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Section A: Core Topics & Detailed
Explanations

1. Thermal Death Kinetics (D-value and z-value)
Explanation: Microbial destruction by heat follows first-order reaction kinetics. This means that at a constant
temperature, the same percentage of the surviving microbial population dies in each time interval. Decimal
Reduction Time (D-value) is the time required at a specific temperature to destroy 90% (or 1 log cycle) of a
target microorganism. Temperature Sensitivity (z-value) is the temperature change needed to alter the D-value
by a factor of 10, measuring how sensitive a specific microbe is to changes in temperature.

Example: Clostridium botulinum spores have a D_121.1C value of approximately 0.21 minutes. To achieve a
standard safety margin of a 12-log reduction (a '12D process'), engineers must hold the food at 121.1C for at
least 12 x 0.21 = 2.52 minutes.

2. Commercial Sterilization and Canning
Explanation: Commercial sterilization is the application of heat to render the food free of microorganisms
capable of growing under normal non-refrigerated storage conditions. The process accounts for heat
penetration curves (convective vs. conductive heating zones inside the container) to ensure the coldest
spot—the cold point—reaches the target sterilisation value (F_0).

Example: Canned Sweetcorn. The sweetcorn kernels and brine are packed into a tin can, sealed, and placed
into a pressurized industrial retort. Because sweetcorn packs tightly, heat transfers slowly via conduction. The
retort cooks the cans at 121C for roughly 30–45 minutes to guarantee that the geometric centre of the can is
entirely sterilized.

3. Pasteurization and Blanching
Explanation: Pasteurization is a relatively mild heat treatment designed to eliminate public health pathogens
and extend shelf life by destroying spoilage enzymes and vegetative bacteria, keeping the food's qualities
mostly unaltered. Blanching is a preliminary thermal process used for solid fruits and vegetables primarily to
inactivate degradation enzymes like peroxidase and polyphenol oxidase, which cause browning and
off-flavours.

Example: High-Temperature Short-Time (HTST) pasteurization of Milk flows through a plate heat exchanger at
72C for 15 seconds. For Blanching, frozen peas are passed through a steam tunnel at 95C for 1 to 3 minutes
before quick freezing to lock in color.
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4. Aseptic Processing and Packaging
Explanation: Aseptic processing separates the product sterilization step from the packaging step. The liquid
food is pumped through a continuous, highly efficient heat exchanger to sterilize it quickly. Meanwhile, the
packaging material is sterilized separately (using hydrogen peroxide or UV radiation). The sterile food is then
filled and sealed inside the sterile packaging within an entirely sterile chamber.

Example: UHT (Ultra-High Temperature) Milk Cartons. Milk is heated rapidly to 138C to 145C for just 2 to 4
seconds in a continuous flow system, instantly cooled, and filled into multi-layered aseptic cartons, allowing
shelf stability for 6–9 months without refrigeration.

5. Emerging Thermal Tech: Ohmic and Microwave Heating
Explanation: Ohmic Heating passes an alternating electrical current directly through the food material; its
internal electrical resistance generates fast, uniform heat throughout the entire matrix simultaneously.
Microwave Heating uses electromagnetic waves (typically 2450 MHz) to cause rapid rotation and friction among
polar molecules (mainly water) and dissolved ions, generating internal volumetric heat.

Example: Diced Fruit in Gravy / Soups. An Ohmic heating system passes the chunky soup through an
electrode column, heating both the liquid and the solid fruit chunks at the exact same rate in seconds,
preserving texture perfectly compared to conventional slow heating.

6. High-Pressure Processing (HPP)
Explanation: Food is placed in flexible containers and loaded into a high-pressure vessel filled with water.
Massive pumps inject extra water to ramp up the hydrostatic pressure between 300 to 600 MPa. Pressure is
distributed instantly and uniformly (Isostatic Principle). It deactivates vegetative bacteria, yeasts, and molds by
altering cellular membranes and denaturing enzymes without breaking covalent bonds, keeping flavors and
vitamins intact.

Example: Premium Guacamole. Raw guacamole is packaged in its final plastic tub and subjected to 600 MPa
of pressure for 3 minutes. This destroys the spoilage organisms and inactivates browning enzymes without
heat, expanding shelf life to 30–45 days while keeping its fresh color.

7. Pulsed Electric Fields (PEF)
Explanation: Liquid or pumpable food flows between two closely spaced electrodes. The system discharges
ultra-short bursts of high-voltage electrical fields (10 to 50 kV/cm). This high electrical potential across the
microbial cell membrane causes charges to build up, ripping open microscopic holes in the cell wall—a process
called electroporation, which kills cells instantly without raising temperature.

Example: Premium Apple Juice Processing. Raw apple juice flows through a continuous PEF chamber before
bottling to eliminate pathogens like E. coli while keeping delicate volatile flavors intact. It is also used to soften
potato tissues before slicing chips.
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8. Food Irradiation (Ionizing Radiation)
Explanation: This method exposes food to strictly controlled amounts of ionizing radiation, such as Gamma
rays (Cobalt-60), Electron beams, or X-rays. The radiation carries enough energy to knock electrons out of
atomic orbits, directly shattering the DNA bonds of micro-organisms, rendering them unable to replicate, or
generating reactive free radicals from water molecules to destroy cell walls.

