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MICROBIOLOGICAL QUALITY CONTROL IN THE FOOD INDUSTRY' 
D. A. A. MossEL 

Laboratory of Bacteriology 
Central Institute for Nutrition and Food Resem·ch T NO, 

Zeist, The Netherlands 

( Received for publication June 27, 1968) 

ABSTRACT 

In quality control in the food industry in North-,•Vestern 
Europe, safety and keeping quality of final products are most­
ly maintained by preventative systems of factory surveillance, 
rather than by the "analytical" approach in which finish ed 
product samples are examined and measures taken later, based 
on the results of such an examination of samples. Methods 
are recommended for verifying that all preventative measures 
have been taken correctly. 

Since microbiological examination of samples is often the 
sole way of checking on goods, e.g. upon importation, methods 
for this purpose are also recommended. It is strongly sug­
gested that numbers of tests applied to each commodity are 
limited and that the groups of organisms to be determined 
in each instance will be chosen after careful study of the 
microorganisms associated with a particular food . The need 
for standards in evaluating the results obtained is stressed . 
A first attempt in streamlining, mechanization, automation, 
and data handling in this area, is presented. 

Thorough retrospective complaint examination, i.e. a care­
ful analysis of what may have caused rejection of consign­
ments despite preventative quality control , is recommended 
as useful for avoiding repetition of the same or similar phe­
nom ena in future. Microbiological methods and chemical 
tests for microbial metabolites in instances where complete or 
partial autosterilization has occurred, are recommended. 

PRINCIPLES 

The purposes of microbiological quality control, 
whether carried out by government inspection serv­
ices or industry, are mainly twofold: prevention of 
food-born e disease and retardation of microbial spoil­
age. In addition quality control must also meet 
general microbiological quality requirements, having 
no direct relationship to health c~: spoilage, e.g. micro­
scopic counts of molds in canned tomato products 
or the enumeration of viable spores of the genus 
Bacill:us in cocoa powder. 

It is now generally accepted that microbiological 
quality control by the industry itself should be pri­
marily of a preventative nature (158). This is much 
more effective than the analytical approach, i.e. in­
spection of the microbiological condition of the food 
as it leaves the factory, and subsequently taking cor-

' Based on a series of lectures presented to the Summer Ses­
sion Course 20.53 S, Departm ent of Nutrition and Food 
Science, Massachusetts Institute of Technology, Cambridge, 
Mass., June 20-21, 1968. 

rective measures if necessary . Authorities and buyers 
have also come to understand that, for statistical rea­
sons (133), factory inspection is more effective, for 
their purpo£es too, than examination of finished 
samples. 

Preventative microbiologicat quality conh·ol en­
tails , in essence, the drafting and supervision of mea­
sures required to keep microbial counts low by re­
ducing numbers of microorganisms contaminating 
the food and preventing proliferation of those micro­
organisms inevitably present. In this connection the 
following phases of contamination of, and prolifer­
ation in, foods h ave to be distinguished: (a) primary 
= microbial load of the raw materials; (b) secondary 
= increase in counts during processing; (c) tertiary 
= post-processing recontamination; ( cl) quaternary 
= contamination and/or growth during culinary pre­
paration of the manufactured commodity. 

Such control should be attained by the following 
measures : (a) procurement of raw rna terials of the 
best possible microbiological quality; (b) prevention 
of contamination of raw materials prior to process­
ing; (c) proper processing, of whatever kind applied; 
( cl) prevention of contamination of materials during 
and particularly after processing; (e) proper p ack­
aging; and (f) adequate storage, h·ansportation, and 
handling of the finished product to consumption. 

Obviously in this respect not all microorganisms 
have the same significance. Specific enteropatho­
genic and enterotoxinogenic bacteria, viruses, and 
particular helminths have to be conh·olled for the 
safety of consumers. In addition growth of molds 
in foods has to be kept under conh·ol since many 
types of fungi have b een found recently to be my­
cotoxinogenic; cf. Table l. 

A great variety of bacteria, yeasts, and molds are 
typical spoilage agents for a given type of food; vide 
-infra. H ence, in addition to the general precautions 
just outlined, special measures are often necessary 
to control occurrence or growth of particular micro­
organisms in foods (8). 

