
Corn Cooking Optimization

From Kernel to Finished Product — A Technical Deep Dive

Nicolas Charalampidis — Head of R&D, Baking and Laboratory, Americas



Agenda

▪ The corn kernel: structure & composition

▪ Corn quality and handling

▪ Cooking: traditional vs. Industrial

▪ Milling

▪ Gums & enzymes: general effects

▪ Troubleshooting & quality control

▪ Key takeaways



Corn Kernel Anatomy

▪ Pericarp: outer fiber layer, protects the 

kernel

▪ Endosperm: the bulk of the kernel, mostly 

starch

▪ Germ: embryo, rich in oil and protein

▪ Pedicel / Tip Cap: attachment point to the 

cob



Kernel Composition by Component

▪ Endosperm: ~83% starch

▪ Germ: ~11% fat / protein

▪ Pericarp: ~5% fiber

▪ Pedicel / Tip Cap: ~1% fiber

Distribution changes behaviour under heat 

and alkaline change



Starch, Protein & Lipid Distribution

▪ Starch (endosperm): governs 

gelatinization and dough body

▪ Protein (germ & endosperm): structural, 

generally lower quality protein

▪ Lipids (germ): under 5% of kernel, rich in 

oleic & linoleic acid

▪ Vitamins/minerals concentrated in the 

germ



How do kernels break during the cooking process?

▪ Heat + alkali loosen the pericarp

▪ Starch begins to gelatinize in the outer 

endosperm

▪ Structure softens, enabling water 

penetration

▪ Sets up the kernel for steeping and milling



Corn Quality: Why It Matters

▪ Inconsistent corn = inconsistent cook, 

steep, and yield

▪ Poor-quality kernels absorb water 

unevenly

▪ Quality issues surface downstream: 

milling, machinability, shelf life

▪ 90% of problems can be caught at intake, 

before cooking



Grading Factors: Test Weight & BCFM

▪ Test weight (density): baseline physical 

quality indicator

▪ BCFM: Broken Corn & Foreign Material, 

measured by sieve

▪ max 3% brakeage, max 5% total damage

▪ Moisture content affects storage stability 

and cook uniformity



Common Kernel Defects

▪ Broken and cracked kernels, mechanical 

damage in handling

▪ Insect-damaged kernels

▪ Heat / fire damage from drying

▪ Mold and fermented kernels, food-safety 

risk

▪ Foreign material: stones, husk, chaff



Pre-Cleaning Before Cooking

▪ Removes stones, dust, chaff, and light 

foreign material

▪ Reduces broken kernels and fragments 

reaching the cook step

▪ Improves aeration and storage stability

▪ Catches most quality issues before they 

cost you a batch



Handling Substandard Corn

▪ Screen and segregate by grade at intake

▪ Set clear rejection thresholds (moisture, 

BCFM, damage %)

▪ Blend cautiously, defects don't average 

out evenly

▪ Document and feed back to 

sourcing/suppliers



Why We Cook Corn?

▪ Gelatinizes the starch

▪ Builds a cohesive dough at the mill

▪ Under-cooked masa lacks structure: 

problems at the sheeter/cutter

▪ Cooking quality is the foundation for 

everything downstream



Two Paths: Traditional vs. Industrial

▪ Traditional cooking: heat + water, lime

▪ Alkali loosens the pericarp and softens the 

endosperm

▪ Nixtamalization is the standard for tortillas 

and masa producers
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Traditional

1 – 2 h

1 – 2 %

8 – 16 h

Nixtamalization process

• Time

• Lime

• Resting 

time

Industrial

40 – 45 min

0.1 – 0.4 %

4 - 6 h



Process Flow Overview

▪ Cooking → Steeping → Washing/Rinsing 

→ Milling/Grinding → Masa

▪ Each step corrects and refines what came 

before

▪ A weakness at any stage shows up at the 

sheeter or in the final product



Cooking Parameters: Ratio & Rise Time

▪ Reference ratio 

corn : water : lime ≈ 100 : 200 : 1-2

▪ Rise to reach ~195°F 

▪ Rate of temperature rise affects uniformity 

across the batch

▪ Rate of temperature Drop affects uniformity 

across the batch



Cooking Temperature & Time: Traditional vs. 
Industrial

▪ Traditional: 1–2 h cook, 1–2% lime, 8–16 

h resting

▪ Industrial: up to 45 min cook, 0.1–0.4% 

lime, 4–6 h resting

▪ Cook window: 180–195°F (82–91°C) for 

3–30 minutes

▪ Industrial process trades time for tighter 

process control



Cooking QC: Agitation, pH & Lime

▪ Corn is still “cooking” at or above 140°F 

(60°C)

