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Spherical cells — cocei

Diplococci — celis divide Cocco bacilli — socmetimes diplococci are not
in one plane and remain true spheres but appear as elongated

attached in pairs structures
Moraxella spp

Diplocoeccus spp
Acinefobacter spp

Streptococci — cells divide in Tetracocci — cells divide
one plane but remain attached in two planes producing
to form chains. These chains groups of four cells

have a tendency to break up into

pairs ; *.
DO EX D

Streptococcus spp Micrococcus spp
Leuconostoc spp
Lactococous spp

Staphylococci - cells divide
in three planes in an irregular
pattern producing bunches of cocei

Staphylococcus spp

Rod shaped cells — bacilli

Short rods Long to medium
size rods
i
Pseudomonas spp LA 0 I A
Shewane!.fa S0p0 Escherichia coli
Vibrio spp Saimaonella spp

Rods forming chains

< DCE T X ]
Bacillus spp
Lactobacilius spp

Curved or helical cells — spirillar

Comma shaped Curved
Vibrio comma
Campylobacter spp

a 13 J v @ a =4
MAN 1 aNHUSVDUFAALASNITIALTYIAIVDIYAUNTY
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H

- Sporangiospores

—— Sporangiophora
[} J K

v Y v v
i 9 ¥es1iwulaen U luerins (A- Alternaria, B- Aspergillus, C- Botrytis,
D- Cephalosporium, E- Cladosporium, ¥F- Fusarium, G- Geotrichum, J- Monilia, K- Mucor)

31 : daulagnn James (1992)
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{capsomeres)

Ervalope

" Proteln coat (capsid)

o 10 Tassadaveshva

31 : Garbutt (1997)
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d' o 1 A Ao a A J a
MINN 2 AYDVNFDIUFAVIIYAUNITIUNFUA

Foiftu fdo
Staphylococcus aureus Staph. aureus
Pseudomonas fluorescens Ps. fluorescens
Escherichia coli E. coli
Clostridium botulinum C. botulinum
Bacillus cereus B. cereus
Lactobacillus acidophilus Lb. acidophilus
Streptococcus salivarius subsp thermophilus Strep. salivarius subsp thermophilus
Penicillium citrinum P. citrinum
Saccharomyces cerevisiae Sacc. cerevisiae

13N : Garbutt (1997)
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Streptococcus lactis Lactococcus lactis subsp lactis
Streptococcus cremoris Lactococcus lactis subsp cremoris
Streptococcus diacetylactis Lactococcus lactis subsp lactis var diacetylactis
Streptococcus thermophilus Streptococcus salivarius subsp thermophilus
Lactobacillus bulgaricus Lactobacillus delbreukii subsp bulgaricus

31 : Garbutt (1997)
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Pure water is placed in a
closed vessal under vacuum

T T T T q) Water molecules |eave the liquid
surface if they have snough energy.

Evantually, the atmosphere inside the

vessal is saturated with water vapour

and this exarts a pressure inside the
vessel — the vapour pressure

Pure water at 0°C

When the number of water
molecules entering and leaving the
surface of the liquid is the same,
equilibriurm is reached.

The pressure exerted by the water
vapour is 4.579 mmHg and the
equilibriumn relative humidity above
the water is 100%

The water activity
of the pure water
is 1.0

When a non-volatile solute is added

(in this case sucrose), less watar
molecules are available ¢ escape

from the liguid surface and, therefara,
less pressure is exerted inside the vessel

10% sucrose
ato°c

‘When equilibrium is reached, the vapour
pressure is reduced to 4.551 mmHg and the
equilibrium relative humidity less than 100%
(89.4%)

4 v o ' @ '
ﬂﬁ/‘lﬁ 28 mmauwuﬁszmnmwmu"lmmzm a,

31 : Garbutt (1997)
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UY a, = (100/18)/((5/342)+(100/18)) = 0.997
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4 ' o ! A s A a
ﬂ151\1ﬁ 17 a1 a iﬂ1ﬁﬂﬁ%ﬁu%?ﬂﬂﬁ‘]ﬁuﬂﬁ'm']ﬁmiﬁiyllﬂ

a a

auUn3d Ma_ mganinieyld
Proteolytic Clostridium botulinum A 1\ag B 0.94
Non-proteolytic Clostridium botulinum B E Ll F 0.975
E. coli 0.93
Salmonella 0.93
Listeria monocytogenes 0.94
Clostridium perfringens 0.93
Vibrio parahaemolyticus 0.94
Staph. aureus 0.86
Yersinia enterocolitica 0.98
Campylobacter jejuni 0.98
Bacillus cereus 0.91

