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FIVE PRINCIPLES OF
MODERN CHEESE
MANUFACTURING

Cheese is one of humanity’s oldest controlled experiments. It is a delicate balance
between heat, time, and transformation. Long before data loggers and airflow maps,
artisans learned to read the curd by hand and by instinct, responding to changes in
texture and temperature that only experience could measure. Oaxaca cheese, or
quesillo, remains one of the most expressive examples of this intuition: a spun-paste
(pasta filata) cheese that stretches, cools, and settles into its distinctive fibrous form

with the rhythm of its maker’s movements.

At Cobeal, we translate that craft into controlled parameters. Our systems replicate
the same thermal choreography that once depended on human touch—water near 70
°C, air near 4 °C, humidity that breathes instead of dries. Every stage is engineered to
protect the structure nature provides: the proteins that align, the fats that crystallize,

the water that holds them in tension.

This work is not about replacing tradition; it is about preserving it through precision.
Using computational modeling, environmental control, and validated instrumentation,
Cobeal builds the conditions that let artisans scale their heritage without losing its

soul.

The following sections explore the science behind that promise—the five principles

that make controlled cheese production both repeatable and alive.




THE CRAFT + ENGINEERING

THE PHYSICS OF
TRADITION

Every curd that stretches in hot water,
every wheel that firms in cool air,
follows the same invisible rules of

thermodynamics.

Temperature, humidity, and motion
life of

cheese — long before they were

have always governed the

measured in degrees, percentages, or

pascals.

The artisans who shaped Mexico’s

cheeses were physicists without
instruments, tuning structure through
instinct. Today, those instincts are
measured, modeled, and reproduced
in systems that wunderstand their

language.
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MAPPING THE DIVERSITY
OF MEXICO'S CHEESES

From the highlands of Oaxaca to the
humid
cheese tells its own thermodynamic

coasts of Veracruz, each

story.

Panela holds its shape through gentle
convection; Cotija matures through
slow evaporation; Oaxaca stretches in
heat and cools in humidity dense
enough to hold its fibers together.

Cobeal’s

living traditions — transforming local

research quantifies these

knowledge into standardized
environmental parameters, ensuring
that

without compromise.

regional identity can scale
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PRECISION
ENVIRONMENTAL CONTROL

In Mexico’s dairies, tradition teaches that temperature, humidity, and moving air decide a
cheese’s character. The goal isn’t to modernize the craft—it’s to hold the conditions steady so

the craft performs the same way every day.

Cobeal’s control envelope does exactly that. Each tunnel zone operates with temperature
stability +1 °C and relative humidity 90-95 %, governed by PID feedback and verified with ISO-
calibrated sensors: Class A RTDs for temperature (0.1 °C), capacitive RH probes (+1.5 %), and

anemometric airflow probes (+0.02 m s-)). Setpoints are tuned for Oaxaca-class pasta-filata:

o Post-stretch pull-down: ~70 °C —> 4 °C in minutes ,
« Air velocity: 0.4-0.7 ms' to deliv_er uniform convective flt%vithout case-hardening

e Humidity control: 90-95 % ect surface moisture and preserve lamellar texture

These ranges come from pee studies and pilot trials and are implemented with

diffuser-guided airflow to minimiz nd overshoot. For makers in Oaxaca, Lagos de
Moreno, and beyond, the outcome is the's allmark texture—fibrous, elastic, and bright—

achieved under conditions that respect traditional practice whil emoving day-to-day

variability.

COBEAL GIVES TRADITION A STABLE ENVIRONMENT TO THRIVE IN, ENSURING THAT
EVERY STRAND OF QUESILLO FORMS AS IT ALWAYS HAS—ONLY NOW, PREDICTABLY SO.



TABLE 1. VALIDATED ENVIRONMENTAL CONTROL PARAMETER

Parameter

Temperature
differential
(zone
uniformity)

Relative
humidity

Air velocity
(face)

Convective
heat
coefficient

Cooling
duration (post-
stretch)

Moisture
retention (48 h)

Control
resolution

Sensor
traceability

FOR OAXACA CHEESE COOLING SYSTEMS

Symbol /
Unit

AT (°C)

RH (%)

v (m-s?)

h (W-m-2-K-)

t_cool (min)

Am/m (%)

Target Range

90-95 (+2)

0.4-0.7

25-40

= 5to4°C core

2 % (loop
error)

ISO-calibrated

Verification
Method

Class A RTDs (+0.1
°C), multi-point

mapping
(inlet/mid/exhaust)

Capacitive RH
probes (+1.5 %),
psychrometric
cross-check

Hot-wire or vane
anemometry
(#0.02 m-s™?)

