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Notation
(Dimensions given in terms of mass, M, length, L, time, T, and temperature, y)
a
A
Aa
Al
Am

Exponent
Area (L2), amplitude (L)
Arithmetic mean of the cake area in a filtering centrifuge (L2)
Logarithmic mean of the cake area in a filtering centrifuge (L2)
Area of the filter medium in a filtering centrifuge (L2)

b
b1
B
B0
B0

Exponent, constant, height of the bowl of a tubular centrifuge (L), isotherm slope
Empirical constant
Intercept with the y-axis in a plot of a constant-pressure filtration run (T/L3),
permeability coefficient
Constant
Intercept with the y-axis in a plot of a constant-rate filtration run (M/LT2)

c
cp
C
Cf
Cp
Cu
Cv
CD

Exponent, capillary viscosity constant, velocity (L/T), velocity of light (L/T)
Specific heat (L2/T2y)
Volume fraction of solids in suspension, gas concentration (M/L3)
Volume fraction of solids in the feed
Heat capacity at constant pressure (L2/T2y)
Volume fraction of solids in the underflow
Heat capacity at constant volume (L2/T2y)
Drag coefficient

d

Exponent, diameter of the rod supporting rollers in chain conveyors (L), radius of the
product in roller mills (L), diameter of the neck of a hydrometer (L), exponent, depth
of a layer (L)
Cell diameter (L)
Diameter (L), screen aperture (L), dose of microbial inactivation energy
Cyclone and hydrocyclone diameter (L)
Diameter of the feed in roller mills (L)
Gas diffusivity (L2/T)
(continued)

dc
D
Dc
Df
Dg
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Di
Do
Dp
Dpc
Dr
Du
DUV
D0
D10

Inlet diameter of a hydrocyclone (L)
Overflow pipe diameter of a hydrocyclone (L)
Diameter of the product in roller mills (L)
Cut diameter (L)
Diameter of the roll in roller mills (L)
Underflow diameter of a hydrocyclone (L)
Decimal reduction rate in UV treatment
Lethality constant
Decimal reduction time, decimal reduction dose

e
E
Ea
Ec
Ed
Ei
EO
Ep
Et
Eu
EU
E0

Exponent
Energy (ML2/T2), overall screen efficiency, Young’s modulus (M/LT2)
Activation energy (ML2/T2)
Electric field intensity threshold value (Va/L)
Energy absorbed (ML2/T2)
Bond work index (ML2/T2)
Oversize screen efficiency
Partial efficiency
Total efficiency
Euler number
Undersize screen efficiency
Radiating light hitting the surface of a material

f
fa
f(x)
fL(x)
fM(x)
fN(x)
fS(x)
F
Ff
FA
F(x)
FD
F(x)
Fr

Frequency (dimensionless), frequency (1/T), fanning friction factor
Size fraction of one component of average weight wa
Frequency or occurrence related to size
Size distribution function by length
Size distribution function by mass (volume)
Size distribution function by number
Size distribution function by surface
Force (ML/T2), mass flow rate of solids in the feed (M/T), cumulative percentage of
the coarse fraction in the feed
Cumulative percentage of the fines fraction in the feed
Buoyancy force (ML/T2)
Cumulative frequency
Drag force (ML/T2)
Cumulative percentage oversize of feed solids
Froude number

g
Gc
G(x)
G0 (x)

Acceleration due to gravity (L/T2)
Critical flux (M/L2T)
Grade efficiency
Reduced grade efficiency

h
H

Height (L), length of the hydrometer not submerged in the liquid (L), Planck’s constant
(L2M/T)
Height or depth (L), relative humidity

I
I0

Intensity of radiation at a given distance (L2/T2)
Intensity of radiation at the surface of an absorber (L2/T2)

J

Rate of diffusion (M/T)
(continued)
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k
kp
k1
k2
K
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K00

Constant, coordination number
Constant for a family of geometrically similar hydrocyclones
Constant
Constant
Constant, correlation constant of the power law, slope of the line in a plot of a constantpressure filtration run (T/L6)
Constant depending on the filter medium in air filtration
Cake resistance factor in air filtration
Fluid consistency index (MTn/L2), slope of the line in a plot of a constant-rate filtration
run (M/L4T2)
Constant in constant-rate filtration

