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Protein-rich foods such as meat, milk, eggs and fish, have sufﬂclent nutrients to
Food promote the growth of microorganisms

Bacteria grow best in an environment that is neutral or slightly acidic between 6.6 and
Acid 7.5 pH

Pathogens need time to grow and multiply so heating or cooling foods as rapidly as
Time possible will reduce food risks

Foodborne pathogens grow best in the temperatures danger zone between 41 °F (5 “C)
Temperature ¢4 135 *F (57 °C)

Although a few pathogens like botulism are anaerobic and don’t require air, most are
Oxygen aerobic and require oxygen to grow

Water is essential for the growth of foodborne pathogens. Water activity (wa) is
Molsture measured on a scale of 0 to 1.0. Foodborne pathogens grow best in foods that have a

wa level between 1.0 and 0.86

Y ooy — pgu alinb —S s (398 Sload 55 50 — ol (ciriuo 5 e — Jol 1 (35 p0 2o
ATV AC olpon M= FEYSFIFIGPEYeFIFY : lad olb o lod




a3 ‘j{/';l

Y aolg - paw did —5 i (590 Wlous 35 po — ol cixiwo 5 el — ol 1 (535 0 80
SAMNYAY A s ol o N- FEVRIVIFFYFIFY : oled sl o)l




Banarurs
ates
Melons

Persimmany
Paparyas
Pireappies
Tomatoes

Y ooy — pgu alinb —S s (398 Sload 55 50 — ol (ciriuo 5 e — Jol 1 (35 p0 2o

AMITAY A tolyod )= PEVFIFIGPFYeRIFY : uled ol o )los



o A
G S

Microorganisms Minimum Maximum

Clostridium
botulinum growth

Clostridium

perfringens Staphylococcus

aureus growth

Vibrio vulnificus
Staphylococcus
aureus toxin

Racillus cereus

Enterohemorrhagic
Escherichia coli

Campylobacter

SPp- Listeria
monocytogenes

Shigella spp.
Salmonella spp

Vibrio Yersinia
parahaemolyticus enterocolitica
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Don't keep your food 15°C- 60°C|

Danger Zone 5°C to 60°C
for more than 2 hours
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- Figure 1: Graphical representation of the minimum growth temperature of
e athogens of interest
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Circles represent instances where growth did not occur, squares where growth did occur.
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Spoilage organisms Pathogens

Aerobes Micrococcus sp. Bacillus cereus
Moulds, e.g. Bofrytis cinerea Yersinia enterocolitica
Pseudomonas sp Vibrio parahaemolyticus

Camplobacter jejuni

icroaeophiles Lactobacillus sp. Listeria monocytogenes
Bacillus spp. Aeromonas hydrophilia
Enterobacteriaceae Escherichia coli

Facultative anaerobes Brocothrix thermosphacta Salmonella spp.

Shewanella putrefaciens Staphylococcus spp.
Yeasts Vibrio sp.

Anaerobes Clostridium sporogenes Clostridium perfringens
Clostridium tyrobutyricum Clostridium botulinum

10.A2.2.1 Effect of oxygen

Bacteria, yeasts and moulds have different respiratory and metabolic needs and can be grouped
according to their O; needs (Table 10.1).
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® high-moisture foods (a, above 0.85):
¢ intermediate-moisture foods, (a, 0.60-0.85):

e low-moisture foods, (a,, below 0.60).
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Q. Table 20.3 Minimal water activity required for growth of foodborne microbes at 25°C
3 (sources: Jay, 2000; Banwart, 2004; Montville and Matthews, 2005).
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Group of microorganisms Minimal a,, required

Most bacteria
Most yeasts

Most molds
Halophilic bacteria
Xerotolerant molds
Osmophilic yeasts
Xerophilic molds

Specific spoilage organisms
Pseuvdomonas ceruginosa
Pseudomonas fluorescens
Loctobacillus

