Quality Control in Food and
Beverage Industry

A practical guide to quality control in food and beverage industry, covering the
reader intent, the relationship to quality control in food and beverage industry, key
evaluation criteria, common risks, and the information the intended project
audience should confirm before taking the next step.
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Quality control in food and beverage industry operations is a multi-faceted
discipline that ensures products are safe for consumption, meet regulatory
standards, and maintain brand consistency. In modern processing plants, quality
control (QC) is no longer just about final product testing; it is an integrated process
that monitors every stage of production, from raw material storage to packaging.
One of the most critical, yet often overlooked, components of this process is the
precision measurement of liquid and solid levels within storage tanks and
processing vessels.

Accurate level measurement directly impacts batch consistency, inventory
management, and hygiene—three pillars of effective quality control. Whether
managing the storage of raw milk, monitoring the fermentation of beer, or
ensuring the correct dosage of additives in soft drinks, the choice of measurement
technology determines the reliability of the entire production line.

|The Role of Precision Measurement in Quality Control

In the context of quality control in food and beverage industry applications, level
measurement serves several vital functions:

1. Batch Consistency: Automated dosing relies on precise level data to ensure that
ingredients are added in the correct proportions. Even a minor deviation in level
measurement can alter the flavor profile or nutritional content of a product.

2. Waste Reduction: Overfilling tanks leads to product loss and environmental
hazards, while underfilling can cause pump cavitation and equipment damage.
Accurate sensors minimize these risks.

3. Hygiene and Safety: In the food industry, sensors must not only measure
accurately but also prevent contamination. This requires "hygienic
design"—instruments with smooth surfaces, no dead spaces, and materials that
can withstand rigorous cleaning processes.
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4. Regulatory Compliance: Agencies such as the FDA (Food and Drug
Administration) and EHEDG (European Hygienic Engineering & Design Group)
mandate strict standards for equipment. Utilizing certified level meters ensures
that the facility remains compliant during audits.

Level Measurement Principles for Food and Beverage
Applications

Before selecting a device, it is essential to understand the underlying physical
principles of common level measurement technologies used in the industry.

| Radar Level Measurement (Non-Contact)

Radar level meters emit high-frequency electromagnetic waves (typically in the
80GHz range). These waves reflect off the surface of the medium and return to the
sensor. The device calculates the distance based on the time-of-flight.

Principle: Time-of-Flight (ToF).

Advantages: It is unaffected by temperature, pressure, or steam. Since it is
non-contact, there is no risk of the sensor contaminating the product.

F&B Use Case: Ideal for large silos or tanks containing viscous liquids like
chocolate or syrups where contact sensors would suffer from build-up.

| Ultrasonic Level Measurement

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic waves. The sensor emits an ultrasonic pulse that bounces off the
liquid surface.

Principle: Sound wave reflection.

Advantages: Cost-effective and easy to install.
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Limitations: Sound waves are sensitive to air temperature fluctuations and can be
absorbed by heavy foam, making them less reliable in carbonated beverage
production or boiling processes.

| Hydrostatic Level Measurement

This method measures the pressure exerted by a liquid column at the bottom of a
tank. Since pressure is proportional to the height of the liquid and its density, the
level can be accurately calculated.

Principle: $P = \rho \times g \times h$ (Pressure = Density x Gravity x Height).

Advantages: Highly accurate for vented or pressurized tanks. Hygienic
flush-diaphragm versions prevent bacterial growth.

F&B Use Case: Commonly used in milk balance tanks and juice storage.

| Magnetic Level Gauges

Magnetic gauges use a float containing a magnet that moves with the liquid level.
This magnet actuates a visual indicator or a transmitter outside the chamber.

Principle: Buoyancy and magnetism.

Advantages: Provides a clear visual reference without requiring power, which is
useful for secondary verification in quality control protocols.

| Selection Criteria for Quality Control Equipment

When evaluating instruments for quality control in food and beverage industry
environments, engineers must consider the following technical specifications:



Quality Control in Food and Beverage Industry

| 1. Material Compatibility and Surface Finish

All wetted parts (parts in contact with the food) must be made of food-grade
materials, typically 316L stainless steel. For acidic or corrosive products, coatings
like PTFE (Polytetrafluoroethylene) or PFA are required. The surface roughness
($Ra$) should be less than 0.8 um to prevent microbial adhesion.

| 2. CIP and SIP Capability

Clean-in-Place (CIP) and Steam-in-Place (SIP) are standard cleaning protocols.
Sensors must withstand temperatures up to 140°C (284°F) and resist aggressive
chemical cleaning agents (caustics and acids) without losing calibration or
suffering structural damage.

| 3. Process Connections

Standard threaded connections are often avoided in F&B because they create
"dead zones" where bacteria can flourish. Instead, Tri-Clamp, SMS, or DIN 11851
sahitary flanges are preferred for easy removal and cleaning.

| 4. Accuracy and Repeatability

For high-value ingredients, a measurement accuracy of +2 mm or better is often
required. Repeatability is equally important to ensure that every batch produced is
identical to the last.

