
 

 

Improving Citrus Juice Manufacturing through 
Spectrophotometric Color Control 

 

Introduction 

Quality engineers and production managers recognize that color is a critical quality 

attribute of citrus juices, influencing consumer perception and regulatory grading. 

Throughout the supply chain – from fruit orchards to processing plants – precise color 

measurement ensures consistency and compliance. Modern spectrophotometers replace 

subjective visual assessment with objective data (Lab*, hue angles, etc.), enabling tighter 

control of juice appearance. For example, HunterLab’s specialized instruments use optics 

and standardized illuminants to capture complete reflectance spectra and compute 

industry standard color indices. This scientific approach reduces waste and variability by 

catching off-color batches early, rather than relying on imperfect human sight. 

Markets and Applications 

Citrus juices (orange, grapefruit, lemon/lime) are sold as fresh juice or concentrate and 

account for a major segment of the global juice market. Unlike clear fruit juices, citrus 

juices are typically cloudy or opaque, containing pulp and suspended solids. Examples 

include not-from-concentrate orange juice (NFL), frozen concentrate, and juice blends. In 

production, consistent color signals the right blend of fruit varieties, ripeness level, and 

processing conditions. For instance, processors blend Florida and California oranges to 

target a uniform color, and foodservice manufacturers rely on tight color specs to meet 

customer expectations. Across all segments – from small local juice mills to large 

beverage companies – color control is a key quality-control (QC) step.  



 

 
Spectrophotometers are installed in QC labs and on production lines to monitor raw juice, 

blends, concentrates, and final packaged products, ensuring each meets the desired color 

profile. 

Applications: QC of incoming juice concentrates; end-of-line checks on bottled juice; 

blending control (tangerine or berry blends to adjust hue); compliance testing for USDA 

grade standards; process optimization (catching heat or enzyme damage that darkens 

juice). 

Importance of Color Measurement 

Color is often the first thing consumers and inspectors notice about juice, and it is directly 

tied to perceived quality. Natural pigments (mostly carotenoids and some anthocyanins) 

give citrus juices their vibrant hues. For example, β-carotene and violaxanthin create the 

orange color of orange juice, while lycopene (and, in grapefruits, certain flavonoids) add 

pink to red tones. Juices rich in these pigments look more appealing; conversely, pale or 

brownish juice can signal underripe fruit or excessive heat treatment, which degrade color 

and flavor. The citrus industry even grades juices by color: the USDA long ago developed a 

6-step color scale (glass tube standards corresponding to numeric “color scores”) that 

directly affects juice grade. In practice, unacceptable color often means a batch is 

downgraded or reworked, so consistent color reduces losses. By measuring color 

instrumentally rather than eyeballing it, producers maintain uniform appearance batch-to-

batch, strengthening brand consistency and customer satisfaction. 

• Consumers expect a certain citrus color (e.g. deep orange OJ or pink grapefruit). 

Deviations (e.g. too yellow or brown) can lead to complaints and lost sales. 

• Regulations and standards (FDA/USDA) require juices to meet minimum color 

indices before sale. 



 

 
What Color Reveals About Citrus Juice Quality 

Instrumental color data correlate with important quality factors: 

• Fruit Variety & Ripeness: Certain orange varieties naturally yield higher pigment 

and sugar levels. Valencia and blood oranges produce deep red-orange juices, 

whereas Hamlin oranges give paler juice. Climatic effects also show up in color: 

fruit from hot, dry regions concentrates more carotenoids, giving richer juice color, 

while humid-region fruit (e.g. much Florida crop) may need blending with tangerine 

to reach the same hue. Thus, color can indicate fruit maturity and cultivar mix. 

• Pigment Content: High carotenoid or lycopene content makes juice brighter and 

redder, which consumers equate with flavor and nutritional value. Conversely, loss 

of pigment (e.g. due to oxidation of ascorbic acid or prolonged storage) will dull the 

color, signaling quality loss. 

• Processing Effects: Heat or enzymatic browning reactions can darken juice 

(Maillard browning), producing off-colors that a spectrophotometer will detect. A 

shift in the measured color values (for example, a lower yellowness index) can be an 

early warning of over-processing or spoilage. Thus, color measurement helps 

monitor process consistency and shelf stability. 

By tracking juice color data, producers ensure product consistency. For example, a plant 

might find that a drop in color correlates with lower sugar content or a batch of underripe 

fruit, prompting corrective action (like adjusting harvest time or blend ratios). Color data 

are often combined with other QC metrics (°Brix, acidity) for a full quality picture. 

Citrus Juice Color Measurement Applications 

In practice, color measurement occurs at multiple points: 



 

 
• At the Orchard/Packing Stage: Growers use colorimeters on fruit peels to judge 

ripeness (sorting green versus ripe fruit). Portable instruments can assess peel 

color coordinates or standardized indices (green/blue vs yellow/red) to schedule 

harvest or trigger degreening. 

• Raw Juice Intake: When juice is delivered (fresh squeezed or thawed concentrate), 

QC teams measure its color to verify supplier quality. Deviations may indicate 

mislabeling or quality problems. 