Leuconostoc

Hansenulo

Zygosaccharomyces rouxii
Aspergillus niger

Xeromyces bisporus

Specific pathogenic organisms
Escherichia coli

Clostridium botulinum
Staphylococcus aureus

Vibrio parahaemolyticus
Salmonello

Bacillus cereus

Aspergillus flovus

0.88-0.91
0.87-0.94
0.70-0.80
0.75

0.71

0.60-0.78
0.60-0.70

0.96-0.98
0.94-0.97
0.90-0.96
0.96-0.98
0.89-0.90
0.62-0.81
0.80-0.84
0.60-0.61

0.94-0.97
0.90-0.98
0.83-0.92
0.94-0.98
0.93-0.96
0.92-0.95
0.78-0.90
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Controlling
water > Dehydration
processing

Thermal
processing

Pasteurization

Food
Preservation
Cold

Techniques . A Chilling
processing

Chemical

. 5 Preservatives
processing

Y ooy — pgu alinb —S s (398 Sload 55 50 — ol (ciriuo 5 e — Jol 1 (35 p0 2o
ATV AC olpon M= FEYSFIFIGPEYeFIFY : lad olb o lod




Homeostatic responses by microorganisms to various stress factors
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Reduced nutrients Mutrient scavenging; oligotrophy; ‘stationary-
phase response’; generation of ‘viable
nonculturable’ forms

Low-pH level Extrusion of protons across the cell membrane;
maintenance of cytoplasmic pH; maintenance
of transmembrane pH gradient

Low termperature for  "Cold shock’ response; changes in membrane

growth lipids to maintain safisfactory fluidity

High temperature for  ‘Heat shock’ response; membrane lipid changes

growth

High levels of oxygen Enzymic protection (catalase, peroxidase,
superoxide dismufase) from Hs0s and
oxygen-denved free radicals

Presence of biocides  Phenotypic adaptation; reduction in cell wall-
membrane permeability

lonizing radiation Repair of single-strand breaks in DNA

High voltage electric  Lower electrical conductivity of the spore

discharge protoplast

Competition from other Formation of interacting communities;

microorganisms aggregates of cells showing some degree of
symbiosis; biofilms
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Process severity

FIGURE 1.1  Effects of increase of process severity on safety and quality.
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Environmental

No Cross

Sanitary  contmination
3""“ Zones  routes
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Examples of lantibiotics charactensed to date

Lantibiotic

Producing strainis)

Reference

Type-A Lantibiotics®
Type-A(l)

Niin A

Nisin £

Subtilin
Epidermin
Gallidermin
Mutacin B-Ny266
Mutacin 1140
Pep5

Epadin 280
Epilancin K7

Type-Aill)

Lacticin 421
Cytolysin

Lacticin 3147
Staphylococcin C55
Salvaricin A
Lactocin §
Streptococcin A-FF2
Sublancin 168
Carmnocin U149
Variacin &
Cypemycin

Type-B lamibiotics
Cinnamycin
Duramycin B
Duramycin C
Ancovenin
Mersacidin
Actagardine

L. lacris NIZORS, 6F3, NCFB3M, ATCCI1454

L lacris NE, NIZO22186

B subrilis ATCCH6633
Sraphylococous epidermidis Tui298
Staphylococcus gallinarim Tu3928
5. muitani

5. mutans JH1000

5. epidermidis 5

5. epidermidis BN280

5. epidermidis K7

L lactis CNRZ481, ADRIARSLO30D
E faecaliz D516

L laeris DPC3147

5. awreus C355

Srreprococcus salvarius 20P3
L sake L45

Srreprococous pyogenes FF22
B subriliz 168

C. pisicola

Micrococcus varians MCVE
Streplomyces ssp.

.'T.Fn'phnrl_l COF CINNEION e LY
Srreproverricillium ssp,
Srrepromyces griseofuteus
Streplomyces ssp.

