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Nicolas Appert (1749 — 1841)

Known as Father of Canning

250 éme A

) . L\Jrolas APPF
French confectioner and inventor
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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

Ilustration eriginale de Roland IROLLA & 1999

1999, 250° anniversaire de sa naissance

Nicolas APPERT (1749 - 1841)
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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).
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Food Processing and Processed Foods

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

Food Processing =Processed Food
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Food Processing Balance

-

Need to destroy Optimize
Pathogens Flavor
Spoilage Organisms Texture
Enzymes VS Color

Nutritional quality
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Food Preservation Techniques

1. Traditional Techniques

e Desiccation 2. Modern Techniques
*  Drying * Drying / Freeze drying
e  Salting/sugaring e Cooling
* Fermentation * Heating
* Heating e Vacuum packing/MAP
* Freezing e Food additives

3. Novel Techniques
* Jrradiation
*  High Pressure
e  Pulse Electric Field
e  Ultrasound
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Food Processing through
the use of Antimicrobials
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Table 13-1 Summary of Some GRAS Chemical Food Preservatives

Maximum Organisms o
Preservatives Tolerance Affected Foods
Propionic acid/ 0.32% Molds Bread, cakes, smn?
propionates cheeses, rope inhibitgy
o in bread dough
Sorbic acid/sorbates 0.2% Molds Hard cheeses, figs,
syrups, salad
dressings, jellies,
Benzoic acidf 0.1% Yeasts and molds Margari ne?spij;cle ra%
benzoates apple cider, soft drinks,
tomato catsup, salag
dressings
Parabens® O.1%! Yeasts and maolds Bakery products, sof
drinks, pickles, salad
dressings
S0g/sulfites 200-300 ppm Insects, microorganisms Molasses, dried fruits,
wine making, lemon
juice (not to be used in
meats or other foods
recognized as sources
Emyli;ne{propylar:-e 700 ppm Yeasts, molds, vermin Fumigant for ;piuas, nuts
oxides’
Sodium diacetate 0.32% Molds Bread
Nisin 1% Lactics, clostridia Certain pasteurized
cheese spreads
Dehydroacetic acid 65 ppm Insects Pesticide on strawberries,
squash
Sodium nitrite’ 120 ppm Clostridia Meat-curing preparations
Caprpiit: acid - Molds Cheese wraps
Sodium lactate Up to 4.8% Bacteria Pre-cooked meats
Ethyl formate 15-220 ppm’ Yeasts and molds Dried fruits, nuts

Note: GRAS (generally recognized as safe) per Section 2012 (s) of the U.S, Fooad, Drug, and Gosmetic Act 5

amended.

:Me'm:.rl-. propyl-, and heptyl-asters of p-hydroxybenzoic acid.
Haﬂyr-e_ster—iz PPm in beers; 20 ppm in noncarbonated and fruit-based beverages.
‘May be involved in mutagenasis and/or carcinogenasis,

“As formic acid.

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
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Control of Clostridium botulinum in Low Acid Foods
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Germination  Swelling Shedding of Qutgrowth of  Cell division
spore wall vegetative cell

Figure 13-1 Diagrammatic representation of growth of an endospore into vegetable cells showing stages
arrested by minimum inhibitory concentirations of some food preservatives. Source: From Gould.™
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Salt and Sugars

e Namely NaCl and sucrose

e Salt reduces a, levels and increases osmotic pressure
e \Water moves away from cell resulting in plasmolysis

e Sugar — relies on relative concentrations

e Generally 6x more sugar to achieve the same effect as NaCl Sive

o Perishable Foods

_',ﬂ,':‘._ h..?
Preserving Now
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Nitrites and Nitrates

e Sodium nitrite (NaNO,) or sodium nitrate (NaNO,)

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

e Dissociates or eliminated on heating and storage

e (Can both be reducing or oxidizing agent
¢ |n acid — nitrous acid is formed and decomposes to nitric oxide

e |nhibits C. botulinum and other Clostridium species

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

ILLINOIS TECH L OIFSH ===

AND HEALTH



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

Benzoic Acid and the Parabens

e Benzoic acid (C4H;COOH) -

e Na salt (C;H:NaO,)

e esters of p-hydroxybenzoic acid (parabens)

