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Nicolas Appert (1749 – 1841)

 Known as Father of Canning

 French confectioner and inventor

 Invented airtight food preservation

 Food in glass jars, sealed with cork 
and sealing wax, wrapped in leather 
and placed in boiling water

 Help French Army sustain long 
periods and further distance during 
war



Food Processing

 Food Processing = defined as the use of methods and techniques involving 
equipment, energy, and tools to transform agricultural products such as 
grains, meats, vegetables, fruits, and milk into food ingredients or finished 
food products.

 Processed Food = defined as a food material has been changed in some 
way through a combination of ingredients together with processing steps to 
make the food safe to eat, shelf-stable for future use, convenient to use (e.g. 
microwaveable dinners), tasty/palatable, (e.g. milk chocolate bar) and/or 
more nutritious (e.g brealfast cereals fortified with vitamins).

IFT.org



Food Processing and Processed Foods

All processed foods use food processing, 
but not all food processing leads to 

processed foods.

Food Processing            Processed Food



Food Processing Balance

Need to destroy
Pathogens
Spoilage Organisms
Enzymes vs

Optimize
Flavor
Texture
Color
Nutritional quality



1. Traditional Techniques
 Desiccation

 Drying
 Salting/sugaring

 Fermentation
 Heating
 Freezing

2. Modern Techniques
 Drying / Freeze drying
 Cooling 
 Heating
 Vacuum packing/MAP
 Food additives

3. Novel Techniques
  Irradiation
 High Pressure
 Pulse Electric Field
 Ultrasound

Food Preservation Techniques

Brands for illustration only
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Food Processing through 
the use of Antimicrobials



GRAS Food Preservatives

Propionic Acid/Propionates
Sorbic Acid/Sorbates
Benzoic Acid/Benzoates
Parabens
SO2/Sulfites
Ethylene/Propylene Oxides
Sodium Diacetate
Nisin
Dehydroacetic Acid
Sodium Nitrate
Caprylic Acid
Sodium Lactate
Ethyl Formate 



Control of Clostridium botulinum in Low Acid Foods



Salt and Sugars

 Namely NaCl and sucrose

 Salt reduces aw levels and increases osmotic pressure
 Water moves away from cell resulting in plasmolysis

 Sugar – relies on relative concentrations
 Generally 6x more sugar to achieve the same effect as NaCl

Brands for illustration only

http://en.wikipedia.org/wiki/Image:Waste_not_want_not_WWI_poster.jpg
http://upload.wikimedia.org/wikipedia/commons/a/a9/Konservering.jpg


Nitrites and Nitrates
 Sodium nitrite (NaNO2) or sodium nitrate (NaNO3)

 Mostly used in the meat curing industry
 Stabilizes colour, inhibit spoilage and pathogens, enhance flavour

 Dissociates or eliminated on heating and storage

 Can both be reducing or oxidizing agent
 In acid – nitrous acid is formed and decomposes to nitric oxide

 Inhibits C. botulinum and other Clostridium species

 Interfers with iron-sulfur enzymes to form iron-nitrosyl complexes, 
synthesis of ATP from pyruvate, electron transport

http://en.wikipedia.org/wiki/Image:Salami_aka.jpg
http://en.wikipedia.org/wiki/Image:Saucisson_04.JPG


Benzoic Acid and the Parabens

 Benzoic acid (C6H5COOH)

 Na salt (C7H5NaO2) 

 esters of p-hydroxybenzoic acid (parabens)

Brands for illustration only

http://en.wikipedia.org/wiki/Image:Benzoic_acid.svg


Benzoic Acid
 First additive permitted by FDA

 Activity is pH related – low pH
 pH 4, 60% undissociated (active)
 pH 6, 1.5% undissociated (active)

 Controls yeast and molds (100-500 ppm)

 Mode of action:
 Inhibits cellular uptake of substances
 Soluble in cell membrane and act as proton ionophores
 Cells leaks protons → ↑energy output to maintain internal pH
 Disruption of membrane and affects amino acid transport

 Applications: Commonly found in high acid products – 
apple cider, soft drinks, salad dressing, baked goods

Davidson and Taylor, 2007



Benzoic Acid
 Controls yeast and molds (100-500 ppm)

 Mode of action:
 Inhibits cellular uptake of substances
 Soluble in cell membrane and act as proton ionophores
 Cells leaks protons → ↑energy output to maintain internal pH
 Disruption of membrane and affects amino acid transport

 Health impacts
 Irritation of the eyes, skin, nose, throat and lungs
 Coughing, wheezing and shortness of breath
 May be bad for those with liver problems or with sensitivity to aspirin
 Sodium benzoate – increase risk of inflammation, oxidative stress, obesity, ADHD



Food Processing through 
the use of Technologies



Boiling vs Sous-vide Cooking

Pearl BarleyPeas

Rondanelli et al. (2017) Food Science & Nutrition, 5:827-833



HPP and HTST on Antioxidant Values in Strawberry
Dairy with no 
freeze-dried 
strawberry 
powder

Freeze-dried 
strawberry 
powder + 
Distilled Water

Dairy with 
freeze-dried 
strawberry 
powder

Oxygen Radical Absorbance Capacity Ferric Reducing Antioxidant Power

Tadapaneni et al. (2012) Journal of Agricultural and Food Chemistry, 60, 5795-5802 



NOVA Classification

Formulations of industrial 
ingredients and substances 
derived from foods or else created 
in laboratories, and typically 
contain little or even no whole 
foods.



Bread vs Bread

Enriched Wheat Flour, Water, Sugar, 
Yeast, Vegetable Oil, Wheat Gluten, 
Sea Salt, Cultured Wheat Flour, Soy 
Lecithin, Citric Acid, Grain Vinegar

All Purpose Flour or Bread Flour, Water, 
Sugar, Yeast, Vegetable Oil, Sea Salt

Wheat Gluten = chewiness

Cultured Wheat Flour = natural 
preservative and flavor enhancer, 
prevents mold and bacterial growth

Soy Lecithin = natural emulsifying 
agent from soybeans for flavor, 
texture and extend shelf-life

Citric Acid = weak organic acid as 
antimicrobial

Grain Vinegar – vinegar made from 
grains for flavor and antimicrobial



HPP Deli Meats

Water, Honey, Salt, Contains 2% or Less of Turbinado Sugar, Cultured Celery Powder, Sea Salt, Cherry Powder

Brands for illustration only
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Benefits and Impacts of Food Operations

Augustin et al. Trends in Food Science & Technology 56 (2016) 115-125



Future of Food Processing

 Food formulation remains a priority for food manufacturers
 Focus now on reduction of salt, sugar, fat and energy density
 Supporting reduction in energy intake and BMI initiatives
 Revisit use of food additives

 Refinement of food processes or process innovation
 E.g. thermal processing under vacuum (sous-vide) reduces temperature-related 

vitamin and nutrient losses
 Use of novel and non-thermal technologies e.g. High Pressure Processing



?
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Thank You!

Alvin Lee
alee33@iit.edu

Balance Diet + Regular Exercise
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