B. subrilis HIL Y-85, 34728
Actinoplanes

[10]
[34.35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[11.44]
[45]
(3]
[14]
[46]
[47]
[43]
[49]
[30,51]
[52]
[53]

4]
155]
%3]
[56]
157]
[58]
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Table 4-1 Most important hurdles for food preservation
Parameter Application

High temperature Heating

Low temperature Chilling, freezing

Reduced water activity Drying, curing, conserving
Increased acidity Acid addition or formation

Reduced redox potential Removal of oxygen or addition
of ascorbate, etc.
Pres. Preservatives Sorbate, sulfite, nitrite, etc.
c.f. Competitive flora Microbial fermentations

Adapted from L. Leistner, Principles and applications of hurdle technology, in New Methods of
Food Preservation, G.W. Gould, ed., p. 12. & 19395, Blackie Academic & Professional.
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Homeostatic responses by microorganisms to various stress factors

T fo

o A
G S

al gﬁl D)

Reduced nutrients Nutrient scavenging; oligotrophy; ‘stationary-
phase response’; generation of ‘viable
nonculturable’ forms

Low-pH level Extrusion of protons across the cell membrane;
maintenance of cytoplasmic pH; maintenance
of transmembrane pH gradient

Low temperature for  “Cold shock’ response; changes in membrane

growth lipids to maintain satisfactory fluidity

High temperature for  ‘Heat shock’ response; membrane lipid changes

growth

High levels of oxygen Enzymic protection (catalase. peroxidase,
superoxide dismutase) from H.0, and
oxygen-denved free radicals

Presence of biocides  Phenotypic adaptation; reduction in cell wall-
membrane permeability

lonizing radiation Repair of single-strand breaks in DNA

High voltage electric  Lower electrical conductivity of the spore

discharge protoplast

Competition from other Formation of interacting communities;

microorganisms aggregates of cells showing some degree of
symbiosis; biofilms

Alakomi, H., Skytta, E., Helander, |., Abvenainen, R., 2002. The hurdle concept.
Chapter 7. In: Ohlsson, T., Bengtsson, N. (Eds.), Minimal Processing Technologies
in the Food Industry. CRC Press LLC, New York, pp. 175-195.
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Figure 3-2 Probability of growth from spores of Clostridium botulinum as affected by pH
and salt concentration, (From T.J. Montville, Quantitation of pH- and salt-tolerant subpop-

ulations from Clostridium botulinum. (€) 1984 Applied and Environmental Microbiology,
47, 28-30.)
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Karthikeyan et al., 2000
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Table 5
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Effect of hurdle treatment on microbiological qualities of chevon keema®

Treatment

Aerabic plate count | log cfulg)
Untreated keewa

Treated keewra

Day's mean

Anaerobic plate count | fog cfia/z )
Untreated keswna

Treated keewra

[day's mean

Staphylococcus aurcus cownt (fog ofule )
Untreated kesma

Treated keewra

[Day smean

Storage period (days)

214+0.14
L0335
1% 0. 18a

381 £0.07
219040
3.0+ 1. 36a

2164039
I E IR
1.58 +10.29g

224008
100 = 0L
1.62=0.24b

G99 £ 0L
ENEEIN)
5.06 = 0.73c

7.04 £0.02
4.65 =0.03
629 + 062

3,49 = 00s
136 =0.1%
2.53=0.38b

rverall mean

4 =004
T4 =00

- 594 067"
.86 = 0.06 41920477
.86 = 0.06c

304 =0.08
304 = 0

“ Means bearing same letters rowwise or superscript numbers columnwise are not significant. —= Mot analysed.
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Gunathilake, 2006
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Table 2: Characteristics of treated fresh coconut during ambient (30+2°C) and refrigerated (5+2'C) storage

Storage Storage FFA TBA Colour Sensory evaluation Total plate
period (% of oleate)  (mg malanaldehyde/kg) L (overall acceptability) count
{months) ' (efu/g)

2.5x10¢
2.3x100

2.5x10¢
2.2x10¢
Refrigerated
8.0+0.5 2.6x10°
7.8+0.4 2.5x10
7.5+0.2 2.4x10°
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Saxena et al., 2009
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Table 3
Microbiolegical analysis of radiation treated intermediate moisture pineapple slices during storage at ambient temperature (26 £ 2°C)"

Radiarion dose (Gy) Total bacterial count Yeast and mould count Staphylococous spp.

