
 

 
Enhancing Edible Oil Manufacturing with Spectrophotometric 
Color Quality Control 

 

Introduction 

Edible oil manufacturers face increasing demand for consistent product quality and 

appearance. Among the critical quality attributes of edible oils, color stands out as a key 

indicator of purity, freshness, and processing effectiveness. Color consistency in oils is not 

only important for consumer appeal but also for meeting industry standards and ensuring 

process efficiency. However, maintaining uniform color can be challenging – variations can 

arise from raw ingredients, processing steps, storage conditions, and packaging.  

 

Spectrophotometers offer a modern solution to these challenges by providing objective, 

quantifiable color measurements. This white paper explores how spectrophotometric 

color measurement, particularly using HunterLab’s Vista, can enhance edible oil 

manufacturing. We will discuss the importance of color in edible oils, what color reveals 

about oil quality, applications across various oil types, limitations of traditional methods, 

best practices for instrumental color measurement, and real-world case studies showing 

improvements in quality, efficiency, and return on investment (ROI). The goal is to equip 

process engineers, quality managers, and sales teams with a comprehensive 

understanding of color quality control in edible oils and the advantages of advanced 

spectrophotometric instruments. 

 

Importance of Color Measurement in Edible Oils 

Color is much more than a cosmetic property in edible oils – it is a vital quality metric that 

can signal issues and assure consistency. Key reasons why color measurement is 

important include: 



 

 
• Quality Control: The color of an oil is often the first indicator of its quality. 

Unwanted color shifts can indicate the presence of impurities, oxidation, or 

contamination in the oil. For example, an oil turning darker or reddish may suggest 

oxidation or leftover pigments that refining failed to remove. Color also reflects the 

efficiency of refining processes (bleaching, filtering, deodorization); a properly 

refined oil will be lighter in color, whereas incomplete processing leaves a higher 

color intensity. Monitoring color helps manufacturers catch these issues early and 

ensure each batch meets quality specifications. 

 

• Regulatory Compliance: Edible oils must often meet specific color standards 

defined by industry organizations and regulators. For instance, the American Oil 

Chemists’ Society (AOCS) sets official methods for oil color (using scales like 

Lovibond and Gardner), and certain food agencies require color data for 

compliance. In the United States, color measurement data may be needed to 

support labeling or quality claims (e.g. the USDA has strict color requirements if a 

company makes certain product claims). By quantitatively measuring color, 

producers can ensure their oils stay within permitted ranges and adhere to 

standards for grades or product labels. 

 

• Consumer Appeal: Consumers judge edible oils by their appearance. A color that 

deviates from expectations can lead customers to perceive the oil as low quality or 

unsuitable. For example, sunflower oil is expected to be a clear pale yellow, and 

olive oil a golden or greenish hue. If a cooking oil appears too dark or cloudy, 

consumers may suspect it’s old or impure. Consistent color builds brand trust. 

Therefore, measuring and controlling color is crucial to meet customer 

expectations for freshness and purity. 

 



 

 
• Batch Consistency and Branding: In industrial production, maintaining uniform 

color across batches is vital for product consistency and brand image. A 

recognizable, consistent oil color (such as the light gold of a certain corn oil brand) 

is part of the product’s identity. Objective color measurements allow 

manufacturers to keep batch-to-batch color variation to a minimum, ensuring 

that every bottle looks the same. This consistency not only satisfies customers but 

also simplifies blending operations and inventory management since off-color lots 

can be identified and corrected before packaging. 

 

• Detection of Degradation: Over time or under poor storage, oils can degrade and 

change color. Oxidation and rancidity often cause oils to darken or develop a 

reddish/brown cast. Measuring color can thus serve as a tool for detecting 

degradation during shelf-life studies or quality inspections. For instance, an 

increase in a red tint in what should be light-colored oil could indicate the onset of 

rancidity or heating damage. Early detection through color testing enables timely 

corrective actions (like rejecting a batch or adjusting storage conditions) to prevent 

substandard oil from reaching consumers. 

 

In summary, routine color measurement provides assurance of quality, supports 

compliance with standards, influences consumer perception, ensures consistency, and 

signals any deterioration in edible oils. It transforms color from a subjective impression 

into a controlled specification. 

 

What Color Reveals About Edible Oils 

The specific color of an edible oil can tell a story about its composition and history. By 

analyzing color objectively, manufacturers can gain insight into several critical aspects of 

oil quality: 



 

 
• Oxidation and Aging: Oils that have been exposed to air, heat, or light will often 

undergo oxidation, leading to color changes. For example, fresh extra-virgin olive oil 

typically has a greenish-golden color due to natural chlorophyll and carotenoids. If 

that olive oil is improperly stored in light or warm conditions, it can fade from green 

to a dull yellow or even orange-brown, indicating oxidative breakdown. In fact, olive 

oil exposed to light can turn red-orange and develop off-flavors. Such color shifts 

reveal that the oil’s nutritional and sensory quality may be compromised. By 

measuring color (e.g. increases in red or decreases in green indices), producers can 

quantify the extent of oxidation or aging. A significant color change over time is an 

early warning that an oil is turning rancid or stale, prompting investigation into 

storage or shelf-life. 

 

• Presence of Impurities or Contaminants: Unusual color tones can indicate 

contamination or incomplete purification. Unrefined oils often contain pigments 

(like carotenoids giving orange/red hues or chlorophyll giving green tint) and other 

impurities. For instance, crude palm oil is deep orange-red from high beta-carotene 

content. If a supposedly refined oil still has an orange or brown tint, it suggests that 

impurities remain or that bleaching was insufficient. Similarly, a hazy or milky 

appearance (as opposed to bright clear color) reveals the presence of suspended 

particles, moisture, or waxes. Spectrophotometric measurements can quantify 

these effects: high absorbance at certain wavelengths may indicate residual 

carotene or chlorophyll, while increased turbidity (haze) readings indicate 

particulate matter. In short, color data can verify that refining steps (degumming, 

bleaching, filtering) have effectively removed undesired substances, or alert 

manufacturers to contamination (such as mixing with another oil or foreign material 

introduction). 

