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Enhancing Baked Goods Color Quality Control with
Color Spectrophotometers

Introduction

Color is one of the most critical quality attributes in baked goods manufacturing. From
golden-brown bread crusts to perfectly tanned cookies, the appearance of a baked
product directly influences consumer perception and can indicate whether it was
processed correctly. Leading food manufacturers recognize that visual appeal drives
purchase decisions, and that color consistency is essential to brand quality. However,
relying on visual inspection alone for color quality control is problematic - human

perception is subjective and inconsistent.

This white paper explores how spectrophotometric color measurement offers a
scientific, reliable approach to color quality control in the baking industry. We discuss
the importance of color in baked goods, what color reveals about product quality
(including the science of the Maillard reaction), and the challenges of measuring color

in products with irregular shapes and textures.

We then present best practices for spectrophotometric color measurement, with a
focus on HunterLab's Aeros - a state-of-the-art non-contact spectrophotometer - as a
best-in-class solution. Case studies illustrating how accurate color control improves

quality, consistency, and return on investment (ROI) are included.

Technical professionals and quality control specialists in food processing will find a
comprehensive, scientifically grounded overview of improving baked goods color

quality control.
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Importance of Color Measurement in Baked Goods
Manufacturing

Colorisn't just about aesthetics - it is a key quality indicator in baked goods
production. Manufacturers use color as a proxy for critical product attributes such as
freshness, doneness, flavor development, and consistency. In a retail setting,
consumers subconsciously judge baked products by their color and appearance,
often equating good looks with good taste. A loaf of bread that's too pale may be
perceived as under-baked or bland, while one that's too dark might seem overcooked
or burnt. Consistent color across batches signals consistent quality, which is vital for
brand reputation. Instrumental color measurement provides objective data to maintain
this consistency. In fact, instrumental color control is now considered essential in large-
scale baking operations to ensure each batch meets predefined appearance
standards. By quantifying color, bakeries can enforce tighter quality standards than the
human eye alone could achieve, catching variations that might otherwise go

unnoticed until customers see them.

Why measure color?

Color can be correlated with important quality parameters: it often reflects if proper
ingredients were used, if the baking process (time/temperature) was correct, and if the
product will meet consumer expectations. Moreover, color measurement is non-
destructive - it allows evaluating a product’'s quality without having to break or alter it.
This is crucial in high-throughput environments where every product counts. In
summary, measuring color in baked goods manufacturing is important not only to
make products look appealing, but also to ensure process control (every product is
baked correctly) and to predict sensory qualities like flavor and texture. Each type of
baked good has its own ideal color profile, making color control a universal but

nuanced requirement in the baking industry.
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What Color Reveals About Baked Goods (Maillard
Reaction and Consistency)

The color of a baked good is a window into its chemical and physical state. Most
notably, browning in baked products is largely due to the Maillard reaction - a
complex reaction between amino acids and reducing sugars that occurs under heat.
This reaction is responsible for the rich brown hues of bread crusts, cookies, crackers,
and many other baked treats, as well as the development of distinctive flavors and
aromas. In essence, color is a direct indicator of the extent of the Maillard reaction and
caramelization: a perfectly baked cookie has a golden-brown color that signifies it has
been heated enough to develop flavor, whereas a pale cookie suggests under-baking
(insufficient Maillard reaction) and a very dark cookie may indicate over-baking (excess
Maillard reaction leading to bitterness). Because the Maillard reaction produces
hundreds of flavor compounds in tandem with browning, the color of a baked good
gives clues about its taste. For example, a well-browned crust on a loaf of bread
usually means a fuller flavor, while an overly dark crust might taste bitter. Thus, color is
scientifically linked to quality: it's not just cosmetic, but a signal of proper cooking and

flavor development.

Consistency in color also reveals consistency in the process. In industrial bakeries,
maintaining a uniform color batch after batch means the ovens are performing
consistently (temperature and bake time are in control), and ingredient variations are
minimized. If color drifts out of specification, it can warn of process issues - for
instance, an oven running too hot or cold, or dough formulation errors. Baked goods
manufacturers often develop color standards for each product (e.g. reference color

values or color tiles for a “golden brown” target) and use those as a benchmark for
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quality control. By measuring color and comparing to the standard, any deviation can

prompt an adjustment in the process. In short, color reveals:

o Bake Completion and Doneness: A proper browning level indicates the
product was baked for the right duration and temperature.

o Flavor and Texture Development: Through Maillard and caramelization, color
correlates with flavor intensity (a light-colored cookie may taste
underdeveloped, a dark-brown one might be burnt). Texture can also be
inferred (e.g. an under-browned cake may be too moist or undercooked,
whereas an over-browned one may be dry).

« Ingredient Consistency: Color can reflect if ingredient ratios (sugars, browning
agents) were correct. For example, breads with more sugar or milk powder
brown faster - if a normally formulated bread is too brown, perhaps sugar
content was high or fermentation was long.

o Process Consistency: Uniform color across loaves or cookies in a batch (and
from batch to batch) indicates the ovens and process are consistent. Variation in
color may signal uneven oven heating or timing issues.

o Safety and Compliance: In some cases, excessive browning can lead to
undesired compounds (like acrylamide in over-browned starchy foods).

Monitoring color helps ensure products stay within safe limits.