Day 1 Day 20 Day 40 Day 1 Day 20 Day 40 Day 1 Day 20

o 2.0 2.1 - 20 21 - 1.8 19

250 1.8 1.9 = 1.3 1.4 = 1.3 14
500 13 13 1.3 16 15 1.3 * *
]m L | L | L L] L]

* Symbol denotes non detectable microbial load and - symbol denotes visible mould growth.
* The data were expressed as logarithm of colony forming unit (cfu)g and represent the mean of at least 12 slices per treatment.
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Tatal plate couat

Contrad 423 + 0.08 4.4 =001 4.6 0,10 : i b 6.1 + 003 P

1 33 § 3.3 £ 002 L6+001° ES Tt o 43 = 006" 4.9 +0.03"
11 33+ 00m= 3.5 £ 0uDe" 0+ o= 43 £ 0002 4.8 £ 005
Payvehrotropic cownt

Conirol WD 26 + 0.0% i 005 dG+ 029

| WD WD 1.7 £ 0¥

1 WD 4] 1a+dl?

Coliform eount

Contral MDD 16+0.13

I ND 2 b] 1.4+ 008 MDD 16+0.13
I D 1.6+ 005 WD WD 1.4+ 008
Total anaerobic count

Control 2.3 £ g 5= R 1.2+ 0.0 5P

| 1.3 £ 00132 . ] 14=0.132 JE007 2.1 £ 005 2.5 +0.06°
I 1.3 + 0087 T 008 21 £ 003" 26+ 005
Lactobecillus count

Contral 1.8+ (ui3e £ . 10 3 " 1.9+ 008! Q10 o

I 1.1+ 2= . 113 Bbez 1.2 + 05 . Tirly 1.4 +0.03
1l 1.1 = (= 1.1 + et 1.2 + D 1.2 + {102 . Rt 14004
Staplndococcut airrens coant

Contrad 21 +£0.03% 20 £ 0.03% 22 +0.03% 2014 2. 115 P

1 ND ND ND 31025 013" 1.9 + 000 ‘pH J"“’ liseo le'b d")‘b ) ® oy~ ol uad \
1l ND ND ND A£007 & £ 0022 tJ | b)Lo.»J 9 U s Si L ‘aw

Yeast and mold count
Comirol MDD 1.4 £+ 008 16+ 014 1.8 +0.13" 20+ P

ND ND ND 1.3 £ 0,05 620,13 17+ 031 '—‘S)f )|)9 S0 L JI d.é UL’)}"" f’*“”L"'

ND NI N N ND

. . . o & °
Mot detected, TLTI e Tahle 1. dl%a-’. JQ )9J r ‘° L’ hx-:-S 9 M M) P”
2 with diff racripls { letiers in the same row and numbers in the same column) indicate significam difference (p<0.05) o _ o o s r A :
*Diata in the same columi on day 30 was analyzed by paired 1-1es (»»LO 'OJL” )9) ‘ A l-’ AALN ‘SLQ 4-’,“)

Y ooy — pgu alinb —S s (398 Sload 55 50 — ol (ciriuo 5 e — Jol 1 (35 p0 2o

AMITAY A tolyod )= PEVFIFIGPFYeRIFY : uled ol o )los



IAAA

odw plxil Olailiae M
Thippeswamy et al., 2011

3 395 03 Yol phuodl (S35 A 9 b 23513455 (@, PH siilo Calieo sla U 2 jl oslizwl b iy
Jxo J3 joo Ve 09 ) e jl )83k joe Goljdl-)  ©

J Cdls (G o3 Jo il Ugaazo (5 pigr ConiS -V

Table 5 Physico-chemical and microbiological charactenistics of HT-pancer
Paneer type Maomsture, %6 Fat % Protem, % Ash % iy SPC, logcfu'g YMC, logcfu'g

Faw . 3.4% 210" L 0.994° 5 2.4
D 22 0] 30" 205" 35 0.970" 1" 1 20"
D+MAP 1. 300 21.0" 3.5 0.970" | Nil

0y Datfused, MAF modified atmosphenc packaging, #T Hurdle technology, SPC standard plate count, YMC yeast and mould counts {n=3).