Example: Export Spices and Strawberries. Spices are heavily contaminated with dirt and pests during
harvesting. Since heat ruins their aromatic oils, spices are treated with gamma irradiation (5 to 10 kGy) to
cleanse them of pathogens while keeping aromas fully intact.

9. Cold Plasma and Pulsed Light Technology
Explanation: Cold Plasma is an ionized gas mixture (containing free radicals, ozone, electrons, and UV
photons) created at room temperature that rapidly breaks down cell walls of surface bacteria and viruses upon
contact. Pulsed Light uses xenon flash lamps to deliver intense, short-duration flashes of broad-spectrum white
light (rich in UV-C) to rapidly decontaminate surfaces.

Example: Sanitizing Fresh Blueberries. Freshly harvested berries pass under a cold plasma jet or pulsed light
strip on a conveyor belt. The treatment sterilizes the outer skin, wiping out mold spores like Botrytis cinerea
without cooking the delicate berry.

10. Hurdle Technology (Combined Methods)
Explanation: Instead of using one aggressive preservation method that can ruin food quality, hurdle
technology intentionally coordinates a series of milder preservation factors (hurdles)—such as temperature,
water activity, pH, redox potential, or non-thermal treatment. Pathogens cannot muster enough energy to
overcome all these obstacles at once, ensuring microbial stability with minimal quality loss.

Example: Shelf-Stable Fermented Salami. Salami stays safe at room temperature for months due to a
sequence of hurdles: Lactic acid fermentation drops pH below 5.0; drying drops water activity below 0.88; and
adding curing salts (sodium nitrite) halts spore growth.
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Section B: 100 Key Terms, Definitions,
Examples & Analogies

1. Decimal Reduction Time (D-value)

Definition: The time required at a specific temperature to destroy 90% (1 log cycle) of a target microbial
population.

Example: A D_121C of 1.5 minutes for B. stearothermophilus means a population drops from 10,000 to 1,000
spores in 1.5 mins.

Analogy: If you have 100 leaky balloons, the D-value is the time it takes for 90 of them to pop, leaving just 10.

2. Temperature Sensitivity (z-value)

Definition: The temperature increase required to decrease the D-value by 90% (1 log cycle).

Example: A z-value of 10C means if a microbe's D-value is 10 minutes at 100C, it will drop to 1 minute at 110C.

Analogy: Turning up the burner dial on a stove; the z-value is how many notches you must turn it up to make
water boil 10 times faster.

3. Sterilization Value (F_0-value)

Definition: The equivalent time in minutes at 121.1C delivered to a product to calculate its total thermal
lethality.

Example: A standard low-acid canned food requires an F_0 value of 3.0 to 6.0 minutes to guarantee safety
against C. botulinum.

Analogy: A 'safe driving score'—you can rack up safety points by driving safely for a long time at medium
speeds, or very quickly at high speeds.

4. 12D Concept

Definition: A commercial sterilization standard aimed at reducing the survival probability of C. botulinum
spores by 12 log cycles.

Example: Reducing a hypothetical population of 10^12 spores down to just 1 single surviving spore.

Analogy: A security system so strict that if a trillion hackers try to break in, only one manages to get through.
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5. First-Order Reaction Kinetics

Definition: A chemical or biological reaction rate that depends entirely on the concentration of a single reactant
(surviving microbes).

Example: Microbial population death curves plot as a straight line on a semi-logarithmic graph.

Analogy: The radioactive half-life of uranium; no matter how much you start with, half of it decays in a fixed,
predictable time frame.

6. Arrhenius Equation

Definition: A mathematical formula expressing the dependence of a reaction rate constant on temperature and
activation energy.

Example: Using the equation to calculate how much faster thiamine (Vitamin B1) breaks down at 130C versus
100C.

Analogy: The steeper a hill is, the more energy a cyclist needs to pedal up it; temperature gives molecules the
speed boost they need.

7. Logarithmic Reduction

Definition: A 10-fold (90%) reduction in the number of live microbes, where each 'log' represents adding a zero
to the percentage of destruction.

Example: A 5-log reduction on fresh produce drops a pathogen count from 100,000 down to 1.

Analogy: Erasing one zero from the end of a cash balance on a bank statement ($1,000 -> $100 -> $10).

8. Thermal Death Time (TDT)

Definition: The total time required to completely destroy a specific number of microbial cells or spores at a
specific temperature.

Example: A laboratory test showing the TDT for Salmonella in liquid egg at 60C is 3.5 minutes.

Analogy: The countdown timer on a microwave oven needed to fully melt a block of cheese.

9. Thermobacteriology

Definition: The study of how heat treatments impact the survival, resistance, and death rates of bacteria and
spores.

Example: Food scientists researching how fat content in chocolate shields Salmonella from heat death.