S uPERVISION AND L ABORATORY ExAML'\TATION 

OF THE F ACTORY 

Microbiological quality control, in this context, in-
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TAULE l. M YCOTOX lNOGEN I C l\IOLDS 1 

Species Clinica l effect 

Group 1, Producers of well-defin ed mycoto~: in s 

Alternaria t enuis 
A lternaria sp . 

Aspergillus amstelodami 
A . candidus 
A. clavatus 
A. flav us 

A. fu.m igatus 
A. glaucus 

A. niger 
A. ochraceus 

A. oryzae 
A. ostianus 
A. pa:rasiticus 
A. m ber 
A. terreus 
A. wenti.i. 

ATA 
haemorrhages 

emaciation 
cf. P. citrinum 
haei11 orrhages 
hepatic carcii10ma -
tremors · 
haemorrhages 
perirenal oedema 
haemorrhages & 
diarrhoea 
cf. A . flavus 
hepatic injury 

hepa tic necrosis 
cf. A. ochraceus 
cf. A. flavu s 
cf. A. flav us 
cf. P. citri.num 
emaciation 

Chaetomium globosum h aemorrh ages & 

paralysis 
Cladosporium epiphyllum. ATA 

Fusari-um cu.lmor-wm 
Fusarium nivale 

F. 1·osewn ( Syn. 
Gibberella sattb·in etti) 
F. sporotrichioides 

Gi.bberella zeae 

M11-cor hiem.alis 

Pen·icillium 
brevicompactum 

P. citreoviride 
P. citritwm 

P. c yclopi.um 
P. islandicum 

P. p uberulum 
P. nt.bnnn 

P. rugu.losum 
P. tar dum 
P. variabile 
P. vi:ricl-icattt.m 
P. species 

Pithomyces chartaru.m 

Rhizopus sp. 
Stachyobot·rys atra 

anorexia 
emaciation & 

gangrene 
h epatic necrosis 

ATA 

oestromim etic 
response 
ATA 

ATA 

ascending paralyses 
haemorrhages & 
renal damage 
tremors 
hepatic atrophia 
& cirrhosis 
cf. A. flavus 
haemorrhages & 
hepatic injury 
cf . P. citrinum 
cf. P. C'itrinum 
cf. A. flavus 
renal damage 
cf. A. ochraceus 

angiocholecys titis 
fac ial oedema 
cf. A. fla vus 
haemorrhages 

Susceptl bl e 
species 

n1an 

mouse 

poultry 

poultry 
poultry, 
mouse 
S\vine 
swine 

poultry 

poultry 
rat 
various 

poultry 

rat 
111 3 11 

bovine 

bovine 
swin e 

man 

swine 
n1 an 

n1an 

various 
poultry 
mouse 
_mouse 

various 

swin e 

n1an 

S\vine, rat 

sh eep 
bovine 

horse 

Group 2, Producers of less we/.l-clefinecl OTa.lly acti.ve toxins 

, _A~pergillus avenaceus, carneus, chevalieri, nidulans ' 11iveus 

Cladosporil/.'ln fra gi 

Fusarium moniliforme 

Paecilom yces v a1'ioti. ( Syn. Byssochlamys fuLva) 

Penicilli.um oxalicum , ·piceum , purpurogenum, wticae 

Trichoderm a li.gnorum 

1Data compil ed from references 13, 19, 28, 27, 2'?, 29, 32, 44, 

48, 51, 56, 60, 61, 72, 73, 76, 77, 78, 114, 117, 121 , 127, 

134, 138, 142, 144 , 145, 149, 153, 154, 155, 156, 157, 160. 

volves, first of all, frequent checks on proper pro­

cessing and handling of goods throughout the plant. 

An important example of factory quality control is 

found in the heat processing of foods, the most fre­

quently used mode of decontamination as well as 

preservation. In this connection, it should be real­

ized that the net microbicidal effect of a heat treat­

ment depends strongly on (a) the time-temperature 

combination applied ; (b) the pH and water activity 

(a ) of the food trea ted; and (c) the effi cacy of mea­

sures taken to avoid postprocess recontamination . 