Means with different superscripts in a column differ significantly at p<0.05, (n=3)
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Sinha et. al., 2013

Treatments with its Shelf life(in days) = YMCigm | TPC{cfuiml) | E coli
POT1 - 3217 20.14* Nil
PONT2

_.F'1|'T1 : ] ! a - L 1 Mu{' c;.:.&.’,;.u L;')L'&'A GLS..I.):;..&:MJ )*MJ| 6(./-A) L.io-; ).I ‘5?‘.’.5)3 i

P1T2

o EECE T JS 1655 sl (2 = PPM 1S y2) 013w Sly 5 9
fl i : Faa B . Iols

T2 : Fe o )3 i) VA= B 1) olS JS spie e GRuljél
31,8 ilw 4> 5PV

P&T1
P&T2

YMCigm-Yeast & mold countigm; TPC {cfu/ml}-Total plate count {colony formation
unit'ml}; E. coli- Escherichia codi; All values are MEAM; *Significant values.

Table 2: Scores of microbial analysis (YMC, TPC & E- coli) of preserved caulificwer
in different treatments with its shelf life.
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Sujatha, 2014
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Table 5: Effect of infra red drying, radiation and packing on sensory attributes of IM Pineapple stored at ambient temperature

TBC of IM Pineapple on storage (log cfu/gm) TMC of IM Pineapple on storage (log cfu/gm)

2month | 3month 4month | Oday 2month | 3month
“ 2.02 | discarded n
nve

The data expressed as logarithm of colony forming unit (cfu/g) and represents the mean of three independent determinants
Note: TBC- Total bacterial count, TMC- Total Microbial count
IR-Infra red dried, IRR-Infra red dried radiated.
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Bacterial isolates and sample codes
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(Hoover et al., 1989; Popper&Knorr, 1990, Mertens&Deplace, 1993; Knorr, 1995; Hauben et al., 1996; Palou et al., 1997, 1999).

T 9 s 23 b iy wgSsl oS oS shdliwl sl 43 ) PVEY pw (awgs 3SL 9 YU Se5liwlgysud JLid ST (F -« ) Sl Sea sMorgan Jlis olgic 4
LIPS (s p pa

) S 28 2285 DSl s ©ole 49 3,05 1) a8l 51 G I G 39 (g0 23Latwl (ouS 5 D90 4 e 93 b 45 olSin 2l > ST
23bL (o0 (Caml loss 93 S5 ggeme jl Gl (oS 25 Duge0 4 loi 95 L

5o 255 30 (635U 31325 ot JEIP/P EalS Gl PO slos 43 s P S 4 YISl Ko P o+ Ol iao JL26 o Sy gl oS sS sl (sl gils 3
Looljod Jlowi 93 2 45 Jl> 5 5gd g0 el |) o ) G SRS G PO Slosys ddds Ve oo AU - o o eml) SV 505 GB,b jl g 53,8
Db o0 Jold |) o )BIF Shals SO S05SS

¥ aoly — pgu dliab —S s (539U loos 35 y0 —Jal (ciriuo 5yl — Jol 1 (635 p0 i

AMITAY A tolyod )= PEVFIFIGPFYeRIFY : uled ol o )los




(Haufen et 53,5 oo paigjud (aizeod 9 Gl 42 135 9 JIabl b 40 (IS L ol Cuwlun Eacly Vb )LES 4Lieo ) 9oy
al)

