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Table 2.1. Relative Importance of Eight Sources of Bacteria and Protozoa to Foods

k!
&
@ =
5 3 8= = 3]
5 3 8 8 = 7
B & 2 £ g 2 = a
] o —_—
g £ E = g g 2
Organisms % ~ 5 C(.g E é é <
Bacteria
Acinetobacter XX X X X
Aeromonas XX X
Alcaligenes X X X X
Alteromonas XXe
Bacillus XX X X X X XX
8 9 e :I- G G :I- 0 Brochothrix XX X
Campylobacter XX
U 4 Carnobacterium X X X
:I- G U G 8 ’x‘ 3 Citrobacter X XX X XX
Clostridium XX X X X X X X XX
Corynebacterium 9,9, X X X X X
Enterobacter X XX X X
Enterococcus X X X XX X X X X
Erwinia X XX X
Escherichia X X XX X
Flavobacterium X XX X
Hafnia X X XX
Kocuria X X X X X X
Lactococcus XX X X X
Lactobacillus XX X X X
Leuconostoc XX X X X
Listeria X XX X X X X
Micrococcus X X X X X X XX
Moraxella X X X
Paenibacillus XX X X XX
Pantoea X X
Pediococcus XX X X
Proteus X X X X X X
Pseudomonas XX X X X X
Psychrobacter XX X X X
Salmonella XX XX
Serratia X X X X X X
Shewanella >4 X
Shigella XX
Staphylococcus X XX X
Vagococcus XX XX
Vibrio XXe X
Weissella XX X
Yersinia X X X
Protozoa
C. parvum XX X
E. histolytica XX X X
G. lamblia XXe X
T. gondii X XX

Note: XX indicates a very important source.
“Primarily water.
bPrimarily soil.
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Acinetobacter
Aeromonas
Alcaligenes
Bacillus
Brochothrix
Campylobacter
Carnobacterium
Citrobacter
Clostridium
Corynebacterium
Enterobacter
Enterococcus

Alternaria
Aspergillus
Aureobasidium
Botrytis
Byssochlamys

Bacteria

Erwinia
Escherichia
Flavobacterium
Haofnia
Kocuria
Lactococcus
Lactobacillus
Leuconostoc
Listeria
Micrococcus
Moraxella
Paenibacillus
Pantoea

Molds

Cladosporium
Colletotrichum
Fusarium
Geotrichum
Monilia

Pediococcus
Proteus
Pseudomonas
Psychrobacter
Salmonella
Serratia
Shewanella
Shigella
Staphylococcus
Vagococcus
Vibrio
Weissella
Yersinia

Mucor
Penicillium
Rhizopus
Trichothecium
Wallemia
Xeromyces

Yeasts
Brettanomyces [ssatchenkia Schizosaccharomyces
Condida Kluyveromyces Torulaspora
Cryptococcus Pichia Trichosporon
Debaryomyces Rhodotorula Zygosaccharomyces
Hanseniaspora Saccharomyces
Protozoa

Cryptosporidium parvum  Giardia lamblia
Entamoeba histolytica ~ Toxoplasma gondui
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Table 3.5. Approximate Minimum a,, Values for Growth of Microorganisms Important in Foods

Organisms ay Organisms y
Groups Groups
Most spoilage bacteria 0.9 Halophilic bacteria 0.75
Most spoilage yeasts 0.88 Xerophilic molds 0.61
Most spoilage molds 0.80 Osmophilic yeasts 0.61
Specific Organisms Specific Organisms
Clostridium botulinum, type E 0.97 Candida scottii 0.92
Pseudomonas spp. 0.97 Trichosporon pullulans 0.91
Acinetobacter spp. 0.96 Candida zeylanoides 0.90
Escherichia coli 0.96 Staphylococcus aureus 0.86
Enterobacter aerogenes 0.95 Alternaria citri 0.84
Bacillus subtilis 0.95 Penicillium patulum 0.81
Clostridium botulinum, Aspergillus glaucus® 0.70
types A and B 0.94 Aspergillus conicus 0.70
Candida utilis 0.94 Aspergillus echinulatus 0.64
Vibrio parahaemolyticus 0.94 Zygosaccharomyces rouxii 0.62
Botrytis cinerea 0.93 Xeromyces bisporus 0.61
Rhizopus stolonifer 0.93
Mucor spinosus 0.93