Each of these factors has to b e controlled within nar­

row limits if heat processing is to be effective (63). 

Also, regular examinations have to b e carried out 

of the food processing machinery. This has to be 

dismantled and decontaminated when required by 

the bacteriological data obtained . Otherwise con­

siderable build-up of often highly resistant and tena­

cious organisms may occur as a result of continuous 

culture (1 , 16, 47, 113). In addition, periodical checks 

are to b e made of premises, cleanliness of the staff, 

packaging materials, and the water supply. The 

pressing need for adequate surveillance of the au· 

supply has b een demonstrated repeatedly (16, 63, 91 , 

126). Finally the evaluation of any disinfectants and 

detergent sanitizers used forms an important part 

of the task of the laboratory (64, 89). 

Table 2 reviews the methods which have been 

found useful in the author's Institute during the last 

15 years. The types of organisms for which one 

seeks, obviously, depend greatly on whether one is 

interested in those that may spoil a given food, or in 

organisms that might render the food unsafe for con­

stil'l)ption - that is, lead to food-born e disease event­

ually if not immediately. However, whatever types 

may be of interest, one is always conqerned wi th 

their numbe1's _per unit of surface area or weight. 

Qualitative results , often formulated simply on the 

basis of the absence or presence of a certain organ­

ism on . "the" machinery or in "the" air supply, etc. 

are· usu ~ify of lesser value, unless formulated in a 

semi~quantitative vvay, i.e. absence of the organism 

in a well specified quantity or surface area. 

, 
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TABLE 2. VEIUl'ICATlON METHODS USJ!.D l N l\of!C RODIOLOGICAL PLANT CO N THOL 

P ara meter to be verif ied 

Time-temperature integrals 

Relative humidity or a 
w 

Decontamination effici ency of food s, 
processed for safety 

Surface decontamination efficiency of 
food , processing apparatus 

rvlicrobiological condition of water 
supply 

Microbiological condition of air supply 

Sanitary condition of hands 

Body cl eanline~s 

Effectivenes£ of disinfectants 
aRd detergent sanitizers 

L\!:gg yolk tellurite glycine pyruvate agar 
2Violet red bile glucose agar (88) 

Hecommended instrument or method 

th ennograph ; indicator strips; 
tests for residual enzyme activity 

polyelectrolyte resistance humidity elements 

spec. count of nat. or artific. 
(a) contam. sample 

same count of treated sample 

(b) count of spores of Bac illus 

total bacterial count 

(a) swabs 

(b) impression plate~, agar slices, tapes or pads 

(a) total count of mesophilic <md psychrotrophic 
bacteri11 

(b) MPN enumeration of Enterobacteriaceae and 
E. coli 

(a.) slit sampler technique 
(b) absorption in an in1pinger or moistened plugs 

of calcium alginate 
(c) sedimentation plates, Mossel (91 ) 

five-fingfi!r impres~ion counts on ETGPAl and 
VRBG2 

VRBG, ETGPA and blood agar impression plates of 
predilection sites 

(a.) Strains: S. a·unws, S. typhimu·ri.um, P. a.eru.g i­

nosa, S. faecal·is, spores of B. cereus, S. cere­
v is ia.e 

(b) Exposition: 5 min at c. 15 C 
(c) Neutralisation: Tween-blood-thiosulphate broth 
(d) Requirement : 5 D, e1:cept sometimes for spores 

Reference 

Stmnbo (136) 
Ingram & Roberts (49) 
Ganter & Ki:irmendy (30) 
Musa & Schnable (104) 

Mossel, van 
Schothorst & 
Kampehnacher (96) 

Mossel (95) 

Higgins (41); 
ten Cate (10); 

T homas (143); 
Holt (45); Mos-

sel, KaYnpem1acher & van Noorle 
Jansen (94) 

Mossel (95) 

Bourdillon et al. (6) 
May (70); Richards (118); Mos­
sel (91 ) 

de Vries & Knape (148) 

Sarkany & Gaylarde (1 24); Mos­
sel et al. (99) 

ivlossel (89) 

