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Fable 1.1 | .\-ul\-{‘\--lxwysy(fncrn-.\rg:ln|\'n(1.\)9m:|j:1r coneern,

Heuar resistiance -

Nisimuam Low High
¢row th
temperature Vegetative cells Spores

Clostridium botulinum E and
non-proteolytic B (TOXIt

Low Lasternd menocviogenes LINF)®

Yorsnnr enterocolitica {IN])
Bucillus cereus {TOX)
Vibro purahaemolytcuns (INF)
Bacillus subtilis and -
Sulmonella species (ENF) lichenformis (TOX)
Lsherichia coli entero-
pathogenic strans (N

Clostridium perfringens {INF}

Staplivlcoceus aurcus {TOX) Clostridium botulinum A and ]

proteolstic B (TOX)

Hugh Campylobacter jejuni '
and Coeoli (INF)

SINT organisms that may contaminate foods. and may multiply in them. and
which cause food puoisoning by infection.

FTON. or2unisms that may contaminate foods and multiply in them to form
tovins that cause food poisoning by intovication.

Teble 1.2 Food-spoilage micro-organisms of major concern.

Micro-org inisms

Characteristics

Exa.nples

Foods typically affected

Gram-negative,
catialase-positive,
axidase-positive
rods

Gram-negative,
caalase-positise,
oxidase-negative
rods

Gram-positive,
catalase-positive,
non-sporing rods:

Jh

Gram-positive.
catalase-positive
coecl

Gram-pasitive,
catalase-neyative
non-sporing rods

Gram-positive;
catalase-negative
coee

Gram-positive,
calalase-positive,
spore-forming
rmds

Gram-positive.,
vatalase-negatinve
spore-fornung rods

Yedsts

Muulds

Obhgate acrobes: Pseudomonas,
Alkaligenes, Moraxella,
Alreromonas, Flavobacterium

Acetobacter, Acetomonas
Gluconobuacter

Fermentative: Enterobacteria-
ceae. Escherichia, Citrobacter,
Nlebsiella, Erwinia,. Proteus

Non-fermentative. Acinetobacter,
Nanthomonas

Corvnelorm bacteria:
Corynebacterium, Kurthia,
Arthrobacter, Brochothrix

Acrobes: Micrococcus
Facultative anaerobes:
Staphylocaccus

Fucultatively anaerobic.
homoflermentative and
heterofermentative
species of Lactohacillus

Facultatively anaerobic
lactic acid bactena:
Streprococcus, Lactococeus,
Enterococcus, Leuconostoc,
Pediococcus

Acrobic or facultatively
anaerobic species
ol Bucillus

Strictly anaerobic
species of Clostridiunt

Muostly facultatise anacrobes:
Saccharomyces, Torulopsis.,
Cundidu

Muonstly strict aerobes:
renillivm, Lpoergilln

Protein-rich f5ods (fish,
meat, pouliry at chill
temperatures

Alcoholic beverages
Soft drinks

Most raw proleinaceous
foads

Cured meats and sausages

Fresh meats in vacuum )
or low-oxygen ‘modified- l
atmosphere’ packs

Vegetables

Milk products
Cured meat producls,
particularly il high-salt

Milk and milk products. '

fermented dairy. meat , \
and vegelable foods, meat B
in vacuum or low-oxygen

packs

Cured meats, particularly
il low-sall

Heated fodds with pH values
above about 4

Heated foods with pH values
above about 4.5 and with
restricted availability
of oxygen

Low-pH and fow-water-
activity foods (drinks. jams)
whether or not axygen v
excluded

low-pH and low-water-
activity fouds exposed 1o
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———— Ci. botulinumA >
-——— CI. pedrmngens -
8. cerus
Staph. aureus
~—— Lactic acid bactafa -
Salmonelle -
Cl. botufnum E -
Listeria monocytogenss -
Some Mcrococcus specias —
Pseudomonas fluorescens—

Some yeasts and moulds

Y

Figure 2.1 Lower temperature limits for microbial growth.

—~—Pseudomonas spp.——————=
E. coli o
Lactobacillus spp.————»
CI. botulinum ———»
Cl. perfinggns ———————»~
Salmonallag —————
Listeria monocylogengs ——»-
Staph. aureus (anaerabic) —»-
———————— 3acillus spp. {anasrobic)—m
Bacillus £ ~p. {asrobic)——
*dicroco. VIS spp. —————————— =
- - Staph. aursus (aerobic) ———»~
Most yeasts and moulds——————»
Osmophilic yeasts and

xerophilic moulds

Figure 2.2 Lower waler activity limits for microbial growth.