23 0L 5y b (SO sl 4,50 sy )lows b 9 uizrod 9 )L b (Siaan F i )51 SIS B w92 55U 300 9ACH (puw 923
(Kalchayanand et.al.1998). siib 0 (213E 3lg0 4 by po S EunsilE )19 S0 O3905 Jled ju

=S 5 sl L10° JI) e oles diols S5 3 WS sl 03505 I8 e sl 0 (1995) il Sen gVega-Mercado
8,5 )8 (w0 3090 (S92 D389 4 duml ¢ (SO Sl Gl Olaus

SIS0 5 52 s 42 (oo U Gully Ol3sos T Sogel 5265 35 U3 32 buwgiOI15TH:T IS Loyl 5 jludled ot
390 (1990) SolSod (puw dawy 4 (ondly (S0 Sl S Olase 9 (29550 30 (I (S sl Sl (oS )5 )5 (1 19A)
8392 Olgd (2l S5 Vb D3 b (oandly (SO STl (5l Olauo 29l )l pm S 5 45 33,57 (o0 yguai 8,5 1S ) 20
L 2L 7 pho 138 DY guaze Elgil ph2y Ogawl b jiwl Sl o Sl S Olgie 4 Sl &S

ElmFood

398 ple

¥ ool — pguw diib — 10l (69L8 Wlous 35 3o — ol (Siaiuo I e — Jol 1 (635 0 380
AMYATAe tolpon 1= FRYFIYIGPEY-FIFY : uloi oo o loss




23 T &S )i gl ) s 2 Sl9owel S 3iilgi (o FIIp> st 33> slaas 5Babsa canovs siuic 4
bl bl Us (659955 pagie Jl ooliwl b (ouS )5 (612655 Sl e

b Gt s 351,50 IS 9 5 Shoe S5953 jl Gaoe 9 3255 gUbl 9 08 L 3L (613455 s pitensns
33,8

Onzed 9 3932 5 (555)5iST 495l jS U (Sl 0 dtigs Il e 13 9 (52Bly (S EamnslSo I gy od S
2ol 2l 325 Ao )3 9 3bb (00 Lo 390 RBly (132 Slge (/10855 Sl (St 9 (50238 S U a L L] S
XS &S 52 el ode b 5 ulul S5 Somw 4 395 g0 (613655 3235 SUIS

Ol 81 SO 35lg5 (o0 U2 ($T9)9iST pagie 45 355905 Ol LSl |) 595 3ulie (1 A9A) il S 9 Gulgeils
S U2 cuS 5 4 bgs o S (s 20 o seatt 932 OV gazme 4o ))s B (gwy 4 9 Olikds U bLi)l )s &)
SIS G 232 Goe st b IPESS L (o238 9 (S

S ST 952 03T )3 235158 Job 4 Usd ($59)9iST Olod b oS 5 (Sb (55 5)95ST (puilizne (3l 03uiic 4
29 A.b|9.‘> Lf’b"c' )|9.o Lg;').e,ii

Y ooy — pgu alinb —S s (398 Sload 55 50 — ol (ciriuo 5 e — Jol 1 (35 p0 2o

AMITAY A tolyod )= PEVFIFIGPFYeRIFY : uled ol o )los




L (U, $J9135S9) (oS 55 232> S ($9d9iST 9 B 2guds (pl Jl 2oliiwl o> w93 Jlo SO
=S 5 S los OIS w20 4 LT 23,5 plonil GldT s (V' + o W) 25l 1Sen g Lee dwy
23 29 5u0 S ladlad pai 53Ul Sesbiwly ydud JLid b ol rad YU il g0 £l ysle 5 (pamanl
2SS le JolS € o 2T

S5k b it 590 5] gd (2led 4 Vb Sy yaan )Lid sl jaseie (w2
039 38| 4o )> YLid Ol JRals b S b jl.aas jals ¢ e @555 1) b ] 00,8 o)V
.»bs.owzolS&).o Io:':.'.v')) O™ 92 O b),.?U)‘MU

What is High Pressure Processing (HPP)?
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