 



 

 
• Refining Process Efficiency: Process engineers closely watch color values as a 

measure of how well the refining process is performing. Many edible oils are 

processed to achieve a lighter color, which typically means undesired constituents 

have been removed. For example, during bleaching (absorption of pigments onto 

clays) and deodorization (high-temperature stripping of volatile compounds), the 

oil should become clearer and lighter. A spectrophotometer reading on the 

Lovibond scale or CIE L* (lightness) value after bleaching can confirm if the desired 

color target is met. If the oil’s red or yellow units remain high, it may indicate the 

need to adjust bleaching clay dosage or process conditions. In this way, color 

measurement is used as feedback to optimize refining parameters. The Lovibond 

Tintometer scales (commonly expressed in Red, Yellow, Blue units) have long been 

used as an indicator of refinement level – a high Red value signifies a darker, less 

refined oil, whereas a low Red value (with mostly yellow) indicates a more 

completely refined, neutral oil. Thus, color reveals whether processing has 

achieved the intended quality or if further treatment is required. 

 

• Oil Composition and Nutrient Content: The natural color of an edible oil can also 

reflect its source and nutrient makeup. For instance, the golden yellow of canola or 

soybean oil comes from residual beta-carotene and xanthophyll pigments, 

whereas the greenish tone of certain olive oils comes from chlorophyll picked up 

from olive skins. By measuring absorbance at specific wavelengths, one can even 

estimate pigment concentrations – e.g. spectrophotometers can gauge chlorophyll 

content around 670 nm (a green pigment important in olive oil quality) or carotene 

content around 450 nm (which influences yellow-orange color). A higher-than-

normal pigment reading might indicate a particular variety of seed, or it could signal 

that an oil marketed as “refined” is actually semi-refined. In some quality control 

scenarios, color data helps verify that an oil is authentically what it’s supposed to 



 

 
be (for example, extra virgin olive oil tends to have a distinctive color profile that 

could differ if it were diluted with a refined oil). In summary, the color signature of 

an oil, captured through spectrophotometric metrics, reveals important information 

about both processing and intrinsic composition of the oil. 

 

• Clarity and Stability: Clarity is a crucial aspect of oil appearance – a truly 

transparent oil with no haze is often expected by customers (except in specialty 

unfiltered oils). A cloudy or dull color usually indicates either the presence of 

suspended solids (like sediment or meal fines) or the crystallization of fats (as 

happens if an oil with higher melting components is stored in cool conditions). By 

measuring haze (turbidity) simultaneously with color, manufacturers can detect 

these issues. For example, a spectrophotometer equipped to measure transmitted 

haze will register increased scattering if an oil sample contains wax crystals or 

insoluble impurities. This information reveals whether an oil might turn cloudy on 

the shelf (which is undesirable for products like salad oils). It also points to process 

needs such as winterization (chilling and filtering out waxes) if haze is detected in 

oils like sunflower or safflower. Thus, color measurements (including haze) divulge 

not just hue but the physical stability of the oil – ensuring it will remain bright and 

clear over its lifespan. 

 

By translating an oil’s color into objective data, spectrophotometers allow us to interpret 

these subtle cues reliably. In practical terms, what the human eye perceives (a slight 

darkening, a tinge of red, a hint of cloudiness) can be quantified and traced back to causes 

like oxidation, contamination, or process deficiencies. In the edible oil industry, this 

knowledge is power: it helps in troubleshooting production issues, maintaining quality, and 

confidently delivering the product that both regulators and customers expect. 

 



 

 
Applications for Color Measurement in Edible Oil Manufacturing 

Color measurement using spectrophotometers is applied at various stages of edible oil 

production and for all types of oils. Different oils have unique color characteristics and 

quality requirements, but in each case instrumental color control provides significant 

benefits. Below we outline how color measurement is utilized across a range of common 

edible oils: 

• Palm Oil: Palm oil, especially in its crude form, has a vivid reddish-orange color due 

to extremely high levels of beta-carotene. Refining palm oil involves bleaching and 

deodorizing it to reduce this color to a light yellow or golden hue suitable for 

consumers. Spectrophotometers are used to monitor the Lovibond Red and 

Yellow values during refining to ensure the oil’s color falls within specification (for 

example, many commercial refined palm oils target a specific maximum Red value). 

If color measurements show too much residual redness after bleaching, process 

engineers know to increase clay dosage or adjust temperature. In addition, some 

products like red palm oil (marketed for its carotene content) require consistency in 

their deep color; here, color measurement helps standardize blending of batches to 

achieve a uniform red-orange appearance. Palm oil fractions (olein and stearin) 

also have color requirements; olein (liquid part) should be clear and bright, so 

measuring color and haze ensures that fractionation and filtration have removed 

any cloudiness. Overall, color control in palm oil production is critical both for 

refining to a consumer-friendly color and for specialty products where color is a 

selling point. 

 

• Soybean Oil: Highly refined soybean oil is typically a very pale yellow, almost 

straw-like color. Any deviation (such as a darker yellow or slight brown tint) can 

indicate quality issues. During processing of soybean oil, color measurement is 

used from degumming through bleaching. For instance, after bleaching, a 



 

 
spectrophotometer check on the oil’s Gardner color (a scale for light-colored 

liquids) or Lovibond scale confirms whether the oil has been sufficiently purified. 

Soybean oil is often a major ingredient in salad dressings and mayonnaise, where 

clarity and light color are important for consumer acceptance. Instrumental color 

data helps manufacturers ensure that soybean oil has a low color number (e.g., 

Gardner 1 or below), meaning it will not impart an off-color to end products. 