L

Length (L)

m
me
mf
mi
ml
ms
msl
mLC
mLCS
m0
M
Mc
Mf
Ms
M1
M2
M3

Mass (M), weight of a hydrometer (M), constant, moisture content
Moisture content of an isotherm based on a straight-line approximation
Weight of a pycnometer filled with a sample (M)
Initial moisture content
Weight of a pycnometer filled with liquid (M)
Weight of a pycnometer filled with a solid (M)
Weight of a pycnometer filled with liquid and a solid (M)
Weight of a container partially filled with liquid (M)
Weight of a container with liquid and a submerged solid (M)
Weight of an empty pycnometer (M)
Mesh size, mass flow rate of solids in suspension (M/T), molar concentration
Mass flow rate of separated solids (M/T), the mass of the solid cake in the bowl of a
filtering centrifuge (M)
Mass flow rate of unseparated solids (M/T)
Weight of a specimen (M)
Mixing index
Mixing index
Mixing index

N
Nc
Nt
n
np
n0

Rotation speed (1/T), sample size, initial microbial load
Critical rotation speed (1/T)
Microbial load after treatment time t
Exponent, shear index, number of particles in a sample, slope
Constant for a family of geometrically similar hydrocyclones
Flow behavior index

O

Mass flow rate of solids in the overflow (M/T)

p
P
PR
P0
q

Proportion by weight of the component within a total sample weight w, agglomerating
pressure (M/LT2)
Pressure (M/LT2), power (ML2/T3)
Pressure at reference pressure conditions (M/LT2)
Vapor pressure of pure water at a given temperature (M/LT2)
Proportion by weight of a component within a total sample weight w

Q

Volumetric flow rate (L3/T)

r

Radius of a particle in roller mills, radius of a feed particle in roller mills (L), radius of a
ball in tumbling mills (L), radius (L)
(continued)

Kc
K1
K0
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R
Re
Rep
Re*
Rf
Ri
Rm
Rx
Ry
RA
RB
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Radius (L), radius of the roll in roller mills (L), radius of the drum in tumbling mills (L),
radius of rotation (L), universal gas constant
Reynolds number
Particle Reynolds number
Reynolds number for power-law fluids
Underflow-to-throughput ratio
Neutral zone in a centrifuge (L)
Resistance of the filter medium (1/L)
Outer radii of a stack of discs in a disc-bowl centrifuge (L)
Inner radii of a stack of discs in a disc-bowl centrifuge (L)
Weir radius for the denser phase in a centrifuge (L)
Weir radius for the less dense phase in a centrifuge (L)

s

Standard deviation of the analyses of the average value of the fraction of a specific
powder, specific surface of a solid (L2), empirical constant, compressibility
coefficient
Surface area of a particle (L2)
sp
sr
Estimate of the standard deviation of the fraction of a specific powder under complete
randomization
Estimate of the standard deviation of the fraction of a specific powder under complete
s0
segregation
S
Surface (L2), number of discs in the stack in a disc-bowl centrifuge
SG
Specific gravity
Stokes number
Stk50
0
Stokes number including the reduced cut size
Stk50

Stokes number for power-law fluids
Stk50

ðrÞ Stokes number for power-law fluids including the reduced cut size
Stk50
t
tc
T
TMP

Time (T)
Treatment time threshold value in pulsed electric field technology (T)
Temperature (y), tensile stress (M/LT2)
Transmembrane pressure (M/LT2)

u

Linear velocity in the vertical direction (L/T), fluid–particle relative velocity (L/T),
settling velocity at concentration C (L/T)
Terminal settling velocity under gravity (L/T)
Terminal settling velocity of particles (L/T), channel velocity calculated from the cross
section (L/T)
Mass flow rate of solids in the underflow (M/T), volumetric flow rate of the underflow
(L3/T)

ug
ut
U
v
vg
vr
vt
vtan
V
Vf
Vp
VK
VR

Linear velocity in the horizontal direction (L/T)
Terminal settling velocity under gravity (L/T)
Radial settling velocity (L/T)
Terminal settling velocity (L/T)
Tangential velocity (L/T)
Volume (L3), compacted volume of solids at a given pressure (L3), linear velocity (L/T)
Gas superficial velocity through the filter medium in air filtration (L/T)
Volume of a particle (L3)
Volume of a test body (L3)
Relation of volumes (V/Vs)
(continued)
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Vs
V0
V0
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Volume of solid material (L3)
Sliding velocity at a reference location defined by Eq. 3.16 (L/T), initial volume (L3),
mean gas velocity (L/T)
Activation volume constant

