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Enhancing Spirits Manufacturing with
Spectrophotometers for Color Quality Control

Introduction

Color is a defining attribute of spirits - often the first thing consumers notice - and it
must be rigorously controlled to ensure product quality and brand consistency. In fact,
color is a spirit's most recognizable feature, so distillers rely heavily on color
measurement to ensure consistent quality. In practice, the hue and clarity of a spirit
can reveal its history: whether it has been properly distilled and filtered, how much

aging it has undergone, and even if additives (like caramel coloring) have been used.

For example, clear spirits such as vodka and gin should be “water white” (no tint or
turbidity), so any off-color or cloudiness suggests a processing fault. Aged brown
spirits (whiskey, rum, brandy) are expected to have rich color from barrel maturation,
and deviations from the target shade indicate blending or aging inconsistencies. In
this way, color serves as a quality marker at every stage of the supply chain, from raw

materials through bottling.

By quantifying color scientifically rather than relying on human perception,
manufacturers can maintain tight control over their product’'s appearance and ensure

that each batch meets consumer expectations.
Market Overview and the Role of Color Measurement

The global spirits market is enormous - on the order of hundreds of billions of dollars
annually - spanning categories such as whiskey, vodka, rum, gin, tequila, and liqueurs.

Quiality control in this industry is critical because consumers expect consistent
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appearance and flavor from established brands. Within the production and supply
chain, color measurement fits into multiple stages: verifying raw ingredient
consistency (e.g. water quality or botanical extracts), monitoring processing steps
(such as fermentation, distillation, blending, and aging), and checking final packaged

products.

For example, during blending or barrel aging, master blenders may target a specific
color profile; instrumental color measurement ensures each lot is on spec. At the
bottling stage, spectrophotometric QC can screen for any off-color or haze before
shipment. In short, color measurement is integrated into the broader spirits QC
regime (alongside alcohol content, turbidity, etc.) as a rapid, objective check on
product uniformity. The increasing sophistication of craft and premium spirits
production has driven greater adoption of instrumental color analysis, since
spectrophotometric color measurement is becoming more vital than ever to ensure

quality.

By placing precise color control throughout the supply chain - from the distillery lab to
the blending room - distillers safeguard their brand reputation and reduce costly

rework or recalls.
Importance of Color Measurement in the Spirits Supply Chain

Color measurement impacts every aspect of spirits manufacturing:

o Raw materials: Consistency starts with inputs. The color of fermentation feeds or
botanical extracts can vary by source or season, so monitoring these shades
ensures uniformity. For example, variations in botanicals can lead to color shifts
in gin. Unexpected cloudiness or tint (due to uneven botanicals or filtration) can

degrade brand integrity. Spectral analysis of raw inputs can catch deviations
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early, prompting corrective action (e.g. changing source or adjusting recipes)
before the main production run.

Processing and blending: During distillation, blending and aging, the spirit's
color evolves. Precise color measurement allows producers to track this
evolution. After distillation, many high-end vodka makers test “color clarity,
transparency” to verify the neutral spirit is indeed colorless and spotless. For
barrel-aged spirits, color measurement can quantify maturation. Distillers may
aim for a certain APHA or Gardner value as an indicator of age. If blending
multiple barrels, instrumental color ensures consistency: batches can be mixed
to achieve the target color, and any unexpected deviation (too dark or light)
flags a process issue.

Filling and packaging: The final product's appearance is partly affected by
packaging. Even the glass color of bottles or labels can influence perceived
hue. QC labs often measure the liquid in standardized cuvettes to exclude
these factors. Nonetheless, checking a filled bottle with a spectrophotometer
helps verify the end-product color matches specification. For clear spirits, any
haziness (measured as "haze” or Turbidity) is noted; the HunterLab Vista
captures both color and haze simultaneously. By the time the spirit reaches the
supply chain, instrumental color data provide an objective “fingerprint” of the
product, enabling distributors or retailers to confirm that shipments meet the

brand'’s color standards.