“Perfect stages of the A. glaucus group are found in the genus Eurotium.
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Obligate 7
aerobe Facultative Aerotolerant Strict
anaerobe anaerobe anaerobe

Microaerophile

Figure 6.16 Oxygen and Bacterial Growth. An illustration of
the growth of bacteria with varying responses to oxygen. Each dot
represents an individual bacterial colony within the agar or on its surface.
The surface, which is directly exposed to atmospheric oxygen, will be
aerobic. The oxygen content of the medium decreases with depth until
the medium becomes anaerobic toward the bottom of the tube.
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Figure 3.5. Growth of S. aureus in pure culture (C) and in association with L. plantarum (L), P. cerevisiae
(P), and the mixture (M) in cooked mechanically deboned poultry meat (MDPM) at 15°C. Lactic acid bacteria
were added at a concentration of 10° cells/g. From Raccach and Baker (87), copyright © 1978, International

Association of Milk, Food and Environmental Sanitarians.
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Figure 3.4. Effect of temperature and time on the growth of bacteria. Safe and dangerous temperatures
‘or foodstuffs. From Hobbs (53), reproduced with permission of the publisher.
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Table 3.6. Effect of Storage on the Microflora of Two Meats Held from 48 to 140 Days at 4°C

Smoked Pork Loins

Vacuum CO,
0 Day 48 Days 48 Days

2.5 7.6 6.9
5.8 5.8 5.9
Dominant flora (%) Flavo (20) Lactos (52)°
Arthro (20) Lactos (74)°
Yeasts (20) Lactos (67)°
Pseudo (11)
Coryne (10)
Frankfurter Sausage

Vacuum CO, N,
0 Day 98 Days 140 Days 140 Days

Log APC/g 13 9.0 2.4 4.8
pH 5.9 5.4 5.6 5.9
Dominant flora (%) Bac (34) Lactos (38) Lactos (88)¢ Lactos (88)°
Coryne (34)
Flavo (8)
Broch (8)

NotE: Percent flora represented by Weissella viridescens: *40; *72; <50; 422; ¢35.

Flavo = Flavobacterium; Arthro = Arthrobacter; Pseudo = Pseudomonas; Coryne = Corynebacte-
rium; Bac = Bacillus; Broch = Brochothrix.

SoURCE: Adapted from Ref. 12.
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Temperature
Organism Minimum *C/F Optimum *C/F Maximum *C/F
Aeromonas hydrophla >1-54/<34-539 28-35/82-95 >42-45/<108->113
Aspergiius flavus (allatoxan production) 10/50 3391 43109
Bacillus cereus 4139 3086 50-55/122-131*
Brucela 6/43 37/99 42108
Campylobacter jejuni 32/90 42/108 45/113
Clostridium botufinum type A (loxin production) 439 37799 50122
Clostridium botufinum type B (toxin production) 3137 37/99 50122
Clostridium bolufinum type E (toxin production) 4/39 2984 45113
Clostridium botufinum type F (toxin production) 4739 259/84 45113
Clostridium peviringens 12/53 46/115 50/122
Escherichia coli (pathogenic) 7/45 3799 46/115
Listena monocytogenes 0.4731 37/99 45113
Plesiomonas shigefioides 8/46 3086 45113
Saimoneila 5.2/41* 35-43/95-109 46/115
Shigella /41 37/09 47M7
Staphylococcus aureus 7/45° 37199 48118
Streplococcus pyogenes >10550 3799 <45/<113
Vibno cholerae 10050 37/99 43/109
Vibrio parahaemolyticus 541 3799 43109
Vibno vunificus 8/46 3799 43109
Yersinia enterocolitica -1.3/30 25-37/77-99 42/108
' Values for some strains vary and may differ slightly from the listed data.
" Minimal temperature for enterotoxin production is 14C (57.2F); maximal temperature for enterotoxin production is 45C (113F).

