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From experience, it IS a well established f a c t  t h a t  the 

application of hygienic-bacteriological methods of laboratory control 

has l e n t  very important d p p o r t  t o  the progress i n  hyglenic safetv 

or water and milk, and much work has been dedicated t o  the  standard- 

lza t ion  of the appropriate techniques. 

By deduction from this successful experience, food hvgienists 

natural ly  have found it expedient t o  apply similar methods i n  an e f f o r t  

t o  improve sani tary standards within other f i e l d s  of food hygiene. 

In many countries, t he  food trade 1s rapldly changing from a business 

of natural  raw materials or sew-manufactured food products xnto a 

highly specialized Industry engaged i n  centralized mass-production 

of prepared, ready-to-eat food ar t ic les .  By this development, a large 

n m  f i e l d  has been opened whlch presents rtseZf as a logical  

object f o r  t he  appllcatlon of hygienic-bacterl ological control methods. 

Generally speaking the purpose of bacterlologlcal e x d n a t i o n  of 

food products 1s t o  control one or more of t he  following characterist ics:  

s t a t e  of freshness, keeplng q u l i t y ,  hygienic standards of production 

and contents of pathogenic organisms. In order t o  achleve this purpose, 

the bacteriologist  must perform a qualitative as well  as a quantitave 

analysis of the bac ter ia l  f l o r a  of t he  food. Hls methods must include 

the application of select ive and indicative medxa which w i l l  allow him 

as fast as  possible t o  distinguish the important groups of orgarusms, 
% and a s  the pract ical  evaluation of findinge of micro-organisms very 

often depends upon a quantitative estlmatlon, it 1s essent ia l  t h a t  he 

adopts quantitative or semi-quantitative cul tural  methods. 

In water and milk bactelbiology, t o t a l  aerobic counts and 

coliform t e s t s  are the  universally applied methods, and no one 

would dispute the value of such methods i n  this fxeld, a s  r e s u l t s  

usually show good correlation t o  hyglenlc standards of production, 

s t a t e  of freshness and keeplng quality respectively. However, 

whether t h l s  supposition is va l ld  when the same methods of 

exmination are applled t o  foods I n  general, needs claxlfication. 

Food a r t i c l e s  manufactured from di f fe ren t  kinds of raw materials 

and submitted t o  d i f fe ren t  types of chemical and physical treatment 

cannot be conszdered a uniform object f o r  bacteriological analyses 

t o  be judged by uniform standards. Gn the contrary, selection of 



appropriate methods of examination and correct interpretatnon of 

findings must be based upon a sound knowledge of the micro-biological 

character is t ics  of each type of product. The food bacter iologis t  

must be farnillar with the quantity and qual i ty  of the natural  

contaminating f l o r a  of the product as present under normal standards 

of production, before he can establ ish findxngs of undesirable numbers 

and types of micro-organisms. In t h i s  evaluation he must take in to  

account. 

1 )  The natural  microbiological s ta tus  of t he  raw materials 

from whlch the  ax t lc le  of food has been made up. 

2) The quantitative and qualitative changes of the composition 

of the microflora whlch follow from the normal procedures 

of manufacture. 

3 )  The abi1it.r of the food as  a medium t o  support growth 

of m l  cro-organisms. 

Following such c r i t e r i a ,  prepared foods, broadly speaking, can 

be c lass i f ied  in to  four categories. 

1. mgh-temperature heat-treated, hermetically packed products 

S ter i l i zed  canned meat-fish-vegetable and mllk products me examples. 

This type of products usuallv presents a high equilibrium re l a t ive  

hum'idity, chemical ~ n h i b i t o r s  are absent, and hence the product allows 

fo r  unrestricted bac ter ia l  growth. The bac ter~ologlca l  examnation 

i s  based upon the assumption t h a t  the purpose of processing is t o  

produce s t e r i l i t y  or a condition close t o  s t e r i l i t y  of the contents 

of the hermetically sealed contaxner. The bactq&ologxcal examination 

of apparently normal cans should therefore be performed as a s t e r i l i t y  

tes t .  The cans should be prelncubated before bacteriological 

examlnatlon, and the  varlous media should be inoculated w l t h  undiluted 

samples tha t  are  transferred h r e c t l y  from the cans t o  the t e s t  tubes 

and Pet r i  dzshes. The media should provlde optimal conditions of 

growth f o r  aerobes as well as  fo r  anaerobes: glucose-broth tube, 

blood agar pour plate ,  Crossley anaerobic milk medium, anaerobic brain 

broth and deep glucose agar tube. 

Required standards: Cultures s t e r l l e  or scanty growth of aeroblc spore 

bearers ( ~ a c i l l u s  ) . Demonstrabon of vlable c lostr idla ,  s ignif icant  

numbers of bac i l lus  or growth of non-sporogenlc organisms should always 

be regarded as  suspicious and fur ther  detailed examination mcluding 



2. Low-temperature heat-treated, hermetically packed products 

Low-temperature heat-treated canned cured meat products, (hams, 

shoulders, Wiltshtre s ty le  bacon, sl%aed b w )  are examples. 