w

Weight of a sample (M), mass of solids deposited on the medium per unit volume of
filtrate (M/L3)
Average weight of a sample (M)
wa
Ws
Weight of dry solids in a package (M)
WVP
Water vapor permeance (T/L)
WVTR Water vapor transmission rate (M/L2T)
x
xc
xi
xp
xsv
x50
x050
X
XF
XO
XU

Particle size
Cut point (L)
Every measured value of the fraction of one powder
Diameter of a particle (L)
Equivalent surface diameter of a particle (L)
Cut size (L)
Reduced cut size (L)
Fraction, distance (L)
Mass fraction of coarse particles in the feed
Mass fraction of coarse particles in the overflow
Mass fraction of coarse particles in the underflow

Z(P)

Pressure increase required to accomplish a one log reduction cycle in D10

Greek letters
a
Half the angle of nip in roller mills, angle to the vertical in tumbling mills, surface
tension of liquid (M/LT2), specific cake resistance (L/M)
a0
Empirical constant in Eq. 7.71
Empirical constant in Eq. 7.71
a00
b
Empirical constant in Eq. 7.72
g
Viscosity coefficient for power-law fluids (M/LT2n)
g_
Shear rate (1/T)
d
Membrane thickness (L)
DP
Pressure drop (M/LT2)
Dm
Apparent increase in weight (M)
DG
Apparent weight force (ML/T2)
Pressure drop through the powder layer in air filtration (M/LT2)
DPc
Pressure drop across the filter medium of an air filter (M/LT2)
DPf
DP
Total pressure drop across the filter (M/LT2)
DPc Pressure drop across the cake (M/LT2)
DPm Pressure drop across the medium (M/LT2)
Activation volume (L3)
DV+
e
Porosity or voidage, strain
Axial strain
eA
Lateral strain
eL

Apparent viscosity (M/LT)
y
Angle between the particle and the screen aperture, hydrocyclone cone angle
l
Wavelength (L)
m
Liquid absolute viscosity (M/LT), Poisson’s ratio, friction coefficient
(continued)
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mg
mo
m0
n
p
r
rb
rg
rs
rA
rB
s
st
S

t
t0
f
F
o
O
a

Volt
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Gas viscosity (M/LT)
Viscosity of a pure solvent (M/LT)
Friction coefficient in roller mills
Kinematic viscosity (L2/T)
Osmotic pressure (M/LT2)
Liquid density (M/L3), frequency
Bulk density (M/L3)
Gas density (M/L3)
Solids density (M/L3)
Density of the denser phase in a centrifuge (M/L3)
Density of the less phase in a centrifuge (M/L3)
Interfacial tension (M/T2), stress (M/LT2)
Strength of agglomerates (M/LT2)
Operator, meaning “algebraic sum of,” characteristic geometrical features of a centrifuge
equivalent to the area of a gravity settling tank with settling characteristics similar
to those of a centrifuge
Shear stress (M/LT2)
Intercept with the y-axis in plot of shear stress versus shear rate
Volume fraction of spheres in suspension
Sphericity
Angular velocity (1/T)
Conical half angle of the discs in a disc-bowl centrifuge
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A
Abrasion
cleaning of raw materials, 15
mills, 19
peeling, 20
Ade-Omowaye, B.I.O., 288
Aerated bulk density, 56, 57
Agglomeration
applications, 104
binding mechanisms, 89–92
definition of, 89
objective of, 89
posttreatment process, 102–103
pressure agglomeration
extrusion, 97
high-pressure agglomeration, 96–97, 99
low/medium-pressure agglomeration,
96, 98
mechanism of, 96
roller compaction, 97
tabletting, 97
selection criteria
batch modes, 101–102
continuous process, 102
feed characteristics, 98, 100
guidelines, 99
product properties, 101
simultaneous processing, 102
tumble/growth method, 93–95
Air classification, 15–16, 141–143
Air pycnometry, 54, 55
Allen, T., 50
Angersbach, A., 288
Annular shear cell, 62–63
Arrhenius-type equation, 327
Aspiration cleaning, 15–16
Attrition mills, 19