Additionally, soybean oil can develop a reddish hue if it overheats or oxidizes during 

deodorization; continuous color monitoring in production can catch such issues 

early, preventing off-spec oil from being blended into finished product. In summary, 

spectrophotometric color checks in soybean oil refining guarantee that the oil 

remains neutral in color and visually appealing for its wide range of uses. 

 

• Sunflower Oil: High-quality refined sunflower oil should be brilliantly clear with a 

light yellow color. Sunflower oil tends to contain waxes that can cause cloudiness 

if not removed (a process called winterization is used to eliminate waxes for oils 

sold in cold climates or refrigeration). Color and turbidity measurements are 

especially useful for sunflower oil producers: by measuring the haze alongside 

color, they can verify that winterization has been successful – the oil shows low 

turbidity at cool temperatures, meaning it will stay clear on store shelves. If the 

spectrophotometer detects elevated haze or a duller color, it may indicate residual 

wax or particulate matter, prompting additional filtration. On the color side, 

sunflower oil has naturally a light yellow tone (due to carotenoids); refining aims to 

preserve a pleasing yellow while removing any green or brown tints. A 

spectrophotometer can measure Yellowness Index or Lovibond units to ensure 

the refined oil maintains the expected hue. For sunflower oil packaging (often in 

clear bottles), consistent color is a marker of purity, so production labs 



 

 
continuously monitor color values to keep each batch within the tight range that 

consumers expect. 

 

• Olive Oil: Unlike most other edible oils, olive oil’s color can vary from deep green 

to golden yellow depending on olive varietal, ripeness, and processing, and 

consumers are accustomed to this natural variation in extra virgin olive oils. 

However, color measurement still plays an important role in olive oil quality control. 

Producers of high-grade olive oil use spectrophotometers to track color as an 

indicator of freshness and authenticity. A fresh extra virgin olive oil often has a 

greenish tint from chlorophyll; as the oil ages or if it is exposed to light, the 

chlorophyll breaks down and the oil becomes more golden/orange. Monitoring the 

color over time (for example, changes in the green vs. yellow balance in CIE a/b 

values) allows producers to assess whether an oil might be losing quality. Color 

data can also help in blending: large olive oil packers blend oils from different 

harvests or regions to achieve a consistent flavor profile – they may also target a 

certain color (within the natural range) for brand consistency. If an olive oil shows 

an atypical color (too brown or too pale), it might indicate adulteration or over-

refinement. In fact, instrumental color analysis is sometimes used alongside 

chemical tests to detect if an extra virgin olive oil has been mixed with refined olive 

oil (which is lighter in color). Additionally, for lower-grade olive oils that get refined 

(like olive pomace oil or refined olive oil), those should end up very light in color; 

measuring their Lovibond/Gardner color ensures the refining process removed the 

pigmented impurities. While visual appeal in olive oil is nuanced, using a 

spectrophotometer gives producers a quantifiable handle on color so they can 

maintain consistency and monitor any degradation without relying solely on human 

eye judgement. 

 



 

 
• Canola (Rapeseed) Oil: Canola oil is known for being one of the clearest and 

lightest colored vegetable oils when properly processed. Naturally, crude canola 

can have a slight amber tint, but modern refining yields an almost water-white to 

pale yellow oil. For canola, color measurement is crucial to confirm that the refining 

(especially bleaching) has removed trace pigments and any residual compounds 

from the seed that could color the oil. A high-quality canola oil might be measured 

on the AOCS Color Index or Lovibond scale and expected to have extremely low 

values (e.g., Lovibond 1.0 Yellow, 0.1 Red or similar). If a spectrophotometric 

reading finds higher color, it could mean the presence of heat damage (overcooked 

seed giving a brownish color) or inadequate bleaching. Because canola is often 

used in products where any yellowing is undesirable (like white sauces or 

margarines), tight control of color is maintained. In production, quick color checks 

of canola oil coming out of the bleaching filter press ensure the oil is on spec; if not, 

adjustments can be made immediately. Another application is in hydrogenated 

canola oils (shortening, etc.) – these should be nearly white; the HunterLab Vista or 

similar instruments can measure the Whiteness Index to quantitatively ensure 

these fats have the appropriate brightness and no yellow cast. Through these 

measures, canola oil producers use color data to uphold the oil’s reputation as a 

clean, clear product. 

 

• Coconut Oil: Refined, bleached, deodorized (RBD) coconut oil is almost colorless; 

consumers expect coconut oil to be water-clear when melted (and pure white 

when solidified). Any slight yellow tint in liquid coconut oil is a sign of impurity or 

degradation (for example, residual phenolics or scorching during processing). Color 

measurement for coconut oil is often done at the end of refining to certify that the 

product meets the standard of essentially no color (sometimes measured on the 

Lovibond scale with very low values, or simply transmittance at a certain 



 

 
wavelength to ensure high clarity). Coconut oil is solid at room temperature in many 

climates, so an important practice is to heat the sample to a consistent 

temperature (e.g. 40°C) before color measurement so that it is completely liquid 

and clear. Using a spectrophotometer with a heated cell or measuring quickly after 

melting the oil is critical for accuracy. The Vista spectrophotometer, for example, 

allows using a pre-heated vial for such samples. Once properly melted, the 

instrument can detect even faint yellow or hazy tones that the eye might miss. 

Producers use this data to adjust their process – if any color is detected, it might 

mean bleaching needs improvement or there’s contamination (like a bit of toasted 

coconut residue). Additionally, virgin coconut oil (which is not heavily processed) 

might have a slight coloration or turbidity due to naturally retained compounds; 

manufacturers of virgin oil use color and haze measurements to monitor lot-to-lot 

consistency and to ensure stability (excessive turbidity could mean moisture or 

proteins that might lead to spoilage). In both refined and virgin coconut oils, 

spectrophotometric control helps achieve the desired transparent clarity and 

quality. 