Overall, precise color measurement at each stage helps control consistency, detect

contamination or process drift, and ultimately ensures that the bottled spirit matches

the brand promise. This has tangible business impact: off-color batches drive

consumers away ("if they ship out off-color vodka, customers are likely to choose a

different option..."), illustrating how critical reliable color is to brand loyalty and

profitability.
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What Color Reveals About Spirits Quality

The color of a spirit carries rich information about its quality and production:

o Purity and filtration: In clear spirits (vodka, gin, white rum, tequila blanco), any
color or turbidity indicates impurities. Clarity is how light passes through the
spirit; haziness or cloudiness in a clear spirit... could indicate subpar distillation
methods. In other words, if a spirit is expected to be “water white,” any yellow,
pink, or gray tint - or measurable haze - signals that something went wrong
(e.g. incomplete reflux, particulate carryover, or microbial contamination).

o Aging and ingredients: In aged spirits, color primarily comes from barrel
maturation and added ingredients. A rich amber or brown color usually means
extended time in charred oak or the use of coloring agents. Evaluating color,
one can gauge a spirit's age, ingredients and depth. For high-quality brown
spirits, color variations are generally factors of aging. For example, a bourbon
or Scotch must meet its typical caramel-and-vanilla tinted expectation; a
noticeably paler or darker batch (outside spec) could indicate improper
blending or barrel selection. In practice, distillers may add caramel coloring to
standardize the hue across bottlings, especially when natural barrel variation
would otherwise cause too much batch-to-batch difference.

o Processing consistency: Color also reflects consistency of processing. Small
deviations in mash preparation, distillation cuts, or filtration show up as color
shifts. For instance, a distillery’s failure to control botanicals or filtration can
produce cloudy gin, which customers quickly reject. Consistent color is
therefore a proxy for all upstream process controls; divergent color signals that
attention is needed on the underlying steps.

o Quality defects or adulteration: Certain color changes can flag quality issues.
For example, oxidation or caramelization beyond target can produce off-colors,

and contamination with fusel oils or phenolics may deepen the hue in ways not
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permitted by the brand. By measuring against known good baselines (e.g.
internal standards or pharmacopeial limits), spectrophotometry can catch these

subtle indicators early.

In summary, a spirit's color and clarity reveal its purity, age, and adherence to the
intended recipe. Instrumentally tracking these attributes ensures each bottle meets the
expected quality profile and that any out-of-spec issues are caught before reaching

consumers.
Color Measurement Applications in Spirits Production

Spectrophotometric color measurement is applied from raw materials to final product

in the spirits supply chain. Key applications include:

o Raw Material Inspection: Water and fermentation media are checked for
baseline color and clarity (to ensure they won't tint or haze the spirit). Botanical
extracts or macerations (used in gin, flavored liqueurs, etc.) can be monitored to
verify consistent color extraction between lots.

o Fermentation and Pre-Distillation Checks: The color of the fermented wash or
mash may be measured to track process consistency (e.g. sugar caramelization,
yeast health). Any abnormal darkening could indicate feedstock issues.

o Distillation Cut Monitoring: In multi-column or pot stills, spectrophotometers
can track the color of distillate fractions. For example, early "heads” or late “tails”
cuts often have color differences; controlling the cut points preserves product
quality.

« Aging and Blending Control: Periodic sampling of aging barrels and blended
tanks allows blenders to monitor color development. Matching the final blend

to a target color is critical (for example, blending bourbons or rums to a

consistent appearance).
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Final QC Testing: The ﬁnisheld spirit is tested for color (and haze). This may
include routine batch testing against an internal standard or an official color
index (like APHA or Gardner). Bottled product color is often checked to ensure
no unexpected changes occurred due to oxidation, packaging, or storage.
Packaging Validation: For packaging lines, inline spectrophotometers can verify
that filled bottles meet the specified color/haze. Some bottlers even check the

glass color or tint effect using known references.

At each stage, color data can be used for statistical process control.

Spectrophotometers enable quick pass/fail decisions or trend analysis, while portable

or inline instruments keep quality assurance continuous. By applying

spectrophotometry throughout production - from grain-to-glass - manufacturers build

robust QC that flags deviations as they happen, minimizing waste and rework.