Analogy: Military generals studying the armour thickness of an enemy tank to figure out exactly what kind of
shell will pierce it.
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10. Activation Energy (E_a)

Definition: The minimum amount of energy required to initiate a chemical or thermal destruction reaction.

Example: Microbial spore proteins require a high E_a (around 250–300 kJ/mol) to denature and break down.

Analogy: The friction needed to strike a match; you have to swipe it hard enough to get the fire started.

11. Cold Point

Definition: The specific geometric location inside a food container that heats up the slowest.

Example: In a solid can of corned beef, the cold point is located at the exact geometric centre of the tin.

Analogy: The middle of a thick feather mattress; it takes the longest time to feel warmth when an electric
blanket is thrown over.

12. Retort

Definition: An industrial pressure vessel used to heat-process packaged foods using steam or superheated
water.

Example: A massive horizontal overpressure retort cooking thousands of pouches of ready-to-eat tuna.

Analogy: A giant, automated kitchen pressure cooker built on an industrial scale.

13. Conduction Heating

Definition: Heat transfer through direct molecular contact without any physical movement of the food material.

Example: Heat slowly crawling into a can of thick pumpkin purée from the outside walls toward the inside.

Analogy: Holding a metal rod over a campfire; the heat gradually travels up the metal straight to your hand.

14. Convection Heating

Definition: Heat transfer caused by the actual physical movement of fluids, driven by warm, less dense liquid
rising and cold liquid sinking.

Example: A can of thin apple juice heating up rapidly as the warm fluid circulates inside.

Analogy: A hot air balloon rising up into the sky because the air inside it is warmer than the surrounding
atmosphere.

15. Hermetic Seal

Definition: An airtight seal that completely prevents the entry of air, oxygen, moisture, and microbes into a
container.

Example: The double-seam edge found on a standard tin can of baked beans.

Analogy: A submarine hatch locked down tight to stop even a single drop of ocean water from leaking in.
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16. Double Seam

Definition: A five-layered mechanical interlocking structure formed by rolling the edge of a can body and its lid
together.

Example: The crimped rim around the top edge of a metal soup tin.

Analogy: Interlocking your fingers tightly together and folding them over to ensure they cannot slide apart.

17. Thermophilic Spoilage

Definition: Food spoilage caused by heat-loving spores that survive canning and grow if the product is stored
above 40C.

Example: Flat sour spoilage in canned tomatoes caused by Bacillus coagulans, making the food sour without
bursting the can.

Analogy: Desert plants that sit dormant for months until a hot summer heatwave triggers them to bloom.

18. Headspace

Definition: The small empty space left between the top surface of the food product and the underside of a
container's lid.

Example: Leaving a 1.5 cm gap at the top of a jar of strawberry jam before sealing it.

Analogy: The breathing room left at the top of a packed suitcase so you can zip it shut without crushing the
contents.

19. Clostridium botulinum

Definition: An anaerobic, spore-forming bacterium that produces a lethal neurotoxin in low-acid foods if
thermal processing fails.

Example: The primary target pathogen that dictates the safety regulations for all low-acid canned foods
worldwide.

Analogy: A dangerous biological landmine sleeping under the soil, waiting for an oxygen-free environment to
wake up.

20. Biot's Number (Bi)

Definition: A dimensionless index comparing heat conduction resistance inside an object to heat convection
resistance at its surface.

Example: Calculating Bi to determine whether a glass jar or a tin can conducts heat faster into soup.

Analogy: Comparing how fast traffic flows down an open highway versus how clogged up things get at a toll
booth exit.
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21. High-Temperature Short-Time (HTST)

Definition: A continuous pasteurization method that heats liquid foods to a moderate temperature for a brief
window of time.

Example: Heating raw milk to 72C for exactly 15 seconds using a plate heat exchanger.

Analogy: Running your hand quickly through a candle flame; it is fast enough to avoid burning but hot enough
to singe tiny hairs.

22. Enzyme Inactivation

Definition: Using heat to alter the structural shape of natural proteins, stopping them from degrading food
quality.

Example: Destroying polyphenol oxidase to prevent sliced apples from turning brown when exposed to air.

Analogy: Melting a plastic key with a lighter so it warps out of shape and can no longer turn or open its lock.

23. Peroxidase Test

Definition: A chemical indicator test used to verify if blanching was successful by checking for a highly
heat-resistant enzyme.

Example: Adding guaiacol drops to blanched broccoli; if it turns brown, the blanching time was too short.

Analogy: A smoke detector system used to check if there is still a smouldering fire left in a building.

24. Low-Temperature Long-Time (LTLT)

Definition: A batch pasteurization process that cooks products at lower temperatures for extended periods.

Example: Heating a large vat of ice cream mix to 63C and holding it there for 30 minutes.

Analogy: Slow-roasting food in a crockpot overnight rather than searing it quickly on a hot stove grill.

25. Plate Heat Exchanger (PHE)

Definition: A machine made of closely stacked metal plates that transfers heat between two fluids running
through alternating channels.

Example: A PHE cooling hot pasteurized orange juice by running ice-cold water along the opposite side of the
metal plates.