—Cl. botulinum ——————
Cl. perfingens ———————~
Staph. aureus ———————»
Listena monocytogenes —
Most Bacillus specigs ——»
E. coli -—
Salmonellag ——————
B. coagulans »
Lactic acid bacteria —

Many yeasts and moulds

Y

Figure 2.3 Lower pH limits for microbial growth,
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N [’l‘:’l"l.’.’d/ dreedy ol Tourd WS i e i the clramny Lron farmer fo corsaner

| Vi Joss cncounicns!

i 1o
\
DHeAtMIn: ON RS Tl cmeeme—eaee () Phasical damage o produce
td L osses during handlmg
F
Te e spont tyh Spallaee
il Phyvsiesd damage
L 4
TR it} L osses [rom insect infestation
tut Danutee from rodents
D Dntecton by nicro-organisms
v Delerenous chemical changes
\f
Processing 1) Losses through trimming
tn Fatere of ras materials to meet spealicatians
vt Inciticient processing
T
Markeuns 1) Losses in starage and disuihution
(i Fadare of praduct 1o mee quality standurds
1 !

Consumpion —— (1) Wasteful proceduresin the Kitchen
(i) Food discarded alter meal-

Tanee 23 .
Techniques of foad presesvation that may destrov, or retard thie action of,
micro-orgarusmy and ot or biological agenis, and supjiress undesirable
physical-chemical changes

Coniraled Reduction in Destruction of Other methods
onarenment water available Micro-organisms )

by heat -
ny Contralled i} Dryingor (i) Bonling or {i) P kling and g

ferm- atation )
processes, e.g. i
vepeiables. voghurt.

dehvdration by
various methods
sun-dryving

canning.
*Appertizziiza’,
heat-treatment of
food in sealed and cheese
containers. e.g. (ii) Smoking. c.g.
meat vegetables fish

stmosphere. ¢.g.
removal af oxvgen.
addition of nitrogen
thy Controlled freczing-drying
emperature., air-drying
—refrigeranon ¢.g. veeelables

L

—uquick freezing
vy Etficient
pachaging

(i) Sugar prescryes.
e.g. fruits
(iif) Salt. c.p. meat

(i) Pasteurization
processes. ¢.g. milk
(iii} Cooking
processes

(i1} Use of
anttbiotics and other
chemiculs, e.g. SO,
in fruit juices

(iv) Trradiation

Voeres Dilferent methads mav be used in combination with one another
Efticient packaging is required in conjunction with several of the techniques

After Aviward (1967)
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Fig. 9.1 — Blanchers: (a) IQB steam blancher - -{ier Timbers er al. (1984)}: (b) blancher—ooler
(after Philippon (1984)): (c) counter-cur cnl blancher (after Wendt et al. (1983)).

Blancher
water

Pigments

Fig 9.2 — Effect of blanching on plant issues: S. starch gelatinised; CM. cvioplasmic
membranes altered; CW., ccll walls lintle ahered: P. pecting modified: N. nucleus and
eytoplasmic proteins denatured: €. hloroplasts and chromoplasts distorted.
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Fig. 10.5 — Pasteurisation using a plate heat exchanger. (Courtesy of APV Ltd.).

Milk and alkaline phosphatase

Ice cream
Cream
B8O +/v— v— — — — — —
ot -4 - — — — — —
20% whey
protein
denaturation
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€
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; protein
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Temperature {°C)

Fig. 10.1 — Time~temperature relationships for pasteurisation. The hatched area shows the
range of times and temperatures used in commercial milk pasteurisation.( After Harper (1976)).
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HEATING FOOD 'N_A CAN
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TABLE 6~6. Thermal death time: of bacterial cells
Bacterium iupe, Temperature,
min C
Gonococcus 2-3 50
Salmonella typhosa 3 60
Staphylococcus aureus .8 GO0
Escherichia coli -30 57.3
Sireptococcus thermophilus 70-75
Lactobacillus bulgaricus 30 71
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TYPLOAL COMMERCIAL CANNING OPERATIONN
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Canned product