By understanding what color tells us, food technologists can use color measurements
as an early warning system for process deviations. It ties together the science of baking
(chemistry and heat transfer) with quality outcomes in a simple observable metric.
Modern color quality programs in baking take advantage of this by continuously
measuring product color and keeping it within the optimal “sweet spot” that

guarantees both an appealing look and optimal taste.
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Color Measurement Across Various Baked Goods
Categories

Every type of baked good has unique characteristics and manufacturing processes,

but color quality control is universally applicable. Below we consider a range of baked

goods and how color measurement applies to each:

Breads and Rolls: In bread making, crust color is a primary quality attribute.
Whether it's pan bread, artisan loaves, baguettes, or burger buns, the outer
crust should have a uniform golden-brown color (unless it's a specialty dark rye
or a bread with intentional darker crust). Bakers monitor crust L** (lightness)
values to ensure loaves are neither too pale (under-baked) nor too dark (over-
baked). The interior crumb color can also be measured for products like white
bread (which should have a bright, cream-white crumb) versus whole wheat
bread (which will be tan/brown internally). For rolls and buns, an even brown
top with no burnt spots is ideal. Color measurement is used at development
stage to set target values (for example, burger buns typically should fall within a
certain L range for the crust) and in production to verify each batch meets that
standard. It's also used to check ingredient color consistency, like flour
whiteness or the inclusion of whole grains (which can darken crumb color).
Cookies, Biscuits, and Crackers: Cookies and crackers often have more irregular
shapes and surfaces, but color is still a key indicator of quality. A chocolate chip
cookie should have a uniform golden-brown bake with perhaps slightly darker
browning in the cracks - too light and it looks raw, too dark and it looks burnt.
Manufacturers measure the color of cookies to ensure the baking ovens are
calibrated correctly; even a slight difference in oven temperature can cause a
noticeable color change. With crackers (which are typically flatter), color
measurement helps ensure even baking across their surface. Saltine or water

crackers, for instance, should remain a pale golden color with slight browning at

KA-07433



‘;ﬂ HunterLab

bubble edges - any deviation might indicate improper baking.
Spectrophotometers can average the color over a batch of cookies or crackers
to get a representative value despite individual piece variability. Color control in
these products is also linked to texture (a well-browned cracker is crisp, while an
under-browned one may be soft). Some producers define an acceptable color
range (in CIE L,a,b or proprietary units) that correlates with ideal crispness.
Color measurement is performed on sample cookies/crackers from each batch
or continuously via inline sensors to catch any drift quickly.

Cakes and Muffins: For cakes, muffins, and cupcakes, color is assessed on both
the crust (exterior) and crumb (interior). A vanilla cake, for example, should have
a light golden-brown top and edges, with a uniformly light yellow-white crumb.
If the cake is too brown on the outside, it may be over-baked or too much sugar
was used (leading to excess browning). Muffins often have domed tops that
should be evenly browned without burnt edges. Color measurement in cakes
can be tricky because of their soft texture, but reflectance measurements on the
surface can quantify if the bake is correct. Additionally, ingredient color affects
final product color (e.g. using different batches of cocoa can make chocolate
cake darker or lighter). By measuring ingredient colors and final baked color,
manufacturers ensure consistency. Spectrophotometers are used in R&D to
develop color specifications for a “perfect bake” and in QA to verify production
lots meet those specs. For instance, a muffin producer might measure the Lab
of the muffin top against a standard - if L (lightness) drops below a threshold
(too dark), the batch may be flagged.

Pastries (Croissants, Danishes, etc.): Laminated pastries like croissants and
Danishes have a flaky layered structure and a glossy, golden crust (often egg-
washed). The ideal croissant has a uniform, deep golden color on the outside,
indicating sufficient bake to create a crisp texture, while the inner layers remain

slightly lighter but fully baked. Color measurement for such products helps
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maintain consistency in appearance especially for mass-produced frozen
croissants that are baked in-store - the supplier can set color targets to ensure
end-consumers get the same quality. Croissants can have uneven coloring if
oven airflow is inconsistent; measuring color at multiple points or averaging
over the surface can quantify that. Spectrophotometers with large view areas or
image-based color analyzers are beneficial for capturing an average color of an
irregular shape like a croissant. For Danishes or pastries with fillings, color
control also extends to the filling or topping (e.g. the golden-brown cheese or
fruit top should not be too dark). By monitoring color, pastry producers can
tweak oven humidity or bake profiles to achieve the desired uniform browning.
Brownies and Other Baked Desserts: Brownies present a different color profile -
they are chocolate-rich and thus inherently brown to begin with. Here, color
control might focus on ensuring evenness and avoiding overly dark (burnt)
edges. Even though absolute color (L) is dark, consistency is key: a batch of
brownies should not have some pieces looking dried out and pale and others
nearly black. Spectrophotometers can still measure dark products; for example,
a brownie manufacturer might measure the L value to ensure it stays within a
range (e.g. not exceeding a certain darkness that would indicate burning).
Other desserts like scones or biscotti also have characteristic colors (a properly
baked scone has a light brown top; biscotti are twice-baked to a certain
toastiness). In all these cases, instrumental color checks help maintain the target
appearance. For brownies, a high deviation in color between center and edge
could signal uneven baking. For items like biscotti, color readings after the
second bake help determine if they have been toasted enough. In quality
control, having numeric color data for such products is useful for continuous
improvement - e.g., correlating brownie color with moisture content and shelf

life.
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Across all these categories, implementing color measurement at critical control points
(ingredient stage, after baking, and before packaging) ensures each type of product
hits its quality marks. Many bakeries create a color quality matrix for their product lines,
which lists acceptable color values (or ranges) for each product and uses
spectrophotometric devices to verify compliance. This way, whether it's a batch of
chocolate chip cookies or a morning’s run of croissants, the color - and by extension

quality - remains consistent and on target.

Challenges in Visual Color Control of Baked Goods

Ensuring consistent color in baked goods is challenging, especially if one relies on
visual inspection or basic manual methods. Several factors make color control difficult:

o Subjectivity of Human Vision: What looks “golden brown” to one person might
look underdone or overdone to another. Ambient lighting in the plant can also
skew perception (fluorescent lights vs. daylight can make the product appear
different). A famous example comes from Pepperidge Farm: they originally
used a photo of the ideal product as a reference on the line, but operators still
had trouble judging color consistently due to subjective perception and varying
lighting. Human inspectors may experience fatigue or inconsistency across
shifts, leading to variable judgments. This subjectivity can result in products
being incorrectly accepted or rejected.