Analogy: High-fiving someone as you pass them in a narrow corridor, transferring energy through your palms.
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26. Regeneration Section

Definition: A highly energy-efficient zone in pasteurizers where incoming cold raw fluid is warmed up by
outgoing hot pasteurized fluid.

Example: Saving up to 90% of heating energy in a dairy plant by using hot, freshly pasteurized milk to heat up
cold incoming milk.

Analogy: Taking off your warm winter coat and wrapping it around a shivering friend to share your body heat.

27. Alkaline Phosphatase (ALP)

Definition: A natural enzyme in raw milk that breaks down at a slightly higher temperature than Coxiella
burnetii, serving as a safety marker.

Example: Testing pasteurized milk for ALP; a negative result proves the milk was heated properly and is safe.

Analogy: A security seal on a pill bottle; if the seal is completely broken, you know the bottle went through the
safety checkpoint.

28. Holding Tube

Definition: A specific length of pipe in a continuous pasteurizer designed to keep fluid at the sterilization
temperature for a fixed time.

Example: A calibrated stainless-steel pipe that takes exactly 15 seconds for milk to travel from one end to the
other.

Analogy: A slow-moving conveyor belt at airport security that keeps bags under the X-ray scanner for a fixed
timeframe.

29. Flow Diversion Valve (FDV)

Definition: A safety valve that automatically redirects under-heated liquid back to the start if pasteurization
temperatures drop.

Example: An FDV snapping shut when milk temperature hits 71.5C instead of 72C, sending it back to the
heater.

Analogy: A bouncer at a club door turning away guests who do not meet the dress code.

30. Vegetative Cells

Definition: Active, growing, and reproducing bacterial cells that are highly vulnerable to destruction by heat and
sanitizers.

Example: Active cells of E. coli or Listeria found in raw juice that are easily killed during pasteurization.

Analogy: Green leafy plants during springtime that can be wiped out by a single harsh frost, unlike tough seeds
underground.
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31. Ultra-High Temperature (UHT)

Definition: A continuous sterilization technique that heats liquid products to extreme temperatures for a matter
of seconds.

Example: Heating soy milk to 140C for 3 seconds to make it shelf-stable.

Analogy: Sprint across hot desert sand barefoot; you run so fast your feet don't burn, but it kills anything on the
surface.

32. Aseptic Zone

Definition: A controlled, sterile chamber inside a packaging machine that is kept free from all living
microorganisms during filling.

Example: A filling chamber kept sterile using sterile air overpressure and misted hydrogen peroxide.

Analogy: An operating room in a hospital where surgeons work under sterile hoods to keep germs out.

33. Direct Steam Injection

Definition: An ultra-fast heating method where high-pressure culinary steam is introduced directly into a
flowing liquid product.

Example: Injecting hot steam directly into raw milk cream to raise its temperature instantly to 142C.

Analogy: Blasting an icy pavement with a high-powered flamethrower to melt it all away in less than a second.

34. Indirect Heating

Definition: Heating a product through a solid barrier wall without any direct contact between the product and
the heating medium.

Example: Heating running liquid egg inside a tubular heat exchanger warmed by external steam jacket lines.

Analogy: Warming up your hands by pressing them against a hot mug of coffee.

35. Sterile Air Overpressure

Definition: Maintaining high air pressure inside a cleanroom using HEPA-filtered air to prevent contaminated
outside air from leaking inside.

Example: Air systems pumping filtered air into an aseptic yogurt filling machine so dust and mold cannot float
in.

Analogy: Blowing constantly into a paper bag with a small hole; the air rushing out stops bugs from crawling
inside.
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36. Fouling

Definition: The unwanted accumulation of burnt organic material and mineral scales on the heat transfer
surfaces of processing equipment.

Example: Milk proteins burning and sticking to the stainless steel walls of a UHT pasteurizer, slowing down
heat transfer.

Analogy: Black carbon crust building up on the inside of a backyard barbecue grill after cooking greasy meats.

37. Hydrogen Peroxide (H_2O_2) Vaporization

Definition: A chemical sterilization method that uses evaporated hydrogen peroxide gas to sanitize packaging
materials before filling.

Example: Spraying a fine mist of 35% H_2O_2 onto plastic juice bottles and drying it with hot sterile air.

Analogy: Bleaching outdoor patio tiles with a power washer to clean off all green algae spots.

38. Laminated Packaging

Definition: A multi-layered packaging material combining paperboard, plastic polymers, and aluminium foil to
block out light, oxygen, and microbes.

Example: A Tetra Pak carton composed of 6 distinct layers used to package shelf-stable coconut water.

Analogy: Wearing a thick winter coat made of a windproof outer layer, an insulated middle layer, and a soft
inner liner.

39. Flash Cooling

Definition: The rapid cooling of a hot liquid by spraying it into a vacuum chamber, causing a small amount of
water to evaporate instantly.

Example: Cooling UHT milk from 140C down to 75C in a fraction of a second inside a vacuum vessel.