 

• Safflower Oil: Safflower oil is another light-colored oil, often very similar to 

sunflower in appearance (essentially colorless to pale yellow when refined). 

Applications of color measurement for safflower oil mirror those of sunflower oil. 

Because safflower can also contain waxes, producers check the oil’s haze after 

winterization to ensure it will remain crystal-clear at low temperatures. Any 

persistent haze reading means further filtration is required. Spectrophotometers 

are also used to ensure the oil’s Lovibond/Gardner color stays extremely low, as 

safflower is frequently used in cosmetic and nutritional oils where clarity is a mark 

of purity. If safflower oil is being used in a high-value application (like in 

supplements or skin products), companies will document its color values as part of 



 

 
Certificate of Analysis to assure customers of its quality. Instrumental color data 

provides that assurance. In summary, for safflower oil, the focus is on confirming 

near-invisible color and perfect clarity through precise measurement. 

 

• Oil Blends: Many consumer oils are actually blends (for example, a generic 

“vegetable oil” might be a blend of soybean, canola, corn, etc., and some salad oils 

blend soybean with a bit of sunflower for stability, or olive oil blends with other oils). 

Managing color in blended oils is important because combining oils can sometimes 

introduce slight color shifts. Manufacturers use spectrophotometers to formulate 

blends that achieve the target color. For instance, if one batch of canola oil is a bit 

more yellow and another component is water-white, blending needs to result in a 

consistent pale color in the final product. By measuring the color of each 

component oil and the blend, technicians can adjust ratios to get a uniform result. 

Additionally, if a company produces a line of blended oils under one brand, they will 

set a color specification that all blends must meet (e.g. “Lovibond 5.0Y, 0.5R 

maximum” for a light salad oil). Each blending batch is checked instrumentally 

against this spec to ensure consistency. Color measurement is also crucial when 

blending refined oils with a small amount of unrefined or flavored oil (like some 

gourmet oils do) – the unrefined portion may be darker, so only a controlled 

percentage can be added to not overshoot the desired color. In all cases, 

spectrophotometers help maintain blend-to-blend consistency, preventing 

customer-detectable differences. Moreover, by documenting color values of 

blends, companies can troubleshoot issues (for example, if a blend consistently 

comes out darker, it might trace back to one of the input oils having higher color 

than usual, signaling a supplier issue). 

 



 

 
Across these various oil types, spectrophotometric color measurement is applied as a 

versatile quality control step: from incoming raw oil assessment, through monitoring 

refining stages, to final product verification. It enables real-time decisions in processing 

(bleach more, filter again, adjust a blend, etc.) and assures that each type of oil meets its 

unique appearance standards. This level of control is essential in modern edible oil 

manufacturing, where both regulatory compliance and customer satisfaction hinge on 

delivering oils that look just right. 

 

Challenges of Visual and Traditional Color Measurement Methods 

Historically, edible oil color has been evaluated by visual comparison methods or basic 

colorimeters, but these approaches come with several challenges and limitations: 

• Subjectivity of Visual Inspection: Relying on the human eye to judge oil color (for 

instance, comparing the oil in a glass tube to a set of colored glass standards, as 

done in traditional Lovibond Comparator instruments) is inherently subjective. 

Different people may perceive color slightly differently based on their eyesight, age, 

or even fatigue level. What one technician calls “acceptable light yellow” another 

might find slightly too dark. This subjectivity can lead to inconsistent judgments and 

potential conflicts (e.g., between a supplier and customer each visually grading the 

same oil differently). Visual methods also offer limited resolution – one might only 

categorize color in broad steps, missing subtle shifts. In short, visual color grading 

lacks precision and reproducibility that modern quality systems require. 

 

• Environmental and Lighting Influences: Traditional visual color checks are highly 

sensitive to lighting conditions and the environment. The perceived color of an oil 

sample can change under different light sources (daylight vs. fluorescent) or due to 

background colors. Official visual methods try to standardize this (for example, 

conducting the comparison in a standardized light box), but minor variations can 



 

 
still affect the result. Also, if an oil sample is even slightly cloudy, it can appear 

darker and throw off a visual reading – in fact, many visual methods strictly require 

crystal-clear samples. Maintaining these conditions is cumbersome. Without 

perfect clarity and consistent lighting, visual assessments can be skewed, 

whereas an instrument can compensate and measure actual transmitted color 

objectively. 

 

• Limited Detection of Haze and Particulates: Visual color measurement focuses 

on hue and intensity, but it doesn’t quantify clarity. An oil could visually “match” a 

color standard yet be hazy, which is a quality issue. Traditional colorimeters (like 

older single-beam transmittance devices) also typically only report color in one 

scale and might not flag turbidity. This means using separate tests for haze or just 

doing a subjective clarity check (“hold it up and see if text can be read through it”). 

Such approaches are not sensitive to early stages of haze formation. If haze or slight 

cloudiness isn’t caught, a batch might pass color inspection but later develop 

sediment or cloud in storage. Separate turbidity meters could be used, but that 

adds complexity. Thus, older methods often fail to integrate clarity assessment, 

whereas newer spectrophotometers can measure color and haze together to give a 

full picture of appearance. 

 

• Time and Labor Intensiveness: Visual and traditional methods can be slow and 

require skilled personnel. For example, matching an oil sample in a Lovibond 

comparator involves incrementally adjusting red, yellow, blue slides until a visual 

match is found – doing this for many samples in a shift can be tedious and time-

consuming. Likewise, some older automated colorimeters might require manual 

cleaning and filling of specific pathlength cells for each sample. If oils of different 

darkness need different cell lengths (1 inch, 5.25 inch, etc.), the technician must 



 

 
switch cells and perhaps dilute or thermostat samples, which slows down 

throughput. In contrast, a modern spectrophotometer can take a reading in 

seconds once the sample is prepared. In a busy refinery lab or production 

environment, the slower turnaround of traditional methods can become a 

bottleneck, delaying process adjustments. Faster instrumental readings mean 

more frequent checks and tighter process control. 