» Inconsistent Shapes and Surfaces: Baked goods often have irregular, non-
uniform surfaces - think of the rough crinkles of a chocolate chip cookie, the
round top of a bun, or the curved shape of a croissant. This irregularity means
the color is not uniform across the product: there are darker and lighter areas.
For example, a cookie will be darker in the crevices and around chocolate
chips, and lighter on smoother areas. Similarly, bread rolls might be more
browned on the crown than the sides. Traditional color measurement devices

(and certainly the human eye) might focus on one area and not capture the
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overall appearance. A small handheld colorimeter with a tiny measurement spot
could give different readings depending on where it's placed on such a sample.
In the past, QC technicians would have to take multiple readings on one sample
and average them manually to get a sense of overall color, which is laborious
and prone to error. Irregular shapes also make it difficult to present the sample
consistently to an instrument - e.g. a domed muffin doesn't sit flat against a
sensor, possibly causing measurement geometry issues.

Edge vs. Center Color Variation: Many baked products exhibit color gradients -
edges or thinner areas brown faster than centers (due to more heat exposure).
A visual inspector might notice a product looks darker at the edges but
quantifying that or ensuring it's within acceptable range is tough by eye. For
instance, the edges of a cracker might be brown while the center is pale; is this
acceptable or a sign of an oven imbalance? Without instruments, it's hard to
objectively measure those differences. Instruments need to either measure a
large area or take multiple spots to capture this variability.

Lighting and Environment Influences: If using camera-based or visual methods,
ambient lighting variability becomes a challenge. Different times of day or areas
of the facility might have different illumination, altering how color appears. Even
an operator's shadow or the color of their lab coat can influence how a
product’s color is perceived visually. Consistent lighting boxes or special
viewing booths can mitigate this, but those require extra effort and still rely on
human judgment. In contrast, an instrument with its own controlled illumination
can eliminate this variable. Without that, visual inspectors may pass a product in
one light condition that would fail in another.

Limited Capability of Basic Instruments: Some companies have used simple
colorimeters (which measure color in broad bands) or densitometers that only
gauge darkness. For example, Konica Minolta’s old Baking Contrast Unit (BCU)

scale via the BC-10 device primarily measures lightness/darkness of crust. While
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this addresses some subjectivity by giving a number, it's a single-axis measure
and may not capture hue shifts (yellower vs redder brown) that could be
important. Also, many legacy spectrophotometers or colorimeters have a small
measurement aperture - if it's much smaller than the baked item, you need to
take many readings or even grind the sample to make a homogeneous surface.
Grinding a cookie into powder to measure color might yield an average
number, but it destroys the sample and also may not reflect the visual
appearance perceived by consumers (a ground-up cookie looks different than a
whole one). Such workarounds are time-consuming and impractical for routine
QC on a production line.

Wear and Contamination of Equipment: Traditional bench spectrophotometers
often require placing the sample against a port, sometimes covered by glass or
plastic. In a bakery environment, samples might be oily or crumby. Over time,
the protective glass can get scratched or coated with residue, affecting
readings. Frequent cleaning or replacement is needed, otherwise the
instrument'’s accuracy drifts. Visual inspection obviously doesn't have this issue,
but it has all the other drawbacks. Instruments not designed for dusty, crumby
environments may suffer from clogging or contamination of optics, leading to
downtime. This challenge means any instrument used near production must be
robust and easy to clean; otherwise, bakeries revert to eyeballing color despite
its flaws.

Process Variations: Baking is an inherently variable process - slight differences
in oven temperature, humidity, ingredient moisture, or dough thickness can
change product color. Visually catching these subtle shifts is difficult until they
become large (by which time some product may be out-of-spec). Without
quantitative monitoring, a drift in color can go unnoticed for a while. For
example, an oven thermostat might slowly go out of calibration, causing all

products to darken slightly. Human inspectors might only realize the cumulative
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change after it's become significant (and perhaps after complaints). Thus, the
challenge is having a sensitive way to detect color deviations early. Also, when
adjustments are needed (like tweaking oven temperature), visual feedback is
slow - one has to judge if the next batches look better. A spectrophotometer
gives immediate numeric feedback on whether the adjustment brought color

into the acceptable range or not.

Given these challenges, it's clear that solely relying on visual inspection is not sufficient
for modern, high-quality baked goods production. Leading manufacturers have
moved to instrumental color control to overcome human limitations. The goal is to
achieve objective, repeatable, and rapid color assessments that account for the
irregular nature of baked goods. In the next sections, we discuss how
spectrophotometers address these challenges and outline best practices for their use

in the bakery setting.

Best Practices for Spectrophotometric Color
Measurement in Baking

Adopting spectrophotometric measurement for baked goods color control requires
certain best practices to ensure accurate and meaningful results. Baked products pose
unique measurement difficulties (uneven surfaces, variable colors), so the technique
must be adapted accordingly. Below are several best practices, including approaches
and features (many of which are embodied in HunterLab's technology) that yield the

most reliable color data for baked goods:

1. Use Reflectance Spectrophotometry with Large Area Averaging: For baked
goods, a reflectance spectrophotometer is the tool of choice, as it quantifies the
color objectively and can express it in standard color spaces (like CIE L,a,b) or

indices. However, not all spectrophotometers are equal for this task. It is crucial
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to select an instrument that can capture an average color over a large sample
area or multiple points. Because baked items are non-uniform, measuring just a
tiny spot might not represent the overall appearance. Best practice is to
measure multiple points on a sample (or multiple samples) and average them
to get a result that better represents what a consumer would see. Modern
instruments like the HunterLab Aeros automate this by taking many readings
across different areas in seconds and computing the average. If an instrument
lacks such a feature, operators should manually take at least 3-5 readings per
sample (e.g., different sides of a roll or various cookies on a tray) and average
the values. This sample averaging greatly improves representation of the true
product color. It's also recommended to use a larger aperture setting if the
device offers one, so that each individual measurement captures more of the

product’s surface area.

Ensure Consistent Sample Presentation and Sufficient Coverage: How the
sample is presented to the spectrophotometer matters. The instrument'’s
measurement area (port or sensor view) should be fully covered by the
sample(s) to avoid extraneous background influences. For small items like
cookies or crackers, a good practice is to fill the sample dish or port with as
much sample as possible, even stacking or arranging multiple pieces to cover
the area. HunterLab's Aeros, for example, has a dish where multiple cookies can
be placed in a circle to cover the bottom, ensuring the sensor sees “all cookie”
and not gaps. If measuring something like breadcrumbs or small cereal pieces,
use a sample cup and fill it so that the surface is flat and opaque. Consistency is
key - develop a standard procedure (same number of pieces, same
arrangement) so that each measurement is repeatable. Irregular items should
be measured in a way that averages out orientation effects: rotating the sample

during measurement (either manually or via an automated turntable) is a best
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practice to randomize any small-scale color variations. The Aeros accomplishes
this by rotating the sample dish under the sensor and taking readings
throughout the rotation, which is an excellent practice to emulate if using other

instruments (i.e., manually rotating items and re-reading them).