Foswiiafiatimsity 0.8-0.61

31 : aauaann Garbutt (1997)
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I a a A
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awngilddannudemds winerTaliduia &y 2 ¥iia Ao moderate halophiles 4
Y] a 4 Yy v vy ' . . I~
avams Tdounas lsaanududuszrindesas 1 — 10 190 Vibrio parahaemolyticus 90

a A2 WY . 2 a A~ Y v A
wiianila1aun extreme halophiles F9zi3guamz luesnianududwnioganin Tno

@ o a = 1 c!y 2 = a = d! = o Y =
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Y i Y 4
ANUASAIGIVY 15U Halobacterium salinarum Nwpluindongzia iyetivznigmnzlu

o3l ImAounan lsasznitedosaz 12 - 36 (A1a_ 0.928 - 0.760)
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Y v
o ' 1 1 a a o
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o 4
AININN 29

Growth curve
at optimum a,,

Growth curve ata,,
approaching minimum

Log number of viable cells

Time
d' J J a a A J
MNN 29 HAVDIA a ABNIIITYUDIAUNTY

301 : Garbutt (1997)
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Bacteria—s +«— Moulds

Growth rata

]
g B 7 & 5 4 3 2
pH

y 1w a a J 1
ﬂﬂ/‘lﬁ 30 Waved pH Gl@@@lﬁWﬂTilﬂifQﬂlﬂﬂﬂﬁuﬂ?ﬂ@ﬁﬂﬂ

31 : Garbutt (1997)

nnamil 30 wwiudwwaiiGed pH dgaitcunsonsyld (minimum pH)
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mﬁ)msﬁ]mﬂumq 4.0-45 LLa%L%@iWﬂgﬁ%WQN pH3.0-35 a1 pH UONNINUNAADONT

]
a @ ~

a @ 1 a -4
mIniguaidaiinadonimInInvesgaunsd A 31



81

Growth curve
at optimum pH Growth curve at pH

approaching minimum

Log number of viable cells

Time
a

Y A 1 a ~
MWA 31 WaUD3 pH Vlﬁlﬂis{ minimum ABANITTYVIITAUNTY

31 : Garbutt (1997)
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M3197 18 WAYPINTAYIAA1 7 faa pH Mganaunsoniny laves Saimonella spp.

139 Minimum pH 494015193y
laTasnaein 4.05
FATN 4.05
mnan 4.30
Hanan 4.40
DLBAN 5.40
Twswlotin 5.40

31 : Garbutt (1997)

M3190 19 A1 pH Vo0 1115 FUAAN 9

0IM15 A1 pH
UM 22-24
AATOIUDT3 3.1-3.9
uzoImna 3.9-4.6
uns 3.7-47
Al 45-47
HATON 50-6.0
ioda’ 5.4-6.9
ANNIATIONHD 6.0
anoa 6.2-6.6
ﬁymu 6.3-6.6
T 8.6-9.6

11 : Garbutt (1997)

' A I Y 1 a A J a . . < Y
ﬂiﬂﬁ]ﬁ)u’ﬂ‘WUiuWﬂhlllblﬂ!l,ﬂﬂiﬂﬁ’b'@]iﬂ HAZNMIININ (tartaric acid) Wuaun luemns

a

S o A A A A & 2L oo o Ao a ae Y
’dﬂuuumﬁamﬁmmmﬂi;aumwﬂmﬂﬂu G]Nﬂfﬂi]fﬂ/lllNammimimﬂmﬂaumﬂ Taun



84

J 1 ]

qﬁu‘n?ﬂﬂwua f081915U ‘VNLLllﬂ‘V]LifJ EJ?fG]LLﬁ L"l)'E]'iWﬁ"liJTﬁllﬁ]'it‘llhlﬂﬂum’ﬂﬁﬁ’l AN

=

Lﬁ]?mbl ﬁﬂﬂ@wﬂﬂ‘ﬂ!ﬁﬂlu@ﬁmmu@ﬁﬂlﬂﬂ? a, g3 L“IJ“L!@]L!

a o q

= a0 = 4 o a A d
NITNDINITUAT pH Lﬂaﬂullﬂa\‘illﬂﬂ'lmuﬂﬁfl]']ﬂll']ﬁ]'lﬂﬂ']iﬂigﬂﬁlﬂﬁil‘ﬁuﬂiEJL°I$°L! Tu