pH Value

Average

Minimum Maximum

Asparagus, green 3.5 5.4 5.6
Asparagus, white 3.5 S.4 5.7
Beans, baked 5.8 5.6 5.9
Beans, green 5.4 5.2 5.7
Qaans, limn R.2 6.0 A.3
Beans and pork 5.6 5.0 6.0
Beans, wax 5.3 5.2 5.5
Beets 3.4 5.0 5.8
Carrots 5.2 5.0 5.4
Corn, whole grain, brine packed 6.3 6.1 6.8
Corn, cream style 6.1 5.9 6.3
Figs 5.0 5.0 5.0
Mushrooms 3.8 5.8 5.9
Olives, ripe 6.9 5.9 8.0
Peas, Alaska 6.2 6.0 6.3
Peas, sweet wrinkled 6.2 5.9 6.5
Potatoes, sweet 5.2 5.1 5.4
Potatoes, white 5.5 5.4 ¥ 5.6
Pumpkin 5.1 4.8 5.2
Spinach 5.4 5.1 5.9
(F/8 51 ;WULPH) syt oS slay S
Blanching time (min)
Vegetable in water at 212° F
Asparagus
< 3716 in. per butt 2
5/16~9/16 in. per butt 3
> 10/16 in, per butt 4
Beans, green and wax 1
Small 1-17
Medium 2-3
Large 3'4
Beets
Small, whole 3-5
Diced 3
Broccoli 2-3
Corn 2-3
1
Peas 1—1-2-
1
Spinach 1-2'

sleoul 18 Blide wlbw i Saupadl L

ERIEE LR TN A UPEE A R



www.Endbook.net

a
Canned Foods with pH Values of Less than 4.5 (Acid Foods)

__pH Value

Canned product Average Minimum Maximum

Apples

Applesauce

Apricots
Blackberries
Blueberries
Cher-ies, black
Cherries, red sour
Cherries, Royal Ann
Cranberry sauce
Grape juice
Grapefruit juice
Lemon juice
Loganberries
Orange juice
Peaches

Pears, Bartlett
Pickles, fresh cucumber
Pickles, sourdill
Pickels, sweet
Pineapple juice
Plums, Green Gage
Plums, Victoria
Prunes, fresh prune plums
Raspberries, black
Raspberries, red
Sauerkraut
Strawberries
Tomatoes

Tomato juice
Tomato puree
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Temperniure, C Time to destroy all spores, min
100 1,200
105 600
110 190
115 70
120 19
125 7
130 3
135 1

2 ds \SL(-»’-;LSL-‘ sl G55 e sl LS s ol vyt I

v

Initial concentration of spores, Time required lo kill spores,
nos/ml min
50,000 14
5,000 10
500 9
50 8

Sl Do e 1 s S a e Lo Ly Lgeed a3l ciaas

Approximate temperature A« idity of foed
range {or vigorous Acid Low-acid
growth (% C) 3.7< pH < 4.5 PH > 4.5
Thermophilic B. coagulans C. thermosaccharolyticum
(55°-35%) C. nigrificans
. B. stearothermophilus
Mesophilic C. butyricum C. botulinum, Aand D
(402-107) C. pasteuriapum C. sporagenes
B. mascerans B. licheniformis
B. polymyxa B. subtilis
Psychrotrophic C. botulinum E

(35° -<57)

Lﬁj)...._ls sl.s 39 )5_;....:| .\.Jj._a dL\,JJSL:u,.J)_m_Y—)



TABLE 6=5. Lflect of protective substances on heat resistance of bacteria

www.Endbook.net

S. laclis, L. coli, L. bulgaricus,
Substance C o C
Cream 09-71 73 95
Whole milk 63-65 69 91
Skim milk 59-63 65 89
Whey 57-61 63 83
Broth 55-57 61

TABLE 6—4. Efect of pH on heat resistance of spores of Bacillus subtilis

pH

00~ O U
> 00 O

Time of survival,

min

2
7
1
11
$

\;‘"“-L“-"-—ij—L-l—-Ll )ﬁaluﬁ)l)} wjlﬁ.c ).JPH_)_J'

TABLE 6-7. Thermal death times of bacterial spores

Spores of

Bacillus anlhr_acis
Bacillus sublilis

Clostridium bolulinum
Clostridium calidotolerans

TFlat sour bacteria

Time to kill at 100C,
min

1.7
15-20
100-330
520
Over 1,030
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cigure 12,8, Influence ot sugar on the heat resistance of bzcteris
pores. High concentrations of sugar protect spores.
« curiesy of Desrosier and Desrosier {1977,
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Figure 129.. Influence of oil on heat resistance of yeasts. (Organ- .
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THERMOPHILES OF IMPORTANCE TO THE FOOD INDUSTRIES