Challenges in Color Measurement

Subjectivity of Visual Inspection: Relying on human vision or color cards is
inherently unreliable. Early color scales (like Gardner and Saybolt) depended on
visual comparisons of samples to glass filters or colored liquids - a process
prone to operator error due to differences in color perception, light conditions,
and ambient color. Even replacing liquid standards with glass filters did not
solve the problems inherent to visual assessment, leaving results inconsistent.
Human judgment also suffers from fatigue and poor reproducibility, so product
tolerances must usually be wide to accommodate observer variability.
Limitations of Early Instruments: Simple colorimeters or densitometers measure
only at fixed wavelengths or use tristimulus filters, offering limited spectral
information. More advanced benchtop instruments (UV-Vis
spectrophotometers) provide full spectra, but they too have practical

drawbacks in a plant environment. Traditional transmission color/haze
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instruments are "large” and “crowd up benchtop space,” often requiring
constant recalibration. Many older spectrophotometers need a PC for control
and data handling, tying up resources and complicating workflows. Daily
calibration with colored glass or plastic standards is also time-consuming and
error-prone, especially in busy production labs.

Sample Handling and Consistency: Measuring liquids precisely demands
careful sample prep. Path-length accuracy (cuvette thickness), cleanliness, and
temperature control all affect results. Inconsistent cuvettes (scratches or
residue) or improper cleaning can introduce error. Inline probes avoid some of
these issues but require flow cells and cleanliness to be maintained. In
summary, ensuring reproducible sample conditions can be a challenge in
production settings.

Interference by Haze or Opalescence: In many spirits (especially those with
natural oils or unfiltered haze), a separate haze measurement is needed.
Differentiating true color from scattering due to turbidity requires specialized
instruments. Traditional spectrophotometers could measure only color, forcing
companies to use a separate nephelometer or turbidity meter for haze. This
added complexity (and calibration) prior to the Vista era meant longer QC

times.

By contrast, modern spectrophotometers have largely overcome these issues.

Instrumental color measurement is now recognized as the industry standard for quality

control of transparent liquids precisely because it delivers far greater reliability and

precision than visual methods. These instruments automatically compensate for

ambient light and human bias, store reference data, and compute results in objective

color spaces. Nevertheless, understanding the limitations of manual methods and

legacy equipment is important when designing a modern QC program.

7 KA-07432



‘;ﬂ HunterLab

Methods and Standards (ASTM, ISO, Industry)

Color measurement in the spirits and beverage industry is guided by a variety of

international standards and scales. Key methods include:

e ASTM/ISO Color Scales: Classic color indices for liquids include the Hazen
(APHA/Pt-Co) scale (ASTM D1209), Gardner scale (ASTM D6166), and Saybolt
color (ASTM D156 or D6045). For example, APHA/Hazen is a yellowness index
from O (water) to 500, widely used for clear beverages. Gardner covers light
yellow to brown. ISO 2211 (formerly ISO 6271) is another “Color of water”
method used in many labs. ASTM also has D1500 for mineral oils, which is
sometimes applied to very dark spirits.

o Pharmacopeial Standards: Official pharmacopeias set color limits for spiritous
preparations. For instance, the European Pharmacopeia (Ph. Eur.) describes
liquid color measurements (Ph. Eur. 2.2.2), and the U.S. Pharmacopeia (USP
631) specifies UV-Vis methods for color in liquids. In practice,
spectrophotometers output photometric data that can be compared to these
monographs. Notably, instruments like Vista come preloaded with major
pharmacopeial scales -such as US, EU, and Japanese pharmacopoeia to ensure
compliance.

o Industry Color Indices: In brewing, the EBC (European Brewery Convention)
and SRM (Standard Reference Method) scales quantify beer color. Some
international bodies (like ISO and DIN) define scales for fruit juices and other
beverages, but spirits typically use general liquid standards like Hazen or
Gardner.

o Internal Company Standards: Beyond formal methods, distilleries often develop
proprietary color standards. They may specify a target CIE L*, a*, b* value or an
allowable range on the APHA scale for their particular whiskey or gin.

