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Causes of freeze-induced protein denaturation and possible prevention methods.

Causes

Mode of action

Method to minimize denaturation

Ice formation

Recrystallization

Dehydration

Salt concentration

Oxidation

Lipids

Metabolites

Mechanical damage
Cell-wall disruption

Mechanical damage

Increased exposure of
hydrophobic groups; unfold
Modified electrostatic interaction;
unfolding

Modified amino acid side chains
Peptide bond cleavage
Protein-lipid complexes

Formaldehyde-methylene bridge

Fast freezing rate

Low thawing temperature

Low temperature storage
Prevent temperature fluctuation

Cryoprotectants

Cryoprotectants

Antioxidants

?

Inactivate trimethylamine

between polypeptide demethylase

Source: Xiong (1997)
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A1UA1AY (Zhang and Jackson, 1992) LW]ﬂTiLW?Jﬂ’N?JGdHHGLHWﬂ@lﬂmmtﬁnﬂiﬂ“}ﬁﬁﬂﬂ"ﬁlﬂﬂ
v
dnvauzliaa’ld (He and Hoseney, 1990) IN31ZANNBUILHIOAANUTLIINTLHI
4 ] A 9 o = . [ < o A )
aassuaIunazate lanulUsay (Martin er al, 1989) 919 l3nauiladenaisiinmn

a 1 a a [ A a 9 a = Y a A
Wiﬂiﬂﬂ@]@ﬂ"lilﬂﬂiiﬂﬁlﬂﬁlﬂﬂfu Y YUNHY D1YUH uaﬂm%uwaiwmammimma

|
u
4
=

v o

v Y
ATUVOIAMT FINVUY  LaZANULANA VISR IUTUSaT 1dmvetes Tu Taauas
a [ [~ [ ] A [~ ]
oz luTamnay Tasluszniamsnusawieivisaznunes lulaanaisinies lula

NAY (Zhang and Jackson, 1992; Cauvain, 1998; Belitz and Grosch, 1999)

( P f Ay
'“)/ ' j ,,}\ Cooling _
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Fresh baked

Staling / Fresh bread
» Reheating

Stale bread

Y 1 Y 4 @
mun 3 Mmanlasunlasluanaveslnssaswamssluvunilvdeuuasvay
3 o
NuFnEIruNil
The molegular change of starch structure in bread passed oven and storage.

Source: Stauffer (1993)
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Quantum energies of differently named electromagnetic radiations

Radiation type Wavelength (cm) Quantum energy (eV)
Gamma rays 10" 1,240,000
X-rays 10” 124,000
Ultraviolet light 0.00003 4.1
Violet light 0.00005 2.5
Infrared light 0.01 0.012
Microwave 10 0.000012
Radio 30,000 0.000000004

Source: Rosén (1972)

d‘ v 7 S d‘ = = v % % %
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Energies of chemical bonds given for comparison with quantum energies

Bond Energy (eV)
H-OH 5.2
H - CH, 45
H - NHCH, 4.0
H,C - CH, 3.8
Ph CH, - COOH 2.4

Source: Rosén (1972)
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The relative between time and cooking method on browning of food surface.
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4. M3n9A (Frying)
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The changing of physical and chemical reaction during frying.

Source: Warner (1998)
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