B
Balannec, B., 213
Barsotti, L., 282
Bazhal, M.I., 286, 288
Bendicho, S., 282
Bingham plastic fluids, 29, 36
Bond, F.C., 75
Bond’s law, 75
Bourne, M.C., 43
Braddock, R.J., 212
Bulk density, 54–58
Butz, P., 314

C
Caking, 66–67
Cantos, E., 271
CAP. see Controlled atmosphere packaging
Capannelli, G., 212
Capillary tube viscometer, 37–38
Carr, J.F., 62
Centrifugation
clarification, 172–175
conveyor-bowl centrifuge, 179, 180
definition, 172
desludging, 175
disc-bowl centrifuges, 177, 179
filtration, 176–177
fruit juice processing, 181
nozzle-discharge centrifuge, 177, 179, 180
separation of liquids, 175, 176
starch refining, 181
tubular-bowl centrifuge, 177, 178
valve-discharge centrifuge, 177, 179
Charles, F., 334
Charles-Rodrı́guez, A.V., 289
Chemical caking, 67
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Cleaning of raw materials
contaminants, 14
dry cleaning methods
abrasion, 15
advantages and disadvantages, 14
aspiration, 15–16
electrostatic methods, 16–17
magnetism, 16
screening, 14–15
wet cleaning methods
dewatering, 17, 18
disadvantage of, 17
flotation washing, 17–18
soaking, 17
spray washing, 17
wheat, pretreatment of, 18, 19
Coaxial cylinder viscometers, 39–40
Cohesive powders, 66–67
Comminution
application examples, 85, 87
Bond’s law and work index, 75
compressive forces, 72
cutting, 72
equipments, types of
classification, 75–76
crushing rolls, 76–77, 81–82
disc attrition mills, 78–79
hammer mills, 77–78
tumbling mills, 79–81, 83–84
impact forces, 72
Kick’s law, 75
objective of, 71
properties, 72–73
Rittinger’s law, 74
selection criteria
hardness and abrasiveness, 86
mechanical structure, 86
moisture, 86–87
temperature sensitivity, 87
shear/attrition forces, 72
stages of breakage, 74
Compton effect, 232
Continuous-flow UV reactor, 226–227
Contreras Medellin, R., 332
Controlled atmosphere packaging (CAP),
329–331
Conveyor-bowl centrifuge, 179, 180
Couette-type system, 39–40
Crawford, Y.J., 309
Critical breakdown voltage, 276
Crops disinfestation, 244
Cross flow filtration, 202

Index
Crushers
chocolate refining, 77
forces and angle of nip, 81–82
smooth-roll crushers, 76–77
toothed-roll crushers, 76–77
wheat milling, 77
Cserhalmi, Z.c., 284
Cubeddu, R., 24
Cutting, 259
Cyclones
applications, 159
dimensionless approach, 155–158
disadvantage, 152
geometrical features of, 152–153
operating features and selection criteria,
158–159
theoretical aspects, 154

D
Dairy industry
centrifugation, 172
homogenization, 129–130
reverse osmosis, 212–213
ultrafiltration, 211
Dead-end flow filtration, 202
Dedusting, 140
Defoaming, 259, 261
Dehulling, 18–20
Density
liquid foods
hydrometer, 31–33
hydrostatic balance, 30
Mohr–Westphal balance, 30
pycnometer, 30–31
submersion balance, 32–34
powdered foods
air pycnometry, 54, 55
bulk density and moisture of,
54–58
definition, 52
liquid pycnometry, 52–53
solids in pieces, 42
Dewatering, 17–18, 196
Dielectric breakdown mechanism, 277
Dimensional analysis, 106–108, 183
Disc attrition mills, 78–79
Disc-bowl centrifuges, 177, 179
Dosimetry, 235–236
Drosophila melanogaster, 239
Drum screens, 22–23
Dunn, J.E., 269–271, 282

Index
E
Electroporation mechanism, 277
Electrostatic precipitators, 162–163
Elgasim, E.A., 314
Emulsification
homogenization
applications, 129–130
poppet valve, 128, 129
stepped valve and seat, 129
mixing, 127
oil-water interface, 125–126
sodium palmitate molecule, 126
Encapsulation, 89
Evrendilek, G.A., 289
Extrusion, 97