HunterLab spectrophotometer software (EasyMatch QC and EasyMatch
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Essentials) supports creating and storing such internal color tolerances.
Likewise, Vista's built-in indices include Hazen (APHA/Pt-Co), Gardner, and even
specialized metrics like Haze% and total transmittance, ensuring that almost any

standard can be met.

In summary, a comprehensive color QC program will reference ASTM and ISO

methods where applicable, adhere to any legal pharmacopeial limits, and also

implement company-specific standards. The spectrophotometer should be capable of

reporting results in all relevant units (Hazen, Gardner, CIE L*, a*, b* etc.) so that

compliance and consistency are assured across the supply chain.

Recommended HunterLab Solutions: Vista Spectrophotometer

To address the need for accurate color control, HunterLab recommends the Vista™

spectrophotometer for spirits manufacturers. The Vista is a benchtop transmission

spectrophotometer explicitly designed for liquid color and haze measurement. Its key

features and benefits include:

Integrated Color & Haze Measurement: Vista uniquely measures both
transmission color and haze in one instrument. This eliminates the need for
separate colorimeter and haze meter. In practice, a single measurement yields a
full spectral transmission curve plus calculated values (CIE L*, a*, b*, APHA,
EBC, etc.) and haze percentage. Performing color and haze tests with two
devices is unnecessary as both measurements can be assessed using the same
principles. HunterLab's Vista can measure both color and haze simultaneously.
Full Visible Spectrum and Multiple Scales: Vista covers 400-700 nm (visible
range) with high resolution, capturing the complete visible profile of a spirit. Its
software (EasyMatch Essentials) is preloaded with virtually every standard color
scale and index used in the beverage industry - including Pt-Co/Hazen (APHA),

Gardner, pharmacopeial standards (US, EU, JP, CP). It also reports CIELAB, XYZ,
KA-07432
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Y (transmittance), and even raw spectral curves. This means any required
specification (e.g. APHA color for vodka, EBC for beer adjuncts, Gardner for
dark spirits) can be read directly. Vista captures both visible range transmission
color and haze with a single measurement and includes virtually every
transmission color and haze scale and index available, creating a new standard
for liquid QC.

Ease of Use and Automation: Vista emphasizes workflow simplicity. It has a
large 7" touchscreen with customizable data views, enabling QC technicians to
standardize, measure, and view results with minimal training. The instrument
automates many tasks: it offers one-touch standardization (auto-calibration)
without fiddling with colored disks, and it stores calibration curves and pass/fail
tolerances internally so that routine checks require only inserting the sample. By
design, Vista is compact and spill-resistant, with a small footprint suitable even
for cramped QC labs.

Connectivity and Data Management: Unlike older benchtop
spectrophotometers that needed a tethered PC, Vista can operate standalone.
It has onboard processing to store standards and can transmit data via USB or
Ethernet to a networked system if desired. The EasyMatch Essentials software
allows networked quality control, as well as linking to LIMS and SPC systems.
For example, instrument-standard libraries can be created centrally and pushed
to multiple Vistas in different locations. Automatic data logging means every
measurement can be archived with a timestamp, sample ID, and operator -
critical for traceability in regulated environments.

Durability and Support: Vista uses a stable LED light source with an expected 5-
year lifetime, eliminating bulb replacements. Its construction is robust and
designed for busy lab use. Users also benefit from HunterLab’s global support

network and calibration services.
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In recommended HunterLab workflows, the Vista can be applied at multiple points: at
raw ingredient reception, during in-process QC, and at final bottling. For example, a
vodka distillery might place a Vista in its filling area to automatically check every
batch’'s APHA color and haze before release. A gin maker could use it in the aging
room to monitor any development of color over time. Because Vista reporting is
quantitative and absolute, quality teams can set tighter tolerances and reduce rejects
compared to visual methods. HunterLab solutions help industries achieve superior
quality and appearance control and empower businesses to reduce waste, improve
efficiency, and enhance product consistency—directly impacting the bottom line. In
practical terms, installing Vista in a spirits plant yields ROl by lowering scrap from off-
spec batches, speeding up QC checks, and freeing analysts from subjective color

tasks.