This type of product usually presents a low equlibrium relat lve 

humidity, (high r a t i o  of salt  to  water, ' loo $) and contains 
water 98 + salt 

curlng chemicals (ni trate)  which allow only restr icted '&y'kh of 

salt-tolerant organisms. The bacteriological examination is based 

upon the assumption tha t  the purpose of p r o c e s s i ~  I s  t o  eliminate 

a l l  organisms of low thermal resistance (Gramnegatlve bacteria, 

non-heat-resistance grampositive bacteria, vegetative ce l l s  of 

sporebearers, mold and yeast) and t o  decimate those of medium and 

high thermal resrstance (faecal streptococci, lactobaci l l i  and spores). 

The bacteriological s tatus of this type of product i n  principle is 

slmllar t o  tha t  of pasteurized milk. 1 m l  samples of a homogenized 

1 - 10 dilution are transferred t o  a series of media whlch should 

provide conditions of growth for  aeroplulic, mieroaerophillc and 

anaerobic organisms as well- glucose-broth tube, blood agar pour 

plate, Niven broth tube (lactobaclll1 and faecal streptococci), 

Crossley anaerobic rmlk medium, anaerobic braxn broth and deep glucose 

war tube. 

Requred standards: Gramnevatlve rods incluhng coliforms, clostr idia 

and hemolytic m~crococci should be absent, and t o t a l  aerobic counts 

should not exceed 10,000 per gramme ( ~ a c i l l u s  species, non-hemolytic 

micrococci with streptococci and lactobacrlli  absent or present i n  

insl@ficant numbers only). When desirable, a special t e s t  fo r  

salmonella might be included. 

3. Low-temperature heat-treated, non-hermetically packed products 
-(cooked or baked) 

Ws type of product i n  conti-a-distinction t o  t h e  hermetically 

heated products of categories 1 and 2 1s exposed t o  recontaminzition 

after  heat-treatment, They may appeas for  r e t a i l  distribution 

either unpackaged or prepackaged m plast ic  films (for self -service 

food markets). With varying degrees of s t ab i l i ty  according to  

different levels of equillbrlum relat lve humidzty (salt t o  water 

r a t i o ) ,  contentsof chemical ~nh ib i to r s ,  these food ar t ic les  are 

kept cool o r  frozen, e.g., l iver  paste, brawn, meat loaves, cooked 



loaves, cooked luncheon sausage (sl iced or i n  whale pieces), a d  

Vienna sausages, cooked and smoked f i s h ,  cooked peeled shrimps, 

mayonnaise salads with cooked vegetables and mayonnaise from 

~aseeur i zed  l iquld egg yolks, ~ce-cream, confectionery (custard 

and cream), sandwich fx l l ings  of cooked or f r l e d  meat, f i s h  or 

vegetabl& (Dan i sh  smjdrrebrb) , frozen plastlc-packaged prepared 

meals. Some dehydrated foods such as dried milk, &led soups and 

egg powder a lso f i t  m with t k s  group. 

The bacteriological examlnatlon is based upon the assumption 

t h a t  the purpose of processing 1s t o  eliminate o r g a s m s  of low 

thermal resistance and t o  decimate the  medium and high r e s i s t an t  

types. Afterwards the protective hermetic container is supposed 

t o  be replaced by hygienic precautions I n  handling f o r  preventlon 

of recontamination, w b l e  storage a t  controlled temperatures, 

eventually comblned wlth the m b x t o r y  e f fec t  of various preservatives 

( sa l t ,  sugar, smolung, acids, chemcal inhibi tors) ,  is supposed t o  

prevent excessive bac ter ia l  growth and t o  keep t o t a l  counts low. 

Consequently the bacteriological examination should offer  information 

about : 

1 )  Whether the t o t a l  load of micro-orgamsms 1s Peasonable, 

when considering the bac te r~o log ica l  s t a tus  of the r a w  

materials and the l e tha l  e f fec t  of the heat-treatment 

employed, and whether numbers have been kept within the 

limits t h a t  perrmt sat isfactory standards of freshness 

and keeping quallty; 

2) Whether any undesirable types of micro-orgarusms, 

lndlcatlng f r e sh  faecal pollution or contammat;lon 

with pathogenic or toxinogenic organisms, are present. 

Naturally there  is room fo r  d i f fe ren t  opinions and practices 

regarding tecbmcal d e t a i l s  of t h l s  examinatLon. A simple routxne 

procedure may be as follows- From decunal diTutxons of a homogenized 

sample, twg blood agar pour plates  are inoculated w l t h  dilutions 

loe3 and while one red v io l e t  b i l e  agar pour plate  is inoculated 

with a l u t i o n  10'~. The blood agax plates  are incubated fo r  24 hours 

a t  z0c  and counted t o  estlmate a t  the same time the  t o t a l  aerobic count 

and the contents of potent ia l ly  toxinogenic hemolytic bacteria,  



(~c rococcus  pyogenes, Baclllus cereus). The red violet  b i l e  agar 

plate 1s incubated for  24 hours a t  4 1 ~ ~ ~ .  

