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Mierehialoyy of Taods
tude of this micrabiel conlsmins

microbia! populstion «f e
condition of the rav, 3 7warks,

with 6 yarieiy of mistoorgegds'ps. 1ne me
don reflagts one, of more A& 3l {oliowing: |
onviropmifiod from which the H'Qé was lal‘.ﬂl: | e i
the mothnd & hopdMag, thy latgs sivd conditions of storage. !t is Cesiialif
mointain g very low mmmhmn* of contamination on rew foods; dfa ;e:w:z;ﬂ
s nymburs of #icroorganisms suggests that some undesisbie

d en ptible to further deten-

hategaod is indeed susce

Fho carcasd of a healthy anltnal Saughtered for meat and held in & refrigerated
rooni is likely to l;:g;y - Nugm curface contamination while the innes
Mesuos are slofile. Fresh fheat GUt from the chilled carcass has its surface con-

taminated with microorganisms Characteristic of the environment and the im-
nlements (saws or knives) used to cut the meat. Each new surface of meat,

rostMing from a new cut, adds mare microorganisms 1o the exposed tissue. The
; d potential cont:mination of meat surfaces

ulﬁm:luin,pw#h:lin%;% surfaces an
occurs in the proces King hatnburger

Tol_;, e microbiologits ualg;t_vﬂfmmm.pai-;
additiof td co ankitirters), -tes nay

ar
1 du 18 , hoie . ! |
" Amobng the coirifion spities of vaotérie occurring on fresh meals ere
noneds, mphﬁom,lﬁlc'mu waterococci. 2nd coliforms. The low
wmpSiaiale ai wuiul {resiy met's cre pelc iavors the growth of psychrophilic

MICTOOTRANISME.

Freshly dressed evic crated poust?y Lave a bacterial flora on their surface (skin)
that originates from the beicri® hormally present on the live birds end from
the maiiipulations’ dunng killing. defeathering, and evisceration. Under good
senitary con.iitions the bac‘erial Count has been reparted (o be from 106 to 1,000
bacteria prer s “ere centimeter ¢{ skin curface, whereas under less sanitary
conditions ‘he count may increast 106-iold or more. Pseudomonads conetitute
the mainr corn'omincits on the sKin of freshly dressed poultry.

t,:E'E.' ‘i,f 3 i

The intcrior e freshly 1aid egg is WSually free of microorganisms; its subseguent
a Crodial <ontent is_de!e:mined hy the sapitary conditions under which it is
| ald. as well es the conditions O storage, i.e., temperature and humidity. Mi-
cru tganisms, particelady bacteri? and molds. may enter the oo thransh o0 < ¥
in the shells or penewrate the Shells when the “bloom™ (thin proiein coaf)
covering the shell deteriorzles. The types of microorganisms involved reflect

(':ose present in the environment-

Fruits and vegelables are mrm‘uif susceptible to infection by becteriz, fungl,
apd viruses. Microbial invagion @ plant tissue can occur during various siages
of fruit and vegetable developm@™, and, hence, to the extent that the tissues
are invaded, the likelihood of spoilige is increased. A second facter contributing

to the microhial cantaminetion of fruits and vegetables pertzins tn their post-
bervest handling. Mechanical hg__ﬂdling_ is likely to produce bzocks in the i
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“helitish and Finfish

Milk

Biochemica, |
Bacleria io M
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FURIA AL MICROSIDLOCY

o T 10 ted s fun by mucroo! ;,:m-lﬁm:;
' v Soinbue 1o 8.0 for hann _
The pH renge for vegétub.e
ceptible than frails 1o attiuck by

The pit of truils 18w diveiy &old,

(A | | ga. This restricts bacluriog «ipwih
bust does vt retand I'L_,;igﬂ} Srf-{wth, BE Ii!‘n{.illh:; yigher
oM 8.0 ter 7.0, 94 henew they are more sus

4 W e

Pyses feirin

ms, fish. #nd othe. aguaticC

The micrelia! Aora of freshly caught oysters, cla
microbial quality of the waters

spochinena i« very lagely a reflection of the ‘
ifcance is whather the watsz is

where they wre harvested, Of particular sign nef |
s age-polluied, in whicl) case (he sealood is potentially capable i U siisanitling

varlousr pathagenic micioorganisms. The marine bacterium Vibric pamhc.:emo—
Iyticus has Leen responsible for a number of gastroenteritis epidemics in the
United Statos €0e to consumption of raw or inadequately cocked seafcod. This

organiem occur® widely in the Atlantic, Pacific, end Guif Coast waters and has

been isolujed Iom sealood sample: cluding el suelifish, end crustaceans.
' ‘ \rate viruses and may be

Shellfish that grow in contaminated water can concen
sources of hepatitis infection. For example, raw oysters and clams from polluted
waters have cauted numerous epidemics in various paris of the world.

