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Enhancing Cookie Manufacturing with
Spectrophotometric Color Measurement

Introduction

Cookies are one of the most recognizable baked goods worldwide, consumed across
cultures and markets. Their color—-ranging from light golden to deep brown—not only
signals doneness but also influences perceptions of freshness, quality, and flavor. Even
slight color inconsistencies across batches can make cookies appear underbaked,

overbaked, or stale, affecting consumer trust and brand reputation.

Spectrophotometric color measurement offers an objective, scientific way to monitor
and control cookie color at all stages of production. By quantifying appearance,
manufacturers can reduce waste, ensure consistency, and deliver the appealing
golden-brown profile consumers expect. This paper highlights the challenges of
cookie color quality control, the role of color in consumer acceptance, and why

HunterLab's Aeros spectrophotometer is the optimal solution for baked goods.

The Role of Color in Cookies

Cookies rely on Maillard reactions and caramelization during baking to develop their

characteristic color. Key insights include:

o Bake Quality Indicator - A golden-brown surface signals optimal baking; too
pale suggests underbaking, while overly dark edges suggest burning.

« Ingredient Variability - Butter, sugar type, and flour batches can affect browning
and color uniformity.

« Brand Identity - Consumers expect consistent color for classic varieties (e.g.,

chocolate chip vs. shortbread). Any deviation can disrupt brand recognition.
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Freshness Cue - Even color implies freshness; discoloration during storage may

indicate staling or oxidation.

Challenges in Cookie Color Consistency

Maintaining uniform cookie color is complicated by:

Batch Variability - Oven hotspots, ingredient differences, or dough handling
can shift color.

Surface Texture - Irregular shapes and inclusions (chocolate chips, nuts) scatter
light unevenly.

Human Subjectivity - Visual QC is prone to error from lighting, fatigue, or

perception differences.

Why Instrumental Color Measurement is Essential

Unlike visual inspection, spectrophotometers provide objective, repeatable data. For

cookies, this means:

Quantifying Golden Brown - Target values (CIELAB L*, a*, b*) define “just right”
color.

Detecting Deviations Early - Even small drifts in oven temperature can be
identified before large volumes are affected.

Ensuring Uniformity - Multiple readings averaged across samples provide a
reliable measure of batch quality.

Supporting Global Standards - Numerical data enable consistency across plants

and markets.

Recommended Solution - HunterLab Aeros
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The HunterLab Aeros spectrophotometer is purpose-built for baked goods like

cookies:

» Non-Contact Measurement - Analyzes cookies without pressing or grinding,
preserving their natural form.

« Large Area Capture (27.5 in? 35 readings in 5 seconds) - Averages across
multiple cookies or an entire tray section, overcoming irregularities.

» Automatic Rotation and Height Adjustment - Ensures repeatable results
regardless of cookie size or placement.

o Integrated Touchscreen and Software - Provides instant pass/fail decisions and

data storage without needing an external PC.
Benefits for Cookie Manufacturers:

e Ensure every batch achieves the brand’s golden-brown target.
o Detects underbaked or overbaked products early, reducing waste.
o Simplifies QA workflows with minimal sample prep and fast analysis.

e Supports consistent product appearance across production sites.
Hypothetical Case Study 1 - Chocolate Chip Cookie Line

Background

A leading global bakery produces a signature chocolate chip cookie that customers
recognize by its golden-brown base and balanced distribution of chocolate chips.
Brand reputation relies on delivering cookies with the same appearance every time—

uniformly baked, with chips integrated in a visually appealing way.

Challenge
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During routine quality control, spectrophotometric color measurements on the
finished cookies revealed a drop in the L (lightness)* value compared to the stored
product standard. The cookies appeared darker overall than the brand’s specification,

risking consumer perception that the batch was overbaked or stale.
Investigation

Using the HunterLab Aeros, QA teams quickly identified that the cause was not the
baking process but rather an ingredient imbalance. The batch contained too many
chocolate chips relative to the cookie dough base. Since chocolate absorbs more light
and has a much lower L* value, the excessive chip density lowered the composite

average color of the cookies.
Corrective Action

Production confirmed that a dosing error in the chip feeder led to an above-spec

inclusion rate.

o Operators recalibrated the dosing system, restoring the correct dough-to-chip
ratio.

o Affected cookies were segregated and labeled as off-spec.

To prevent recurrence, the plant added an in-process Aeros measurement checkpoint

at the molding stage to monitor cookie color before baking.
Outcome

With Aeros providing objective, large-area, non-contact readings of full cookies, the
manufacturer caught the issue immediately. Instead of reaching consumers, the
darkened cookies were contained at the plant. The correction saved the brand from

potential complaints, strengthened process controls, and reinforced customer trust
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that every cookie would deliver the expected golden-brown appearance with just the

right balance of chocolate chips.
Key takeaway

By monitoring Lab* values, particularly L*, manufacturers can distinguish between true
bake issues and ingredient ratio deviations. HunterLab's Aeros provided rapid, reliable
data that linked darker appearance to excess inclusions, proving the value of
spectrophotometric color measurement in maintaining product quality and brand

consistency.

Hypothetical Case Study 2 - Vanilla Wafer Cookie
Manufacturer: Correcting Underbaking with Color
Measurement

Background

A well-known confectionery company produces vanilla wafer cookies prized for their
crisp texture and light golden-brown color. Consumers expect every package to
contain wafers with a uniform appearance that signals freshness, quality, and the

familiar taste they associate with the brand.

Challenge

During routine QA checks, the HunterLab Aeros spectrophotometer measured
finished wafers and detected a higher-than-standard L (lightness)* value. Compared to
the established color standard, the wafers were noticeably lighter. Visually, the cookies
appeared pale, which could lead consumers to assume they were underbaked or

lacking flavor.

Investigation
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e The Aeros confirmed that thel batch had shifted outside the defined AE
tolerance for golden-brown appearance.

o Production review revealed that oven dwell time had been shortened slightly
during a shift change, resulting in underdeveloped Maillard browning.

e The pale wafers not only failed to meet brand appearance standards but also

risked textural issues, such as reduced crispness.
Corrective Action

o Oven parameters were recalibrated to restore the correct baking time and
temperature profile.

o Additional Aeros checkpoints were implemented to measure wafer color
immediately post-oven, providing real-time process control.

o Operators were retrained on monitoring and verifying baking parameters

during transitions between shifts.

Qutcome

With the Aeros providing fast, non-contact, large-area measurement, the underbaked
appearance was caught early. Only a small batch was impacted before the issue was
corrected. Once baking time was restored, color readings returned to target values,

ensuring wafers met the brand’s signature golden hue.

Key Takeaway

For vanilla wafers and other light-colored baked goods, L* value is a sensitive indicator
of proper baking. By using HunterLab Aeros, the manufacturer gained objective
confirmation of underbaking and could quickly adjust oven settings to preserve

product quality and consumer trust.
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Conclusion

Color is a defining attribute of cookies, directly tied to perceptions of quality,
doneness, and flavor. By implementing spectrophotometric measurements,
manufacturers can ensure consistent appearance, reduce waste, and strengthen brand

trust.

HunterLab Aeros offers the ideal solution: fast, non-contact, and highly representative
analysis of heterogeneous baked products. With Aeros, cookie manufacturers can
control color with precision and confidence—ensuring every cookie looks as good as it

tastes
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