Analogy: Stepping out of a hot swimming pool into a blast of dry desert wind; the water drying cools you down
instantly.

40. Continuous Flow System

Definition: A processing setup where food constantly moves through pipes, heaters, and chillers without
stopping in batches.

Example: A continuous dairy line processing 20,000 litres of milk every single hour.

Analogy: An assembly line at an automotive plant where cars continuously roll down the line from start to
finish.
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41. Volumetric Heating

Definition: Generating heat uniformly throughout the entire three-dimensional volume of a food product
simultaneously.

Example: An Ohmic heating column warming up chunky beef stew all at once, from the center of meat to liquid
gravy.

Analogy: Sunbeams warming up a glass greenhouse; the light passes straight through windows to warm air
inside all at once.

42. Electrical Conductivity (sigma)

Definition: A physical metric that measures a food material's ability to conduct an electric current.

Example: Adding salt to a pasta sauce to increase its conductivity, allowing it to heat up faster in an Ohmic
system.

Analogy: A wide open, multi-lane highway that allows traffic to flow with zero bottlenecks or delays.

43. Dielectric Constant (epsilon')

Definition: A property that measures a food product's ability to absorb and store electrical energy from an
electromagnetic field.

Example: Water has a high dielectric constant (~80), making wet foods absorb microwave energy much faster
than dry oils.

Analogy: A thick sponge that eagerly absorbs and holds onto water, compared to a slick plastic countertop that
repels it.

44. Dipolar Rotation

Definition: The rapid back-and-forth twisting of polar molecules (like water) trying to align with an alternating
field, creating frictional heat.

Example: Water molecules flipping around 2.45 billion times a second inside a microwave oven, rapidly heating
soup.

Analogy: A crowd of people spinning around in circles to follow a spotlight moving back and forth across a dark
dance floor.
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45. Ionic Polarization

Definition: The physical migration of dissolved ions back and forth in response to an alternating electric field,
generating heat.

Example: Salty gravy heating up incredibly fast in a microwave due to the frictional movement of dissolved
salts.

Analogy: Commuters rushing back and forth across a train station platform every time the arrival
announcement bell rings.

46. Penetration Depth (d_p)

Definition: The distance into a food product where the power of an electromagnetic wave drops to roughly 37%
of its surface value.

Example: Microwaves having a shallow penetration depth in dense mashed potatoes, leaving the center cold if
cooked too quickly.

Analogy: How deep sunlight can travel down into murky lake water before things turn completely dark.

47. Electrode

Definition: A conductive metal plate or rod used to pass an electrical current directly into a food product during
Ohmic heating.

Example: High-grade titanium electrodes mounted inside an industrial juice processing pipe line.

Analogy: Jumper cables clipped onto a car battery to channel electrical power directly into the engine.

48. Frequency (MHz/GHz)

Definition: The number of times an electromagnetic wave cycles or flips direction per second.

Example: Industrial microwave systems operating at a regulated frequency of 915 MHz to ensure deep heat
penetration.

Analogy: How fast you shake a jump rope up and down to create waves along the cord.

49. Loss Tangent (tan delta)

Definition: A ratio indicating how effectively a material converts absorbed electromagnetic energy into internal
thermal heat.

Example: A food with a high loss tangent heats up rapidly in a microwave, while a low loss tangent dish stays
cool.

Analogy: An old car engine that wastes a lot of fuel by turning it into heat rather than clean motion.
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50. Thermal Runaway

Definition: A dangerous situation where hot spots in a food absorb microwave energy faster as they get hotter,
leading to burning.

Example: A pocket of fat inside a frozen burrito overheating and burning while the rest of the filling stays frozen
solid.

Analogy: A campfire spark catching onto dry leaves and blowing up into a roaring brushfire out of nowhere.

51. Isostatic Principle

Definition: The rule stating that pressure applies uniformly and instantly throughout an entire food product,
regardless of shape or size.

Example: A whole raw grape subjected to 600 MPa of pressure inside an HPP machine does not get crushed
or flattened.

Analogy: Sinking down deep into the ocean; the water squeezes your body equally from all sides, so you don't
get flattened.

52. Le Chatelier's Principle

Definition: A chemical rule stating that if you apply pressure to a system at equilibrium, it shifts to favor
reactions that reduce volume.

Example: High pressure forces microbial proteins to unfold and denature because unfolding takes up less
volume under stress.

Analogy: Stepping into a crowded train car; passengers naturally squeeze their arms in and stand close to
save space.

53. MegaPascal (MPa)

Definition: The standard metric unit used to measure extreme physical pressure (1 MPa equals roughly 10
atmospheres of pressure).

Example: Industrial HPP units routinely operate at a maximum pressure of 600 MPa (equivalent to 6,000 bar).

Analogy: Imagining the total weight of three adult elephants balanced on the tip of your thumb.

54. Covalent Bonds

Definition: Strong chemical bonds formed by sharing electrons between atoms, which remain completely
unaffected by HPP pressure.

Example: Vitamins, pigments, and flavor molecules stay intact during HPP because their structures use
covalent bonds.