Derived via Nu-Re
correlations; CFD
calibration vs.
probes

Time-temperature
loggers; product
core probe

Gravimetric mass
loss; sealed-hold
test

Step-test of PID
loops; setpoint
tracking

Annual calibration
certificate; field
span checks

L 4

Process Relevance

Prevents internal
gradients that fracture
lamellae and cause
weeping

Avoids case-hardening;
preserves elastic,
fibrous texture

Balances convective
flux and evaporation;
uniform cooling front

Governs heat removal
rate during post-
stretch pull-down

Locks lamellar
alignment; limits
syneresis

Confirms surface
integrity and shelf-life
stability

Prevents
oscillation/overshoot
that damages structure

Ensures reproducible
quality/compliance

4
7

Cobeal’s Product / Solution

Multi-zone PID temperature
control; distributed RTD
arrays

Dehumidification/humidific
ation manifold with closed-
loop RH PID

Diffuser-ducted plenum;
adjustable baffles; variable-
speed EC fans

Fan curve tuning + diffuser
geometry setpoints (CFD-
backed)

Rapid-cooling tunnel zone
with high-RH air and
optional mist assist

High-RH equalization
chamber; low-shear airflow
profile

PLC with auto-tuning PID;
cascade control (zone -
line)

Calibration ports; audit-
ready data logging (21 CFR
Part 11-ready)

&

"

The stability of a cheese’s structure begins with the stability of its environment. Temperature, humidity,

and airflow are not abstract variables—they are the physical boundaries that define how proteins align, how

moisture migrates, and how texture develops during cooling. Cobeal’s work with both computational

modeling and pilot-scale validation established precise limits for these parameters, confirming that small

deviations in AT or RH can produce measurable differences in texture and yield. The following table

summarizes the validated operational ranges and their corresponding verification methods, forming the

technical foundation for airflow design and environmental integration described in the next section.
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ONTROLLED
AI RFLow Air moves like a craftsman’s hand—measured, deliberate,
and essential. In traditional dairies, this balance is struck

by instinct; in Cobeal’s systems, by physics. Controlled

DY N AM I c s airflow ensures that every layer of the cheese cools evenly,
the surface neither drying nor condensing, while internal

heat dissipates without strain. These dynamics, modeled

and validated through computational and empirical testing,
form the aerodynamic foundation of precision cooling in

modern Mexican cheesemaking.

Airflow is the quiet architect of consistency. In every cheese tunnel, the way air moves - its direction,

velocity, and turbulence - determines how evenly a product cools, how moisture migrates, and
whether a cheese retains its intended body. In Oaxaca-style and other high-moisture cheeses,
uneven airflow can harden surfaces before the core has cooled, leading to internal tension and

tetural defects that only appear days later.



Cobeal’s tunnel design resolves that
imbalance by engineering airflow as a
controllable variable, not a background
condition. Each system regulates velocity
between 0.4 and 0.7 m/s, maintaining
relative humidity at 90-95 % to achieve
stable evaporative cooling. Computational
modeling confirms that these conditions
sustain a convective heat coefficient (h) of
25-40 W/m”*K and temperature variation
(AT) below 1 °C across the tunnel zone. The
result is a uniform cooling front that mirrors
artisanal air-drying—slow, balanced, and
protective of structure—without sacrificing
throughput.

Air diffusers and adjustable baffles distribute
flow evenly, minimizing dead zones and
preventing overexposure at the tunnel
entrance. Sensors along the tunnel
continuously measure airflow intensity and
direction, feeding data back to the PID
control system for real-time adjustments.
This dynamic balance keeps the surface moist
enough to remain elastic, while ensuring the
curd core reaches target temperature within

minutes.