X

At the time it i drawn from the uddor of o heallk; animal, milk contains

Orgamismy that ha\m entered the (pal un.ﬂ ﬂnm!gh thae teat upening. 'I'hey dare

mechanicelly flushed vut during milking. The sumber present at the time of

wilking has beeh reported to range bat ween scveral hundred end several thou- |
sand per milliliter. The counts vary wiQng cov's and among the quarters of the
same cow and 2re highest during the intual stages of milking. From the time
the milk Jeaves the udder unt/! 1 is dispansed into containers, everything with
which it comes lnto contact s 8 poteritial source of more microorganisms. This
includes the aif ln t¥ o0 vizo~ment, the milking equipment, and the personnel.
Disregard of sf%) gy pratice. ~vil resyll in heavily contaminated milk that

epolls mapidly. 4 wevr, ' i'ving performed under hygienic conditions with
strict sttention o s, ary Pfu:hces will result in a product with low bacterial

content ¢ d good keey g quality. | | .
We shial]l ‘etugs the mucroorganisms found in milk on the basis of their major

charac,  stic:  Ramely:

1 B <hem, ¢ s

J Ten walus' Sspoase
3 . Nl o csvte infection and disease

ii mainwined VWider conditions That permit bacterial growth, raw miik of a good

wiitary quality will develog a ‘cledn, sour flavor. This change is brought about
mainly by Strébtecoccus lactis and S. cremoris (Fig. 28-1A, B) and certail
lactobacilli (FIR 28-1C). The principal change is lactose fernvemtationtg
;:ic acid; oﬂﬂm of proteolysis orl'riep;l‘pls is not detectable by taste ol
me:i. [ 1y Of Change is som¢ rred 1o as the pormal fermentatiof)
ﬂmdddﬁ‘\ﬁwnh?ﬂhﬂlhx’ ks S
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WO important fermenta

e @

acierial specles In

L and milk nroducts

ecies, along with
'us ferment
e SO+ !”i
lfermentation ol
'y they are not illllhn
gans. (Courtesy of S, Orla
sen. The Lactic Acid
ria, Einar Munksgarrd
hagen, 1919, ) (L) Lo
fus fermenti. one of
the heterotermentative lad

; ].' i*'-*tflht"a a I111x
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aormal fermentation
nilk; il is not patl mpnu
1ts cells vary 1 1I‘I1hth d
Nasilive, nonme

Mle. and noasporelorming
"ourtesy aof A. P. Hamrisen

ram
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| .  Bacter - the!. wun e 'vance into milk may be classified according to lueir opa-
lemperature Charactenstics ‘ _ e e e e b & P2 5 d
~ mum terr ceratu for wrvwih and heat se2i272nCC. iC@pelatuie 18 a very practical
of Bacleria in Wil rons)  rano N, singe lr# . if:.‘npf;:iaiulhs are used to prevent c_hangeﬁ due to mi-
crootgm. “ms ad high temperatures (pasteurization} are used to reduce the
i nulation, destroy pathogens, and in genezal impiove the keeping
gv lity of the milk. Collectively, the bacteria encountered in milk are of the
folle “ing four temperatiire tunee: newsbeoal 107 - ucoupsnue, LienInOpniC, and

thermnduric.