M-*rumum standards- Total count less  than 100,000 t o  1,000.000, depending 

upon the natural bacteriological status of the product. Hemolytic 

bacteria should be absent i n  dllutlon Collform organisms that  

w i l l  grow a t  44'~ (m&dy E. toll I) should be absent in dilution 10'~. 

This  method of exatnikaati~n and of interpretation obviously cannot 

satxsfy a l l  special demands wkch may arlse from examlnatlon of a 

dlverslty of heterogeneous foods such as l l s t ed  m category 3. However, 

a l l  of the products have been low-temperature heat-treated and the 

surviving thermo-resistant f lo ra  can be expected to  be rather u f o r m  
0 

and composed of species whlch w l l l  grow well i n  blood agar a t  37 37. 

Moreover, as a l l  of the products have been handled af ter  heat-treatment 

under conditions which do not automaticaLLy exclude recontamination, 

it may not be justifled t o  accept strmght-away colifom organism of 

non-faecal orlgin as an ind~cat lon of dangerous contamination. 1% 

has t o  be taken Into account whether or not such orgarusms must be 

expected t o  occur universally under standard conditions of manufacture 

fo r  tha t  particular product. In meat works such infection is almost 

environmental, in  bakeries perhaps not. So i n  spe&d cases where 

califarm infection is not environmental or handling end packaging 

of the product af ter  heat-treatment approaches complete protection, it 

may be feaslble t o  adopt 37'- Collform standards, but i n  most instances 

there is  probably no better way of tracing a potentially dangerous 

fresh faecal contamination than by 44O E. coli  counts. When desirable, 

special t e s t s  fo r  salmonella (egg powder), faecal streptococci, 

clostriiha or any other tbgical type of organism may be included, 

4. Non-heat-treated, salted or chemically preserved products 

Tbs type of product may be packaged i n  hermetic containers a f t e r  

chemical preservat~on, e.g. anchovies, pickled herrlng f i l l e t s ,  or may 

appear wpackaged, e.g. raw salami sausage, c e r t s n  types oE ripened 

cheese, pickled f i sh  and vegetables. 

The mcro-population of these products is  essentially that of 

the fresh raw material, but due t o  the very specific chemlco-physlcal 

environment, certain types and species w l l l  outgrow the others i n  the 



microbiologl cal "fermentation" which normally develops during manufacture 

and storage. Tbcsz processes are accompanied by a rapid increase i n  

bacterial contents followed perhaps by a decrease due t o  auto- 

s ter i l izat ion.  Total counts consequently are of limited value 

as bacterial counts bear no or l i t t l e  relation t o  the s t a te  of 

freshness 'md keeping qyality ~ i ?  the product. Bacteriological t e s t s  

designed t o  t race undesirable types of micro-organums udica t ing  

fresh faecal pollution or contamination with pathogemc or 

toxinogenic organisqis may be applicable. 

Attention is drawn t o  the usefulness of supplementing 

bacteriologiCa1 control with microbiological methods for  the 

detection of preservatives ( ~ l u ~ v e r  yeast fermentation t e s t )  

a s  well as with determination of salt t o  water ratio. Such 

information often forms the basis of correct interpretation of 

bacteriological results. Finally, reference i s  made t o  the 

valuable information w i t h  respect t o  numbers and types of micro- 

organisms yielded by direct  microscopic exarmnatian. So thfs  

simple examination never should be omitted i n  the bacteriological 

analysis of foods. 

For references, the following may be consulted 

(1) D. A. A, Mossel. Wiener Tierbzt l iche  Monatsschrift 1956 

(2) World Health Organ1 zation. Monograph Series No. 33,Meat Hygiene, 
Geneva, 199. 

Principles and techniques of hygienic-bacteriological examination 

of prepared foods are discussed. Selection of appropriate methods 

of examination and correct interpretation must be based upon a sound 

hmledge  of the microbiological characteristics of each type of 

product. Methods Of examination and standards of xnterpretation 

are given for  the following four categories of prepared foods: 

1. &gh-temperature heat-treated, hermetically packed products. 

2, Low-temperature heat-treated, hermetically packed products. 

3. Low-temperature heat-treated, non-hermetically packed 

(cooked and baked) products. 

4. Nm-heat-treated, salted or chemically preserved products. 



For routine control of the large group of foods i n  category 3 
blood agar counts and 44'- E. coll counts i n  red-violet-bile agar 

axe proposed. Attention is drawn t o  the importance of supplementing 

bacteriological control wlth mcrobiological methods fo r  the detection 

of preservatives as well as wth determnatlon of salt t o  water ratio.  