For cheese makers, the benefit is simple and
visible: fiber integrity, smooth surface finish,
and consistent yield—regardless of regional
humidity or altitude. Cobeal’s controlled
airflow systems transform a variable that
once depended on climate into a measurable
tool for quality, preserving the essence of the
craft while guaranteeing reproducibility at
scale.
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TABLE 2. VALIDATED ENVIRONMENTAL CONTROL PARAMETERS

Parameter

Storage
temperature

Relative
humidity

Moisture loss
after48 h

pH evolution
(during
storage)

Proteolysis
index (PI)

Water activity

Airflow velocity

(set for
storage)

Light exposure

Holding
duration (pre-
dispatch)

Symbol /
Unit

T (°C)

RH (%)

Am/m (%)

pH

% change /
48 h

v (m s?)

E (lux)

Target Range
(from
literature)

20-25

93-95

6.4~->5.9

<3%

0.97-0.98

0.20-0.35

<50

48 - 72

FOR PANELA CHEESE

Verification
Method

Continuous
temperature
logging (ISO 7726)

Capacitive sensor
calibration (ISO
15712)

Gravimetric
analysis over time
interval

pH meter (+ 0.01)
sampling every 12
h

Spectrophotometr
ic casein
degradation assay

a_w meter (*
0.003)

Anemometric
probes (+ 0.02 m
s™)

Photometric
monitoring

Process timer with
HACCP integration

Process Relevance

Maintains freshness
and slows proteolysis
without case hardening

Prevents surface drying
and moisture migration

Indicator of humidity
control and
evaporative balance

Reflects controlled
acidification and
microbial stability

Ensures textural
integrity during storage

Determines microbial
safety threshold

Avoids condensation
and thermal
stratification

Prevents photo-
oxidation and color
shift

Ensures post-
acidification stability

Cobeal Product / Solution

Cobeal Cold Hold Tunnel

CH-200 Series — multi-zone

chill loop with +0.3 °C
precision PID control

High-RH Laminar Airflow
Module with dual-sensor
feedback and automated
humidification

Integrated Moisture

Control Loop — dew-point
tracking with micro-nozzle

vapor stabilization

Cobeal Cold Zone pH
Monitoring Interface with
data logging integration

Cold Process Analytics

Module (CPAM) for enzyme

activity profiling

Cobeal Hygrostat Aero
System — integrated with
CFD-mapped airflow
uniformity

Laminar Diffuser Plenum

(LDP-35) with even velocity

distribution
UV-filtered Inspection
Panels and LED low-lux

illumination

Cobeal Data Recorder

System (DRS-HACCP) with

traceable archiving

Panela is a lesson in control. Unlike the streteched curds of Oaxaca cheese, its integrity depends on stillness: on
holding water in suspension without fracture or dehydration. The curd is pressed, not pulled; cooled gently, not
shocked. The encironment does the work that hands once did. Temperature, humidity, and air movement must remain
perfectly aligned for the cheese to retain its bright whiteness and delicate salinity. Cobeal’s systems recreate that
calm with precision. Controlled airflow replaces the open-air shelves of traditional dairies, maintaining even
microclimates from center to edge. Relative humidity stays within two percentage points of target, preventing both
sweating and crust formation. Sensors tuned to the slow chemistry of protein breakdown guide each stage, ensuring
Panela’s clean flavor and elastic body endure through storage and distribution. Where tradition depeneded on
intuition, modern consistency depends on control. Yet the goal remains the same: to protect the natural freshness
that defines Panela.
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THERMAL AND
MOISTURE INTEGRATION

Heat and water move together; controlling one without the other breaks the product. In
high-moisture cheeses, the stretch-to-cool transition releases latent heat while the surface
trades vapor with the air. If air is too dry or too fast, a rind forms early (case-hardening) and
traps a warm, wet core. If air is too humid or too slow, condensation and microbial risk rise.
The solution is coupled control of temperature, relative humidity, and airflow as a single

psychrometric system.

Cobeal coordinates these variables in real time. Dew-point tracking holds RH in the 90-95%
band while pulling product temperature from ~70 °C to 4 °C with < 1 °C spatial variation.
Fan curves and diffuser geometry set a face velocity of 0.4-0.7 m-s-, yielding convective
coefficients in the 25-40 W-m->-K-' range. The controls schedule RH setpoints through the
cool-down: high RH immediately post-stretch to preserve surface elasticity, then a narrow
taper to stabilize a_w and prevent sweating during hold. For pressed fresh cheeses like
Panela, a gentler air profile (0.2-0.35 m-s-") sustains moisture while limiting proteolysis

drift at 2-4 °C.