Benzoate's includes any of the following permitted preservatives (E numbers 210-219):
E210 or Benzoic acid

E211 or Sodium benzoate

E212 or Potassium benzoate

E213 or Calcium benzoate

E214 or Ethyl 4-hydroxybenzoate or Ethyl para-hydroxybenzoate

E215 or Ethyl 4-hydroxybenzoate, sodium salt or sodium ethyl para-hydroxy-benzoate
E216 or Propyl 4-hydroxybenzoate or Propyl para-hydroxybenzoate

E217 or Propyl 4-hydroxybenzoate, sodium salt or sodium propyl parahydroxybenzoate
E218 or Methyl 4-hydroxybenzoate or Methyl para-hydroxybenzoate

E219 or Methyl 4-hydroxybenzoate, sodium salt or Sodium methyl parahydroxybenzoate.
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http://en.wikipedia.org/wiki/Image:Benzoic_acid.svg

Benzoic Acid
O O
First additive permitted by FDA *\‘?/ N\H
Activity is pH related — low pH H\C#C\C,ﬂ-H
e pH 4, 60% undissociated (active) | [
e pH 6, 1.5% undissociated (active) H/C%C/C\ v
Controls yeast and molds (100-500 ppm) ,L

Mode of action:

e |nhibits cellular uptake of substances

Soluble in cell membrane and act as proton ionophores
Cells leaks protons — Tenergy 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
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EXTERIOR pH=4.0

RCOO +H*

Equilibrium favors RCOOH
which crosses cell membrane

RCOOH
MICROBIAL CELL

~

RCOOH \

I Equilibrium favors
RCOQO, H" then
acidifies cytoplasm

INTRACELLULAR

RCOO +H?Y pH = 7.0

ATP ADP + Pi
ATPase pumps out

protons at the expe@
of ATP

H+

Figure 33.1 Fate of an organic acid (RCOOH) in a low pH
environment in the presence of a microbial cell.

Davidson and Taylor, 2007
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Benzoic Acid
e (Controls yeast and molds (100-500 ppm)

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

e Health impacts
e |[rritation of the eyes, skin, nose, throat and lungs
e Coughing, wheezing and shortness of breath
e May be bad for those with liver problems or with sensitivity to aspirin
e Sodium benzoate — increase risk of inflammation, oxidative stress, obesity, ADHD
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Food Processing through
the use of Technologies
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Boiling vs Sous-vide Cooking

Traditional cooking Sous-vide treatment

Cooking Product brought to the boil 65°C Test1-74°C
temperature Test2
Cooking 1hr 10 hr Test1
time 4 hr Test 2
Peas Pearl Barley
Traditional cooking  Sous-vide Traditional cooking  Sous-vide
Minerals mean  SD mean = SD A Change mean = 5D mean £ 5D A Change
Magnesium (mg) 31.52+0.84 39.00+0.91 7.48 49.07 £ 0.88 3712+ 097 -11.95
Potassium (mg) 7142 £0.71 182.10 £ 2.64 110.68 39.82 £ 0.86 7147 £ 182 31.65
Iron (mg) 1.37 £+ 0.03 7.22+0.14 5.85 2.10 £ 0.04 3.60 £0.12 1.50
Zinc (mg) - - - - -
Copper (mg) 78.45 + 1.67 69.17 £ 1.58 -9.28 43.07 £ 0.97 59.20 £ 1.26 16.13

ILLINOIS TECH
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HPP and HTST on Antioxidant Values in Strawberry