MICROBIOLOGICAL Q u ALITY Co ' TROL 

OF RAW MATERIALS 

It should be stressed that it may not always be 
easy to procure raw materials of satisfactory bac­
teriological quality. This is particularly true of red 
meats and poulh·y. To obtain carcasses with a toler­
able degree of Salmonella contamination, the meat 
and poultry industry has had to begin to extend con­
trol measures to the farms. This includes provision 
of pathogen-free young animals, bacteriological con­
trol of feed, and considerable improvement of the 
sanitary conditiom of the animals on the farm, dur­
ing' transportation, and while awaiting slaughter (21 , 
31, 40, 106, 125). Pending these developm~nts, in­
itially rather tolerant ~pecifications will have to be 
used, but these will gradually have to be made sh·ict­
er, applying the "sliding scale" principle (35). 

Even where such vast problems do not exist, the 
drafting of microbiological specifications for raw ma­
terials should be done very carefully and particularly 
with proper reference to ecological principles. This 
involves taking the following aspects into account: 
(a) the significant organisms amongst the microflora 
of the raw materials under study; (b) the numbers 
of each of these that can be allowed in the fii1al 
products; (c) the desired safety margins as determin­
ed by the processing to be applied in the course of 
manufacture; and (d) attainability of the specifica­
tions. \iVith respect to the latter point, considerable 
collaboration is often required before suppliers can 
consistently meet purchasers' specifications, although 

this is, very fortunately, not always as difficult as 

with carcass meats or poulh·y. 

The microflora of minor components, e.g. spices, 
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may also impair the microbiological quality of manu­
factured foods. As to requirements for such ma­
terials, their microflora should not essentially in­
fluence the load of organisms which determine whole­
someness and/ or keeping quality, that are encounter­
ed in the major component of the food . H ence, re­
quirements for minor ingredients can be more len­
ient, the lower their concentration is in the fin al 
product (80). 

MICROBIOLOGICAL EX A MIN J\ TION OF THE 

FIN AL PRODUCT 

Careful implementation of microbiological quality 
control at the production level, on the above basis , 
will usually assure adequate keeping quality and 
wholesomeness. In addition, one might wish to as­
sess the microbiological condition of the food itself . 
Such final product analysis hence is of interest to the 
processer ; however, to the public health official of the 
country importing the food p1:oducts , and to the bac­
teriologist working on behalf of the buyers, it is 
often the only information available. In other words, 
microbiological examin ation of end product samples 
makes sense but only as a mode of assessing proper 
production, not as a means of attaini-ng the required 
microbiological quality. 

1Vholesomeness 
Pathogens. Various groups are relevant to the 

determination of the wholesomeness of foods (43). 
A review of these organisms and recommended meth­
ods for their enumeration are presented in Table 3. 

TI1ose currently of major interest from the stand­
point of outbreaks of food-born e diseases are : Sal­
monella , Staphylococcus a.ureus, and Clostridium per­
fringens (147) and to a lesser extent Bac'illus cereus 
(107) and Vibr-io pamhaemolyticus (162). Also. as 
indicated before, quantitative examinations for molds 
should b e made regularly, .since so many typ es of 
fungi, according to Table l, form orally active myco­
toxins and can, therefore, not be tolerated in foods . 
Either viable mold spores or microscopically visible 
mycelia and spores have to be determined, depend­
ing on whether the majority of the molds is still 
viable or already dead. Suitable methods for this 
purpose will be recommended in the following sec­
tions . 

A short remark may be in order here with regard 
to the use of so-called selective media in general 
and in microbiological quality control in the food 
industry in particular. Formulation, preparation, 
sterilization and inocnlation of such media should 
b e most carefully standardized . Selectivity and pro­
ductivity of selective media depends entirely_ on the 
active concentration of one or more added . inhib!tory 
compounds. The latter is determined by (a) concen-

tration of inhibitor added to the medium; (b) degree 
of inactivation during sterilization of the medium; 
and (c) extent of neutralization by one or more com­
ponents of the food sample examined. If such de­
tails are not properly taken into account, quite un­
reliable and irreproducible results - leading amongst 
others to a complete lack of agreement b etween lab­
oratories of buyers and sellers, or food processers and 
public health authorities - must be anticipated (116). 