Key control levers:

* Dew-point control: couples T and RH to manage evaporative flux without condensation.

* Velocity profiling: balances convective heat removal against surface drying risk.

* Zone staging: short high-RH quench — equalization hold with +2% RH stability.

* Feed-forward logic: adjusts setpoints to load (mass, geometry) and incoming product
temperature.

e Verification: multi-point RTDs, capacitive RH probes, and anemometry confirm AT < 1
°C, RH within +2%, and moisture loss < 2% over 48 h.

This integrated approach preserves fiber integrity in Oaxaca and cohesion in Panela while

delivering repeatable yield and texture, lot after lot.
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TABLE 3. VALIDATED THERMAL AND ENVIRONMENTAL PARAMETERS

FOR MANCHEGO-TYPE CHEESE PRODUCTION

Parameter

Curd draining

Manchego-type cheese represents the transition from fresh to aged production—where time,

Symbol / Unit

Target Range

Verification
Method

RTD probes (+ 0.1

Process Relevance

Establishes initial

Cobeal Product /
Solution

Precision hot-water
jacketed vats with

Te/°C 36 -40 moisture gradient . .
temperature °C) . thermal uniformity
before pressing
control
Determines casein  Cobeal controlled-
Pressing T./°C 30 - 32 Thermocouple network density; pressure molds with
temperature P array influences whey integrated temperature
expulsion feedback
Ag;lzyg Hot-wire E;i\;itltssat'on and Laminar-flow diffuser
v . "y . v/ m-st 0.20-0.35 anemometry (+ I, modules with variable-
(drying/curing L ensures uniform
0.02 m-s) . . speed fans
room) rind formation
Relative L Controls .””d Cobeal humidity-
- Capacitive RH dehydration and . .
humidity (cur- RH /% 85-88 . . regulated air handling
sensors (* 2 %) internal moisture
age phase) . . system
migration
Chamber Drives SlF)W
temperature Multi-zone RTD 7S Cobeal dual-zone
T/°C 10-14 . development;
(cur-age logging thermal control panels
prevents case
phase) .
hardening
. . . Ensures balanced Environmental PID
Moisture loss Gravimetric . . .
Am/m [ % 6-9 drying without system maintaining AT <
(30 days) balance .
structural cracking 1°C
Air renewal Flowmeter g;;n;:;nasnzoz Cobeal variable air ﬂ
rate (room n/ht 4-6 erification revents microbial volume (VAV) control
exchange) veriricat prevents mi I with HEPA filtration
stagnation B}
A- - ¢

airflow, and humidity define identity as much as milk composition. Unlike Oaxaca or Panela, its
texture is sculpted slowly, as internal heat diffuses outward and surface dehydration forms a
natural rind. Here, control means restraint: cooling too quickly arrests enzymatic activity, drying
too fast seals moisture inside. Cobeal’s environmental systems maintain this delicate balance
through stabilized temperature gradients, precise air renewal, and controlled humidity cycling,
ensuring each wheel matures evenly with the firm, elastic body characteristic of true Manchego

craftsmanship.
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THE BEST CHEESE
STARTS IN THE RIGHT
ENVIRONMENT

Every cheesemaker knows that
consistency builds reputation.
Customers return to the same
brand because the texture,
flavor, and aroma are familiar—
predictable in the best possible
way. That reliability doesn’t
happen by chance; it comes
from precise environmental
control. Airflow, humidity, and
temperature define not only
how the cheese matures, but
how it performs on the market
shelf.

Choosing the right control
system is an investment in long-
term stability. Cobeal’s
equipment is designed for
accuracy, repeatability, and
verifiable performance. Each
tunnel, chamber, and
monitoring unit maintains strict
tolerances, giving producers the
confidence that every batch will
meet its quality benchmarks.
For cheesemakers competing in
both domestic and export
markets, the right system means
fewer losses, higher yield, and a
product that customers trust—

every time they reach for it.
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SENSOR INTELLIGENCE

AND DATA VALIDATION

CONSISTENCY STARTS WITH MEASUREMENTS YOU CAN TRUST

Sensor Intelligence & Data Validation
Cobeal’s control stack uses Class A RTDs (+0.1 °C), capacitive RH probes (+1.5 %), and

anemometric sensors (+0.02 m-s-') networked to a unified controller. Each channel is calibrated to

ISO 7726 and verified to ISO 15712, then checked by redundancy voting so drift or single-sensor

noise never drives the process.