 

• Calibration and Consistency Issues: Traditional color measurement instruments, 

such as older Tintometer models, often need regular calibration with liquid 

standards or colored glass filters. These standards themselves can deteriorate or 

need certification. If an instrument is not calibrated properly, all color readings 

shift, potentially leading to off-spec product being accepted or vice versa. Visual 

methods rely on the assumption that the reference standards are accurate and the 

observer is consistent day to day, which may not hold true. Additionally, scale 

limitations can be a challenge: the Lovibond scale, for instance, is finite (up to e.g. 

70 Yellow, 20 Red). Extremely light samples might be below the lowest increment or 

very dark samples might exceed the scale unless a shorter cell is used. Juggling 

these scale limits with visual tools is not straightforward. Modern 

spectrophotometers, however, measure absolute spectral data and then calculate 

any scale, avoiding those range issues by intelligently choosing the right pathlength 

or applying appropriate dilution factors. 

 

• Lack of Continuous Monitoring: Visual or older methods are batch tests – they do 

not easily lend themselves to on-line or at-line continuous monitoring. This means 

color is often checked only after a batch is processed or at QC release. If a problem 

occurred early (say the bleaching earth was exhausted mid-run), it might not be 

caught until the final color check, at which point reprocessing is needed. The 



 

 
latency of traditional testing can reduce efficiency. Newer spectrophotometers can 

be placed at-line or used so quickly that operators can check color at multiple 

process points in near real-time, enabling proactive adjustments rather than 

reactive fixes. 

 

In summary, while visual and legacy color measurement methods laid the groundwork for 

color standards in the edible oil industry, they suffer from subjectivity, inefficiency, and 

incomplete data. Spectrophotometric instruments overcome these challenges by 

providing objective, repeatable, and fast measurements of both color and clarity. The next 

section discusses best practices for implementing these instruments to ensure reliable 

color quality control. 

 

Best Practices for Instrumental Color Measurement Using 
Spectrophotometers 
 

Transitioning to instrumental color measurement brings significant improvements in 

accuracy and efficiency, but to realize the full benefits, proper procedures must be 

followed. Here are some best practices for using spectrophotometers in edible oil color 

quality control: 

• Ensure Sample Clarity and Proper Temperature: Before measuring, verify that the 

oil sample is free of haze or fully melted if it’s a fat that solidifies at room 

temperature. Any crystallization or cloudiness can affect the color reading. If the oil 

requires heating (e.g. palm oil, coconut oil, or any oil that turns cloudy when cool), 

warm it to the recommended temperature so that it is completely liquid and clear. 

For instance, bring palm oil to ~60 °C and keep it there briefly to dissolve all solids, 

then measure immediately. Some spectrophotometers have integrated heaters or 

insulated sample holders to assist with this; for those that don’t, using a water 



 

 
bath or incubator for the sample vial works well. The key is consistency – always 

measure the color at the same temperature conditions to get comparable results. 

 

• Use Appropriate Path Length/Cell Size: Edible oils vary in color intensity. A one-

size-fits-all approach to sample cell path length can lead to suboptimal results. 

Very light oils can be measured in longer path length cells to get more sensitivity, 

whereas darker oils should be measured in shorter path cells to avoid the 

absorbance exceeding the linear range. Traditional methods required switching 

physical cells, but modern instruments like HunterLab Vista can use a single cell 

(e.g. 10 mm or 24 mm vial) and mathematically correlate results to the 

equivalent 1” or 5¼” pathlength. If your instrument supports that flexibility, take 

advantage of it – it simplifies workflow by letting you use a standard vial for all oils. If 

not, choose the cell path length based on the oil’s expected color: for example, 5¼” 

cell for very pale oils (like coconut or highly refined canola) and 1” cell for 

moderately colored oils; extremely dark samples might even use 0.5” or less. 

Always clean and dry cuvettes meticulously, as even a slight residue can bias the 

color reading. Keeping a set of cells dedicated for oil testing (and cleaning them 

with suitable solvents after each use) is a good practice. 

 

• Standardize and Calibrate Regularly: Follow the instrument manufacturer’s 

guidelines for standardization (calibration). Most benchtop spectrophotometers 

require an initial calibration each day or each measurement session – often this 

involves a built-in white tile standardization and a zero baseline with no sample. 

HunterLab’s Vista, for example, features automated one-touch internal 

standardization for convenience. Regular standardization ensures the 

instrument’s detectors and light source are baseline-adjusted, which is crucial for 

producing accurate color values. It’s also wise to periodically verify performance 



 

 
with traceable reference standards (colored liquid standards or filters with known 

values, or an agreed sample measured on a reference instrument). This gives 

confidence that the spectrophotometer is performing correctly over time.  

 

• Measure on the Relevant Color Scale or Index: Spectrophotometers can output 

color in various scales (Lovibond RYBN, AOCS-Tintometer RY, Gardner, CIE L,a,b, 

APHA, etc.). It’s important to use the metric that is meaningful for your application 

or required by your specification. For edible oils, Lovibond RY (Red/Yellow) or 

AOCS Tintometer values are commonly specified by contracts and standards (for 

example, an oil might be specified as “5.0 Red max in 5¼” cell” by a buyer). Ensure 

your instrument is configured to report those if needed. At the same time, take 

advantage of additional data: CIE LAB gives a universal color description that can be 

used for internal quality tracking and communication. For very clear oils, the APHA 

(Hazen) Color or Saybolt Color might be relevant (often used in petroleum but 

sometimes for nearly colorless oils). If you measure in one scale, you can often 

convert to another, but direct measurements or built-in calculations are more 

straightforward. Ultimately, align your measurement scale with industry norms 

so that your results can be directly compared to standards and customer 

expectations. 