F
Fan, X., 246
Feather equation, 233
Fick’s law, 326
Field of food irradiation (IFIP), 238
Filtration
applications, 195–196
constant-pressure filtration, 187–189
constant-rate filtration, 189–190
definition, 185–186
filter media and aids, 190–191
fundamental treatments of, 186–187
plate-and-frame filter press, 191–193
pressure-vessel leaf filters, 193, 194
vacuum filtration, 193–195
Flame peeling, 20
Flatbed screening, 14–15
Flat sheet membranes, 208
Flotation washing, 17–18
Floury, J., 289
Fonseca, S.C., 333
Food industry
classification of, 4–5
food processing operations
categories of, 9–10
chemical engineering principles, 7–8
development of, 3–4
food engineering, 5–7
food science, 7
origin of, 3–4
preservation operations, 9–10
liquid foods (see Liquid foods)
powdered foods (see Powdered foods)
raw food materials (see Raw food
materials)
Food manufacturing industry, 4–5
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Food preservation
acoustic cavitation and sonochemistry
amplitude and energy relation, 254
specific heat, 253
stable cavities, 254
ultrasound intensity, 254
ultrasound wave characteristics, 253
velocity, wavelength and frequency, 253
volatile compounds, 255
applications, 259–261
longitudinal and transverse sound waves,
251, 252
shear wave velocity, 251
sonication, 251
ultrasonic equipment
electromechanical transducers, 257
mechanical transducers, 257
probe systems, 257–259
tip erosion, 258
ultrasonic cleaning bath, 257, 258
whistle reactor, 257, 258
ultrasound treatment
microorganism inactivation,
255–256
spore effects, 256–257
ultrasound waves, 251
Food processing operations
categories of, 9–10
centrifugation, 181
chemical engineering principles, 7–8
classification of, 4–5
development of, 3–4
food engineering, 5–7
food science, 7
origin of, 3–4
preservation operations, 9–10
sedimentation, 163
Food science, 7
Food sterilization, 244

G
Gallardo-Reyes, E.D., 283
Gas-solids separation technique
cyclones
applications, 159
dimensionless approach, 155–158
disadvantage, 152
geometrical features of, 152–153
operating features and selection criteria,
158–159
theoretical aspects, 154
electrostatic precipitators, 162–163
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Gas-solids separation technique (cont.)
gas filtration
applications, 162
bag filter, 159–161
blow ring, 161
envelope filter, 159–161
operation characteristics, 161–162
risk of dust explosion, 152
scrubbers, 162
Gill, C.O., 333
Gonzalez-Aguilar, G.A., 223
Gould, G.W., 309
Grading of foods, 23, 24
Grahl, T., 281
Gram-negative species, 341
Gram-positive food-borne pathogens, 340
Grinders
disc attrition mills, 78–79
hammer mills, 77–78
tumbling mills, 79–81, 83–84
Grizzlies, 137–138
Gulyi, I.S., 288

H
Hamilton, W.A., 280
Hammer mills, 77–78
Heatherbell, D.A., 211
Hendrickx, M.E., 314
Henry’s law, 326
Herschel–Bulkley model, 35
High-pressure processing (HPP) technology
adiabatic heating, 305
Arrhenius equation, 305
characteristics, food preservation
technologies, 303
chilled meals preparation, heat processing
intensity, 319
compression process, 319
direct pressure generation unit, 315
direct pressurization system, 316
enzyme effects
condensation reaction, 310
food-quality-related enzyme activity, 310
lipases and proteases, 312–313
PME, 311–312
POD, 312
PPO, 310–311
successive browning reactions, 310
food chemistry and microbiology, 304
food industry, 301
functional and non-functional state, 304
functional food packaging material, 301