Since certain psychroj s grow at lemperatures just above freezing and some
thermoph!'les grow at temperatures In excess of 65°C, it foliows that the tem-
perature at which milk is :-:-;*:i ~ill determine which pecyles grow and predom-
nate Pa<tleurized milk stored in 2 T'.fl";'_:;‘:;: iaic y ur: Satis 80 t_ﬂ"h prESEI‘V{?d

r =

for 2 week or even longer. Bul eventually miicrobizl deterioration, manifested
by “off’ flavor or odor, will become cvident because of the 2ccumulation of
metgholic procucts ol psychrophnuic bacteria LH‘Z:I“.T_E.,J_...ES present a pmblem

al the other extreme of the temperztuze scale. The holding method of pastcuri-
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Aschers !ve ool
Erterobacler
QRO Nes
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- Microcoocus IM

M. varians
M freudenreichil

ColMforms
Clostridium
butyr cum
Toru'a ervanoris

broducers

Alcaljgenas
viseoluols

Lrwerobacror
b L FRVY { SRl l)

3“ .rﬂm'u wh
cremorts

Bogtliivs snp., 0 §..
W sultils
3. cereys

Pseldwmonas spp.
Proteus spp
S‘uipmmtms
lguefaciens

Pseudomonas
;:uﬂl“ll '
Achramobacter
lipelvticum
Candidu lipolytice
Penic:ilium spp.
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caprUle an the cells
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le’ﬂc organisms de-
'd" the casein to peptides
wh‘d\ may be furthier dis-
crethnecdis cinfic scids;
€01 vls risy Ve preceded
by % glstion of the casein
by th* eTZYyine renin

L—lio Iyﬁt laicrporganisms

fys=siyze Mk 18t 10 glyc-
erol 8nd farty acids

™ T B .

ﬁt‘d‘t‘bﬂ“l r[ f

§ e ey =

)‘b '}t.h. ql"'"r"
unly !f-f'.ir o' are wlerord
to e N naferemenits

fypes, Lan whiekh prodiee

a variety Cl 1neducis &5
called hLeterofermentalive

types
Loume of bacteris cas
Fodive exposure o very

}' b!‘ ﬂ..l’-}JF"n L- L.“” BG‘

85°C for 10 .

‘he number of coliform bac-
teria present in milk is an
indicator of its sanitary .

quﬂ.ut}'

M Odﬁr«ltﬂlﬁ rh.‘l
.o-ue straging cape leois :

viving 63°C fo: 30 min

Bulk are of milk may
have their lids lifted by gas
pressule in instances where ,
cogtamination with o< |
dticers is unusually s

Milk favore the {ormation o
capsular material; sterile
skim milk is frequently
as the culture maedium
capsule 10rmaton 18 s

End products of proteclysis
may impart abnormal ﬂlml
ur udor to the milk; Pseu

INCIHIdE Spp. iy prouue

coloration of milk.

Some fatty ecics impert 13
Cld odor and tasle 10 milks
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Bacilins ptewotheriac philur however, grores & L.
lating o bactanal growin and the Types & ° cteria that

held at varlous temperaivres are shown in ‘Lable 38-2 T % i
n the dairy. industry. thermoduric bactatia are regarded as ©0° 00 0o

.‘W’ s ol St 3 mi‘ri

ye pasteusrizall numbers but do not gow ,
vive pasiew WALion (ﬂmw 9 ra@it 1 JNLOSOT e T

tal count. Bocanss they

temporatures. Mictoorganions of this category are extie
the standpoint of produciag raw wiltk with a low bacnr

~are not kflled by pasteurization,
ment and accaunulate as a resuit of faulty

| | found in species of several yonera,
luteus. Streptococcus thermophilus,
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carbohydretz lactose), and fat. AN cf these subs

ITROAMENTAL AND INDUSTRIAL 1. WO

‘-i

1-1-"': lq " e :-l » -
-r: 'l-Ji L;itrlsn" - & -‘-r £ Ehe % }7 =

";"-_;-i; j e T

siilides

i Pathingen from infected cow —» Pl —+ haEman o oW, 8.0 tuberculosis. orace’
losis, -nastitis | .
2 Baihcsen frop Hudian (iafectsl b Ddgidel — milk — humsn. &8 typhoid fevar.  « o
diph'heria, Sysentery, scarlst ieve:
 For example, mastitis may b

hyvlococoUus aureus. The infect -

specific ﬁpeds of diseas® sran3mission OY milk and otoer foous ae

2 2
Considénng the variety of nataral i-~d suhstences and the metheds by which
s Ceiih : _ b gairngant™y he
eorth is Landled during procétoing, sppacent aat p:act:t_:TJl} 2!l kinds of | '
microorganisms are patential coatamleants. Thae Lype of food stibsiance a’:u:d “he %
method by which it is pmi:emd.mdwed may favor contamination by .

