater et al. (1999) 

 13.06e Velasco-Martinez et al. (1997) 

 Magnesium (%, d.b.) 0.13d Rosentrater et al. (1999) 

 Phosphorous (%, d.b.) 0.57d Rosentrater et al. (1999) 

 1.94e Velasco-Martinez et al. (1997) 

 Potassium (%, d.b.) 0.07d Rosentrater et al. (1999) 

 Carbohydrate (%, d.b.) 71.93–75.41d Rosentrater et al. (1999) 

 Nitrogen free extract (%, d.b.) 55.67c Velasco-Martinez et al. (1997) 

 52.45e Velasco-Martinez et al. (1997) 

 Starch (%, d.b.) 6.4–32.0d Pflugfelder et al. (1988a) 

 2.57f Mistry and Eckhoff (1992) 

 Non-starch polysaccharide (%, 
d.b.) 49.8–79.1d Pflugfelder et al. (1988a) 

 Crude fiber (%, d.b.) 22.77c Velasco-Martinez et al. (1997) 

 19.29e Velasco-Martinez et al. (1997) 

 92.12f Mistry and Eckhoff (1992) 

 Neutral detergent Fiber (%, d.b.) 53.32–54.97d Rosentrater et al. (1999) 

 Acid detergent fiber (%, d.b.) 30.91–32.50d Rosentrater et al. (1999) 

 Lignin (%, d.b.) 0.36–0.67d Rosentrater et al. (1999) 

 Fat (%, d.b.) 0.74–5.76d Rosentrater et al. (1999) 

 0.49f Mistry and Eckhoff (1992) 
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Property Reported values References 

 Ether extract (%, d.b.) 1.48c Velasco-Martinez et al. (1997) 

 0.81e Velasco-Martinez et al. (1997) 

 Protein (%, d.b.) 7.42c Velasco-Martinez et al. (1997) 

 1.3–2.2d Pflugfelder et al. (1988a) 

 4.76–4.90d Rosentrater et al. (1999) 

 5.11e Velasco-Martinez et al. (1997) 

 3.73f Mistry and Eckhoff (1992) 

   

Waste water   

 BOD5 (mg O2/L) 190–7875c Gonzalez-Martinez (1984) 

 6415c Trejo-Gonzalez et al. (1982) 

 COD (mg O2/L) 1670–21280c Gonzalez-Martinez (1984) 

 10,200–22,200c Jackson et al. (1988) 

 Total alkalinity (mg CaCO3/L) 180–3260c Gonzalez-Martinez (1984) 

Source:  Rosentrater, K. A. et all, 2002 

 

a %, dry basis. 
b %, wet basis. 
c Nejayote slurry. 
d Suspended solids mechanically removed from nejayote slurry. 
e Solids remaining after drying nejayote slurry. 
f Suspended solids mechanically removed from corn subjected to 57 °C, 9 min, 6% sodium 
hydroxide treatment and pericarp physically separated via a hydroabrasor.  
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Annex 3: Questionnaire launched in Guatemala on nixtamalization and 

nejayote in English 
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Annex 4: Questionnaire launched in Guatemala on nixtamalization and 
nejayote in Spanish  

 