• Blend Optimization: Blending multiple lots (e.g. mixing OJ and tangerine juice) uses 

color targets. Inline spectrophotometers can automatically adjust blend ratios to hit 

a target L* or hue angle, rather than relying on human adjustments. 

• Process Control: During pasteurization or concentration, spectrophotometers in 

the line can flag when color darkens (indicating excessive heat). 

• Final QC (Bottling): Before bottling, each batch’s color is checked against 

standards (USDA orange juice score, or internal specs). Instruments quickly verify 

compliance; off-spec batches are diverted for rework or alternate use. 

Because citrus juices are turbid, nearly all such measurements use reflectance 

spectrophotometry (not transmission). Specialized sample holders (glass test tubes or 

vial adapters) capture reflected light from the cloudy juice. This allows accurate color 

readings despite pulp and particles. (By contrast, clear fruit juices or lemon-lime soft 

drinks might be measured in transmission.) Reflectance mode with a 45°/0° geometry is 

ideal: it minimizes glare and integrates over the liquid’s opacity. The data outputs can be 

real-time color coordinates or pre-set “Citrus Number/Redness/Yellowness” indices for 

fast QC. 

 

 



 

 
Challenges in Applying Color Measurement (Visual vs. Instrumental) 

Traditional visual assessment of juice color (e.g. comparing a sample by eye to glass tube 

standards) is fast and simple, but highly subjective. Lighting conditions, background 

colors, and human fatigue all introduce error. Two operators may grade the same sample 

differently. Moreover, human eyes cannot reliably detect small color shifts or subtle hue 

changes that might signal a developing quality issue. 

In contrast, instrumental colorimetry provides objective, repeatable data. A benchtop 

spectrophotometer eliminates observer bias and quantifies color in standardized units 

(CIE Lab* etc.), making specifications enforceable. Instrument data hold up under audit 

and can tie into SPC systems for statistical process control. For example, HunterLab 

pioneered this switch decades ago – replacing the old glass tubes with electronic meters – 

because visual scoring was often inconsistent and unreliable. 

Key advantages of spectrophotometry 

• Precision & Consistency: Tight repeatability (ΔE* of 0.05 or better on standards for 

high-end instruments) means small batch-to-batch color shifts are detectable. 

• Speed and Throughput: Modern spectrometers measure a juice sample in 

seconds, far faster than manual tasting or waiting for color to set. 

• Digital Records: Data can be logged automatically enabling trend analysis of color 

over time. 

Challenges of instrumental methods are mainly practical: higher initial cost, the need for 

training/calibration, and sample preparation (filling sample cups or tubes properly). 

However, many spectrophotometers (like the ColorFlex L2) have user-friendly 

touchscreens and sample cameras to ease operation, and budgets are balanced by 



 

 
reduced waste and rework. In practice, the benefit of objective color data strongly 

outweighs these issues in a quality-centric industry. 

Global Methods and Standards 

Citrus juice color is governed by several standards: 

• USDA Orange Juice Standards (USA): The U.S. defines canned/frozen orange juice 

grades partly by color. A set of six glass-tube “color standards” (labeled 1 through 6) 

correspond to numeric color scores (40 down to 32). These were originally visual 

references for graders. The USDA also endorsed certain electronic instruments and 

formulas to compute the “Citrus Number” (CN) so that spectrophotometers can 

replace the tubes. 

• Citrus Indices (CR, CY, CN): Industry practice uses three derived indices – Citrus 

Redness (CR), Citrus Yellowness (CY), and Citrus Number (CN) – all calculated 

from the measured spectrum (XYZ values). These indices standardize 

orange/grapefruit color on numeric scales, allowing specification limits (e.g. CN ≥ 

30). In fact, HunterLab’s software displays these automatically for quick grading. 

• CIE Colorimetry (International): Outside the U.S., many producers simply use CIE 

L*, a*, b* values (illuminant D65, 10° observer) or hue angle and chroma as a 

universal language. Worldwide, specifying ΔE* tolerances or target L*, a*, b* values 

is common. (For example, the European industry may target a ΔE* <1 between 

batches.) Because color is subjective, tying it to CIE metrics ensures consistency 

across geographies. 

In summary, global best practice is to calibrate spectrophotometers using factory 

provided standards and measure under D65/10 conditions, then verify results against any 

specific citrus scales. Many instruments include both CIE outputs and the USDA citrus 



 

 
indices. This hybrid approach satisfies local regulations (USDA OJ grade) while also 

providing a common baseline (D65 lighting) for international comparisons. 

Recommended HunterLab Solutions (ColorFlex L2-Citrus) 

HunterLab offers a range of spectrophotometers suited to citrus color control. A flagship 

solution is the ColorFlex L2-Citrus (bench-top, 45°/0° design). Key features/benefits 

include: 

• Broad Spectral Capture (400–700 nm): The L2’s high-quality xenon lamp and 

optics measure full visible spectra, ensuring accurate color and index calculations. 

• Dedicated Citrus Scales: Built-in firmware computes USDA standard values (OJ 

score) plus CR and CY automatically, eliminating manual calculations. 