Moreover, selective media should always be tested 
for their capacity to also recover impaired cells of the 
types sought. Bacterial cells that have been stressed 
by sublethal heating, exposure to reduced a w or low 

pH, etc., will usually not tolerate concentrations of 
selective agents that are generally acceptable in me­
dia, since they are without significant inhibitory ef­
fect on non-stressed cells of the same group, genus, 
or species. \ iVe have confirmed many earlier observa­
tions on such an effect in impaired cells of Entero­
bacteriaceae with regard to triphenyl methane dyes 
and, to a lesser extent, bile salts (101 ). Along the 
same line we have observed that stressed populations 
of Lancefield group D streptococci do not tolerate 
concenh·ations of methylene blue and slightly in­
creased pH values, that are exempt of any inhibitory 
effect on non-impaired populations of the same group 
of bacteria. Erroneously low results in the exam­
ination of heated , dried . or acid foods , as a result of 
missing such stressed cells resulting from direct use 
of many selective media, have to be anticipated. Such 
errors have to be avoided by previous so-called resus­
citation of impaired populations. In this step dilu­
tions of the food wherein such cells occur are cul­
tured on rich, non-selective solid media . Subse­
quently colonies of th :! restored cells thus obtained 
are replicated onto the usual selective media .' Ob~ 
viously similar preliminary resuscitation steps i1; li­
quid media must b e applied when MP -counts, or 
presence or absence. tests. are carried out using select­
ive liquid media. 

Indicator organisms. It is, in addition, often use­
ful to enumerate so-called indicator organisms - bac­
teria indicating objectionable bacteriological condi­
tion of foods. The conventionally sought proof of 
the absence ·(£pathogens in a representative sample 
of food has significance only for the consignment 
under investigation ; ·however, the repeated failure to 
find suitably choseri types of indicator organisms in 

successive samples makes it unlikely that foods manu­
factured in ·the smne way will ever be dangerously 
contaminated .:. · This is valuable information for the 
trade, food ·, inspection services, and the consumer 

- (95, 163): 

The · : ixs~ ~·of -~·iiYdicatqr organisms has often been 
criticized · (71 ), ai1d not always without reason (95 ). 

, 
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However, provided that proper ecological consider­
ation is given to the significance of given numbers 
of particular organisms in a specific food , no criti­
cism is justified against this most valuable analytical 
parameter. The use of Enterobacteriaceae as indi­
cator organisms ·may be given as an example. 

VVhen foods are processed with heat to such an 
extent that the lethal effect on non-spore bearing 
bacteria is somewhere between 4 and 7 decimal re­
ductions, the presence of Enterobacteriaceae in num­
bers over 1 to 10 per g cannot be accepted. The rea­
son is that this would indicate that processing has not 
been completed or that an adequate decontamination 
treatment has been carried out, but it has been fol­
lowed by post-process recontamination . Either of 
these conditions is highly undesirable, because it may 
have resulted in, or will result in the future in , the 
presence of enteric or other pathogens in such foods. 
However, for fresh foods or commodities that have 
only been processed at temperatures well below 50 C, 
where virtually no bactericidal effect can be expect­
ed , the situation is entirely different. Because the 
natural flora of such foods is known to include En­
teTObacteriaceae, the mere "presence" of these bac­
teria in such products is no reason for their rejection. 
Rather, one is interes ted , in this instance, in know­
ing more exactly what types of Enterobacte1·iaceae 
occur, since it makes a noteworthy difference whether 
Se1'1·atia or Enterobacter of vegetable origin are pres­
ent, or Escherichia coU which might indicate a more 
dangerous contamination. For this purpose we have 
developed the differential enterobacteriogram, in 
which the types of Enterobacte1'iaceae are determin­
ed in addition to their numbers (101). There is a 
valid reason to reject a sample of this class only if 

1 one or more of the following deficiencies are encount­
ered: (a) occurrence of pathogenic species of Ente1·o­
bacteriaceae in aliquots of 10-20/ g; (b) the presence 
of E. coli in an approximately 0.1 g sample; (c) the 
occurrence of viable Ente-robacteriaceae at a level 
that exceeds the numbers encountered in commodi­
ties produced under sanitary manufacturing condi­
tions (95) . 