Lifs serve as good media for the -

growth of many differemt rmicroerganioms. Given a cii2nce to grow, the organicms
will prodace chénges in appearaiive. fievor, odorcand other qualities of foods. ;
These wmﬁw-ﬁe deaai hed 8 [Udl0WS: 5
.t e d ‘o _ |
Putrefaction: . - . By L TR,
Proteir f00ds +p|’de&l)rm mlm;iéﬂsm&—-r taino acids + amines + o
l i D \ U ammonia + hydrogen suifiagsias

:. | |
v i b #--,.Jg

certain ‘prowps of micioérganisms!

L
o Al
" P
g )

are not limited to the resulissgs =

]

. =0 be caused by preducts of microbial synthesis. SQiGE:" -

J- -
r t:E:ﬁ - -;
.._- .I-?‘- ..

r 3

Exan. les <~ types of focd spoilage (other than canned-food spoilage). togetlid
% -n—o af the micmarganisms invelved. are chown in Tabie 25-3. it

=

- O - =

! o i
® e

M L is an excsllient bacadriclogical medium. in fact. sterile skimmed milikEs
' i« milk contains protein (caseld

< 1 bateatles con be degraded enzys

(- F s . . - = i---l‘.'ll' e v :
b man b oy 3 e Eﬂtﬂﬂh'li P

maticasly Ty MICIOOTGansues. (. e uuprabativa, ua laos JLETSTHES 2
the accumulation of end preducts will i part crdesirabie churacteristics (o Ul

nilk Some microorganisms can Lyninegize compounds like pigments ang

limes which also give undesirabie characteristics to the milk. A summaryf
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Table 38-3. Typ s of Food — ____————-—————ﬂ-—-——————-—"*““"i:';:‘“:;“

! S’-‘-v"w &Mtw , 1 . ‘ | M o —————
| Canned Fuads) ith Some g , Rhizopus nigricane

E.w_g: pim of Cy, sative On Peniciiliuin
Qi smmS Aspergillus niger

Bacillug cubtilis
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Type of Spullate
O nisins with "uwlﬁ Can

. N G "

*

(Bacillus stearotharmen- oy
lus)

Thermoptilic anae~obe
(Clostadizm *hermosecheor

olyticum|

(Clostridium mgtif cans!

Putrefactive anaerob»
M-M

Aerotac spareformar: (odd

‘vpes
(Bacillus spp |
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IRONMENTAL A2 (R 3T2TAL M RURIOLOSY

4 Slide, ¢ vy § Wil | PR win as 10 b yyard e id 3
;l: IS nane s ; | wnnks woid Adament o OO At |

.' | I | ;
ﬂ:‘i-ﬂp ?l‘-—li_"‘"’m". i v . - .i.i |I 1',.1r., ‘-t“'lil Lﬁ“l!-lt' 'fl':hln‘:ti . 1‘

cved carlalr 'inl er raw snaterial of poor guality ¢ ,
Sduitary procos |,
W;Pm‘uz”. LAk . ‘ s I .'!" Jumnut-d ll? dIMI mh OGO 1A . gL )
>'Nae the Shine | o deeseet in small pumbers It is ‘roquonltly Duves )

it-;)'*,

10.use a procedurs whi i will eoncentrate these organisms 1n the oo
Prior to microscopic e iination.

JOTRANISINS described in ceriler

The numerous technim es for cltivating mics
chapters of this ook find applicution, sometimes with modificetions, for the
exymingtion of fosde. <7 Cwmple, plate callue techiiigues are aviilable {nr

the enumeration of thé “wial” midretiial population or SOMS particular group

of microorganisms, as illusirated in Fig. 28-2. The word total, oi course, needs
technigque ¥re only

QUalificdtion: the mi¢rodganisms enumeteted by a cultural
aagghr r ~olonies undsr the

that portion af the tetal popnietion which will grow into
wsition of the medium and the physical

conditions previded, w anialiy v comp

conditivng of incubstivit §ar example, the standard rocedure for counting
| | iy designod 1o énumeratebactc e by the standard plate

count (SPC). The conditions fer the proved e ar- vei. & mdﬁcall':v articulated

in g volume entitied St ' ‘ -y uaat’vn of Dairy Products.