A Oxygen Radical Absorbance Capacity A Ferric Reducing Antioxidant Power
Dairy withno | ORAC 5000 FRAP
. E 4
freeze-dried S 20 2 aoo)
E 15 - E
strawberry @ 10 = .,
powder & B X% REE kkk kkk kkk -*** @ ok
D-
Unpro (200-15) (600-1) (600-15) (700-1) (800.1) HTST 0 -
Unpro (20015) (600-1) (600-15) (700-1)  (800.1) HTST
B B
Freeze-dried 30 - ai 5000-
< 25 1 * 5 o ]
strawberry £ »l 3 30004
powder + £ 151 o Bz
. g 10 1 = 1000
Distilled Water ;. -
0 0
Unpro (200-15) (600-1) (600-15) (700.1) (800-1) HTST Unpro (200-15) (600.1) (600-15) (700-1) (800.1) HTST
c c
: : _ 5000
Dairy with -y Lo REE sa _
. g peacih —— --— é I
freeze-dried E 20 — S 3000
© 15 - a i = — —_—
= b -
strawberry £ 0. ver |5 1000 xk
powder F 5] = B
0 0
Unpro (200-15) (600-1) (600-15) (700-1) (800-1) HTST Unpro (200-15) (600-1) (600-15) (700-1) (800-1) HTST

Tadapaneni et al. (2012) Journal of Agricultural and Food Chemistry, 60, 5795-5¢&
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NOVA Classification

NOVA NOVA NOVA NOVA

Group 1 Group 2 Group 3 Group 4
Unprocessed or Minimally Processed Culinary Processed Foods Ultra-Processed Foods
Processed Foods Ing redients Sugar sveatenad beverages, oweet
Fresh, dry, or frozen vegetables or Harknils (s o ol cacoret ol Canned/picked vegetables, meat, and savory packaged snacks,
fruit, grains, legumes, meat, fish, animal fﬂt{E {g q., cream, butter, |3-d;: figh, or fruit, artisanal bread, cheese, reconstituted rﬂ_ﬂat products, PI'B-
8ggs, Nuts and seeds. e R P salted meats, wine, beer. and cider prepared frozen dishes, canned/finstant

soups, chicken nuggets, ice cream

Formulations of industrial

= ingredients and substances
? ) \ derived from foods or else created
o '(-.’I in laboratories, and typically
contain little or even no whole
SN ® foods.

Substances derived from Group 1 Processing of foods from Group 1 or Formuletions made from a senes of
Processing includes removal of foods or from nature by processas 2 with the addition of oil, =alt, or processes including extraction and
inedible/Unwanted parts. Does not including pressing, refining, grinding, sugar by means of canning, pickling, chemical modification. Includes very
add substancesto the original foad. milling, and drying smoking, cunng, or fermentation. little intact Group 1 foods.
J
Increasing Level of Processing
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Enriched Wheat Flour, Water, Sugar,
Yeast, Vegetable Oil, Wheat Gluten,
Sea Salt, Cultured Wheat Flour, Soy
Lecithin, Citric Acid, Grain Vinegar

ILLINOIS TECH

Bread vs Bread

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

All Purpose Flour or Bread Flour, Water,
Sugar, Yeast, Vegetable Qil, Sea Salt
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HPP Deli Meats

Nutrition Facts HORMEL® NATUFAL CHOICED
4 servings per containar rneats ane ahwmys 100% naturald,
Serving $EIEH 4 slices {564) campiletety delicious,
FETe————— and smoked to perfection.
Calories 60 ~
% Daily Value® { TR“E“ETE
Total Fat 1.5g 2% COMMITHENT
_ Eaturated Fat0.59 3%
Tranz Fal0g We believe meat should taste
Cholesterol 30mg 10% great, without preservatives.
Sodium 560mg 240,
Total Carbohydrate 1o 0% |  HORMEL® NATURALCHOICE® | bl s Ul
Dietary Fiber 0g 0% Uncured Hard Salarni Commitment, you know our
Total Sugars 19 Sustainability Commitment meat has bean 'pﬂﬂ(!d_. sealed,
Includes 1g Added Sugars 2% We match a pertion of the electricity and high-pressure processed
Pretein 103 e e i to lock in natural flavor with
Vitamin D Omeg 0% et somltak-mpact no preservatives.
Calgium Omg 0%
" lron (.4mg 2%
. Palassiem 50mg 2%
] e *Tha % Clady Vst (V) 418 you how much B nulriont
& AFTERCOOKING, CONTAINS e L e
UPTO 22 OF A SOLUTION O ++30LUTION WNGREDIENTE WATER, LT, CONTANS 2% 0
——— : LESS DF TURGNAL SUGA, (57 FURDER CITURED
. CLUTENFREE « FULLY CODKED L SLCED ST MIGRELFXRSSLE UG
! : : . KEEPREFRIGERATED T AU A5TH o
HET WT % RESEALABLE "“-“' © 4ETZEPT FOR TRISE RATIRALLY DETRAING R HOK If @B o T
IlF‘FER/ W CHLTUMID CINERY POWYOR 420 SEA SALT 1-BO0-523-1635
B []I (2 ETQI P uummmm 5 LAE OF DPENING wwrwr, hormelnatural.com

