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Enzymes - definition

 Enzymes are proteins that increase the
rate of reaction by lowering the energy of
activation

* They catalyse nearly all the chemical
reactions taking place in the cells of the
body

* Not altered or consumed during reaction

« Reusable




Activation energy

 Like all catalysts, enzymes work by
lowering the activation energy (Ea or

AGY) for a reaction, thus dramatically
accelerating the rate of the reaction. oyme | sctvation |
reactants overall energy
- Most enzyme reaction rates are 60, C.H.O, + O, action

millions of times faster than those of procucts
comparable uncatalyzed reactions.

Reaction coordinate
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Enzymatic reaction

* Enzymes

v" Proteins that accelerate
chemical reactions [E]

« Molecules called

v’ Substrates [S]
v Products [P]
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Enzymes - classes

Oxidoreductases
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Pictures from Wikipedia

Serine protease



Types of enzymes used in food production

Class_____| Enzyme Role

Oxidoreductases  Glucose oxidase Dough
Laccases Clarification of juices, flavour enhancer
Lipoxygenase (beer)
Dough strengthening, bread whitening
Transferases Cyclodextrin Cyclodextrin production
Fructosyltransferase Synthesis of fructose oligomers
Transglutaminase Modification of viscoelastic properties,
dough processing, meat processing
Lyases Acetolactate decarboxylase Beer maturation
Isomerases Xylose (Glucose) isomerase Glucose isomerization to fructose -
Hydrolases ... Next slide ) S
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From: Fernandes 2010. https://doi.ora/40°4061%2F2010%2F862537
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https://doi.org/10.4061%2F2010%2F862537

Hydrolases have many roles in food production

V4 | J o~ \

| Enzyme

Amylases

Galactosidase

Glucanase

Glucoamylase
Invertase
Lactase

Lipase
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Starch liquefaction and sachcarification

Increasing shelf life and improving quality by retaining moist, elastic and soft
nature

Bread softness and volume, flour adjustment, ensuring uniform yeast
fermentation

Juice treatment, low calorie beer

Viscosity reduction in lupins and grain legumes used in animal feed, enhanced
digestibility

Viscosity reduction in barley and oats used in animal feed, enhanced
digestibility

Saccharification

Sucrose hydrolysis, production of invert sugar syrup

Lactose hydrolysis, whey hydrolysis

Cheese flavour, in-situ emulsification for dough conditioning, support for lipid
digestion in young animals, synthesis of aromatic molecules
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Hydrolases have many roles in food production

(2/2)

Enzyme ___JRole

Amylases

Proteases

Pectinase
Peptidase

Phospholipase
Phytases
Pullulanase
Xylanases
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Starch liquefaction and sachcarification

Protein hydrolysis, milk clotting, low-allergenic infant-food formulation,
enhanced digestibility and utilization, flavour improvement in milk and cheese,
meat tenderizer, prevention of chill haze formation in brewing

Mash treatment, juice clarification

Hydrolysis of proteins (namely, soy, gluten) for savoury flavours, cheese
ripening

In-situ emulsification for dough conditioning

Release of phosphate from phytate, enhanced digestibility

Saccharification -
Viscosity reduction, enhanced digestibility, dough conditioning
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Types of protein structures
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Primary Structure

Tertiary Structure Quaternary Structure — =

https://www.thoughtco.com/protein-structure-ﬁ3563 0
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Amino-acids

Proteins //O Acid
are made L
from ’ OH

amino R -CH

acids

A theoretical amino acid
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A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE

ONLY DIRECTLY ENCODES 20. "ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

AROMATIC . ACIDIC . BASIC

Chart ’I{ey.- . ALIPHATIC

Chemical
Structure

single letter
code

NAME

three letter code
DNA codons

ALANINE @)
Ala
GCT, GCC, GCA, GCG

V4
OH SNH,
NH,
OH
d
PHENYLALANINE TRYPTOPHAN
Phe Trp
TTT,TTC TGG
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LYSINE (D) SERINE
Lys Ser
AAA, AAG TCT, TCC, TCA, TCG, AGT, AGC
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Amino-acids and peptide bond

Amino acid (1)

Peptide
and
Peptide bond

N-terminus C-terminus

Dipeptide

https://microbenotes.com/peptide-bond/
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Amino acid (2)
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Cod — example of use of enzymes in food
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Production of cod fillet
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Fillet skin- & boneless 49 kg  Belly flap 3 kg
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Back bone 15 kg

vh-

Skin 3 kg .
T — v
=
Cut-offs 4 kg
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Fish enzyme from the intestines
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Fish skin
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Cod skin, collagen and peptides
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Enzymes - hydrolysis

Pre-process?
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Mincing

Enzyme hydrolyses
Stop (pH or temp)

Enzyme

Centrifugation
Supernatant collected

Protein hydrolysate




Fractionation

*Tangential flow filtration
v' 30 kDa, 10 kDa and 5 kDa

Feed reservoir

Cross flow
Membrane

- !ermeote flux — 0
Permeate Permeate P e



Bioactive properties

Antioxidation

v" ORAC — Oxygen Radical Absorbance Capacity
v" MC — Metal Chelating
v" RP — Reducing Power

*Enzyme inhibition
v' Alpha amylase and alpha — glucosidase
v" ACE - Angiotensin Converting Enzyme
v Elastase and collagenase



Emulsifying capacity

« Smaller
peptides =>
450 e -
o - less emulsifying
g 320 ~ —e— Alcalase CapaCity
o 300 - —=— Flavourzyme
; —a— Corolase PN-L
250 - °
§ 200 . —— Corolase 7089 Salmon
N — —— End extract hyd ro|ysate
- 150 - X Egg albumin
= 100 - + SPC
50 -
O I | |
0] 5 10 15 20
7%DH

- Kristinsson and Rasco 2000
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Protis — fish protein hydrolysates

PROTIS PROTIS PROTIS PROTIS

B KOLLAGEN | THALD S ENDURHENT

FYRIR HUD, FICKDRATINR! ANDA ~ MALNMEC DI
VERNDAR |._|D| _ FISH J I INDLANUA MAUGNESIUMKIF
BEIN OG BRJOSK g HAR OG NEGLUR MED C-VITAMINI FISKPROTINBL ANDA

90 hylki
y 240 hylki 240 hylki



AGE REWIND SKIN THERAPY
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Feel Iceland products
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AMINO MARINE COLLAGEN

AMIND
MARINE
COLEAGEN

—mar

KOLLAGEN i PREMLR
FRISKANDI BRAGD-
TEGLINDUM

CoLLABer kollagen. Dry ygg)
préadur (samstarf

Jceland. 2y

mangs og ferskju og hindberja og aprikdsi.

Ping

COLLAB er broadur fyrir
rir hann pér af kollageni, tima.
ke ki b e
Hver i T g gock
fslenskt vatn. NP AN
lagen er = s
s
e i e KOLLAGEN

nésyrur, par af
notad er | COLLAB kemur fra FEEL iceland serm hefur getid sér gott or fyrir kollagen
vbrulinu sina sem unnin er dr islensku hrdefni.

KOFFIN

SYKURLALST

JOINT REWIND - JOINT THERAPY



Thanks for you attention

Hildur I Sveinsdéttir / Margrét Geirsdottir © Matis