Table 1. Optimal and kmiting lemperatures (rounded to nearest whole number) influencing growth of common foodbomn pathogens with other  [B)
conditions optimum or near opmum (e.g., pH and water activity).
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AN Generation times of psychrotrophic

Pseudomonas species during growth in
food. Adapted from Snyder (1996).
Generation time (h)
0 32 Dairy product
0 32 30.2 Fish
T T ——— . D & B BRI r‘c'vv'J[lB}\CqB’ B
25 365 1.7 Dairy product - )
25 365 8.0 Chicken Edel 8w . 10
2.5 36.5 13.8 Meat Klebsiella sp., Enterobacter sp. 0
45 40 11.7 Dairy product Enterococcus faecalis 0

4.5 40 6.7 Fish

45 40 5.0 Dairy product
10 50 5.4 Dairy product
10 50 26 Dairy product
10 50 2.7 Chicken

10 50 1.9 Fish
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enterocolytica, Listeria monocytogenes

During freezing

* The freezing point being lower than that of pure water
* unfrozen water increases

* microbial growth is possible ATemperature B
* Further more freezing reduced water activity.
* No microbial growth is possible
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Freezer Storage Chart {0 °F)

o o 1 =1 "1 1% _O yar 4° . Mote: Freezer storage is for guality only. Frozen foods remain
T19g8 3 etUUGBYgWdEy dbeddei 3 safe indefinitely. ) )

o

U o9barvdd e©€90)366)0o9UssleL 3 0 Months
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Meat, uncooked ground

Foultry, uncooked whole
Poultry, uncooke:

FPoultry, uncooked giblets
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All frozen foods are safe forever. For best quality, use oldest packages first. These maximum recommended storage times are for best flavor and texture:
1 MONTH 2 MONTHS JMONTHS 4 MONTHS 6 MONTHS 8 MONTHS 12 MONTHS
Smoked or cured  Cooked Ground Beel, lamb, pork and veal
Meats (bacon, ham, hot - meats meats and . (chops, roasts and steaks)
dogs, nch burge pattes : BETTER NOT FREEZE
meals, sausage)
Just because you can put any food In the
freezer doesnt mean you should, Some |
Fatty fish, such as bluefish, Shellfish, Lean fish, such foods dont dandwilh
mackerel, saimon and ‘ such as ¢rab ascod foundar, 10008 dontfreeze well and will have
Seafood tuna ““” meat, clams, haddock, compromised quality when defrosted,
Cooked fish. shellish ‘\“‘ crayfish, Jobstor, mussels, oystors,  halbut, perch /4
4 : Results of froezing .
and frazen breaded fish shrimp, scallops and squid ond sole
+ Chooso In blocks  Crumbles
Chickon and Ground poultry, patties and gblots: * Cottagocheose  Saparale, Chicken, turkey, duck and
Poultry turkey, lunch cookod poultry and comveniance meals, > becomes mushy {0050 (wholo or part)
moats, patd friod chicken and rotisserio chicken ll + Croam plos Custard becomes
Watery, crust gots
0
Convenlence TV dinners, entrees and pizza W
foods Casserois lasagna, chil, meat sauces, et * Custards Walery
Cooked lehovers *Eggs:
Cooked egdgs Become rubbery '
Vogotables  Bonanas,gopes,  Tou Bernes Vegelabes rovso- gl v Soy meat substiutes,
and frult elon charies aw yolks Become gummy S0y hol dogs, empe
+ Gravy Fat separates;
Dalry Mikand  Shedded cheese hikhen e & terand margarine
buttermilk lee cream and sherbet + Lottuce, green  Become watery
onions, tomatoes  and limp
Bakery Pies (pumpkin,  Cakes, cheesacakes, Pies * Mayonnaise, milk, Some separation Cookies (baked), purchased
Homs pecanjand  bread, rolls, bagels (fruit and milk sauces, sour - occurs or homemade; cookie dough
quiche and tortillas X mincemeal) cream, yogurt
\ + Potatoes, raw  Texture changes,
' may darken
SOURCES: Unitad States Depiartment of Agricuiture; Universiy of Hinos Extension Service; *So Easy 1o Presene,” by Ekzabeth L Andress and Audy A. Harrisan; North Dakota State Ureversity Extension Senvice Nl temparatures are In degpees Fahvenhet