 

• Integrate Haze/Turbidity Measurements: As discussed, clarity is part of color 

quality for oils. If your spectrophotometer (like Vista) can measure haze or turbidity 

concurrently with color, make it a routine part of the measurement. For instance, 

Vista can report transmission haze in the same reading as color values. This 

combined data is useful: whenever a color reading seems off, you can immediately 

see if high haze might be the cause. Best practice is to record both color and haze in 

test reports. If an oil sample shows a haze percentage above a certain threshold, 



 

 
you might implement a standard operating procedure: e.g., filter the sample and re-

measure for true color, or report the haze as a quality parameter. In production, 

monitoring turbidity trends can signal if a filter needs changing or if winterization is 

incomplete. By integrating turbidity checks, you ensure that appearance quality 

control is comprehensive. 

 

• Consistent Sampling and Handling: Always sample the oil in a consistent manner. 

Oils should be well-mixed before sampling (especially if additives like antioxidants 

or cloud inhibitors are added that might settle). Avoid sampling from the very top or 

bottom of a container where stratification can occur; instead, take a representative 

sample. Use clean glass or plastic vials that are compatible with the 

spectrophotometer. Fill the cell or vial uniformly each time (some methods call for a 

cell to be filled completely and sealed, to avoid air bubbles and surface effects). If 

your instrument uses an open cuvette, be careful to avoid smudging the optical 

sides. Wipe the outside of sample containers with a lint-free cloth to remove any 

drips or fingerprints before inserting into the instrument. Small details, like letting a 

hot sample cool just to the instrument’s operating range or ensuring no air bubbles 

are trapped, can significantly improve measurement repeatability. 

 

• Data Logging and Trend Analysis: Modern spectrophotometers come with 

software or onboard memory to log results. Leverage this capability to track color 

values over time. For example, record color readings for each batch of oil produced, 

and periodically analyze the trends. If you see gradual drift in color values over 

weeks, it might correlate with a process change or catalyst aging (for example, 

bleaching earth effectiveness might degrade as a lot is consumed). By catching 

such trends, you can do preventive maintenance or adjustments. Furthermore, 

maintaining digital records makes it easy to demonstrate compliance (to auditors or 



 

 
customers) by showing objective color data for shipments. Many instruments 

(including Vista) can connect to a LIMS or SPC system, enabling automatic data 

capture into quality databases. This reduces manual transcription errors and 

facilitates real-time alerts if a color measurement is out of spec. Embracing these 

data practices ensures you get the full value of spectrophotometric measurement 

as part of a quality management system. 

 

• Follow Standard Methods: Where applicable, follow published standard methods 

for color measurement. Organizations like AOCS and ISO have standardized 

procedures for using spectrophotometers to measure oil color (for example, AOCS 

Official Method Cc 13j-97 for Lovibond color via automated instruments). These 

methods specify details such as path length, temperature, and how to express 

results. Adhering to them helps ensure your results are recognized industry-wide 

and are reproducible by others. It also provides a common language when 

discussing color with partners: if you report an oil’s color as “Lovibond 3.5R 35Y in 

5¼” cell (AOCS-Tintometer method)”, any lab globally using the same method 

should get a similar result, assuming the oil is the same. Using a 

spectrophotometer that can directly output results according to these standard 

scales simplifies compliance with such methods. 

 

By implementing these best practices – proper sample prep, instrument calibration, using 

the right scales, capturing haze, and integrating data – edible oil manufacturers can obtain 

highly reliable color measurements. This in turn leads to tighter control over the 

manufacturing process, improved product consistency, and fewer surprises in final 

product appearance. Next, we will look specifically at HunterLab’s Vista 

spectrophotometer and how it addresses these needs and compare it to other systems 

traditionally used for edible oil color measurement. 



 

 
 

HunterLab Vista for Edible Oil Color Quality Control 

HunterLab’s Vista spectrophotometer is a specialized instrument designed to meet the 

challenges of edible oil color measurement. It provides a combination of features aimed at 

simplifying the measurement process while delivering comprehensive color data. Below is 

a summary of Vista’s key features and the benefits they offer for edible oil color quality 

control: 

 

Vista Key Feature Application Benefit for Edible Oils 

Simultaneous Color 

and Haze 

Measurement 

Captures transmission color values and haze (% turbidity) in one 

pass, giving a complete picture of oil clarity and color. This helps 

detect crystallization or contamination instantly while 

measuring color. There’s no need for a separate turbidity meter 

– ensuring both color and clarity meet quality standards with a 

single measurement. 

Flexible Cell Path 

Lengths (Universal 

Calibration) 

Allows use of standard vials (10 mm, 24 mm, etc.) or cuvettes 

instead of special long-path cells. Vista’s software 

automatically calculates results as if measured in 1” or 5.25” 

path length. This flexibility means no expensive, hard-to-clean 

cells are required for different oils, and operators can work with 

convenient sample containers. The result is lower consumables 

cost and easier sample prep, without sacrificing accuracy. 

High Repeatability and 

Accuracy 

Provides extremely stable and repeatable readings. In internal 

tests, Vista showed minimal variation (∆E* on the order of 0.1) 

over multiple measurements, outperforming some traditional 

instruments which showed significantly higher drift. Such high 



 

 

Vista Key Feature Application Benefit for Edible Oils 

precision ensures that even minor color differences are 

detected reliably, improving quality control decisions. Vista’s 

measurements have been independently verified to correlate 

with standardized results on the Lovibond scales for edible oils, 

giving confidence in its accuracy. 

Rapid Automated 

Calibration (One-Touch 

Standardization) 

Features automated internal standardization – with a single 

touch, the instrument self-calibrates using an integrated 

reference, eliminating lengthy manual calibration routines. This 

reduces downtime and ensures the device is always producing 

valid data. Especially in a production environment, quick 

calibration means more frequent verification can be performed 

without hassle, maintaining measurement integrity. 