Analogy: Interlocking steel building blocks that stay locked together even if you pile heavy weights on top.
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55. Non-Covalent Bonds

Definition: Weaker atomic attractions (like hydrogen bonds) that stabilize large structures like cell walls, which
rupture under pressure.

Example: High pressure disrupting the non-covalent bonds in bacterial cell membranes, causing them to leak
and die.

Analogy: Two items held together by a weak magnet; they easily slide apart if you push on them hard enough.

56. Pressure-Transmitting Fluid

Definition: The liquid medium (almost always pure water) pumped into an HPP vessel to generate and
distribute high pressure.

Example: Using chilled water to fill up the gaps inside an industrial HPP chamber containing packed juices.

Analogy: Hydraulic fluid inside a car's brake lines that pushes pads down onto wheels when you step on the
pedal.

57. Intensifier Pump

Definition: A high-powered hydraulic pump designed to boost low-pressure water up to ultra-high operational
pressures.

Example: A pump racking up water pressure from a standard line up to an intense 6,000 bar for food
sterilization.

Analogy: A leverage crowbar that multiplies your arm's strength to lift a heavy boulder.

58. Decompression

Definition: The rapid release of physical pressure from an HPP vessel at the end of a treatment cycle.

Example: Dropping a vessel's internal pressure from 600 MPa down to 0 in under 3 seconds to finish a cycle.

Analogy: Popping open a shaken can of fizzy soda and watching all the trapped gas burst out at once.

59. Baroprotection

Definition: A phenomenon where certain food components (like high sugar or salt) shield microbes from
pressure damage.

Example: Listeria bacteria surviving higher pressures when suspended in thick strawberry jam compared to
thin juice.

Analogy: Standing inside a sturdy wooden shelter during a heavy hailstorm to avoid getting hit.
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60. Adiabatic Heating

Definition: A temporary increase in temperature caused entirely by compressing a fluid or material, without
adding outside heat.

Example: Water temperatures inside an HPP vessel rising by roughly 3C for every 100 MPa of pressure
added.

Analogy: A bicycle tyre pump warming up in your hands as you pump air into a tyre.

61. Electroporation

Definition: The creation of microscopic holes or pores in a cell membrane caused by exposing it to a
high-voltage electrical field.

Example: Punching holes in yeast cell membranes to halt fermentation in fresh wine products.

Analogy: Blasting a solid wooden fence with a shotgun, leaving it full of holes.

62. Critical Electric Field Strength (E_c)

Definition: The minimum voltage threshold required per centimetre to cause permanent, irreversible cell
breakdown.

Example: Plant cells break down at an E_c of 1–2 kV/cm, while tough bacterial cells require 15–20 kV/cm.

Analogy: The minimum weight needed to snap a wooden twig in half; anything less just bends it temporarily.

63. Transmembrane Potential

Definition: The electrical voltage difference across a living cell's membrane, which increases when exposed to
an external PEF.

Example: PEF charging a cell membrane until its voltage hits 1 Volt, causing the membrane to rupture.

Analogy: Blowing air into a rubber balloon until the pressure stretches the rubber thin and pops it.

64. Pulse Width

Definition: The incredibly brief duration of an individual high-voltage electrical discharge, usually measured in
microseconds.

Example: A PEF machine shooting electrical bursts with a pulse width of 2 to 5 microseconds.

Analogy: The ultra-fast blink of a camera flash in a dark room.
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65. Treatment Chamber

Definition: The physical zone containing electrodes where food is exposed to high-voltage electric fields.

Example: A coaxial flow chamber where liquid juice runs between a solid metal rod and an outer pipe
electrode.

Analogy: A toll booth on a bridge that every car must drive through to get to the other side.

66. Dielectric Breakdown

Definition: The sudden structural failure of an insulating material (like a cell membrane) turning it into a
conductor.

Example: A bacterial cell wall shattering under electrical stress, causing all its inner cell fluids to leak out.

Analogy: A concrete dam cracking open under the weight of a massive flood, letting all the water rush through.

67. Square-Wave Pulse

Definition: An electrical pulse that shoots instantly to peak voltage, holds it steady, and drops back down to
zero immediately.

Example: A clean pulse wave shape that delivers maximum microbial destruction with minimal heat generation.

Analogy: Flipping a light switch on instantly, holding it for a second, and flipping it off just as fast.

68. Exponential Decay Pulse

Definition: An electrical pulse that peaks instantly but fades away slowly over time in a curved line.

Example: An older style of PEF pulse that generates more heat waste than modern square-wave systems.

Analogy: Striking a large bell; it rings loudly at first and then slowly fades away over several seconds.

69. Specific Energy Input (Q_s)

Definition: The total amount of electrical energy delivered per kilogram of food product treated, measured in
kilojoules.

Example: Applying a specific energy input of 100 kJ/kg to pasteurize raw apple cider.

Analogy: The total number of logs you throw onto a campfire to keep it burning through the night.

70. Cellular Tissue Softening

Definition: Squeezing out water from plant cells using mild PEF treatments to soften their physical structure
without cooking them.