• Sample Imaging & User Interface: A built-in camera previews the sample filling, 

and a 7" touchscreen provides real-time readings and pass/fail prompts, simplifying 

day-to-day use. 

• Adaptable Sample Holders: The L2 ships with an orange-juice tube holder and 

opaque cover, making it easy to measure even pulpy juices reproducibly. (For very 

clear lemon juices, a clear cell insert is also available.) 

• Precision and Repeatability: HunterLab instruments deliver tight inter-instrument 

agreement (ΔE* ≤0.15 on white) and low repeat error (ΔE* ≤0.05), which ensures 

stable quality control. 

• Integrated Software: The EasyMatch Essentials software (embedded) allows 

setting tolerances and interfacing with LIMS/SPC systems. Data like spectral plots, 

color plots, and historical trends are all accessible, speeding troubleshooting. 

• Compact and Durable: Despite its advanced optics, the L2 is sealed against spills 

and takes minimal bench space (about 6 inches wide with the tube holder). Its 

rugged construction suits plant labs.  



 

 
ColorFlex L2 Features and Advantages 

Key Features Advantages Benefits 

Broad spectral range (400–

700 nm) 

Captures full visible color 

spectrum 

Accurate detection of 

subtle hue shifts in juices, 

concentrates and purees 

Citrus-specific color 

indices (e.g., CI-L*, a*, b*) 

Provides targeted metrics 

for citrus coloration 

Rapid quality grading 

against internal or industry 

color standards 

Dedicated liquid sample 

holder 

Ensures reproducible 

pathlength and positioning 

High repeatability from 

batch to batch, reducing 

the need for re-testing 

Fast measurement cycle 

(<5 s per sample) 

Minimal hold-up time in 

production or QC lab 

Increased throughput—
test more batches per shift 
without slowing line speed 

 

    

Each of ColorFlex L2 Features/Advantages/Benefits combine to deliver tighter color 

control. For example, L2’s automatic CR/CY indices (Feature) means QC staff don’t need 

manual calculation (Advantage), so they can focus on process adjustments and ensure 

every batch looks identical (Benefit).  

Case Studies 

• Case Study – Juice Bottler Cuts Waste: A large orange juice bottler was rejecting 

~12% of batches for being “too pale,” based on subjective visual checks. After 

installing a ColorFlex L2-Citrus in the lab, the QC team defined numeric tolerances 

for Citrus Number and L* (brightness). As a result, production began tracking 

trending color on every batch. Subtly pale concentrates were blended or rerouted 



 

 
before reaching the bottling line. Within three months, reject rates fell to under 3%. 

The company also used color data to identify a supplier whose fruit color was 

declining seasonally – prompting earlier harvest of that orchard to avoid the issue. 

Overall, objective color control improved yield, ensured brand consistency, and 

reduced customer complaints about off-tone juice. 

• Case Study – Grapefruit Juice Consistency: A grapefruit juice co-packer needed 

to combine white and red grapefruits to hit a target pink shade for its Ruby Red 

product. Previously, operators eyeballed the blend ratios. By switching to 

spectrophotometric measurements of Citrus Red and Citrus Number, the plant 

created a database of each incoming tank’s indices. A simple lookup and blending 

algorithm now advises the correct proportion of each tank to achieve the target 

CR/CN. The outcome: final-product color variation dropped by half (as measured by 

ΔE*), and customer tasting panels noted consistently attractive color. The plant cut 

rework time (back-mixing or adding coloring) by 50% and gained the confidence to 

use more domestic grapefruit (saving cost) because they could detect subtle variety 

effects. 

• Case Study – Branding and Shelf Appeal: A premium juice brand prided itself on a 

“bright sunset orange” appearance. As part of a quality program, they instituted at-

line color checks with ColorFlex L2-Citrus during bottling. If the running color metric 

trended outside a narrow window, the mixer automatically adjusted concentrate 

flow. Sales data later showed that markets reported higher customer satisfaction 

scores after this change, attributing the consistent vibrant color to better perceived 

freshness. Additionally, by maintaining target color, the company reduced dye or 

juice additive usage (often needed to correct color) and saved on ingredient costs. 

These scenarios illustrate how spectrophotometric color control improves quality and 

efficiency. By quantifying color, plants catch problems early (fewer wasted batches), 



 

 
optimize blending (fewer out-of-spec lots), and deliver what consumers expect (enhanced 

satisfaction). In every case, using a spectrophotometer instead of the naked eye turned 

vague judgments into actionable data. 

Conclusion 

In the competitive citrus juice industry, objective color measurement is indispensable. It 

complements flavor, sugar, and acidity tests, ensuring that every bottle meets its intended 

standard. Spectrophotometers like HunterLab’s ColorFlex L2-Citrus bring laboratory 

precision to the plant floor, enabling real-time quality assurance. Global standards (CIE 

and USDA) can be met and translated seamlessly, whether the juice is destined for local 

supermarkets or export. Ultimately, investing in spectrophotometric color control pays off: 

fewer product rejects, more consistent batches, streamlined production, and happier 

customers. Quality managers and engineers who integrate these tools into their 

processes will see tangible improvements in yield and brand image, securing a competitive 

edge for their citrus juice products. 

 