Enzyme tests. Reliance is often placed on the 
absence of the enzymatic activity of, for example, 
phosphatase or amylase in heat processed products 
as an index of proper manufacturing (30, 33, 49, 71 ). 
No doubt, a negative result of such enzyme tests in­
dicates that the commodities under examination have 
been sufficiently heat-treated to eliminate the patho­
gelfic organisms originally present. However, enzyme 
tests are not sensitive enough to indicate the absence 
of recontamination; and this is the most frequent 
source of failure of pasteurization treatments (15, 50, 
53, 161 ). H ence, the sole use of these enzyme tests 
seems to lead to a false sense of security (7). 

H ovvever, the use of a combination of an enzyme 
test with an examination for, e.g. Entembacter·iaceae, 
is very profitable, since it will provide differentiation 
b etween inadequate pasteurization and post-pasteu­
rization contamination. Tlie food microbiologist, ex­
pected to advise on improvements in processing can 
then decide, guided by the two tests, whether the 
heat-treatment or rather the sanitation of the post­
pasteurization stages needs closer attention (95). 

Because of their very high radiation resistance, 
none of those enzymes has been found to b e inacti­
vated by doses of radiation used in radiation pas­
teurization ( "radicidation"). This makes enzyme 
tests unsuitable for the control of radicidation h·eat­
ments ( 49 ), whereas tests for indicator organisms 
maintain their validity here (96). ' 

Total counts. It may sometimes b e of interes t to 
determine the total numbers of viable aerobic and 
facultatively anaerobic mesophilic microorganisms per 
1 g of food. The latter parameters are often called 
"total counts." They will show to what extent micro­
bial contamination, but more particularly prolifera­
tion, in general has occurred. H owever, in studying 
food wholesomeness, the enumeration of the specific 
pathogenic or toxinogenic bacteria or suitably chosen 
indicator organisms has a higher priority. 

Keep ing quality 
D irect determination of stability of shelf-stable 

items. Shelf life tests carried out for this purpose 
should be des igned carefully. 

Firstly, the number of samples and the degree of 
randomization with which these are to be taken 
should be determined accurately. Too small a num­
ber of samples, or inadequate randomization may lead 
to a false feeling of security with regard to the keep­
ing quality of the fin al product, whereas too high a 
degree of sampling may lead to exceeding the capa­
city of the laboratory. A proper mathematically 
justified approach to optimal sampling is therefore 
always required (133 ). 

' i\Tith regard to the choice of the storage tempera­
ture, it is necessary to use in shelf life tests a cyclic 
system of incubation. The reasons for this are that: 
(a) changing temp ::-ratures will also occur in prac­
tice; and (b) water vapor migration effects often 
limit the shelf life of packaged products (100), and 
such effects are potentiated by the use of temperature 
changes during incubation. It is , therefore, our prac­
tice to incubate samples of shelf-stable foods at 25 
± 1 C during the day time and at 15 ± 1 C over­
night. 

The next point is the choice of criteria of spoilage. 
In order to obtain fas t preliminary results, it can 
often be recommended that counts of significant 
typ es of spoilage organisms (vide infra) are carried 
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~ABLE 3. REVIEW OF RECOMMENDED METHODS FOR THE MICROBIOLOGICAL EXAMINATION OF FOODS WITH PARTICULAR REFEI\ENCE TO PUBLIC HEALTH ASPECTS 

Group of organisms sought 

Sa~monella and Arizona 

Shigella 

Enterobacteriaceae 

E. coli 

S. aureus 

Lancefield group D strepto­
cocci 

S. mitis and S. salivarius 

Clost·ridium sp. 