Utilize Instruments with Automatic Height and Position Adjustment: To handle
products of different sizes and shapes, it's beneficial to use a
spectrophotometer that can adjust the measurement distance automatically.
The distance affects the instrument'’s field of view and focus. If the sensor is too
close or too far, measurements can be off. Best practice is to position the sensor
at the optimal height for each product - for flat cookies it might be closer, for
puffy muffins further. Doing this manually is time-consuming and error-prone.
HunterLab's Aeros includes an integrated infrared height sensor that auto-
adjusts the sensor height to the sample. This kind of feature ensures that
whether you measure a thin cracker or a tall muffin, the instrument is always
correctly positioned for accurate results, without manual tweaking. If using an
instrument without auto-height, one should calibrate and set the height for
each product type (many bench spectros have a fixed geometry, so instead you
might need to physically raise or lower the sample to focus). A laser or IR
distance gauge add-on can help maintain consistent distance. In summary, the
instrument or setup should accommodate product size variations so that every

measurement is made under the same optical conditions.

Prevent Ambient Light and Glare Interference: Always measure color under
controlled lighting conditions. The beauty of spectrophotometers is that they
usually have their own standardized illuminant (like D65 or illuminant C) and an
enclosed optical path, meaning they aren't as sensitive to room lighting. Still,

one must ensure the sample measurement area isn't contaminated by stray
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light - e.g., if using an open-port device, perform measurements away from
direct sunlight or intense factory lights. Many modern spectros (like Aeros) take
readings so fast and with flashed illumination that ambient light is effectively
excluded, and some even do comparison readings to subtract ambient
influence. The best practice is to follow the instrument’s guidelines for
calibration and use any provided light shields. For example, if your device
comes with a collar or cover for measuring large objects, use it to block outside
light. The goal is to have consistent illumination for every measurement. This
also means calibrating the instrument’s lamp and sensor as recommended -
most spectrophotometers require a white tile calibration and perhaps black
trap calibration at regular intervals to ensure the internal light source and

detector are normalized.

Calibrate and Standardize in the Desired Color Space: Baked goods producers
may use different color metrics depending on their needs. CIE L,a,b is common
because it correlates well with human vision and is industry-standard. Some also
use indices like Browning Index or the Baking Contrast Units (BCU) which
basically tracks lightness. Best practice is to decide on the color system and
tolerances that matter for your product and configure the spectrophotometer to
output those. Instruments like the Aeros allow capturing full spectral data and
then computing any color scale (L,a,b, Hunter Lab, XYZ, etc.) as needed. For
most baked goods, CIE L,a,b is recommended because it captures both
lightness (L*) and color tone (a*, b*) - for instance, a slight shift to a lower b
(more blue) might indicate a greyish, underbaked appearance, whereas L alone
might not catch that hue difference. Perceptually uniform metrics like AE* (total
color difference) are useful to set pass/fail thresholds. A good practice is to
create product-specific color standards: measure a batch of “gold standard”

product that has ideal color, record its L,a,b and use that as the target in your
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quality control software. Then determine acceptable variation (e.g., AE* of 2 or
AL* of £1) that still meets consumer expectations. By programming these
tolerances into the software, any measurement out of range will alert operators

in real time.

Implement Simple, Repeatable Sample Handling Procedures: Train operators
to handle samples the same way each time. For example, if measuring
hamburger bun color, a procedure might say: “Take two buns from the line,
place them top-up in the sample dish so they cover it, close the lid, and press
measure.” By standardizing everything from sample temperature (allow
products to cool to room temp before measuring, as hot products can steam
up optics or change color as they dry) to sample orientation (always measure
the top crust of bread, or the bottom of cookies - whichever is defined as the
standard surface), you reduce variability. Minimal sample preparation is
preferred - one advantage of modern spectrophotometers is you do not need
to alter the product (no grinding or cutting, unless you specifically want interior
color). Non-contact instruments like the Aeros allow measuring the natural
product directly, which is best practice since it reflects the actual appearance. If
you do need to measure crumb color or internal color, cutting a sample to
expose the interior and immediately measuring with a spectrophotometer (with
a cover to exclude light) is a method; just be consistent in how the cut is made

and how the piece is presented.

Maintain and Verify Instrument Performance: To ensure long-term accuracy,
follow a routine for instrument maintenance. Keep calibration tiles clean and
handle them with care (use lint-free gloves to avoid fingerprints that alter
calibration). In a bakery environment, ensure the instrument is protected from

dust and particulates - sealed optics are ideal, and indeed the Aeros has sealed
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components to prevent crumbs from infiltrating. Still, regular cleaning of
sample bowls or trays is needed to avoid buildup of oils or particles that could
influence readings. A good practice is to use diagnostic check tiles or standards
daily - for instance, measure a known stable colored tile or a reference sample
each day and chart the readings to ensure the instrument hasn't drifted. If a
spectrophotometer has built-in diagnostic software, use it. Many instruments
can self-check their sensor performance or lamp output. Replace lamps or wear
parts as recommended by the manufacturer to avoid sudden failures. By

maintaining the instrument, you uphold the integrity of your color data.