CI0: Wikameon s 2 Melaan food writer, To contact the Food section, e-mail us 2t food@washpost.com
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1981)

Stanhylococcus aureus
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1 -~ h
Aspergillus flavus

3.1

Clostridiumbotulinum . ’ ' 17.6
.. B . ) ' 4.4
1.3
0.2-0.4
6.0
1.6
0.4
0.7
29.337.5
0.4-3.3

L * h <pHF.0

Bacillus 1% " 17.518.3

stearothermophilus 4%NacCl 11.312.7
G .

pH7.0 9.211.3
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26 ~ 36 Arils (Whole or Diced)

v 0.55% Citric acid
15% Brine L 095 Sodium Chloride
98.5 Water
pH: 2.25
Washing, P |
sorting, K _ L
blanching SR ] . \
Steam box Canningand Sealing
FinalpH: 4.2~ 45
o o Can filling o Steaming to o Can sealed 0 Sterilization in 0 Cans cooled in o Labeling,
exhaust air refort (see water bath or storage, and
Figure 28.2) spray delivery
Figure 28.1 The commercial sterilization process in industrial heated in a steam box. @) The cans are sealed. @ Cans are sterilized by v
canning. €) Blanching is a treatment with hot water or steam intended steam under pressure. (@ Cans are cocled by submerging them or Heating (210 °F, 15 min)
to soften the product so the can will fill better, It also destroys enzymes spraying them with water. @) Cans are labeled for sale
that might alter the color, flavor, or texture of the product and lower the
microbial population. @) Cans are filled to capacity, leaving as little dead Q How does commercial sterilization differ from complete
space as possible. @ To exhaust (drive out) most dissolved air, cans are Henwzation? v




799} 686bossgasgoalU ¢)cilacs

ZtTABbt BsBit] FTB?FEAANDBUYUBLE7A?q? EABULzQq?

joaeol GUsd o9630U;be eadeysvys Ujycglace¥s

Canned  Products Type of Organism Signs of spoilage

_ food spoilage In the can  In the canned food
Com, peas, Low and Flat sour spoilage Bacillus steavo-  Possible loss of  Lowered pH: sour,
spinach, medium acid thermophlilus vacuum slightly abnormal odur,
asparagus products; pH ele,
above 4-6 Thermophilic Clostridium Can swells, may Fermented, sour cheesy,
anaerobic thermosaccharo-  burst or butync odour
Iyticum
Sulfide sgonlagc Clostridium Can flat Usually blackened,
migricans ‘rotten egg’ odour
Putrefaction Clostridium Can swells; may Typical putrid odour;
sporogenes burst pH slightly above
normal: may be toxic
Tomato Acid Flat sour Bacillus thermo-  Little change in ~ Shight pH change; off
Juice, fruits, products; pH acidurans vacuum flavour and odour
fruit juices  below 4.6
Butyric anacrobes Clostridium Can swells; may Fermented, butyric
butyricum burst odour
Mostly lactic acid Can swells; may  Acid odour
type of bacteria burst
Ycasts Can swells; may Fermented, yeasty
burst odour
Molds Can flat Surface growth, musty

odour
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CECREFINCIC  Clostridium botulinum
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Clostridium botulinum = ~ B 2.38

Clostridium botulinum = "~ E 1.1-1.7

Clostridium butyricum 15

Clostridiumperfingens. | = A | 1.2

Clostridiumsporogenes 2.2
w<h > _*¢h ¢ — h h

Clostridium botulinum = "~ E 0,8

Escherichia coli 0,2

Listeria monocytogenes 0,42-0,55

Pseudomonas aeruginosa 0,13

Salmonella typhimurium 0,5

Staphylococcus aureus 0,16

Yersinia enterocolitica 0,19
[~ v ns

Clostridium botulinum . =~ B 36.08

Staphylococcus auresA _ 8~ 7 T v 61.18
r ¢! B .