Example: Softening whole potatoes before slicing them to reduce cracking and tearing in potato chip factories.

Analogy: Soaking dried leather beans in water to make them flexible and pliable before sewing.
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71. Gray (Gy)

Definition: The standard international unit used to measure the amount of ionizing radiation energy absorbed
by a material.

Example: Treating a pallet of strawberries with a low dose of 1.0 kiloGray (kGy) to kill mold spores.

Analogy: Measuring how many litres of rain water soak into a patch of dry garden soil during a storm.

72. Gamma Rays

Definition: High-energy electromagnetic radiation emitted by radioactive isotopes that can deeply penetrate
bulk food packages.

Example: Using gamma rays to sterilize bulk boxes of medical animal feed or dense spices inside shipping
crates.

Analogy: High-powered X-rays traveling completely through a thick suitcase to show everything hidden inside.

73. Electron Beam (E-Beam)

Definition: A stream of high-energy electrons accelerated close to the speed of light by an electricity-driven
machine.

Example: Using an E-beam system to pasteurize thin packages of sliced deli meats on a fast conveyor belt.

Analogy: A high-speed machine gun firing a stream of tiny bullets at a target wall.

74. Radiolytic Products

Definition: New chemical compounds formed when radiation knocks apart molecules like water or fats inside a
food product.

Example: The formation of trace amounts of hydrogen peroxide within irradiated moist foods.

Analogy: Bricks breaking loose from a house wall and scattering on the ground after a car crashes into it.

75. Direct Action (DNA Damage)

Definition: Radiation directly striking and breaking the molecular bonds of a cell's DNA strand, preventing
reproduction.

Example: Radiation severing the sugar-phosphate backbone of a Salmonella cell's DNA, killing the microbe.

Analogy: A falling tree branch landing directly on a telephone wire and snapping the line in two.

Thermal and Non-Thermal Preservation in Food Engineering

Author: Belltes Khoza Page 19 of 24



76. Indirect Action (Free Radicals)

Definition: Radiation splitting water molecules into highly reactive free radicals, which migrate and attack
microbial structures.

Example: Hydroxyl radicals attacking and dissolving bacterial cell membranes from the outside.

Analogy: A grenade explosion throwing off sharp shrapnel shards that damage targets standing far away.

77. Radappertization

Definition: A high-dose radiation treatment (typically 25–45 kGy) designed to completely sterilize food, similar
to canning.

Example: Preparing shelf-stable meat rations for astronauts so they stay completely safe without refrigeration.

Analogy: Completely burning an overgrown field to clear away every single weed and seed.

78. Radicidation

Definition: A medium-dose radiation treatment (typically 1–10 kGy) aimed at destroying specific
non-spore-forming pathogens.

Example: Treating frozen raw poultry to eliminate common pathogens like Salmonella and Campylobacter.

Analogy: A selective weed killer spray that targets weeds without harming the grass around them.

79. Radurization

Definition: A low-dose radiation treatment (typically under 1 kGy) used to kill spoilage bugs and extend shelf
life.

Example: Irradiating fresh raspberries to delay the growth of grey mold and double their shelf life.

Analogy: Shaving a lawn close to the dirt to slow down how fast the grass grows back over the next few weeks.

80. X-Rays

Definition: High-energy ionizing radiation generated by hitting heavy metals with accelerated electrons,
combining penetration with electrical control.

Example: Using an X-ray conversion system to treat large pallets of boxed mangoes at an import border.

Analogy: A powerful studio spotlight that can be turned on or off with a switch, unlike a glowing isotope.
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81. Reactive Oxygen and Nitrogen Species (RONS)

Definition: Chemically volatile molecules (like ozone and nitric oxide) created in cold plasma that destroy
microbial cells.

Example: RONS tearing apart the outer protective coatings of mold spores sitting on a blueberry's skin.

Analogy: A swarm of locusts landing on a green cornfield and stripping away all the leaves.

82. Xenon Flash Lamp

Definition: A gas-filled bulb that converts stored electrical energy into ultra-intense, short flashes of
broad-spectrum light.

Example: The primary light source inside a pulsed light machine used to sanitize conveyor belts.

Analogy: A high-powered professional photography flash unit used to capture fast action sports shots.

83. UV-C Fraction

Definition: The short-wavelength, high-energy band of ultraviolet light (200–280 nm) that acts as a germicide.

Example: Pulsed light systems using UV-C wavelengths to fuse thymine bases in microbial DNA, blocking
replication.

Analogy: Throwing a wrench into a line of gears, jamming up the whole machine so it cannot turn.

84. Ionized Gas

Definition: A gas mixture where electrons have been stripped from atoms, leaving behind a glowing blend of
free electrons and ions.

Example: Passing helium gas through an electric field to create a glowing violet plume of cold plasma.

Analogy: A chaotic bumper-car arena where the cars bump around hard enough to throw passengers out.

85. Photothermal Effect

Definition: The rapid accumulation of surface heat caused by absorbing intense pulses of light, vaporizing
microbes instantly.