Comparative Technology Table for Food & Beverage
Level Control
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Technology Accuracy Contact Type Best For Main
Limitation
80GHz Radar =1 mm Non-contact Syrups, oils, Higher initial
large silos cost
Ultrasonic +0.25% of Non-contact Water Affected by
range treatment, foam/steam

simple storage

Hydrostatic +0.1% of span Contact (Flush) Milk, juice, beer Density
tanks changes affect
reading
Magnetic Gauge =5 mm Contact (Float) Visual tank Moving parts
monitoring require cleaning
Level Switch N/A (Point) Contact Overfill Only detects
prevention specific points

| Installation Considerations for Optimal Performance

To maintain the integrity of quality control in food and beverage industry
processes, installation must be performed with precision. Incorrect placement can
lead to false readings, which compromise product safety.

Avoid the Filling Stream: Sensors should never be installed directly above the inlet
pipe. The turbulence and falling liquid will cause erratic readings in radar and
ultrasonic devices.

Nozzle Geometry: For radar sensors, the nozzle height should be kept to a
minimum. If the nozzle is too long, it can create internal reflections (ringing) that
mask the true level of the product.

Agitator Interference: Many food processing tanks use mixers or agitators. Sensors
must be positioned to avoid these moving parts. Modern radar units often include
"false signal suppression" software to ignore echoes from agitator blades.

Dead Zones: Every sensor has a "dead zone" or "blocking distance" near the
transmitter face where measurement is impossible. Ensure the tank design allows
for this, or use a nozzle to move the sensor further away from the maximum liquid
level.
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| Common Risks and Limitations

Even with the best technology, certain environmental factors can challenge quality
control efforts:

Foam Formation: In fermentation or carbonated beverage filling, foam is a
common byproduct. Heavy, dense foam can absorb ultrasonic signals and scatter
radar waves. In these instances, high-frequency radar (80GHz) or hydrostatic
sensors are preferred.

Condensation and Steam: High-temperature processes create steam, which can
condense on sensor faces. While radar can penetrate steam, heavy condensation
can attenuate the signal. Sensors with PTFE drip-off lenses are designed to shed
moisture and maintain signal strength.

Build-up and Scaling: Products like yogurt or chocolate can leave a film on the
sensor. Non-contact radar is the best defense against this, but if a contact sensor
is used, it must be checked regularly for build-up that could cause a "sticky"
reading.

| Confirming Requirements Before Implementation

Before finalizing a purchase for a quality control project, technical teams should
confirm the following data points:

Specific Gravity (Density): Essential if using hydrostatic transmitters.

Dielectric Constant: Required for radar sensors (most food products are
water-based and have high dielectrics, making them easy to measure).

Tank Drawing: To identify internal obstructions like heating coils or baffles.
Cleaning Regimes: Frequency and temperature of CIP cycles.

For a detailed look at specific instrument models and technical support for
industrial applications, professionals can consult the Main Page of specialized
manufacturers like Welk to review product options and application support.
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| Frequently Asked Questions (FAQ)

Q: Why is 80GHz radar preferred over 26GHz radar in the food industry?

A: 80GHz radar has a much narrower beam angle. This allows it to avoid internal
tank obstructions like agitators and narrow nozzles, providing a cleaner signal in
the complex environments typical of food processing.

Q: Can | use a standard industrial level sensor for food applications?

A: Generally, no. Standard sensors may use materials that leach chemicals or have
threaded connections that harbor bacteria. Always specify "food-grade" or
"hygienic" versions with appropriate certifications.

Q: How does temperature affect level measurement?

A: Temperature primarily affects ultrasonic sensors because the speed of sound
changes with air density. Hydrostatic sensors can also be affected if the liquid
density changes significantly with temperature. Radar is the most stable choice for
varying temperature environments.

Q: Is it necessary to have both a continuous level sensor and a point level switch?

A: Yes, this is a best practice for quality control and safety. The continuous sensor
(radar/hydrostatic) manages the process, while the point level switch acts as an
independent high-level alarm to prevent overflows in the event of a system failure.

By integrating advanced measurement technologies into their quality control in
food and beverage industry strategies, manufacturers can ensure higher yields,
lower waste, and, most importantly, the safety of the end consumer. Selecting the
right tool requires a deep understanding of both the physical process and the
hygienic requirements of the facility.