It is mandatory that the procedure be carricel 0 D

[

ptblication. Other cultugs procedures are ~vailab !

or biochemical types of microorganise: .
The cultivation of viruses from food £pocancas requires the use of tissue-

culture techniques as described in Chep. 21 Prior concentration of the food

sPecimen suspected to be cont: aipated with viruses may be necessarv. Addis:¥

tanpal provisions are neccuLoiry L0 ' 1hib ¢ bacterial growth in the tissue culrure.
‘o X

TGday we assuciate foou re
the canning process, ali ceve!

Hawever, Fuman- have grappl
cehturiee. The an.isnt Pgyptians and Romans were

effecte of salti-~, dryi~g, end emcking. !t has beon suggosted that the frst
Dfescrvation was cceoriplished by ourying the food along the shore, where'
seqwal-r eficcted the cura. The American Indiens placed strips of fresh bisont
N2 venison at the top of & teepee or over a camptfire, where preservation wes®
"“tompiisiied through drying and smoking. Dried salt cod was a common foud
{0. .-~lonial Amerizene. Porichable foods waorc stored in caves and spiiags, v el
(1% juw temperature prolonged the preservation. |
Modern methods of foed“preservation employ elaborate refinements of thas
primitive processes plus edditional new techniques. The various practices used

for food preservation may be summarized as follows:

! Ageplic handling
2 High temperatures
(a) Boiling




Hitebiolag, «f Teady

0] Sloam under proasture
W Pastsuriastion |
(d) Stmilization [of milk)
fnl Aseytic processing
3 Low tumyoratwes
(a) Rafrgeration
(b) Freezing
4 Dehydration
§ Usmotic pressure
(a) In concentruted sugar
(b) With brine
6 Chemicals
[e) Organic acids ‘sraoking)
(b) Substances developing during processing | o fad? )
" (¢) Substences contributed by nlcmblal (
-7 Radiation
(a) Ultraviolet

(b) . lonizing radiations P
All methods of food prn:rnﬂm are hu-l uro 1\“: :" are m‘

pnndplas e 5“&0?@ [miath’: ax! ‘onl ud (3) killing of microor-

contaraination.
which normally excludes o1
open in the proess of peap
©fmiscior of Uie ogE AR
~ will depﬂnd Bl tht

| 'pﬂ:u:leeltaix..z.~

L~" ':""“‘l"bi

High ' ~mperature is ono of the safest and most reliable n

mtion Heat is widely used to destroy orgenisms in “
or other types of contsiners that restrié® the ortranco M

L1

| ety alid v 'uthosiuofthomwnmlﬂ.“&qmwmm
| ' by heat involves a time-temperatuse relationship, as discussed in Chap. 22, and’
considoreble experimentation has been pericrmed to determina the thermal

| ‘mmdmmumwmmmmmau .

: E}I
' jas Ftul'.ﬁ




rasteurization of Mi%

data. (Courtesy of MoGruw-
Hill Encyclopedic of Sci-
ence and Technoiogy, p.

" BOL, v ks Iyt LU
MoGraw-H:ll Book Com-
paiy.)

AVEONMINTAL AND INDUSTRIAL WICROEY oy

# ] I ' -
P AR Y0 asloblish satistn toeg Lo r1r g conditions. Much resesrin ies

- Deetl done o this swbijoct, wnd ‘rm 20w for the highly successful mealts
- achieved in food preserveuen Y, e¥ ag Special leborstury equipmaent has

ueen designed ¢ determine 4 *h pr il Qe hoal rosfstance of various e
eriel speciss, particuiarly the sposgiof e’y

- Canning has been the basic method of frad preservetion for fpmm? 175
years. In 1810 Nicholss Appert, 3 Freaciudan, published L'Ast de Conservet

which described his successful tesearches in food preservation.
vear Peter [Mitand was granted sn "gglish patent describing
coniainers [ur {00d preservation |

foods to 121°C for low-acid foods. Y canning procoss w-“
ihihprgdlﬁ.memphmdﬂthd‘hhnd‘lmm‘ these