Heat- Growth Temperatures Oxygen
Resistant Optimum Range Require-
Name Economic Importance Spores (*C) (*Q) ments
Streptococcus thermophilus  Grow during pasteurization of milk; ripening agentin None 48 25-60  Facultative
= Swiss cheese
@n»ovnn_.:zm bulgaricus Bulgaricus milk; lactic acid manufacture None 49 25-60  Facultative
Lactobacillus thermophilus ~ Grow during pasteurization of milk None 55 30-65  Facultative
Tactobacillus delbruckii Acidification of brewery mash; lactic acid manufacture None 45 21-60  Facultative
_mn_.::m calidolactis Coagulates milk held at high temperatures Yes 55-65 45-75  Facultative
cillus thermoacidurans Flat sour spoilage of tomato juice Yes 45 26-60  Facultative
cillus stearothermophilus  Flat sour spoilage of canned foods Yes 50 45-76  Facultative
ostridiurm thermo- Hard swells of canned foods Yes 55-61 43-71  Anaerobic
saccharolyticum
Clostridium nigrificans Sulfide-stinkers of canned foods Yes 55 26-70  Anaerobic

/
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TABLE 6.2
COMMON SPPOILAGE ORGANISMS GF FOGLS

Food

Organisms Commonly Found in Spoiled Food

v

vwvw.Endbook.net

Milk and milk
products
Fresh meat

Poultry
TIAOREL CUlEd
meats -
Fish, shrimp
Shellfish
Eggs L
Vegetables

Fruits and
juices

Streptococci, Lactobacilli, Microbacterium, Achromobacter, Pseudo-
monas and Flavobacterium, Bacilli

Achromobacter, Pseudomonas and Flavobacterium. Micrococci,
Cladosporium, Thamnidium

Achromobacter, Pseudomonas and Flavobacterium, Micrococci,
Penicillium

Al EL AL L, IOV, e e e U, L

Achromobacter, Pseudomonas and Flavobacterium, Micrococci

Achromobacter. Pseudomonas and Flavobacterium, Micrococci

Pseudomonas, Cladosporium. Penicillium, Sporotrichum

Penicillium, Rhizopus, Lactobacilli, Achromobacter, Pseudomonas
and Flavobacterium

Saccharomyces, Torulopis, Botrytis, Penicillium. Rhizopus,
Acetobacter, Lactobacilli

r.mL_.Ph L_b.b oo Lnafh G.FU _o\T..L_.WL_.wVMLL
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CLASSIFICATION OF CANNED FQQDS ON BASIS OF PROCESSING REQUIREMENTS

!

Acidity Heat and
Classifica- pH Processing
tion Value Food Item Food Groups Spoilage Agents Requirements
Low acid 7.C :Lye hominy Meat Mesophilic spore-forming an-  High temperature proc-
Ripeolives, crabmeat, eggs, Fish aerobic bacteria essing (115° to 121°C)
-oysters, milk, corn, duck, Milk
“chicken, codfish, beef, Poultry
4= .
v | sardines Thermophiles
- ‘ 6.0 Corned beef, lima beans, peas, Vegetables Naturally occurring enzymes
4 carrots, beets, asparagus, in certain processes
m potatoes
o "5.0 Figs, tomato sonp Soup
T Medium acid . 4.5 Raviolj, pimientos Manufactured foods  Lower limit for growth of Cl.
rm - botulinum
W Acid Potato salad Non-spore forming aciduric Boiling water processing
Tomatoes, pears, apricots, Fruits bacteria (100°C)
peaches, oranges
3.7 Sauerkraut Acidic spore-forming bacteria
Pineapple, apple, Natural occurring enzymes
strawberry, grapefruit
High acid 3.0. Pickles High acid foods Yeasts 5
Relish Molds
Jam-jelly
_Cranberry juice High acid-high solids )
Lemon juice foods
Lime juice
2.0 Very acid foods

T g ol il L 5 138 Slge guiy alb .
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compressed

3t g == = 2. petcocks to maintain a
‘J-—qw. 3 ’ |'J i steam bleed {rom
) ri i .
ﬁ—{ﬂ oot retort during processing ;
controller wate
- > i Vi
| i ]
} == ) 2 [low 3. pressure gauge

1. safety valve,

4. thermometer ;