Leverage Software for Data Analysis and Integration: Modern
spectrophotometers come with software that can record, analyze, and even
automate decisions based on color data. Use these tools to your advantage -
set up a color quality database where each batch’s color values are stored. This
provides traceability and allows you to analyze trends over time. For example,
you might discover that color is drifting darker over a production run as an oven
heats up, prompting a preventive adjustment. Software like HunterLab's
EasyMatch Essentials (bundled with Aeros) lets you set tolerances, automatically
flag out-of-spec results, and even send alerts or outputs to integrate with
process control systems. Best practice is to connect the color measurement
device to a network or data system so results can be shared instantly with QA
teams and production supervisors. The Aeros, for instance, can email results or
interface with LIMS systems. Using the software's capabilities can also simplify
reporting - generating color quality reports for auditors or clients, and
calculating statistics (means, standard deviations) that inform process capability
for color. Treat color data with the same rigor as other critical control data (like
temperature or weight): review it regularly and use it for continuous

improvement.
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By following these best practices, baked goods manufacturers can derive maximum
benefit from spectrophotometric color measurement. The process becomes reliable,
repeatable, and correlated with visual quality. In essence, you build a robust color
quality control system: the instrument provides the objective eyes, and your
procedures ensure it sees each product in a consistent, meaningful way. Next, we will
examine how HunterLab’s Aeros spectrophotometer in particular implements these
principles and technologies, and why it stands out as a best-in-class solution for baked

goods color control.

HunterLab Aeros: A Best-in-Class Spectrophotometer for
Baked Goods Color Control

The HunterLab Aeros is an advanced spectrophotometer purpose-built to address the
challenges of color measurement in products like baked goods. Introduced as the
world's first “smart” non-contact bench-top color spectrophotometer, the Aeros
combines innovative hardware and software features that align perfectly with the best
practices mentioned earlier. Its design was influenced by decades of HunterLab's
experience in the food industry and direct feedback from bakery quality control
applications. Below, we outline the key features of the Aeros and explain how each
feature provides advantages for baked goods color quality control:

o Non-Contact Measurement: Unlike traditional spectrophotometers that require
placing or pressing the sample against a measurement port, the Aeros operates
without any direct contact with the sample. The sensor hovers above the
product. This has multiple benefits: (1) it prevents contamination - crumbs, oils,
or sauces from baked goods won't dirty the instrument’s optics because
nothing touches them; (2) it preserves the sample - you don't squish soft
products or deform them to fit a port; and (3) it allows rapid measurement of

multiple items (you can swap products in and out quickly on the plate without
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fiddling with covers). For crumbly or sticky baked goods, non-contact
measurement is a game-changer. There is no need for protective glass between
the sensor and sample, eliminating the risk of scratched or fogged covers that
could affect readings. The Aeros essentially “looks” at the product the way a
consumer would but quantifies the color with precision.

Smart Automatic Height Adjustment: The Aeros features an integrated distance
sensor (using infrared) that measures the height of the product or pile of
products on its sample platform and automatically adjusts the measurement
head to the optimal distance. This means whether you have a flat cracker or a
puffy muffin, you simply place it on the dish and the instrument will move to the
correct height for focus and coverage. This automation reduces operator error
and setup time significantly. In competing instruments without this feature, an
operator might have to guess the correct distance or use spacers, which can
lead to inconsistent geometry. Aeros’s smart adjustment ensures repeatability -
each sample is measured under ideal conditions. It's particularly useful in a
multi-product facility: you can measure a cookie, then a cake slice, then a bun,
back-to-back, and the device will adapt to each one on the fly.

Large Sample Area and Rotating Platform: Traditional spectrophotometers
might measure a spot diameter of Tcm to 3cm. The Aeros, by contrast, is
designed to effectively measure a much larger area by combining readings. It
has a rotating sample platform (dish) that spins the sample while the instrument
takes rapid measurements (up to 7 measurements per second, totaling 35
measurements in a 5-second rotation). This results in an averaged color
measurement over an expansive area of the product’s surface. In practice, you
can place multiple pieces (e.g., a handful of cookies or crackers) on the dish at
once. As the dish rotates, the Aeros captures the color from different portions of
each piece and multiple pieces, then computes an average. This feature directly

addresses the non-uniformity issue - instead of one small spot, you get an
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integrated reading of many spots, which is far more representative. For
example, measuring a dozen cookies in one go yields a solid statistical average
color for that batch, rather than relying on one cookie to stand in for all. The
rotational averaging is a proprietary advantage of the Aeros; competing
benchtops typically require you to manually take and average readings,
whereas Aeros does it automatically in one measurement cycle.

High-Speed Measurement and Throughput: With 35 readings per rotation in
about 5 seconds, the Aeros provides virtually instantaneous results. This high
throughput means QA can measure many samples quickly or even perform
100% batch inspection by sampling more products. The instrument can handle
up to about a dozen small items in one measurement, as noted. This speed and
capacity boost efficiency - what used to take minutes (taking multiple
measurements and averaging) now takes seconds. High speed also means it
can be integrated at-line; for instance, every 15 minutes an operator could
quickly measure a sample from the line without causing delay. Rapid feedback
enables real-time process adjustments (if color is drifting, you know
immediately and can tweak oven settings on the next batch, not an hour later).
Competing spectrophotometers may require longer measurement times or
only measure one spot at a time, slowing down the QC process. The Aeros was
engineered to be fast enough to keep up with industrial production needs.
Full-Spectrum, Dual-Beam Optical System: The Aeros collects full spectral data
(typically across the visible range ~400-700 nm) from the sample, which means
it's capturing a detailed fingerprint of the color. It uses a dual-beam design -
one beam for the sample, another for internal reference - to improve accuracy
and stability (this compensates for any drift in the light source or detector, by
having a reference point for each measurement). The spectral data is then
translated into any color scale of interest (CIE L,a,b, Hunter Lab, XYZ, etc.). This

is superior to simpler tristimulus colorimeters that only measure broad bands

KA-07433



20

‘;ﬂ HunterLab

and can miss subtle spectral differences. The spectral approach allows
measurement of metamerism and fine color variations. For baked goods, this
might not be as critical as for paint, but it does enable calculating specialized
indices. For example, one could derive a "browning index” from certain
wavelength combinations or monitor specific peaks (like caramelization might
increase absorbance in certain parts of the spectrum). The dual-beam design
ensures excellent repeatability and low drift over time, which is important for
tight color tolerances.