▪ Check agitation and heat uniformity 

across the kettle

▪ Measure pH and adjust lime level as 

needed

▪ Adjust time/temperature as ambient 

conditions change



Cooling the Batch: The 60°C Threshold

▪ Corn continues cooking as long as it's 

at/above 140°F (60°C)

▪ Time to drop below 60°C: typically 30–90 

minutes

▪ Below this threshold, the corn is steeping 

— not cooking

▪ This transition point is what defines an 

even, repeatable batch



Achieving an Even Cook

▪ Consider quenching to shorten cooling 

time

▪ Uniform agitation avoids hot/cold pockets 

in the kettle

▪ Consistent cool-down = consistent steep = 

consistent masa

▪ Batch-to-batch repeatability starts here



Cooking Adjustments: Over vs. Undercook

▪ Relative overcook (tortillas): softer, more 

pliable masa

▪ Relative undercook (chips): drier masa, 

absorbs less frying fat

▪ How to tell: texture, color, and grind 

resistance of the nixtamal

▪ The target cook point depends on the end 

product



Steeping: Purpose

▪ Corn must be below 140°F (60°C) to be 

steeping, not cooking

▪ Allows water and lime to diffuse into the 

grain structure

▪ Pericarp detaches from the corn during 

this stage

▪ Result: softer, more uniform kernels at the 

grinder



Steeping Time: Range & Risks

▪ Reference range: 3 to 16 hours

▪ Too short: incomplete hydration, harder 

grind, uneven masa

▪ Too long: over-softened kernel, yield and 

handling issues

▪ Steeping time is a lever, not a fixed 

constant



Washing / Rinsing: Purpose & Parameters

▪ Removes loose pericarp, excess lime, and 

nejayote (liquid residue)

▪ Typical parameters: 40–60 RPM, ~80 psi 

spray, ~30 seconds

▪ Target moisture in the nixtamal

▪ The simple test: does it feel “squeaky” 

clean?



Washing's Impact on Quality

▪ Affects pH, flavor, color, and yield

▪ Reduces nixtamal temperature toward 

~80°F (27°C)

▪ Under-washed: excess pericarp, high pH, 

dark color

▪ Over-washed: product loss, low pH, overly 

light color



Milling: Process & Equipment

▪ Traditional stone grinders (volcanic stone)

▪ Steel grinding stones, 

▪ This is where preservatives or other 

ingredients can be added

▪ Milling converts nixtamal into raw masa



Hammer Milling vs. Stone Grinding

▪ Hammer milling: typically for dried flour 

production

▪ Stone grinding: traditional route, direct to 

fresh masa

▪ Choice impacts particle size distribution 

and starch damage

▪ Equipment choice should match the target 

flour type



▪ Particle size drives water absorption and machinability

▪ Coarser grind → lower absorption, more “snack” character

▪ Finer grind → higher absorption, more “tortilla” character

▪ Temperature rise at the mill should stay low as possible

Particle Size Control



How Cooking Conditions Influence Milling

▪ Under-cooked corn: harder grind, more 

wear on equipment

▪ Over-cooked corn: softer, easier grind, but 

may lose structure

▪ Cook/steep consistency directly drives 

grind consistency

▪ Milling can't fully correct an inconsistent 

cook



From Nixtamal to Masa: What Changes

▪ Mechanical shear ruptures starch 

granules and releases surface starch

▪ This surface starch is what gives masa its 

cohesiveness

▪ Masa is ready shortly after grinding, with 

some floor time (5–10 min)



Masa Quality Markers

▪ Moisture: target range depends on 

product (tortilla vs. chip)