Aspergillus flavus 0.66

Penicillium citrinum 0.88
e, >"% ,

Saccharomyces cerevisiae 0,36
)|

1 "Coxsackie 4,1-5,0

1 AT 4,1-4,9
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What Foods Can|Be Irradiated?

R
VTR

Approval Fgﬁ d Dose piitpose
Year (kGy) :
1963 Wheat Flour 0.2:0.5 Control ofimold
1964 White Potatoes 0.05-0.15 Inhibit sprouting
1986 Pork 03-1.0 Kill Trichina parasite

19861 Fruit and Yegetables (1.0

s*Insect Control
slncrease Shelf Life

1986 Herbs and Spices 30 Sterilization
1990[FD.°.] SIFM]' . p
1992(usmn) Bty 1.5-3jusnn) Bacterial
1997 pathogen
(R reduction
1999 usna ) Meat 45

One Process:

|

Sprout
Inhibition

Disinfestation :
Loredls, s hiden Meoat

S 28 le
(L >

1 Y ,-' v )

Shelf-life Extension

< SOoWes, Hesh

-
-

Quarantine

Pathogen
Reduction

Y

A4

@] el ac

1:1 -3 i Applications of lonizing Radiation Accepted in
the U.S. by the Food and Drug Administration.

Dose (kGy)  Purpose Date
02-05 Insect disinfestation 1963
0.05-0.15  Sprout inhibition 1964
03-1 Tnchinella spiralis Control 7/22/85
10 max. Microbial Control 4/18/86

Disinfestation, 4/18/86
Ripening Delay
Disinfestation
Microbial Control
Microbial Control
Microbial Control
Microbial Control
Sterilization
Salmanella Control

Product

Wheat, wheat flour
White potatoes

Pork

Enzymes (dehydrated)

Fruit 1 max.

4/18/86
418/86
4/18/86
4/18/86
5/2/90

3/8/95

9/28/95

1 max.

Vegetables, fresh

Herbs

Spices

Vegetable Seasonings
Poultry, fresh or frozen
Meat, frozen, packaged®
Animal Feed and Pet Food
Meat, uncooked, chilled 4.5 max. Microbial Control 12/2197
Meat, uncooked, frozen 7.0 max. Microbial Control 12/2/97

# For meats used solely in the National Aeronautics and Space Administration
space flight programs.

30 max.
30 max.
30 max.
3 max.
44 min.
2-25
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PROS
vs.
COKRS

| 2z At B? AT

Economical + Social:
Longer shelf life.

Health: Decreases the chance of
spreading food-borne diseases -
especially for those with
immunodeficiency.

Health + Economical +
Environmental: Less need
for pesticides and

preservatives.
Health:
Changes
Health: Masks spoiled food. nutritional
compoasition.
Economical + Sor_:ial + Health: P
En\{ironmgqtalz .F{I.Sk of - Makes food
accidents in irradiation facilities. radioactive
Economical: Expensive andlor toxic |m:::|5t:;
machinery and maintenance.
level of

Social: Still developing. carcinogens
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:1: =% Information Required by the U.S. Food and
Drug Administration To Establish the Safety of
Irradiated Food

Radiological Safety Will radioactivity be induced in the food?

Toxicological Safety Is there evidence of adverse toxicological effects
that can be attributed to toxic substances
produced by irradiating the food?

What should be tested?

What tests provide useful information?

Can irradiation mutate microorganisms, producing
more virulent pathogens?

Microbiological Safety

Will irradiation reduce the numbers of spoilage
microorganisms, allowing pathogens to grow
undetected without competition?

Does irradiation under the proposed conditions of

use result in a significant loss of any nutrient in
the food?

Is the food proposed for irradiation an important
dietary source of the affected nutrient?

Nutritional Adequacy

From Pauli and Tarantino (1995)
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Adapted from Molins (2001).
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Table 1—D,, values for specific pathogens on meat and egg products.

dt

3 ?