EasyMatch Essentials Software and Data Connectivity: Each Aeros comes with
HunterLab's EasyMatch® Essentials software, which provides a user-friendly
interface on the built-in touch screen as well as PC connectivity for deeper
analysis. The software is tailored for color quality control. Users can set up
product profiles with pass/fail tolerances, and the system will immediately
indicate if a measurement is out of tolerance (e.g., highlighting itin red). It also
allows storing thousands of measurements and statistics. For baked goods
applications, one can create a profile for each product type - for instance,
"Chocolate Chip Cookies” profile with target L,a,b and tolerances, “Wheat
Bread"” profile with its own targets, etc. Switching profiles is easy on the
touchscreen, ensuring the right standards are applied. The Aeros can output
results via multiple avenues: it has USB and Ethernet for connecting to a
network, and it's capable of emailing results or printing a ticket directly. This
means measurement data doesn't stay siloed - it can be shared with plant
networks, quality databases, or even PLC systems. The connectivity and
software make the Aeros a “smart” device integrated into the production
ecosystem, rather than a standalone lab instrument. Competing devices might
require manual recording of results or lack built-in networking, which can be a

bottleneck in data flow.
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Rugged, Sanitary Design: Recognizing the bakery environment, the Aeros is
built with sealed optics and enclosed motors. The body is smooth with minimal
crevices, making it easier to clean. The sample dish is removable and washable,
so any spills or crumbs can be cleaned off between measurements. This design
consideration means the instrument can be used closer to the production line
(at-line) without fear of damage from flour dust or cleaning down time. Many
food companies have cleaning protocols (wash-downs) - while the Aeros is not
a water-proof unit to be hosed down, its critical components are protected, and
the parts that do contact food debris are easily taken out and cleaned. This
differs from some laboratory spectrophotometers that are not designed for
dirty environments. The Aeros's user interface (touchscreen) is also designed to
be intuitive, reducing training needs - an operator on the floor can operate it
with minimal instruction, which is important for adoption.

Versatility (Portable and Inline Options): While the Aeros itself is a bench-top
unit, HunterLab offers complementary instruments (mentioned in their
literature) like the portable MiniScan EZ and the inline SpectraTrend HT for on-
line measurements. This means a bakery can have a comprehensive color
management system: Aeros in the lab for product development and batch
release decisions, MiniScan for spot checks at various points, and SpectraTrend
on the line for continuous monitoring. All these instruments can be calibrated to
the same color standards, ensuring consistency across different measurement
points. The Aeros acts as the high-precision anchor for the system. This kind of
ecosystem approach is beneficial - for example, one could use Aeros
measurements to periodically validate the inline sensor’s readings, ensuring the
whole line is in agreement. Although this white paper focuses on Aeros, it's
worth noting that integrating various types of instruments is a best practice for

robust quality control, and HunterLab provides those options.
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To illustrate how these features come together, consider measuring a batch of cookies
with the Aeros: An operator pours a sample of, say, 10 cookies onto the Aeros dish,
perhaps even stacking a few to cover the area. They press "Measure” on the
touchscreen. The dish rotates; the Aeros automatically adjusts to the cookies' height;
35 readings are taken around and across the cookies. Within seconds, the average
color (let's say L* = 65.3, a* = 5.2, b* = 23.0) appears on screen, and the software
immediately compares it to the preset standard (target L* 66, a* 5, b* 22, for example)
and might show “Pass” because it's within the allowed AE tolerance. The operator sees
this and knows the batch is within spec. All the while, none of the cookies touched the
instrument, and any crumbs remain on the dish which can be lifted out and cleaned.
The data is saved and also sent to a central database where managers can review

trend charts.

In Table 1 below, we summarize the key features of the HunterLab Aeros and their

specific benefits for baked goods color quality control:

Table 1: HunterLab Aeros Key Features and Benefits for Baked Goods

Feature Description/Technology Benefit for Baked Goods QC

Non-Contact Measures color without No sample deformation or
Measurement touching the sample; sensor  contamination. Easily handles
reads from above with no irregular or fragile baked goods (e.g.
contact. soft cakes) without altering them.
Prevents instrument from getting dirty

- ideal for oily or crumby products.

Large Area Rotating sample platform with Captures a representative color of the
Averaging multiple readings (35 per whole product or batch. Averages out
rotation) averaged. surface variations (dark spots, light
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Description/Technology

Built-in sensor auto-adjusts the
instrument to the optimal

height above the sample.

~7 measurements per second,
5-second total measurement

time for averaged result.

Spectrophotometer captures
full visible spectrum
reflectance; dual-beam optics

for stability.

HunterlLab software for color
analysis, with touchscreen

interface and PC connectivity.

Benefit for Baked Goods QC

spots) for accurate overall color.
Reduces need for multiple manual

measurements.

Ensures correct focus and coverage
for each product’s size. No manual
fiddling when switching from flat
crackers to tall muffins. Improves
measurement consistency and ease-

of-use for operators.

High throughput for QC labs or at-line
testing. Allows checking many
samples quickly, or even sampling
multiple items at once. Real-time
feedback enables immediate process

adjustments to maintain color specs.

Provides precise and objective color
values (L,a,b, etc.) aligned with human
vision.* Detects subtle color
differences and trends. Highly
repeatable and low drift
measurements maintain accuracy
over time.

Simplifies operation with product-
specific profiles and pass/fail displays.
Operators get clear guidance (e.g.

"Pass”/"Fail” for color). Data logging
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Feature Description/Technology

Sealed Optics Enclosed optics and
& Cleanability removable sample dish;

smooth surfaces.

Compliance & Calibrated to international
Standards color standards (CIE), with

traceable calibration tiles.

Benefit for Baked Goods QC

and networking allow integration into
QA systems, facilitating traceability

and analysis.

Built for food plant environments.
Crumbs and spills don't reach critical
components. The sample dish can be
quickly cleaned between tests,
preventing cross-contamination
(important if measuring different
products, e.g. chocolate vs plain

cookies).

Results are globally understandable
and reliable. Aligns with industry
standards and customer specifications
(e.g. a customer says L* must be >60,
Aeros can ensure that with proper
calibration). Easier to compare data

across sites or with suppliers.

As shown in the table, each feature of the Aeros targets a pain point in baked goods

color measurement - from averaging out uneven color, to eliminating physical contact

and the need for tedious manual work, to integrating results seamlessly into quality

systems. This makes the HunterLab Aeros a best-in-class solution for bakeries aiming

to achieve top-tier color quality control.