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

ILLINOIS TECH

Food Safety

Food processing systems in the 21st century and
i Il 1 the associated safety and quality management
tools enable continued delivery of more nutritious
and safe food than any time in human history.

Food Preservation and Long Shelf-Life
The use of technologies, such as aseptic and
ultra-high temperature food processing allows
some food products to be stored

unrefrigerated for a longer period of time,

for example, high-protein nutrition shak

with a shelf-life of 12 months, for older adults.

Year-Round Food Supply

Availability

Another example of advances in food processing

is the increasing availability of many regionally
grown food products, such as pineapple grown in
Hawaii, the Philippines, or Thailand in convenient
single-serve plastic packages.

Convenience

Advances in food processing have resulted in
the development and widespread availability of
convenient food products that require minimal
preparation/cooking and ready-to-eat (RTE) food
products, some of which are also healthful. For
example, whole grain pasta made by cooking,
extruding, and drying grain flour, is a shelf-stable
product that requires minimal preparation time.

Affordability

Advances in food processing to deliver benefits such
as food safety, preservation, shelf-life extension, and/
or convenience is often associated with increased
costs. However, large-scale processing technologies
enable production of cost-effective products for
consumers to purchase at grocery stores rather than
make it at home from raw ingredients.

Healthy Options

Food processing has helped deliver healthy food
options (e.g., plant-based foods, plant-based protein,
low-fat meat and dairy products) to assist consumers
in following a healthy dietary pattern(s).

IFT.org
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Benefits and Impacts of Food Operations

Technique Examples Outcomes & benefits Impact
Preservation « Pasteurization of milk or juice e Distributors can ship products over greater e A range of local and non-local foods remain
« Fermenting dairy into cheese or yogurt distances available over a longer time frame
¢ Pickling or canning produce e Retailers can stock products longer
« Salting meats e Consumers can keep foods longer
Processing for food safety « Washing, pasteurizing,  cooking, « Food-borne pathogens and contaminants are « A greater proportion of the population has
(cleaning, sterilization) salting, drying, refrigerating, freezing removed or minimized, meaning that access to safe food
consumers are at a lower risk of foodborne
illness
Processing to change « Milling grains e Manufacturers may gain higher profits and a « Adds value to food products
flavour, texture, ¢ Mixing ingredients foothold in a competitive market
aroma, color or form e Adding flavors and colors e Consumers have access to a wider variety of
« Molding foods and ingredients into products
shapes
Processing to reduce e Ready-to-serve meals e Manufacturers may gain higher sales by e Access to safe (and preferably nutritious) foods
preparation times and e Fast foods responding to consumer demand for for time-poor consumers
make food more e Convenience foods: Bottled drinks, convenience food
portable meat jerky, cakes, cookies, breakfast e Consumers can eat virtually anywhere, at any
cereal bars, frozen pizzas, baby food time, with minimal effort
Processing to restore and/ « Fortifying milk with vitamin D, salt e Manufacturers can use fortification as a selling e« Adds value and nutrition density to food, can
or raise nutrient levels  with iodine, and grains with B point, potentially generating greater sales improve bioavailability and population health
in food vitamins, iron and folic acid e Consumers are at lower risks for chronic implemented as public health policies

nutrient deficiencies

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

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

e Refinement of food processes or process innovation

e E.g.thermal processing under vacuum (sous-vide) reduces temperature-related
vitamin and nutrient losses

e Use of novel and non-thermal technologies e.g. High Pressure Processing
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NOVA
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Eating in moderation may look like
this for some people

Monday to Friday Saturday & Sunday T h a n k YO U !

Alvin Lee
alee33@iit.edu

Balance Diet + Regular Exercise
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