▪ Temperature: affects handling and shelf 

behaviour at the sheeter

▪ Cohesiveness: the practical test of a well-

cooked, well-milled batch



Water Absorption & Particle Size by Flour Type

▪ Tortilla flour: ~120–140% water absorption

▪ Snack flour: ~60–100% water absorption

▪ Cooking grade and particle size are the 

main levers behind this gap

▪ This single variable reshapes downstream 

mixing and machinability



From Masa to Dough: The Mixing Step

▪ Sigma-blade mixer, masa flour plus water

▪ Tortillas: more water than flour

▪ Chips: less water than flour

▪ Mix to incorporation: dough temperature 

and consitency is a key control point



Sheeting: How Masa Moves Through the Rollers

▪ Dough is fed onto a sheeting/laminating 

line

▪ Rollers compress the dough to a uniform 

thickness

▪ Cutters portion the sheet into individual 

pieces

▪ Sheet uniformity directly determines final 

product uniformity



Roller Type & Dough Temperature

▪ Plastic or stainless-steel roller heads, 

different release behaviour

▪ Ambient dough temperature can be 

enough, no warm/hot water required

▪ Correct roller/dough-temperature pairing 

improves machinability

▪ This is a frequent, low-cost lever for line 

performance



Common Machinability Challenges

▪ Dough sticking to rollers or cutters

▪ Inconsistent sheet thickness feeding 

downstream

▪ Tearing or poor edge definition at the 

cutter

▪ Most of these trace back to cook, steep, 

or grind, not the sheeter itself



Cooking Your Own Corn vs. Using Masa Flour

▪ Cooking your own corn: “signature” masa, 

more control, lower commodity cost

▪ Masa flour: convenient, no wastewater 

issues, less equipment/space

▪ Masa flour also means fewer ingredients 

to inventory

▪ The right choice depends on plant scale 

and flexibility needs



Beyond the Base Process: Functional Ingredients

▪ Gums and enzymes are used to fine-tune 

what cooking and milling deliver

▪ They work on the same variables we've 

covered: water, starch, structure

▪ The next slides cover general 

mechanisms only, not specific 

formulations



Hydrocolloids (Gums): General Role

▪ Bind water and modify dough viscosity

▪ Can improve cohesiveness in lower-

absorption (snack-type) doughs

▪ Support texture retention over shelf life

▪ Effect depends heavily on gum type and 

inclusion level

Force (g) Elasticity (mm)

Reference. No additives 595 18.3

Hydrocolloid and enzyme mix 929 23.3



▪ Amylase: breaks down starch chains

▪ Protease: breaks down protein structure

▪ Lipase: acts on fats/lipids

▪ Hemicellulase: acts on fiber/cell-wall components (not pictured)

Enzyme Categories in Corn Processing



General Effects on Dough Rheology

▪ Can shift torque/consistency curves (amylogram response)

▪ May soften dough or reduce mixing time needed to reach target consistency

▪ Changes are measurable via standard rheology testing

▪ Effect size is formulation- and dose-dependent



General Effects on Texture & Shelf Life

▪ Can influence crumb/crunch texture in the 

finished product

▪ May support moisture retention over 

storage time

▪ Can reduce staling-type texture changes

▪ Always evaluated against baseline (no-

enzyme) product



Enzyme–Gum Synergy: The Concept

▪ Enzymes modify starch/protein structure; 

gums modify water binding

▪ Combined, they can address more than 

either alone

▪ Synergy is evaluated through rheology 

and sensory testing

▪ Not all combinations are synergistic 

testing drives the decision

Force (g) Elasticity (mm)

Reference. No additives 595 18.3

Hydrocolloid and enzyme mix 929 23.3



Considerations When Balancing Functional 
Ingredients

▪ Match the tool to the defect don't over-

correct

▪ Dosage interacts with cook, steep, and 

grind conditions

▪ Validate with the same tests used for 

base-process QC

▪ Document formulation changes alongside 

process changes



Process Control Checkpoints: Tortilla Line

▪ Quality of nixtamal/masa: corn specs, 

cook profile, steep, particle size, moisture, 

pH

▪ Masa feeder and sheeter weight 

adjustments

▪ Oven conditions

▪ Cooling conditions

▪ Counterstacker and packaging



Process Control Checkpoints: Chip Line

▪ Quality of nixtamal/masa

▪ Masa feeder and sheeter

▪ Oven conditions

▪ Equilibration/moisture before frying

▪ Frying time, temperature, and condition of 

fat (FFA)

▪ Coating application and packaging seal



Factors Influencing Color

▪ Type of corn

▪ Quality of rinsing

▪ pH

▪ Baking/frying time and temperature

▪ Condition of frying fat

▪ Packaging



Factors Influencing Texture

▪ Quality of corn and quality of cook/steep

▪ Finished product moisture

▪ Finished product fat content (chips)

▪ Traces back through the whole process, not just the final step



Factors Influencing Flavor & Aroma

▪ Quality of corn

▪ Quality of cooking, steeping, and rinsing

▪ pH

▪ Amounts and types of preservatives

▪ Quality of frying fat and topping coverage 

(chips)



Key Takeaways: Process

▪ Cook and steep control set the ceiling for 

everything downstream

▪ The 60°C cooling threshold is what makes 

a batch repeatable

▪ Milling and mixing can refine, but can't fix 

a poor cook

▪ Process consistency beats any single 

parameter change



Key Takeaways: Ingredients & Quality

▪ Incoming corn quality drives everything  

screen it seriously

▪ Gums and enzymes are fine-tuning tools, 

not fixes for a broken process

▪ Every functional ingredient decision 

should be tested against baseline

▪ Troubleshooting works backward: defect 

→ process step → root cause



Conclusions

▪ Corn cooking optimization spans kernel, 

cook, mill, and mix

▪ Traditional and industrial nixtamalization 

share the same fundamentals

▪ Small process shifts (cook time, steep 

time, cooling rate) compound downstream

▪ Consistency, not intensity, is the real lever



Thank you very much for your attention

Nicolas Charalampidis

ncharalampidis@sterningredients.com.mx

cel. +525559092248

mailto:rgradert@sterningredients.com.mx
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