'*mmtmnmhw s eonmed fouds bs G spRe

forming anaerobe Cl. botultama, which is

m-hmmmmaw'duus;ravmwmm

on the word pesteurization as follows:

any’ simi bl
, loast

wepabe of producing s very potent

shall mean the process of
145°F.. and holding U

e

i

13 40 9 I 187

RV
N

o~ Tubewrcle




be taken to

Fore .

of 140°F for 10 min The gastenma
0 min Later it was discovered tha
tL Can bw trensmatted by

| This observation resul'ed
present lisse and temperature for pasteur. zating

igned equipment. The HTST
(71.7°C) for 1 equipment capable of exposiug milk to » temperature of 161°F
- 3 5 (seconds). In either method of pasteurization it is essential that
equipment be designod end operated so that every pirticle of milk is heeted

to the required temperature and held for the specified time. Precautions mus!
e ) prevent recontiamination afier pasteurize’c . The finished product
ahoul::am:ulmvmmmmudp—*h “ microorganisms which
survived pasteurization
In addition to milk sumerous other fooe @ v . an rome fermented bev.

erages like beers and wines ere commerci»”. « wir 4

-~ ~agymy , presedt in raw milk and in

many tissves, which is destroyed "y » . ' pasteurization {see Fig 28-3)

Thus one can determine whethe- ~{} 335 weu pooperiv pasteunzed by testing

“for the absence of this enzviv . TF ., <= iple of the test is illustrated by the

following reaction. Mil* -“ic- 7. 1ts - 1w condition contains the enzyme plhios-

e o of this test. This i
used to ‘gter). ¢ the ~sults of this test s a very sim
w.fm.'?hﬁ\:ﬂvfmwthhut *

Co e ‘sl milk-sterilization lechniques have been
~ilk to unrahigh temasecaiures for very short periods of timye,

(lﬁ; 'Q‘C} for 1 4o 2 &

." #
1 ) . i.. . . [
5 . f

* phatase, is added to - subst-ate _ ~~ which the enzyme will react:

L -

Disodiumphery) , “or-zaic - Jhosphalase-» phenol + sodinm phoinagte

odu. >

Tl
N
d &

In additipn. the sterilization praccts Imctulos aleps lial

L

of cooked favor The final product is comparable in flavor
nidk The sterile milk procduct has several
Toq *nmm and it Las an indefinite shelf

commercizl development in the food industry is known as
The 1368 item is commercially sterilizad and packaged into

lized containers under aseptic conditions.
This process has the advantage that it uses containers other than cans. This

provides sigmificent economic and user adventagos

.l'l
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LAy .L_F.-r.'i,: L UI"'.Jth".. 1l alelni. . B
‘ and Oeezing equipmen' Lss
ibira' sr:-'r i:'ﬂn.;.i ;n'.'.' E';n?; j;ﬁ.l";{}{.i‘l! "-’A"F ;::bt
. _ i’ FaP vaulls, endg the hotne 1€
‘F;EEE?EQ‘:‘ISB *-lliﬂil_y G. t?ﬂ i{u:m;l:; diet and im,:uufc
: bﬂhﬁln "'Eil:ﬁﬁu U.ouacuon fh. Lhu. Unite Sigles
doubl POLLGS iy 1905 (o 20 billion in 1975 end i
i e to 48 blllion pounds by 1685. Much of this
Pafmd frozen focds, whase cusntity tripled over the last
w 0 epproach 50 percent of all frozen foods by 1688
hmﬁm;; of this segirenl uf e [00d industry places grusier
stugy croozgenisms at low temperatures, e.g., thelr sus-
. _"'ﬂd metabalic activity.
# = reezing, the fresh produce is gizamed (hlanched) 1o inactivate enzymes
J 2 would zlter the product even at lciv temperstures, Quick-freeze methods,
- =537 w of —32°C or lowar, axe considered 108t satisfacwry.} lﬂnﬂﬂ
ﬂ}‘lli: ice are formed, and CFH structures in the f0od are not disrupted. b
shouid be emphasized that freezing foods. 5o maites 10w low the temperatuss,
cannct be £ n to kill all micreo;cani- s The ..umber and types of
a:_t:‘.( —¥eble and ﬂ___________ microcrganisms preses: in rozen .oods reflect the deg
-~ . of contamination of the raw praduct, the -anital:>n .. che_processing plent, and
the speed and care with which the pro<u ! was picceseec.iThe microbisl count
of mos: frozen foods decreases during siorage; Lut many organisms, including
pathogens, eg.. species of Salmonellc, suivive for long periods of time at — 8
and — 17°C. The temperature ranges 2! wrich food-poisaning bacteria and psy-
chrophilic microorgani=—s arc czpable of growing are shown in Fig 284 -
The increased use i prc 2ocked ready-to-serve foods and the prevalence of
automstic vendine aachin s for dispensing perishable foods have made it nec-
essary 1o obtain morc Y8’ on m.ciobial growth and survival at low temperzturer
Figure 28-5 illustrates . < growth of salmonellas and staphylococci in prepared
soods 2t varous tempers. ‘res and times of incubation. Note that the type of