A

Dose level
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Purpose

Product examples

Targetorganism  Temperature Product D, value  Reference
(C) lkey)
Staphylococcus aureus 5 Turkey breast meat  0.45 Thayer et al. (1995)
Campylobacter jejuni 30 Ground turkey 0.16 Lambert and Maxcy (1984)
5 0.19
-30 0.29
Saimanella Heidelberg 0 Poultry (air packed) 0.24 Licciardello et al. (1970)
0 Poultry (vacuwm ~ 0.39
packed)
Salmanella Entenditis § Eqg powder 0.6 Matic et al. (1990)
3 Ground beef 0.55-0.78  Tarkowski et al. (1984)
Saimanella spp. 5 Turkey breast meat  0.71 Thayer et al. (1995)
Listeria monocytogenes § Beef 0.45
Eschenchia cof 0157:H7 5 Ground beef patties  0.27-0.38 (Liog(‘)e;)-(}onzales etal.

Low dose

(upto 1kGy)

Medium dose
(1-10kGy)

High dose
{10-50 IGy)

Kill parasites

Kill insects and larvae after
harvest

Inhibit sprouting

Slow ripening

Pasteurization to eliminate
spoilage organisms
Pasteurization to eliminate
food borne illness causing
microbes

Sterilize food for
immunocompromised
people Eliminate some
viruses,

Decontaminate some food
additives and ingredients

Trichinae in pork
Fruits, vegetables, wheat, flour

Potatoes, garlic, onions
Non-citrus fruits and
vegetables

Strawberries, grapes
Fresh or frozen seafood, poultry

(3 kGy) and meat (3.5 kGy,
fresh; 7.0 kGy, frozen)

Pathogen-free hospital foods

Spices (10 kGy), enzyme
preparations (10 kGy), gums,
aromatic substances (30 kGy)

Source: Food salety and inspection service, 1999, irradiation of meat food products,
Federal register. 64, (264) 72150-72166. 9 CFR Parts 381 abd 424, Docket No. 97-
076F.
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UNLCADING
PROCESSED

STORAGE POOL

RADIATION SOURCE
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Viability of L. monocytogenes Scott A and E. coli O157:H7 Dqg values (kGy) for L. monocytogenes Scott A in 0.85% saline
following E-beam irradiation in buffered peptone water at 4 °c or ground pork fellowing electron beam irradiation

O Exponential
H Stationary
O Starved

E
S
[TH
Q
°
o
o
=2
1]
1=
S
2
s
e
5
A

D1o value (kGy)

H O

0 ;
Dose (kGy) 0.85% saline Ground pork
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Microbial Group Example dw Products Affected

Salmonella species

Normal bacteria Clestridivm botilinim 0.91 Fresh meat, milk

Normal yeast Torulopsis species 0.88 Fruit juice concentrate

Normal molds Aspergillus flavus 0.80 Jams, Jellies
Halophilic bacteria Wallemia sebi 0.75 Honey
Xerophilic molds Aspergillus echinulatas 0.65 Flour

Osmophllic yeast Saccharomyces bisporus  0.60 Dried fruits
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A
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Salmonella oranienburg 0.95 0.935
Escherichia coli 0.95 0.935

Clostridium botulinunt * 0.945
Bacillus megaterium* 0.945 0.925
Micrococcus lysodeikticus 0.93

Bacillus subtilis*

Bacillus cereus* 0.92
Staphylococcus aureds 0.85
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Bacteria
Pseudomonas 3 ! <0
Most Spoilage i ; variable
Pathogens variable

Yeast
Refrigeration
Most Spoilage
Osmophilic

Mold
Refrigeration
Most Spoilage
Xerophilic

Table 1. Minimum growth conditions for spoilage organisms.
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Enzymes that cause food spoilag
ENZyme food spoilage action
ascorbic acid oxidase |vegetables destruction of vitamin C
lipase cereals discoloration
rrilk Feydrokytic rancidity
oils brydralytic rancidity
lipoxygenase vegetables destruction of vitamin A, off-flavour
pectic enzyrme Citrus juices destruction of pectic substances
fruits excessive softening
peroxidase fruits browning

polyphencloxidase  |fruits, vegetables |browning, off-flavour, vitamin loss

protease Eeqgs reduction of shelf life of fresh and dried whole eggs
crab, lobster overtenderization
flowr reduction of gluten formation
thiaminase reats, fish destruction of thiamine 70
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High Pressure & Yogurts
Extended Shelf life