In comparison to other instruments on the market, the Aeros is uniquely suited to

textured, non-uniform products. Basic handheld colorimeters lack these advanced
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capabilities, and camera-based systems, while useful for certain inspections, cannot

match the Aeros in color accuracy and consistency.

Case Studies: Improving Quality, Consistency, and RO
through Color Measurement

To illustrate the practical impact of implementing spectrophotometric color control,
let's consider a few case studies. These scenarios demonstrate how using a system like
the HunterLab Aeros can improve product consistency, reduce waste, and provide a

return on investment for baked goods manufacturers.
Case Study 1: Consistency in Cookie Production

Background: SweetBite Cookies Co. produces chocolate chip cookies on multiple
lines. They were facing customer complaints that sometimes the cookies in a box
would be too dark and taste over-baked, while other times too pale and under-baked.
The company relied on bakers to visually judge cookies coming out of the oven.
Occasionally, an oven would drift hotter or a timer mis-set, resulting in color (and
quality) variation. These inconsistent batches led to higher return rates and brand

image issues.

Solution Implementation: SweetBite invested in a HunterLab Aeros
spectrophotometer for each baking line’s quality station. They developed a color
standard for their ideal cookie: for example, L* = 60 £ 2, a* =8 = 1, b* = 25 + 2 (just as
an illustration of a golden-brown cookie color). At the start of each shift, and every 30
minutes thereafter, a QA technician takes a sample of 10 cookies, measures them on

the Aeros, and records the average color. If any reading falls outside the preset
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tolerance, the system flags it and the technician notifies the line supervisor. They also

set up control charts to see trends.

Results: Within a few weeks, the data revealed that Oven #3 had a slight trend of
getting darker towards the end of each 4-hour production block. Maintenance
discovered a calibration issue with the oven temperature sensor. Once fixed, the color
readings stabilized. Additionally, operators became proactive - if the Aeros showed
cookies trending a bit light, they would slightly extend bake time or raise temperature
on the spot, rather than relying on end-of-line visual checks. As a result, color
consistency improved dramatically: the standard deviation of L* across batches
dropped by 50%. Customer complaints about color virtually disappeared in the next
quarter. The company estimated that scrap and rework due to off-color batches (which
sometimes had been pulled from distribution) went down by 80%, saving tens of
thousands of dollars. In terms of ROI, the Aeros instruments paid for themselves within
a year by reducing waste and protecting the brand’s reputation. Perhaps as important,
SweetBite now had data to back up quality - when negotiating shelf space with a
retailer, they could show charts of how consistent their product color (and by proxy,

quality) is, strengthening their position as a reliable supplier.
Case Study 2: Optimizing Bread Oven Performance

Background: GoldenCrust Baking runs a high-volume bread bakery. They produce
sandwich loaves and some artisan breads. Their challenge was that oven
inconsistencies led to some loaves with too pale crust (especially on outer positions of
the oven conveyor) and some with too dark crust. They were trimming or discarding
loaves that were out of spec, which was about 5% of daily production - a significant

loss, given they bake 20,000 loaves a day. Quality control was largely visual, with staff
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pulling off obviously light or dark loaves. But subtle drifts weren't caught until maybe a

whole rack cooled and appeared noticeably different.

Solution Implementation: GoldenCrust installed an inline color monitoring system
(HunterLab SpectraTrend HT) near the end of the oven and also utilized a benchtop
Aeros in the QA lab for calibration. The inline system measures each loaf's color as it
comes out and triggers an alert if it detects trends (e.g., multiple loaves in a row
getting lighter). Meanwhile, the Aeros is used every hour to measure a sample loaf
from various positions of the oven load to get precise Lab* readings and verify the
inline sensor’s calibration. They set an optimal L* target for crust of their white bread
(say L* ~ 58, which is a nice brown) and a tolerance range of +3 units. They also
correlate these numbers to consumer panel data to ensure that range is acceptable to

customers.

Results: Immediately, the bakery could see the oven banding effects in the data -
loaves from the far left were consistently 2-3 L* lighter than those from the center.
They adjusted the oven's airflow and slightly increased heat on that side. The color
differences narrowed. By maintaining color within the desired range, they reduced the
number of off-color loaves to under 1%. This equated to saving about 4% of 20,000
loaves = 800 loaves a day from being waste. Over a year, that's nearly 290,000 loaves
that could be sold instead of discarded or reprocessed - a huge cost saving and better
sustainability (less waste). Additionally, the color data provided insight into oven
health: when a burner was starting to fail, the color started drifting lighter despite
temperature readings being same - a clue that prompted maintenance to fix the
burner before lots of under-baked bread were produced. In essence, color
measurement became a diagnostic tool for process equipment. GoldenCrust
calculated the ROl in terms of waste reduction, improved yield, and reduced customer

complaints (they had complaints previously about bread being too pale and molding
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early - under-baked bread has higher moisture and shorter shelf life). With those
factors, the investment in spectrophotometric control had ROl of a few months, and

ongoing benefits in efficiency.
Case Study 3: New Product Development and Specifications

Background: Healthy Bakes Corp. was developing a new line of high-fiber muffins and
wanted to ensure that the appearance was appealing despite using darker whole
grain ingredients. Their R&D team needed to establish what the ideal baked color was,
and ensure production could hit that target consistently. Additionally, they planned to
co-manufacture at two different facilities and needed a way to ensure both locations

produce muffins of the same color.