4y Carg,

« = cophesic on
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Od-Ex _ MING Oroomisms Peychrophilic ond toculiotve
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of their environment below 2 critical level. The critical -
hwd&ﬂwwﬂ‘emﬂydﬂmh«dh
t5 bind wewer so thet # is not evaileble as free moiSture. It will be reczlled ihat

iyophilize< cultures of microorganisms survive fof Years. i

i ) .
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o h su ol Coptiant
. vine s of ¢llv which
M’d “l.l l‘ M.d in o hw the ;MM
ar ll’plﬂn.uw sucrose. Simile resnila we cOtuined
Nﬁiﬂ ‘oods in brinee High osmotic pressire mav inhibil
+ But 1 cannot be relisd upon to kill il organisms

Mﬁ'Mthdemuonnwbhl o the

. Food, Drug, and Cosmetic Act s revised in
1972, Accooding te this act, a food is sdultarated if eny potsunous or delelerious

substercs has beon added which may render it iojurious to heeith. Only a lew
Clratic <o logally coceplable for food preser.cion Siaong the most effective
are bensoic, sordle, euntic, lactic, snd propionic aci . all of which are cganic

power, mic” Yargamisms
Thus, uitravie ¥ irradisusa is litailed o coNUIU] 0f MICIVOIREALSINS UM SuLLacEs
m&hn[r.xu_mduwld.mﬂmdMH&ohﬂm

: - mlofnu-hm'-omhonbcku‘ypmduﬂl.

L .

Csnned and packagea foods can be sterilizea Ly an appropriate raalation

dosage. This “celd sterilization™ produces a rise in temperature of the product
of only & few degrens.Radiation pasteurization js a term describing the killing

dmﬁa—hmMIOO—detthbyilhmdhucbuod

The mmmng' rﬁnat:m resistance o! microorgan
their tvermal resistance. Clostridium botulinum appears o be the most radi-
oresistant orgenism of impartance to the food technologist. Figure 28-6 iilus-
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York, 1074,

7 T e The throe books and the special issue ~7 1 'S, ~ner cited above provide com-
prehensive generol coverage of the maj < topit o 10od microblology They cover
the subject materiul of § university -« cours .n food microbiology

MR v 'Helferich, W. snd 1. C.WN] Al 4 ) o= i1, Prentice-Hall, Englewood Clif's,
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nicrol.ial ﬂum, .?'t]"ptncoc.
Ca thermophilus and

sctobaci lus lrulgaritu:
AN {Lourtesy of K. J.
Demetar. Bakteriol ICBQ.
i -'nh';lu;'hl.lflslmcl oden |
dor Mudchwirtschaft, Bugen
(mver, ruttgart, 1967 )

Olher Forymented
s OB

MICROOIRGANISMS AS
FOCD--SINGLE-CELL

PROTELN

hacteria or molds—convert the curd of the milk into the desired cheese. For the
manufacture of some cheeses, such as ldue checse or Roquedort (blue cheese

made in Roquelort, France), il is me¢cssary 1o inocu}ate the curd with the
mieroorganism which brings abes:. 1o “hanges (in this case, Penicillium ro-
queforti). Some of the steps in the jroccss ~f 11aking Roquefort cheese are shown
in Fig. 26-8.