Instrumentation

Multi-point RTDs at inlet/mid/exhaust; surface vs. core product thermocouples where
applicable.
Dual RH probes per zone with dew-point tracking to couple temperature and humidity
setpoints.

Low-velocity anemometry at the product face; diffuser-level monitoring for airflow uniformity.

Validation workflow

Factory calibration = on-site two-point checks (ice-point and certified reference) = routine
drift checks.

Field trials compare logged data to model predictions: AT across the tunnel < 1 °C, RH within +

2 %, velocity deviation < 0.05 m-s-".

Moisture-retention verification via gravimetrics (target < 2 % loss over 48 h for fresh cheeses).

Data

1 Hz logging with synchronized timestamps; HACCP-ready export and audit trail.

Automated alerts for out-of-tolerance conditions with feed-forward setpoint correction based
on load and incoming product temperature.

Batch-to-batch comparability: RMSE < 1.2 % and R* > 0.98 between CFD predictions and pilot-

scale measurements, supporting predictable outcomes.




TABLE 4. VALIDATED ENVIRONMENTAL CONTROL PARAMETERS

Parameter

Product
Temperature

Relative
Humidity

Air Velocity at
Surface

Temperature
Uniformity

Moisture
Retention Index

pH Stabilization

Symbol / Unit

T(°C)

RH (%)

v (m-s™)

AT (°C)

Am/m (%)

pH (=)

FOR CHIHUAHUA CHEESE
Verification Process
Target Range Methodt Relevance

6-10°C

85-90%

0.25-0.40 m-s™

<1.0 °C across
zone

<2%over48h

53-5.6

v

Class A RTD, ISO
7726 traceable

Dual RH probe
array, dew-point
tracking

Anemometric
probe grid

Thermal
mapping, data
logger matrix

Gravimetric
weight tracking

Inline pH probe
calibrated per
SO 7027

Maintains casein
plasticity and
prevents rind
cracking during

Prevents
desiccation and
surface salting

Ensures uniform
heat removal
without
excessive

Reduces micro-
climate variation
and uneven

aging

Preserves
creamy texture
and yield
efficiency

Controls lactic
acid activity and
structure
consistency

Cobeal Product
/ Solution

Cobeal CC-
Series precision
cooling system

HPC-90
humidity
conditioning
module

AeroFlow™
laminar
distribution
system

Cobeal
SmartZone PID
controller

MoistureGuard
process
monitoring suite

pH-Link
integrated
feedback loop

Chihuahua cheese represents the technical midpoint between fresh and aged variieties: a semi-
firm, mild cheese whose texture depends as much on airflow discipline as on the milk itself. Born
from northern Mexico’s Mennonite dairies, its signature pliant body and uniform ivory paste arise
from carefully controlled cooling and humidity management rather than prolonged curing.

In modern production, Chihuahua cheese demands stability across a narrow environmental
envelope: a chamber temperature of roughly 6-10 °C, relative humidity near 85-90 %, and air
velocities that remove residual heat without stripping surface moisture. Within this range, the
curd’s internal fat phase crystallizes gradually, while protein lattices consolidate, locking in the
subtle elasticity that defines the cheese’s sliceability and melt behavior.
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Unlike Oaxaca or Cotija, where thermal transitions o
extremes—stretching near 70 °C or aging for months
rooms—Chihuahua’s integrity is built on restraint. It re
precision. A deviation of just one or t grees can cre
fissures or unwanted rind '-tioﬁ}'_ undermining yield and

,. Wsry uniformity.




ADAPTIVE PROCESS
ARCHITECTURE

TRADITION MEETS AUTOMATION

Adaptive Process Architecture marks the point where tradition meets automation—not to
replace craftsmanship, but to preserve its precision at scale. In cheese production, every
variable is in motion: milk composition shifts seasonally, ambient conditions fluctuate
hourly, and microbial kinetics evolve through each batch. A fixed control recipe cannot
fully account for these living variations. Adaptive systems must learn and respond in real
time.