5. sensing elemernt [or

controller
steam 6. thermo-box ; 7. steam
' spreader
cooling b 6. air inlet for pressure cooling
] .
water l drain
Fig- 9.1 A vertical batch retort equip; =d i
for cooling under air pressurs
Table J.2. Chemical Composition of the Steel Base for Tinplate
Yl ent {max. V)

Grase C Mn P S Si Cu Ni Ct No Other
Type L 0.1} 0.60 0.015 0.0% 0.01C 0.06 0.04 0.06 .08 0.02 each |
Tyoe MR a.13 0.60 0.020 2.08 0.0it 0.29 —_ — — —
Type MC 0.13 0.70 Q.15 .05 0.011: 0.20 - — — —

Source: Brick et vl (1901).
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Hlustration 1

Hlustration 2

Hlustration 3 Hlustration 4

| _
Hlustration 5 Hlustration 6
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Tuable 3.2, Cheanical Composition of the Steel Base for Tinplate
lemie s (max. ")
Grade C Ma P S Si Cu Ni Cr Mo Other
Type L. 0.13 0.60 0.015 0.05 0.010 0.06 U U .05 002 rmach
Tspe MR 0.13 0.60 0.020 0.05 0.010 0.2 — — — -
Tupe MC Q.13 0.70 Q.15 0.05 0.010 0.20 — — — —
Source: Back of ul, (1v6l1).
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SIMPLE PROCESSING
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culinary steam

plant steam-»

potalilz
waler

-—potal:l. water

—+heat ¢ ‘hanger

cor lensate

Fig- 7.12 Culinary steam production
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F1G. 3-1. Relation of can vacuum to cloving temperature., Reprinted {.om Ref.

[153],, p. 5, by caurtesy of Conlinental (Can Company.
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Acidity Concentration of Sugar (%)
35 o) IS 640 675
| weok jelly [ crystals form
J0Nnimum oplimum
(dependent upon type of pectin)
pH
volue

2.7 28 29 303132 33 343536

!
hard jelly oplimum no jelly
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1. C m:_ulauon evaporstor. Al product: B:vapour: C:concentrate: D: boil
steam. E- condensate: 1 calundra. 2: separator: 3: rec:’rcula(ion' ruBe o

2. TVR (alling film evaporator. A product-inlet; B: vapour, C: concentrate]
3: boiler steam: 1: thermocompressor; 2: first effect; 3: second effect.
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Fig 12 5§ — Verucal short-tube evaporator. (Aler Karel (1972
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Feed ™

Fig. 12.6 — Qlimbing-film cvaporator.
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Lonventienal Lienvyaration Freeze-Denhydrauon
successful for easily dried foods such as successiul for most foods but usually limi=d
rruits, seeds and vegetables to thoss not successfully dried by other
methrls
meat generaliv notsausfactory successiil on cooked and raw anima)
products
CONtINOUS Processing batch processing
temperatures between 37 and 93°C temper ures sufficiently low to prever!
generally used thavoig used
usually at agnospheric pressure pressurrs below 4 mm Hg used
drying time may be short, usually less dryiny 1:me generally between 12
than 12 hr and 2 hr
evaporation of water from food surface moistic loss by sublimationt from bounvary
of cvei receding ice crystal zone
solid dried particle porour -iried particle
higher density than original food lower «i- nsiry than eriginal food
odor frequently abnorma odor 1+ 12lly natural
color usually darker color vimually natural
slow rehydration, usually incomplete rapid. + smplete rehycration passible
flavor may be abnormal flavor zencerally natural
storage stabiliry good. tendency 1o darken storag > stability excellent
and become rancid
costs generally low, in the order of 2to 7 costs . nerally high, in the order of four
cents a pound, water removed tinr -« more than conventional dehydi.-tion
Drier Product
Drum drier ) Milk, veg- ible juices, cranberries, banan: :
Vacuum shelf drier . Limited j:v »duction of certain foods
Continuous vacuum drier Fruits an: vegetables
Continuous belt (atmos- Vegetabloes
pheric) drier
Fluidized-bed driers Vegetables
Foam-matdriers Juices
Freezedriers Meats )
Spray driers Whole egzys, egg volk, blood albumin and ralk
Rotary driers Some mest products, usually not used {17 .od
Cabinet or compartment Fruits and vegetables
driers .
Kiln driers Apples, =o.ne vegetables
Tunnel driers Fruits an:i vegetables
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