Index
heat-sensitive products, 301
high-pressure vessel, 315
HPP-treated product distribution, 302
hydrogen bonds, 305
hydrostatic pressure, 302
imposed pressure function, 316, 317
inactivation kinetics, 305–306
indirect pressurization system, 316
isostatic pressure principle, 304
microbial challenge testing, 320
microbial inactivation, 303
microorganism effects
spores, 307–309
synergistic effects, 309
ultrahigh hydrostatic pressure effects,
306, 307
vegetative cells, 307
multiple pressure vessels, 318
nutritive and quality attributes,
313–314
operation mode, 316, 317
pressure-reducing valve, 319
programmable pressure controllers, 319
proteins, 303–304
qualitative approach, 303
raw milk and curd decontamination, 319
sanitation and refrigerated
shelf life, 319
system components, 314–315
High-temperature, short-time (HTST)
treatment, 284, 285
High-voltage pulsed electric fields.
see Pulsed electric field
Hiramoto, T., 269
Hite, B.H., 308
Hodgins, A.M., 290
Homogenization
applications, 129–130
poppet valve, 128, 129
stepped valve and seat, 129
Hori, Y., 280
Horizontal trough mixers, 121, 122
HTST treatment. see High-temperature,
short-time treatment
Huang, Y.W., 224
H€
ulsheger, H., 281, 289
Hussain, P.R., 246
Hydrocyclone separation
applications, 185
dimensionless groups, 182–185
geometrical features of, 181
operating principles, 181–182
Hydrometer, 31–33
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I
Ionizing radiation
absorption coefficients, 233
applications
classification, 244
processed foods, 244–246
shelf life extension, 246–248
beta rays, 233
chemical effects, 239–240
Compton effect, 232
disinfestation, 248
electron beams, 233
energy and wave properties, 231
enzymes effects, 243–244
food effects, 240–241
high-energy electrons, 233
irradiation
absorbed dose, 235–236
60
Co radiation facility, 236, 237
gamma rays, 236
machine-generated irradiation,
237, 238
nickel-plated cobalt wafers, 236
safety issues, 238–239
microorganism effects
dose-response curve, 241, 242
helminthic parasites, 243
lethality constants, 241, 242
microbial inactivation kinetics, 241
protozoans, 243
survivability, 241
water radiolysis, 241
photon interaction, 233
radiation, definition, 231
radiation sources, 234
source and characteristics, 231, 232
total energy, 232
types, 231
x-rays, 231
Iwanami, Y., 222

J
Jayaram, S., 289
Jenike, A.W., 62, 65
Jenike shear cell, 59–62

K
Kennick, W.H., 314
Kick’s law, 75
Knorr, D., 288, 309
Kostaropolous, A.E., 21
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Labuza, T.P., 332
Lactic acid bacteria (LAB), 339–340
Lazarenko, B.R., 286, 288
Leaching, 141
Lebovka, N.I., 288
Lee, J., 334
Lipases and proteases, 312–313
Liquid foods
density measurement
hydrometer, 31–33
hydrostatic balance, 30
Mohr–Westphal balance, 30
pycnometer, 30–31
submersion balance, 32–34
viscosity
capillary tube viscometer, 37–38
definition of, 28
dynamic viscosity, 35
kinematic viscosity, 35
laminar flow, 36–37
Newtonian fluids, 28, 35–37
non-Newtonian fluids, 28–30, 35
power law fluids, 35–36
rotational coaxial cylinder viscometers,
39–40
Lopez-Rubio, A., 333
Louis Pasteur, 3
Ludikhuyze, L.R., 310
Lu, I.Y., 223
Lye peeling, 20