C. botulinum 

C. perfringens 
B. cereus 

Vibrio parahaemolyticus 

l:;.resumptive counting procedure 

MPN-enrichment procedure with at lea;t 20 g aliquots us­
ing: (a) tor general purposes : Muller (103}-Kautfmann's 
(55) tetrathionate broth at 43 C (Harvey & Thomson, 38; 
Head & H.eyes, 115; Harvey & P1"ice, 39; (b) if resuscitation 
is required : use of Hobbs' ( 42) nutrient broth or North's 
( 10\:l) lactose broth incubated at 30 C, followed by (a) above 
( Mossel & Vincentie, 101). 
When counts > 10/ g might occuT: enumeration iri sulphite 
iron agar ( Mossel, ~3) contained iri plastic pouches (Blade! 
& Greenberg, 5; de Waart & Smi't, 150) 

Plating of at least 100 mg on SS-agar and Taylor's ( 140, 
141 ) XLD agar in 15 em dia-plates and iricubation at 37 C 
( a) When co·unts > 10 I g aTe expected: 

Plating in Mac Conkey ('Violet Red bile') glucose agar 
( Mossel et a!., 88) iricubated 20 hr at 37 C, unless re­
suscitation is required-vide su.pm 

( b ) When counts < 101 g are expected: 
MPN-enrichment procedure with 0.1, 1 and 10 g, usirig 
buffered brilliant green bile glucose ( EE) broth, at 30 C, 
unless resuscitation is required-vide supra 

MPN-enrichment procedure with 0.1, 1 and 10 g, usirig bril­
liant green bile ( BGB) broth at 44 C, unless resuscitation is 
required-vide supra 
(a) When counts > 102/g are exp~ctecl: 

Platirig on Baird Parker's ( 2) ETGP agar iricubated for 
30 hr at 37 C. 

(b) When counts < 10"/g are expected: 
MPN-emichment procedure with 0.1 , 1 nnd 10 g, usirig 
Giolitti & Cantoni's ( 34) anaerobic tellurite glycirie 
mannitol pyruvate broth, iricubated at 37 C. 

Plating in Packer's ( 112) crystal violet sodium azide blood 
agar' , incubated at 37 C 
Plating on Chapman's ( 11 ) TCTS-agar, incubated at 37 C 

Counts, in glucose free 0.05% sulphite iron polymyxiri agar 
( 83) contained iri Miller-Prickett tubes or plastic pouches, 
at 32 C 
MPN-enrichment procedure in sulphite iron polymyxin broth 
(Mossel & de Waart, 102) 
Counts in Marshall et al.'s ( 68) TSN-agar at 46 C. 
Plating on Mossel, Koopman & Jongerius' (98) MYP-agar 
incubated at 32 C 
MPN-enrichment procedure in irifusion broth with 2% NaCl 
and 5 ug/ml tylosin at 37 C 

Confirmation 

Platirig of 0.1 ml of 10 • dilutions, 
simultaneously on 15 em dia-plates 
of (a) special brilliant green phenol 
red agar ( Kampelmacher, 54) ; (b) 
deoxycholate citrate agar; (c) bis­
muth sulphite agar, aged accordirig 
to Cook (17) eg + BPA2 

Subculturing black colonies onto 
BPA 

Completion or ldentlflcatlon 

Subsequently: 
(a) Kl eg + fJ Gal. eg + P eg 
+ UU.KAM-al; (b) agglutinations; 
(c) phage test ( Buttiaux et al., 9; 
Ewirig et a!., 22; Le Mirior & Ben 
H am ida, 62; Ewirig & Fife, 23) 

fJ Gal. eg + P + as above 

completion tests as for 
Salmonella + Mo 

OxGNi 
+ Lac.+ + C + E 

McC 

Either: plating on 
('Violet H.ed bile') 
(VRBG) 

+ Lac. 0 + fJ Gal. + P 
+ >UDKAMal 

Mac Conkey OxGNi + McC + vide supra 

glucose agar 

Or: DEC = plating onto VRBG, 
Chapman's ( 12) tergitol!TTC/agar 
at 44 C XLD and BP N ( Mossel & 
Vincentie, 101) 
E = gas fonnation iri BGB and pro­
duction of iridole at 44 C 

Adequate Rumbers of typical egg 

IMVC-but hardly necessary 

yolk pooitive as well as typical, but Phage typing 
egg yolk negative (de Waart et al., 
151; Hall, 37) colonies: Co 
Plating on ETGP agar, etc. . . 
vide supra Co, phage typirig 