Modern User Interface 

and Connectivity 

Equipped with a tablet-based touchscreen interface and 

intuitive software (Essentials by HunterLab). Minimal training is 

required for operators to start measuring. The Vista can also 

connect to HunterLab’s EZMQC software on a PC and easily 

interface with Laboratory Information Management Systems 

(LIMS) or Statistical Process Control (SPC) systems. These 

capabilities enable seamless data capture, analysis, and 

integration into the plant’s quality monitoring programs. 

Small Footprint, Stand-

Alone Operation 

Vista’s compact, stand-alone design makes it suitable for both 

laboratory benchtops and near-line use in production areas. It 

doesn’t require a dedicated PC to operate (though one can be 

connected if needed), which saves space and enhances 

portability. Its robust build allows it to be used in plant 



 

 

Vista Key Feature Application Benefit for Edible Oils 

environments, bringing color measurement closer to the 

production line for faster feedback. 

 

In addition to the above features, the HunterLab Vista is designed specifically with the 

edible oil industry in mind. It supports all relevant color scales – Lovibond RYBN, AOCS-

Tintometer RY (red/yellow), Gardner, CIE L,a,b, APHA – in its software, meaning users can 

obtain any required index from a single measurement. This is particularly useful for labs 

that might need to report results in different formats for different clients (for example, one 

customer might want Lovibond R/Y values, another might prefer CIE L,a,b data). 

 

Case Studies: Improving Quality, Efficiency, and ROI through 
Spectrophotometric Color Control 
 

To illustrate the real-world impact of implementing spectrophotometric color 

measurement in edible oil manufacturing, here are several case study examples that 

demonstrate improvements in quality, process efficiency, and return on investment: 

 

Case Study 1: Refinery Boosts Quality Consistency and Cuts Rework Costs 

 

Background: A large palm oil and soybean oil refining facility was facing challenges with 

batch-to-batch color consistency. They relied on a visual Lovibond comparator method at 

the end of the refining line to decide if a batch met the color spec. About 15% of batches 

were flagged as too dark, requiring re-bleaching or mixing with lighter oil, which incurred 

extra costs and sometimes delayed shipments. 

 

Solution Implementation: The refinery introduced the HunterLab Vista at two critical 



 

 
control points – after bleaching earth filtration and after deodorization. Operators began 

taking color readings (Lovibond R&Y values and haze) on samples from every batch before 

it reached final storage. The instrument’s quick measurement (under 7 seconds per 

sample) meant this could be done without slowing production. If the color after bleaching 

was above the target (for example, if Red value was high), they would automatically dose a 

bit more bleaching earth or extend the bleaching time for that batch. They also monitored 

the haze reading: if an unusual haze was detected, they found it correlated with spent filter 

aid or a minor contamination, prompting an additional filtration step. 

 

Results: Over three months, the refinery saw a dramatic drop in off-spec final batches. The 

re-bleaching rate went from 15% of batches to under 3%. Most batches now consistently 

met the color spec on the first pass. This saved on material costs (bleaching clay and 

energy) and reduced oil losses that occur with each reprocessing. In terms of ROI, the 

refinery calculated that the savings in rework and improved yield paid off the 

spectrophotometer investment in under 6 months. Additionally, the objective data 

provided by the instrument allowed them to tighten their product specifications 

confidently – they even marketed one of their soybean oils as a premium “water-white” oil 

with Lovibond <1.0, using spectrophotometric certificates to prove it. This helped enhance 

their product’s value to customers. In summary, by integrating Vista for color control into 

the process, the refinery achieved more consistent quality and realized substantial cost 

savings. 

 

Case Study 2: Streamlined Quality Control and Customer Satisfaction for an Olive Oil 
Producer 
 

Background: A producer of extra virgin and blended olive oils was experiencing occasional 

customer complaints about color and appearance. In one instance, an overseas buyer 

rejected a shipment because the olive oil appeared more orange than golden-green, 



 

 
suspecting it was oxidized or mixed with inferior oil. The producer had been relying on 

subjective visual checks and basic chemical tests (free fatty acid, peroxide value) to 

assure quality, but color was not quantitatively documented. This led to disputes that were 

hard to resolve objectively. 

 

Solution Implementation: The company adopted Vista to objectively measure and 

document the color of their olive oils for each lot. They used CIE LAB data and an in-house 

devised “Olive Color Index” (based on the ratio of green to yellow absorbance) to 

characterize the hue of their oils. Each batch of olive oil, whether single varietal extra virgin 

or a blended product, was measured and the color data saved. They also set internal alert 

limits – for example, if the a (green-red) value dropped below a certain number, it indicated 

the oil might be losing its green tint (possible oxidation or older stock). In such cases, 

they’d perform additional sensory evaluation or blending to correct it. Importantly, they 

began including a color analysis report with every bulk shipment to clients. 

 

Results: The immediate effect was a reduction in customer complaints regarding color. 

Providing objective color data increased the buyers’ confidence; in the event a question 

did arise, the producer could show “the color values of this lot are within the typical range 

for this product” with numeric evidence, often diffusing potential conflict. In one case, 

when a buyer questioned the quality, the producer’s data showed the oil’s Lovibond values 

were normal and the slight color difference was due to a different olive varietal – which was 

accepted once explained with data. On the production side, the company also learned 

from the trends: they discovered that one storage tank, which was more exposed to light, 

consistently yielded oil with less green (lower a* value). They corrected this by using a UV-

protective cover on that tank, thereby maintaining color (and quality) better. Overall, the 

spectrophotometer enabled data-driven quality assurance, leading to improved 

customer trust, fewer rejections, and a stronger reputation for consistency. Financially, 



 

 
avoiding a single rejected shipment (which can cost tens of thousands of dollars) 

essentially justified the investment. Moreover, the company started using the color data in 

marketing – for instance, highlighting the rich green color of their early harvest olive oil in 

materials, now that they could quantify it – adding a competitive differentiator backed by 

scientific measurement. 