Cobeal’s process architecture integrates multi-sensor feedback, dynamic setpoint
adjustment, and environmental zoning into a single decision framework. Each tunnel or
chamber operates as an adaptive node, where temperature, humidity, and airflow are
continuously recalibrated against live process data rather than static thresholds. This
ensures that the thermal envelope remains constant even as load density, product
geometry, or external climate change.

In practice, this means a stretch-curd cooling line can maintain AT < 1 °C across zones
while processing cheeses of varying mass and moisture. It means early warnings for
microbial drift through CO, trend deviation, and automatic airflow redistribution to
compensate for operator-side temperature bias. The result is consistency not through
rigidity, but through responsiveness—a system that mirrors the intuition of a skilled
cheesemaker, yet executes it with algorithmic precision.

Adaptive architecture is not an abstract control ideal; it is the foundation of reliability in
modern dairies. By allowing process intelligence to evolve with each batch, Cobeal’s
systems secure both quality and yield, sustaining the fine balance between environmental
control and biological complexity that defines great cheese.
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TABLE 5. VALIDATED ENVIRONMENTAL CONTROL PARAMETERS

Parameter

Curing
Temperature

Relative
Humidity

Air Velocity

Salt Diffusion
Gradient

Moisture Loss
Over Curing

Surface pH
Evolution

Symbol / Unit

T (°C)

RH (%)

v (m-s)

AC_NaCl (gkg)

Am/m (%)

pH (-)

FOR COTIJA CHEESE

Target Range

10-14°C

70 - 80 %

0.15-0.25 m-s™

8 -12over72h

6 -9 % over 30
days

5.1-> 5.6 over
curing cycle

Verification
Method

Class A RTD with
multi-point
probe grid

Dual humidity
probe with
psychrometric
calibration

Laminar-flow
anemometer
array

Conductivity
and gravimetric
salinity test

Gravimetric
weight
monitoring

Inline pH
electrode per
ISO 11868

Process
Relevance

Enables slow
enzymatic
ripening and salt
diffusion

Controls surface
drying and rind
formation rate

Prevents surface
cracking and
case hardening

Balances interior
osmotic
pressure and
rind firmness

Defines
hardness and
aging trajectory

Tracks
proteolysis and
rind microbiota

Cobeal Product
/ Solution

Cobeal
TempSense™
chamber
network

HPC-70 humidity
stabilization
system

AeroFlow™
precision
diffusion panel

BrineControl
adaptive
diffusion
interface

MoistureGuard
long-term
validation
module

pH-Link™
adaptive
microbial
control

Cotija cheese represents the most mature expression of Mexico’s traditional dairy craft—a hard,
aged cheese whose character is shaped as much by time as by chemistry. Unlike fresh or semi-soft
varieties, Cotija depends on gradual moisture loss, salt diffusion, and controlled enzymatic activity
to achieve its dense texture and complex flavor. These transformations unfold under a narrow
environmental envelope, where small deviations in temperature or humidity can compromise rind

formation or internal consistency.

Cobeal’s environmental systems sustain this delicate balance by stabilizing air movement,
humidity, and temperature across extended curing cycles. The following parameters outline the
optimal range for consistent Cotija maturation, aligning artisanal outcomes with precise
environmental control.
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EVERY CHEESE TELLS A
STORY OF
TRANSFORMATION

From milk into structure and structure into culture. Across Oaxaca, Panela,
Manchego-type, Chihuahua, and Cotija, these stories share a single engineering truth:
stability creates quality. Whether the goal is moisture retention, uniform texture, or

long-term curing integrity, environmental control defines success.

At Cobeal, that control is not abstract—it is measurable, repeatable, and proven. Our
systems operate where heritage and physics meet: managing air, temperature, and
humidity to maintain the sensory and structural standards that define authentic
cheesemaking. Each tunnel, chamber, and sensor array we design is informed by
data, validated through field trials, and refined by experience in the environments

where this craft has always belonged.

Cheesemakers who invest in precision control are not replacing tradition—they are

protecting it. They are ensuring that every batch carries the same consistency, flavor,

and integrity their region is known for, no matter the season or scale.