Important food itep: pi lucciin w sole or in pert by microbial fermentations

include pickles, - werkm i, v ", and certain types Of; sausage. Lactic aj.r:.lzi
‘ | ' ssirable tipe of focmonialion 1SQUICh
IMLILIi“ gl LIMNO. 1 (EAVE ’L"- :b] llm dﬁ&lldl}]ﬁ 't.ype Ul Avadshalvianvisva “ ba

{or the production .~ .ach of these products. The .microorganisms* that prod}lﬁz
the char,=s may be ti. uatural flora om the material to be fermented or may -
something dded as a s.arter culture. Most commercml. sour, sweet, mustard,
and m. - .d p.- Mes are made from fermented ‘salt:‘smck pickles. :Ehe oth:ar mi!or
(y p& O« | ekiew ~ucumber is ihe ferinented dili pickle. An Lusiraiyon Gi'@

con. ercia. ‘erme. ‘ation process for the production of dill pickles is shown in

[ 1% 8- N | . o
e lis of food products produced by microbial fermentation 1s very long. A

. a smples are shown in Tebles 28-5 and 28-6.

2

T

Macteris, yeasts andelgae, produced in massive quantities, are attractive sources
of food for animals as well as humans, These microorganisms can he cultivatead
on industrial wastes or by-products as nutrients and yield & larye csll crop f;hat
is rich in protein (single-cell protein). Becterial cells grown ol nyAroGarbou
wastes from the peirolenm industry are a source of pro‘zin in France, Jepan,
moiwan. anf! India. Yeast-cell crops harvested from the vats ue_:fy:i 19 produce
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wes have been used as a food supplement for generations. The

nli!‘lh‘!"i A M ‘1,'1-
f ringle-cell protein as a food substitute or supplement is appar-

attractiveleygs

ent from the following characteristics of Le process

1 Mioroorganisms grow very rapidly and produce a high yield. It has been calculated
that one can obtain & gein of 1 Ib of protein in 1 day's growth from a 1000-1
steer. 1000 b of yeast would produce several tons of protein in one day! Algﬂ"
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the starter culture must contain vigotously
growing bacteria; incubation 1s parformed af
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Sesmy s, WG dy: Wt bome o, | Mot 84 ioy o fermanted milk but manafecturs
conombles that of cultured puttermiik, creem T

show” tOCoh | Ay oot oal 8
macrdated and Incubated until the desired

acidity dovelops; flavor and sroma compounds
are also contributod by the sarer culiure

L

n"v”"‘ milk wtahaciin.e hulenrmrus lovewrhwtion o Jnex ulsted milk wr A7M Ful
otherwise similar to cultured buttermilk; prod
" a1 differs from commercisl buttermilk in hav
ng higher acidity and lacking aroma

Acidophilus milk L. acidophilus Milk for propagation of L. acidophilus and the
bulk 1ailk 10 be fermented is sterilized, since

this organisin is eally overgrown by contamina i
ing becteria, incubation is & 37°C, scidity
lowed 1o :!uunlu;: o 0.6 o 0.7%
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Kefir

bacteris produce acid (0.6 to Lo%lum'nuﬂmw
and yeasts produce alcohol (0.5 to 1.0%
ethanol); the orgar .ms conglomerate to form
small granules " vd kefir graims; the granules
are used as ' - < >cor culture, in the Balkans,
the "srmen tion . casried out in deather begs
- mady ¢ goo'ek i the lermentation process may
" becritinoon: Y a7 ang fresh milk as the fer-
e “ proaci - removed; Kefir-is ﬂd;"tlﬂ-
“ ey goet, oy o .eep milk

A 2 e o d-alcoholic fermemation product
‘aade [ mares’ milk in some parts of Russia
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28-190. The nutri-
ggaalit}' of microbial
soteins. TNis experiment
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re 28-11. The process used by British Petroleum to produCe single-cell protéin
foruse in the fermenter. Minerale are

died Fallowing fermentation the cel |s &t seperated and dried-for use as enimal
leed. (Courtesy of Britisk Petrcleum Co. L)

‘This yield is 10 to 15 times higher than soybesns and 2§ 0 10 times higher than

COrR.
2 The prote!n conlent of the niicrobial calls is very High. Dried Cells of Pseudomonas

SPp. fTOWE 0D pquqzﬂn products Lave G9 percent proléiy; yeast cells have a
protein contsd? in @40 to 50 percent rengs for algse, the Mnge is from 20 to 40
perent.
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