 

Case Study 3: Process Optimization and ROI in a Multi-Oil Packaging Facility 

 

Background: A contract oil packaging facility blends and bottles various oils (canola, 

sunflower, corn, and custom blends) for retail brands. They operate on thin margins, so 

efficiency and waste reduction are critical. One challenge they faced was ensuring that 

when switching between products, the equipment was clean enough that no carryover 

affected the color of the next product. For instance, if a darker oil (like unrefined sunflower 

for a specialty product) was run before a light oil (like refined canola), slight carryover 

could yellow the canola oil beyond spec. They did flushes and visual checks, but 

occasionally a slight tint would only be noticed after bottling, leading to product hold and 

rework. Additionally, they had no quantitative way to evaluate the effectiveness of their 

cleaning process between runs. 

 

Solution Implementation: The plant integrated the HunterLab Vista at the filler line to test 

the first output of each new product run. Essentially, after cleaning and switching oils, they 

would take a sample from the first few gallons of the new oil and measure its color (and 

haze) to ensure it matched the expected profile for that oil. If the color was off (e.g., the 

Yellowness Index was higher than the typical range for pure canola), they could halt and 

perform additional flushing before proceeding with full production. They also started using 

the device to verify incoming bulk oil color against supplier specs – this way, they caught 



 

 
any deliveries that weren’t up to standard before mixing them in their tanks. 

 

Results: The immediate benefit was preventing off-color product from reaching packaging. 

In the first six months, they intercepted two incidents where residual oil from a previous 

run would have tinged the next batch: in one case, a small amount of crude sunflower oil 

left in a line began to tint a batch of soybean oil. The Vista reading showed an unexpected 

increase in absorbance at 450 nm (indicating carotenoids), so the team stopped and re-

flushed, avoiding what could have been 10,000 bottles of visibly darker soybean oil. In 

another case, an incoming tanker of what was supposed to be “water-white” canola oil 

measured significantly higher on the Lovibond scale than their standard. They rejected the 

shipment, requesting a replacement, and thereby avoided blending a subpar oil that might 

have caused downstream quality issues. These preventive actions saved the company 

from incurring reprocessing costs, product write-offs, and potential contractual penalties. 

Efficiency-wise, the production team found that having quick color checks allowed them to 

optimize CIP (clean-in-place) cycles: if the first sample passed easily, they knew they 

hadn’t needed an overly long flush, which in turn led them to reduce the default flush time 

and save on cleaning oil and time. Conversely, if issues were consistently caught, they 

adjusted their procedures proactively. From an ROI perspective, the instrument paid for 

itself within the year just by minimizing lost product. Additionally, the data it provided 

improved their relationship with their oil suppliers and brand customers – they could 

quantitatively ensure and demonstrate that every batch was within the color spec, which 

built confidence and likely contributed to repeat business. 

 

These case studies underscore a common theme: implementing spectrophotometric color 

control in edible oil production leads to measurable improvements in quality and 

efficiency. Companies experience fewer off-spec products, better ability to meet 

customer expectations, and often significant cost savings by reducing waste and rework. 



 

 
The investment in a modern color measurement instrument like HunterLab’s Vista is 

typically repaid through these gains, and in many cases yields an ongoing return by 

enabling higher productivity (e.g., faster decisions, less downtime) and by safeguarding the 

company’s reputation for quality. In essence, accurate color data becomes a key enabler 

for continuous improvement in the edible oil manufacturing process. 

 

Conclusion 

Color quality control in edible oil manufacturing is far more than an aesthetic concern – it 

is a window into the product’s purity, the efficiency of the refining process, and the 

satisfaction of customers and regulators. As we have explored, spectrophotometers have 

become indispensable tools for managing this aspect of quality with precision and 

confidence. By moving from subjective visual assessments to objective 

spectrophotometric measurements, oil producers can ensure consistent appearance, 

detect issues like oxidation or contamination early, and maintain compliance with industry 

standards such as those set by AOCS and others. 

 

HunterLab’s Vista spectrophotometer exemplifies the advanced capabilities now available 

for edible oil color measurement. Its simultaneous color-and-haze measurement, flexible 

sample handling, and proven accuracy offer a comprehensive solution tailored to industry 

needs. Compared to traditional systems like the Lovibond PFXi or Fx, Vista provides a more 

streamlined and informative analysis, which translates to practical advantages in the lab 

and on the production floor. 

 

The benefits of implementing such instrumentation ripple through an organization: Quality 

managers gain reliable data to make decisions and document compliance; process 

engineers get feedback to optimize refining steps and reduce waste; and sales or 

distribution teams can deliver on color specifications and build trust with customers using 



 

 
transparent data. The case studies presented show real examples of improved quality 

consistency, enhanced process efficiency, and strong return on investment when robust 

color control is in place. Fewer batch reworks, fewer customer complaints, and faster 

throughput are tangible outcomes that improve the bottom line and competitive position of 

an edible oil producer. 

 

CONCLUSION 

Color measurement using spectrophotometers elevates edible oil manufacturing to a 

higher standard of quality control. It enables a proactive approach: issues that affect color 

(and thus quality) can be identified and corrected before they become costly problems. As 

the edible oil industry continues to innovate and focus on quality, adopting state-of-the-art 

color measurement practices is a key step. A spectrophotometer like the HunterLab Vista 

is not just an instrument for the lab – it is a strategic tool that helps ensure every bottle of 

oil that reaches a customer meets the expected standard of clarity and color that defines a 

high-quality product. In an industry where “seeing is believing” for consumers, having the 

ability to measure what we see with accuracy is critical to delivering excellence 

consistently. Embracing these technologies and practices ultimately helps edible oil 

manufacturers achieve superior appearance control, reduce waste, improve efficiency, 

and confidently meet the highest quality expectations in the market. 

 