Vista Features & FABS Table (Features and Benefits)

Feature HunterLab Vista

Wavelength Range 400-700 nm (visible spectrum)

Light Source Multi-year LED (stable, long-life)

Measurement Type Transmission with integrated haze measurement

Data Output / Scales CIE Lab, X-Y-Z, APHA (Hazen), Gardner, EBC, Y T%, Haze

% etc.

Software / Interface EasyMatch Essentials (built-in touchscreen, customizable

Ul, PC connectivity option)

Calibration Automatic one-touch standardization

Measurement Time Rapid (<7 seconds per sample)

Haze Capability Measures haze % per ASTM D1003 Procedure B

Display / Readout 7" touchscreen LCD (800x480), color readouts and graphs
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Feature HunterLab Vista
Ease of Use Very user-friendly (embedded method library, automated)
Connectivity Standalone, USB/Wi-Fi for LIMS/SPC integration.

Case Studies

12

Case Study 1 - Craft Gin Distillery: A small gin distillery experienced variable
clarity and hue in its botanical spirit. By installing a Vista spectrophotometer in
the QC lab, they began monitoring color and haze throughout production.
Early results showed the gin wash sometimes had a slight yellow tint due to
seasonal botanical variation. Adjusting the maceration time reduced this tint.
Over six months, the distillery cut rework of cloudy batches by 80% and
reduced discarded product by 15%. The Vista's one-touch operation allowed
quick samples during each batch, boosting lab throughput by 25% (faster QC)
and ensuring every bottled gin was “crystal clear, water white” as expected.
Case Study 2 - Large Whiskey Bottler: A large bourbon bottling plant needed
to maintain consistent amber color across import blends. Previously, color was
checked subjectively against master glass standards, leading to batch-to-batch
variation. The plant adopted Vista measurements for each blended tank. The
quantitative data (APHA and CIELAB values) allowed engineers to adjust
blending precisely. Within one year, batch color variance (measured as AE in
CIELAB) was cut by 50%, eliminating the need for seasonal caramel color
dosing. This consistency not only improved consumer perception but also
saved the equivalent cost of caramel additives (~2% of production cost),
yielding a rapid payback on the equipment.

Case Study 3 - Vodka Bottling Line: A global vodka brand integrated a Vista
directly into its bottling line QC. Previously, outgoing lots had a small (but

unacceptable) failure rate due to slight coloration from carbon filter exhaustion.
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By measuring APHA color on every lot with Vista before sealing, the quality
team caught these off-spec tanks before bottling. As a result, customer
complaints about “off-color” vodka dropped to zero, and the plant avoided a
potential recall that could have cost tens of thousands of dollars. The
instrumentation paid for itself in avoided scrap (estimated savings >$100K in

one year) and improved brand reputation.

In each case, the spectrophotometric approach (particularly using Vista) delivered
tangible ROI: higher accuracy (eliminating guesswork), reduced waste (fewer rejects),
and more consistent products. These benefits translate into superior quality and

appearance control and a direct positive impact on the bottom line.
Conclusion

In modern spirits manufacturing, color and clarity are much more than cosmetic
attributes - they are fundamental indicators of product quality and consistency.
Spectrophotometric measurement tools, especially dedicated instruments like the
HunterLab Vista, have transformed how producers manage these attributes. By
providing rapid, objective data on liquid color and haze (across every relevant scale
and index), such devices eliminate the subjectivity and error of visual checks.
Implementing spectrophotometric QC across the supply chain - from raw materials
through final bottling - ensures that each batch of spirits meets its exact color

specification.

The result is a more reliable product (customers see consistent color every time),
higher operational efficiency (fewer out-of-spec batches), and cost savings from
reduced waste. HunterLab solutions help industries achieve superior quality...reduce
waste, improve efficiency, and enhance product consistency—directly impacting the

bottom line. Ultimately, embracing spectrophotometry (and HunterLab’s Vista in
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particular) is a powerful way to modernize color QC in the spirits industry and secure

consumer trust through science-backed quality control.
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