M
Mackey, B.M., 309
Maharaj, R., 223
Manothermosonication (MTS), 256
MAP. see Modified atmosphere packaging
M€arkl, H., 281
Matvienko, A.B., 288
McLellan, M.R., 212
Meat tenderization, 259
Membrane rupture process, 277
Membrane separations
clarification/sterilization, fruit juices,
210–211
filtration
cellulose acetate membrane, 205–206
concentrate and permeate, 202
features, 205, 206
feed-side pressure gradient, 203
flow modes, 202
flow rate, 202
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Membrane separations (cont.)
fundamental thermodynamics, 201
inorganic mineral membrane, 206–207
mass balance, 202, 203
membrane manufacturing material
properties, 207
nomenclature, 205, 207
organic rejection, 202
permeate flow, 203
pore size, 205
pressure drop, 203
recovery percentage, 204
rejection mechanisms, 201
reverse osmosis principle, 200
salt rejection, 202
seawater desalination, 199
synthetic membranes, 207
TMP, 203, 204
two-phase and multiphase systems, 200
membrane retention range, 199, 200
modules and equipment
industrial installation, 207
operation modes, 209
plate-and-frame arrangement, 208
spiral-wound flat sheet membranes, 208
MWCO, 199
pores range, 199
reverse osmosis, 212–213
ultrafiltration, 211–212
Merten, U., 212
Messens, W., 314
Metlitsky, L.V., 247
Michaelis–Menten-type equation, 334
Michalac, S.L., 282
Microbial inactivation mechanism
decimal reduction rate, 220
first-order model, 219
fluence rate, 219
Gompretz model, 221
hydrogen peroxide production, 219
log cycles, 221
sigmoidal curve, 220, 221
UV dose, 219
UV light absorption, 219
Weibull model, 220
Microfiltration, 210–211
Milk concentration, 211, 212
Mills, G., 308
Mixing
aim of, 105
degree of uniformity, 105
dry solids
applications, 125
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index and rate, 118–120
random distribution, 117
ribbon mixers, 121, 122
sampling, 117–118
segregation, 115–116
selection and design criteria, 122–124
tumbler mixers, 120–121
vertical screw mixers, 122
emulsification, 127
fluids, 105
liquids and pastes
applications, 114
dimensional analysis, 106–108
flow patterns, 108–109
paddle agitators, 109–110
pan mixers, 113, 114
power vs. Reynolds number, 108, 112
propeller agitators, 110, 111
sigma-blade (Z-blade) mixer, 114
turbine agitators, 110, 111
types of mixers, 106
Mizuno, A., 280
Modified atmosphere packaging (MAP),
329–331
Mohsenin, N.N., 12
Molecular weight cutoff (MWCO), 199
Moraru, S.I., 270

N
Nakayama, A., 308
Newtonian fluid foods, 28, 35–37
Niemara, B.A., 245
Nisin, 340–341
Non-conventional chemical reagents
antimicrobial properties, 339
bacteriocidal concentration, 339
biocontrol cultures, 339–341
cold atmospheric plasma treatment, 342
essential oils, 338
food-borne pathogenic microorganisms, 337
liquid-helium-cooled coils, 341
magnetic fields, 341
natural antimicrobial chemicals, 337
non-thermal food processing
technologies, 343
organic acids, 338
ozone, 342
phenolic acids, 338
phytoalexins, 337
Non-Newtonian fluid foods, 28–30
North American Industry Classification System
(NAICS), 4
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Nozzle-discharge centrifuge, 177, 179, 180
Nutritive and sensory attributes
fruit and vegetable juices and beverages
ascorbic acid degradation, 286
bioactive components, 285
color ratio perception, 284
heat-pasteurized juice, 283
HTST treatment, 285
odor-active volatiles, 284
off-flavor development, 283
physical and chemical properties, 284
vitamin C content, 283
volatile compounds, 286
milk and dairy products
Cheddar cheese, 283
high-quality milk and milk products,
281–282
vitamin concentrations, 282
solid food materials
apple juice, qualitative characteristics,
286, 287
electric field treatment, 287
juice extraction, 286
thermal plasmolysis, 287
vegetable tissue properties, 287, 288

O
Oil-in-water emulsion, 125–126, 129–130
Osmotic unbalance process, 277
Ostergaard, B., 211

P
Paddle agitators, 109–110
Padilla, O.I., 212
Pan mixers, 113–114
Papineau, A.M., 309
Pectin methylesterase (PME), 311–312
Pediocins, 341
Peeling, 20
PEF. see Pulsed electric field
Peleg, K., 21
Pelletizing, 89, 97
Peroxidase (POD), 312
Perry, J.P., 333
Pillai, S., 239
PME. see Pectin methylesterase
Polyphenoloxidase (PPO), 310–311
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gas filtration, 159–162
risk of dust explosion, 152
scrubbers, 162
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disc-bowl centrifuges, 177, 179
filtration, 176–177
fruit juice processing, 181
nozzle-discharge centrifuge, 177,
179, 180
separation of liquids, 175, 176
starch refining, 181
tubular-bowl centrifuge, 177, 178
valve-discharge centrifuge, 177, 179
filtration
applications, 195–196
constant-pressure filtration, 187–189
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Zárate-Rodrı́guez, E., 284
Z-blade mixer, 114
Zhang, H.Q., 280

