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* Most spoilage bacteria
grow best near neutral pH

« Pathogenic bacteria even
more narrow 1n tolerance
range of near neutral

* Yeast and moulds have
much greater tolerance to
acidic (lower) pH
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‘igure 3-1 Approximate pH growth ranges for some foodborne organisms. The pH ranges for L. monocytogenes
and S. aureus are similar.
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Table 3-5. Approximate pH values permitting the growth of selected pathogens in
food.
Microorganism Minimum Optimum Maximum

Clostridium perfringens 55-58 7.2 8.0-9.0
Vibrio vulnificus 5.0 7.8 10.2
Bacillus cereus 4.9 6.0 -7.0 8.8
Campvlobacter spp. 4.9 6.5-7.5 9.0
Shigella spp. 4.9 9.3

Vibrio parahaemolyticus 4.8 7.8-8.6 11.0
Clostridium botulinum toxin 4.6 8.5
Clostridium botulinum growth 4.6 8.5
Staphylococcus aureus growth 4.0 6.0-7.0 10.0
Staphyvlococcus aureus toxin 4.5 7.0-8.0 9.6
Enterohemorrhagic Escherichia coli 4.4 6.0-7.0 9.0
Listeria monocytogenes 4.39 7.0 94
Salmonella spp. 4.2 7.0-7.5 9.5
Yersinia enterocolitica 4.2 7.2 9.6
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Table 3-2 Reported Minimum pH Values for the Growth

of Some Foodborne Bacteria

Aeromonas hydrophila

Asaia siamensis
Alicyclobacillus acidocaldarius
Bacillus cereus

Botrytis cinerea

Clostridium botulinum, Group |
C. botulinum, Group [l

C. perfringens

Escherichia coli 0157:H7
Gluconobacter spp.
Lactobacillus brevis

L. plantarum

L. sakei

Lactococcus lactis

Listeria monocytogenes
Penicillium roqueforti

Propioniibacterium cyclohexanicum

Plesiomonas shigelloides
Pseudomonas fragi
Salmonella spp.
Shewanella putrefaciens
Shigella flexneri

S. sonnei
Staphylococcus aureus
Vibrio parahaemolyticus
Yersinia enterocolitica
Zygosaccharomyces bailii

ca. 6.0
3.0
2.0
4.9
2.0
4.6
5.0
50
4.5
3.6
3.16
3.34
3.0
4.3
4.1
3.0
3.2
45

ca. 5.0
4.05

ca. 5.4
55475
5.0-45
4.0
4.8
4.18
1.8
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Table 3-1 Approximate pH Values of Some Fresh Fruits and Vegetables

Product

pH

Product
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Vegetables

Asparagus (buds and stalks)
Beans (string and Lima)

Beets (sugar)
Broccoli

Brussels sprouts
Cabbage (grean)
Carrots

Cauliflower
Calery

Com (sweet)
Cucumbers
Eggplant
Lettuce
Olives
Onions (red)
Parslay
Parsnip

Potatoes (lubers and sweal)

Purmpkin
Rhubarb
Rutabaga
Spinach

Squash
Tomatoes (whaole)
Turnips

5.7-6.1
4.6-6.5
4.2-4.4
8.5

6.3
5.4-6.0
4.9-5.2; 6.0
5.8
5.7-6.0
7.3

3.8

4.5

6.0
3.6-3.8
53-58
5.7-6.0
5.3
5.3-5.6
d.8-5.2
3.1-3.4
6.3
5.5-6.0
5.0-5.4
4.2-4.3
5.2=-5.5

Fruits

Apples

Apple cider
Apple juice
Bananas

Figs

Grapefruit (juice)
Grapes

Limes

Melons (honeydew)
Dranges (juice)
Plums
Watermelons
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Table 3-3 Approximate pH Values of Dairy, Meat, Poultry, and Fish Products

Product pH Product

Dairy products Fish and shellfish
Butter 1-6. Fish (most species)*
Buttermilk - Clams
Milk .3-6. Crabs
Cream . Oysters
Cheese (American mild .9; 5. Tuna fish

and cheddar Shrimp

Meat and poultry Salmon
Beef (ground) 1-6. White fish
Ham
Veal
Chicken
Liver

*Just after death.
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Table 3.11 Water activities of saturated salts
solution at 25°C
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ithium chloride
Inc nitrate

agnesium chloride
otassium carbonate
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odium bromide
ithium acetate
odium chloride
otassium chloride
otassium nitrate
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Figure 3.9 Range of a,, values associated with a number of food commoditie.
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PP,

Organisms aw

Organisms

A

Most spoilage bacteria
Most spoilage yeasts
Most spoilage molds

Specific Organisms
Clostridium botulinum, type E
Pseudomonas spp.
Acinetobacter spp.
Escherichia coli
Enterobacter aerogenes
Bacillus subtilis

Clostridium botulinum, types A and B
Candida utilis

Vibrio parahaemolyticus
Botrytis cinerea

Rhizopus stolonifer

Mucor spinosus

Groups

Halophilic bacteria
Xerophilic molds
Osmophilic yeasts

Specific Organisms

Candida scottii
Trichosporon pullulans
Candida zeylanoides
Geotrichum candidum
Trichothecium spp.
Byssochlamys nivea
Staphylococcus aureus
Alternaria citri
Penicillium patulum
Eurotium repens
Aspergillus glaucus*
Aspergillus conicus
Aspergillus echinulatus

Zygosaccharomyces rouxii

Xeromyces bisporus
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Table 3-2. Approximate a,;, values for growth of selected pathogens in food.

Organism Minimum Optimum Maximum

Campvylobacter spp. 0.98 0.99

Clostridium botulinum type E* 0.97

Shigella spp. 0.97 e

Yersinia enterocolitica 0.97 i

Vibrio vulnificus 0.96 0.98 0.99 e

Enterohemorrhagic Escherichia coli 0.95 0.99 s

Salmonella spp. 0.94 0.99 =>0.99

Vibrio parahaemolyticus
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4 Animal Products Ay
fresh meat, poultry, fish 0.99 -1.00
natural cheeses 0.95-1.00
'pudding 0.97 - 0.99
eggs 0.97

cured meat 0.87-0.95
sweetened condensed milk 0.83
Parmesan cheese 0.68 -0.76
honey 0.75

dried whole egg 0.40

| dried whole milk 0.20
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0.79 - 0.84
0.76 - 0.84
0.55-0.80
0.10-0.20

0.73 - 0.83
0.67 - 0.87

fruit juice concentrates

fruit cake
cake 1cing
dried fruat
cereal

flour
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Table 3.6 Rea’ox potenn'alx of SOME’fOOd matem‘als

E (mV) pH

aw meat (post-rigor —200 5.7

aw minced meat +225 59
ooked sausages and canned meats —20 to —150 a. o.

heat (whole grain) —320 to —360 0

arley (ground grain +225 7.0
otato tuber Ca. —150 Ca. 6.

pinach +74 6.2

ear +436 4.2
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Table 3.8 Antimicrobials in hen’s egg albumen and milk

 Albumen Milk

; v
A
e

Nutrient Status
i High pH Moderate pH
- Low levels of available nitrogen High levels of protein,

i,
ity

o carbohydrate and fat

Antimicrobials
Ovotransferrin (conalbumin) (12% of solids) Lactoferrin
Lysozyme (3.5% of solids) Lysozyme
Avidin — (0.05% of solids) -
Ovoflavoprotein —(0.8% of sohds) —~

Ovomucoid & ovoinhibitor — (protease inhibitors) -

o (11% of solids)

Lactoperoxidase (30mgl™
e Immunoglobulin (300 mgl 5
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