14 Ed 1 1 Y
o

WS eI URAANIN streptococci Uag lactobacilli Nas1ansauanan luilodainuinee
o Y a A g ' A A = A A A ' [l
mliinagamndluaadodouds Wesnnnuuanisounsuaugluns 9y Pseudomonas
£ Y a 1< 1 o o Y a = dg’ 1 a A
spp. Feldnsaozii ludunvasmsveui inaneuluiledn  ualusmiisueytall
- I { ' o ' ' a '
puauaduiwmesidmumsldsunlawessn pH @edraguormslszmnnTlsaumsy
dy v J 1 a A S 9 a A A A ] a
iwedas luaiuvesnsaotunidnlyluemnsiimediinyia  1wunsalelasaaeinuas

a 4 a 3} [ ] % a I
Woanosndaldlumsnamimnusauna 1y Ina1 Failnsaneanesmiluesnlsenou

myauensnyIomslaemsiSum pH

[ 9 a Ad & an @ A o
msUsum pH V0901115 laens IEnsaduns o 1udsmsanensny1evIsidn i‘lJu

' '
A A o

v '
IﬂﬂﬁWﬂWjﬂi%ﬂ’Juf’]llﬂﬁflﬂiﬂuﬂ]@Qﬁﬂ"l!aucl/ﬁﬂﬂﬂ"lclﬁjlﬁﬂlllﬁﬂuawﬂﬂ’]h‘l‘]’iﬂﬁ’ﬂilﬂuwy NIAN
v
Gl%ﬁ’)uiﬁmullﬁl!ﬂ ﬂﬁﬂ@u'ﬂgéj YU NIALUADNANLUASHENTN iﬁuﬂdﬂiﬂﬂau%uﬂﬁuﬂ LYY DEHNN
A S

Ao o 1 o A o & ' o v A
Tuemshd pH 1171 4.2 iniianudaeassnindelsn  ¥9 pH ﬁﬂ’i'ﬁﬂﬂqau‘ﬂiﬂﬂﬂi‘ﬂiﬂ

FUAA) LEAAIAIAITIN 20

v " 1 4
naanlsum pH Iddiniia pH dganawninniyldveuielsnlasldnsa
a A o Y v £ A ) o ] A a s J
dun3duds fiddaezdesnserns Bsseznamilsnouiiozi s mite iesnngaunsd
A ' Y A A o ' ' &2 An 1 '
wiNnszey lag neunihMzisugszezate dredrusu lunseuuadedl lvdludiunaulae
' g ' e v O o a Yy 9 vy R gy g o
lidlunvasveuso Salmonella fuiundannraamsosualaudrszdena 3 ludina 72

Y ' o o 1 A YR dy @ J '
‘]f'ﬂllﬁﬂ’é]uuflﬂﬁ]'lﬂ’L!']ElLWE]iﬂiﬁﬂﬁi%ﬂ%@nﬂ‘u@%%ﬂﬂﬁﬂﬁ']'Jﬂ’f)u



85

d' 1 a a2 a 1 A a F2
M990 20 ¥N pH ﬂlﬂﬁﬂﬁu‘ﬂﬁﬂﬂﬂiﬁﬂ%uﬂ@?ﬁ il ‘Vl!"l]ﬁﬂluulﬂ

qﬁuw%’fﬁ Minimum pH Optimum pH Maximum pH
Staph. aureus 4.0 6.0-7.0 9.8
Clostridium perfringens 5.5 7.0 8.0
Listeria monocytogenes 4.1 6.0 -8.0 9.6
Salmonella spp. 4.05 7.0 9.0
Vibrio parahaemolyticus 4.8 7.0 11.0
Bacillus cereus 4.9 7.0 9.3
Campylobacter 4.9 7.0 9.0
Yersinia 4.6 7.0-8.0 9.0
Clostridium botulinum 4.2 7.0 9.0

3 : Garbutt (1997)
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1©ASNYD] faccal streptococci
9 3 a s
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a VoA 7 o Aa Ad Y o a
MT19N 21 FNTADNFULAZANHUSUDILUANLT INUNIIVDINUDDNAWLIU

aun3d ¥195000% (Hadlia) anyazVBILANGY
Pseudomonas fluoresecens +500 — +100 Obligate aerobe
Staphylococcus aureus +180 —> -230 Facultative anaerobe
Proteus vulgaris +150 — -600 Facultative anaerobe
Clostridium spp. -30 — -550 Obligate anaerobe
Clostridium perfringens +216 —> -230 Aerotolerant anaerobe

A1 @ Garbutt (1997)
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31 : Garbutt (1997)
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