—=— Fresh taste, quality \

High Pressure Processing:
Infographic

e ey

e Do you know how much pressure is applied in HPP 2777

Each elephant
weighing 5000kg % About 600 Mega Pascals °)

when 3 elephants stan

It is same as pressure exerted
lar disc of 9 mm radiu

one above the other on a circu

High Pressure
= Force exerted / Disc Area
= Weight of 3 elephants / Tf 2
=(3+5000*9.81)/ (3.14+0.009%2) _.
= 579 M Pa (~ 87000 Psi)

Diameter - 18mm

100G

Pressure exerted

(600Mpa or 87000 Psi)

 —a

Heat Vs Pressure

e

Microbi
ial enzymes can be dest,
stroyed

Bettep
for low-aciq food prog
ucts
Therem.
herma] Processino
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cell content

cell membrane
electric field

Fig.1: Pore formation in the cell membrane due to
exposute to an external electric field.

Before Pulse During E-field After Pulse

CeII membrane
Introduce Cell "heals" with
genes/drugs gene/drug inside

Electrlc field induces a
voltage across cell
membrane
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Figure 4.2. Significance of total viable microbial numbers in food products relative to their use as indicators
of spoilage. a: Microbial spoilage generally not recognized with the possible exception of raw milk, which
may sour in the 10°-10° range. b: Some food products show incipiency in this range. Vacuum-packaged
meats often display objectionable odors and may be spoiled. ¢c: Off-odors generally associated with aerobically
stored meats and some vegetables. d: Almost all food products display obvious signs of spoilage. Slime is
common on aerobically stored meats. e: Definite structural changes in product occur at this stage.
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Table 4.1. Genera of Bacteria Most Frequently Found on Meats and Poultry

Gram Fresh Fresh
Genus Reaction Meats Livers Poultry

Acinetobacter - X
Aeromonas
Alcaligenes
Bacillus
Brochothrix
Campylobacter
Carnobacterium
Citrobacter
Clostridium
Corynebacterium
Enterobacter
Enterococcus
Escherichia
Flavobacterium
Hafnia

o . ° Kocuria
Sao Ud (Candidal) d s

Torulopsis, Rhodotorula) e
Leuconostoc
Listeria

S a9 G 9 .’»[z:crobacterium
e + fa) Cl(ﬂé.(ﬂ@SpOSlum, Micrococcus

Moraxella

Mucor Geotrichum, Puenibacillus
Pen|C|”|Um, RhIZOpuS’ Pantoea

Pediococcus

Sporotrichum, oris
T h amni d u m) Pseudomonas

Psychrobacter -
Salmonella =
Serratia =
Shewanella
Staphylococcus
Vagococcus
Weissella
Yersinia

s

X

IR G| e |

I+ 1+ +

|

I

o T S B

L+ 1+ 1+ + + + + + + +
gl e

|

e MMNN%@NMMN%NNNNMNNNMNN;@MNMNN P
ﬁixi MNM&N MNMNN%

I+ + +

NoTE: X = known to occur; XX = most frequently reported.
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Figure 19.2 Populations of total aerobic, psychrotrophic, and lactic acid bacteria in
aerobically packaged and vacuum-packaged ground pork stored at 0°C. The
growth curves are based on the derived values for lag phase duration and genera-
tion time. Reprinted from T. C. Jackson, D. L. Marshall, G. R. Acuff, and J. S. Dick-
son, p. 91-109, in M. P. Doyle, L. R. Beuchat, and T. J. Montville (ed.), Food Microbiol-
ogy: Fundamentals and Frontiers (ASM Press, Washington, D.C., 2001).
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