Example: Pulsed light flashing a packaging film, heating up and popping bacterial cells while leaving film
unwarped.

Analogy: Wearing a black shirt outside on a hot sunny day; it absorbs sunlight fast and feels hot to the touch.
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86. Photochemical Effect

Definition: Direct chemical changes in a molecule caused by absorbing light photons, independent of heat.

Example: Light photons breaking apart chemical bonds in a virus's protein shell.

Analogy: Bleaching out a brightly coloured poster by leaving it out under the afternoon sun for weeks.

87. Surface Decontamination

Definition: A sanitizing process that cleanses only the outermost boundary layer of an object, without
penetrating inside.

Example: Using cold plasma to kill surface bacteria on apples without altering the sweet fruit pulp underneath.

Analogy: Washing and waxing the outside hood of a car without cleaning out the engine or interior seats.

88. Fluence

Definition: The total light energy delivered per unit area during a light treatment cycle (J/cm^2).

Example: A food safety rule requiring a minimum fluence of 1.2 J/cm^2 for treating eggshells.

Analogy: The total depth of snow that piles up on a driveway during a winter blizzard.

89. Shadow Effect

Definition: A preservation failure where microbes survive because they are physically hidden away from a light
beam behind folds or folds.

Example: Bacteria surviving pulsed light treatments by hiding inside the deep creases of a crinkly leaf of
spinach.

Analogy: Standing directly behind a large brick wall to stay dry and out of the driving rain.

90. Non-Thermal Plasma Jet

Definition: A handheld or automated device that shoots out a steady stream of cold, ionized gas onto a target
surface.

Example: A nozzle blowing a cool plasma mist over a conveyor line of sliced cheeses.

Analogy: An air brush spray gun used to apply a fine, even coat of paint onto a model car.
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91. Synergistic Effect

Definition: A phenomenon where combining methods yields a total destruction rate greater than the sum of
their individual parts.

Example: Combining a mild heat dose with nisin kills pathogens far better than using high heat or nisin alone.

Analogy: A classic guitar-and-drum duo; together they make music that sounds much better than a solo drum
beat.

92. Homeostasis

Definition: The constant internal balancing act a living microbe performs to stay alive and healthy despite
changing conditions outside.

Example: Bacteria spending its energy reserves to pump out acid to maintain a neutral internal pH.

Analogy: Your body sweating on a hot summer afternoon to keep your internal temperature from rising above
37C.

93. Water Activity (a_w)

Definition: A measure of the unbound, free water available in a food product to support microbial growth.

Example: Adding salt to beef jerky drops its a_w from 0.99 down to 0.82, halting all bacterial growth.

Analogy: Spending cash from an account; if all your cash is tied up in a mortgage, you don't have pocket cash.

94. Redox Potential (Eh)

Definition: A value indicating a food system's tendency to gain or lose electrons, dictating aerobic/anaerobic
survival.

Example: Vacuum packaging a steak drops its Eh, stopping fuzzy green mold from growing on the surface.

Analogy: The oxygen level inside a high-altitude mountain cabin; it determines whether you can light a fire.

95. Biopreservation

Definition: Using controlled, non-pathogenic microorganisms or their products to extend food shelf life.

Example: Adding Lactobacillus cultures to cabbage to ferment it into sauerkraut, keeping spoilage bacteria out.

Analogy: Guard dogs roaming around a fenced property to chase away intruders.
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96. Bacteriocins

Definition: Natural antimicrobial proteins produced by bacteria that can target and kill competing bacterial
strains.

Example: Adding nisin (a bacteriocin derived from milk bacteria) to canned soups to stop spore outgrowth.

Analogy: A tree releasing chemical compounds into soil to stop other weed seeds from growing near its roots.

97. Modified Atmosphere Packaging (MAP)

Definition: Replacing regular air inside a package with a protective gas blend (usually rich in CO_2 and N_2).

Example: Packaging fresh pasta in gas containing 70% Nitrogen and 30% Carbon Dioxide to stop mold growth.

Analogy: Filling a museum display case with pure nitrogen gas to stop ancient paper artifacts from decaying.

98. Metabolic Exhaustion

Definition: A state where a microbe expends all its internal energy trying to survive multiple stresses until it
burns out.

Example: A pathogen inside acidic, salty salami running out of ATP energy and dying off during storage.

Analogy: A marathon runner trying to run uphill into a headwind carrying a heavy backpack until they collapse.

99. Intelligent Hurdles

Definition: Deliberately choosing complementary preservation hurdles that target different parts of a microbe
simultaneously.

Example: Using PEF to open cell membranes alongside organic acids that rush inside to disrupt cell chemistry.

Analogy: A basketball team using a fast-break offense combined with a full-court press defense.

100. Sub-Lethal Injury

Definition: Structural or chemical damage to a microbial cell that weakens it significantly but doesn't kill it
outright.

Example: Mild heating wounding a bacterial cell, leaving it vulnerable to being wiped out by a small dose of
salt.

Analogy: A castle wall getting cracked by a catapult rock; it stands but will crumble if hit by a second shot.
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