Use of Color Measurement: During R&D baking trials, Healthy Bakes used a HunterLab
Aeros to measure the color of muffins baked with varying times and temperatures.
They found that a slightly higher temperature for a shorter time gave the best balance
of flavor and moistness, and that corresponded to an L* of 53, a* of 8, b* of 18 on the
muffin crust (for example). They defined this as the target color. Using the
spectrophotometer, they also measured competitive products and found their target
was a bit lighter (likely to emphasize a “healthy golden” look rather than a darker bran
look). They set internal color specs: any muffin with L* below 50 would be considered
over-baked/dark, and above 56 under-baked/light. When scaling up to production,
they provided these color specs to both facilities. Each facility had an Aeros (or similar
device) to verify that the muffins hit the color window. During test runs, they shared
data: Plant A was consistently about 2 units lower in L* (darker) than Plant B for the
same oven settings. Investigation revealed a difference in oven calibration; once

harmonized, both plants matched.
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Outcome: By quantifying color in development, Healthy Bakes could objectively
communicate the product standard to their co-manufacturers. This avoided a scenario
where one plant’s “golden brown” might have been another plant's “too dark.” The
color spec became part of the quality agreement. As production continued, they
monitored each batch; any deviations beyond tolerance would trigger a review of
oven settings. The result was that whether the muffins were baked in Facility X or Y,
they looked the same on store shelves - giving consistent brand appearance. This
consistency was noticed in a consumer study where photos of muffins from both
plants were shown to people and they couldn't tell them apart, confirming success.
From an ROI perspective, the company avoided costly reformulations or rejects by
"designing with color in mind” from the start. The Aeros used in R&D continued to
serve in QA, so it was a one-time purchase that aided multiple phases of the product
lifecycle. The payoff is seen in brand trust - consumers recognize the product by its
look, and trust that each time they buy it, it will be just as appealing, which drives

repeat sales.

These case studies underscore several key benefits of implementing

spectrophotometric color control:

o Improved Product Consistency: By having quantifiable color targets,
manufacturers can keep their product appearance uniform, which strengthens
brand identity and customer satisfaction.

o Reduced Waste and Rework: Early detection of color deviations prevents large
amounts of off-spec product from being produced. Adjustments can be made
in real time, saving ingredients and energy.

e Process Optimization: Color data can reveal process issues (like uneven oven
performance or timing problems) that can then be corrected, improving overall

efficiency. It essentially adds another layer of process monitoring.
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o Data-Driven Decision Making: Instead of “it looks a bit dark today,” decisions
are based on data - e.g., "L* is down 3 points, let's reduce oven temp by 5°C."
This reduces trial-and-error and operator guesswork.

e ROl and Economic Benefits: While instruments like the Aeros require capital
investment, the returns come in multiple forms - less waste (which is immediate
cost saving), fewer customer complaints (protecting revenue), potentially longer
shelf life if products are properly baked (reducing returns), and even
optimization of baking which can save energy (if color shows you can bake

slightly shorter time and still achieve target color, that saves oven fuel).

For a company debating the cost, presenting these benefits supported by case-like
scenarios can be convincing. Many large producers (as referenced in HunterLab
materials: Kraft, Entenmann'’s, Keebler, General Mills) already rely on such instruments.
Those who adopt this approach join industry leaders in leveraging color science for
quality improvement. In essence, color spectrophotometry transforms color control

from an art to a science, delivering tangible business value.

Conclusion

Color quality control in baked goods manufacturing is a scientifically grounded
practice that can significantly enhance product consistency, brand reputation, and
operational efficiency. What was once left to the trained eye can now be managed
with precision instruments, ensuring that every loaf, cookie, and cake meets the ideal
appearance standard that customers expect. We have discussed how color reflects
underlying quality - from the chemistry of the Maillard reaction imparting flavor and
aroma, to the visual cues consumers use to judge freshness and taste. Because of its
importance, color must be measured and controlled with the same rigor as other

critical parameters like weight or moisture.
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Spectrophotometers have emerged as the gold standard for color measurement in
the food industry, and their role in baking is indispensable. They provide objective,
quantifiable data that correlates with human perception of color, enabling bakers to
set strict standards and maintain them. However, not all instruments are suited to the
quirky nature of baked goods. Irregular shapes, textured surfaces, and varying colors
across a single product mean that a spectrophotometer for this job must be up to the
task. The HunterLab Aeros exemplifies a best-in-class solution, marrying the accuracy
of spectrophotometry with innovative features tailored to real-world bakery challenges
- non-contact measurement, large-area averaging, automated adjustments, and user-
friendly software integration. By using such advanced technology, quality control
specialists can ensure that every batch is "baked to perfection” not just in taste, but in

look.

In comparing solutions, we found that while simpler tools (like handheld colorimeters
or basic vision systems) can provide incremental improvements over subjective
inspection, they often fall short in precision or ease when dealing with baked goods.
The Aeros, with its smart design, outperforms these by providing consistent results
without extra sample prep or complex lighting setups. Camera-based systems, on the
other hand, serve a complementary role of inspecting each item for defects, but they
lack the spectrophotometer’s quantitative accuracy in color evaluation. Therefore, the
ideal approach for a bakery striving for top quality might involve both: use
spectrophotometric data to set and monitor color standards and use vision systems to
enforce them on 100% of product - the spectrophotometer essentially calibrates the

vision system.

From a technical and ROl standpoint, investing in robust color control yields returns in

multiple dimensions: better quality (leading to happier customers and fewer
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complaints), reduced waste (every off-spec product prevented is money saved), and
improved process knowledge (color data often reveals process trends that can be
optimized). The tone of this transformation is technical and data-driven - it shifts the
discourse in a bakery from subjective impressions to objective metrics. For internal
teams (like production and quality departments), this fosters a clearer communication:
a shift leader can report “We're trending 2 AE units high in color, taking corrective
action” rather than “the buns look a bit dark, we adjusted the oven”. Such clarity and
quantification can also be vital when dealing with audits, certifications, or customer

requirements, where documentation of quality control is needed.

In conclusion, achieving excellence in baked goods manufacturing requires managing
the color of products as tightly as any other quality attribute. Spectrophotometers, and
particularly the HunterLab Aeros system, provide the tools to do so with high accuracy
and practicality. By implementing the practices and technologies discussed, food
processing professionals can ensure that their breads, cookies, crackers, croissants,
rolls, cakes, muffins, and brownies not only taste great but also consistently look the
part - golden and inviting, batch after batch. In the competitive baking industry, this
level of quality control can be a key differentiator, turning color into a controlled asset
rather than an uncontrolled variable. Embracing spectrophotometric color
measurement is thus a smart recipe for success, blending science and baking into a

perfectly calibrated outcome.
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