TMiAzLCa Shennan characters, especially 
BiT, So 

TAzBiT + AesArGLevRaSo (Co­
wan & Steel, 18) 

An CaSu 

Alcohol treatment (Johnston et al., 
52) +plating on BYCA 
Plating on LENA at 46 C 
MiGXyAnNiGelVLec 

Plating on 2% NaCl saccharose t ee­
pol bromo thymol blue tylosin agar of 
pH = 9.2, incubated at 37 C 

MiMoNiiGSaLacGelLec ( anaer .) 

MoNiiGISal ( Anaer.) + mouse 
test, FA 
Mo 

KlOxNiMoStl 

lWhere blood is not available, the recommended medium is azide dextrose kanamyciri agar (AD.KA) 
2For th e detection of Ari.zona. streaking onto brilliant green phenol red sucrose agar (heated for no more than 30 min at 100 C) is recommended and subsequently the series 

of biochemical tests KIUDKMalDu 



...-< T ABLE 4. S POILAGE ASSOCIATION OF THE MOST I M P ORTANT CLASSES OF STAPLE F OODS OF GOOD QUALITY co 

...-< 
Association 

Lacto-
P rocessing with bacil- Bacil-a microbicidal Gram neg. rods Catalase Cata lase 

Class llH w effect Examples of commodit ies Non-ferm.t F erm. pos. cocci neg. cocci laceae laceae Molds Yeasts 

1 > 4.5 > 0.95 None F resh meats, fish, shell + ++ + + ± 0 0 + 0 
fish, poultry, eggs & 
egg products 

2 > 4.5 > 0.95 None Vegetables + + + ± 0 ± + + + 0 

3 > 4.5 < 0.90 None Cereal grains, pulses + + + 0 + + +++ + 
4A < 4.5 > 0.95 None Fruits 0 ± () 0 ++ 0 ++ + 
B Juices +2 ± 0 ++ ++ 0 ± + + 

....l 5 > 4.5 
0 

> 0.95 Pasteurisation Liquid milk ± ± ± + + + 0 0 
p:; 

6 > 4.5 c.0.95 Cooking Cooked sausage, canned E-< z large size hams 0 0 ± + + + 0 0 0 
u 

7 > 4.5 c.0.95 Baking Bread, rolls, cakes 0 0 0 0 0 + ++ + :>< -
E-< 
:::1 8A > 4.5 < 0.90 None Dried vegetables, cereals & 
< 0 0 0 () 0 0 + + 0 ;:J cocoa; 
ry 
....l B > 4.5 Marzepan, chocolate fillings 0 0 0 0 ± 0 + ++ 
< c < 4.5 Dried fruits 0 0 0 0 ± 0 ++ ++ u 
H 
0 

9 c.4.5 c.0.96 None Butter and margarine 0 0 () () + + 0 ± ± 
....l 
0 

lOA > 4.5 > 0.95 Appertisation Meats, vegetables and milk H 
I'Q 
0 packed in hermetically 0 0 0 0 () + + 0 0 
tJ sealed containers H ..,. 

,.<::; 
Fruits and juices packed B <4.5 > 0.95 Appertisation 
in hermetically . sealed 0 0 0 0 0 ++ + 0 
containers 

Frequency scale used: + + + = virtu ally exclusive and at all times + + = dominant + = significant ± = minor or occasional 0 = virtually of no im-
portance in spoilage 

'The Pseudomonas/ Acinetobacter/ Achromobacter-group, unless otherwise indicated 

2Acetobacter 

... 
-.... ~ . . ... 

' ··{ 
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TABLE 5A. LEGEN D TO TABLES 3 AND 5 

agglutination with Sa Lm onella polyvalent anti 0-
serum 

azide dextrose kanamycin agar 

dissimil ation of aesculin 

growth under anaerobic conditiom 

dissimil ation of ambinose ( cf. G) 

azide tolerance 

{3 galactosidase reaction 

brilli ant green bile broth 

brain heart infusion broth with 0.1% soluble starch 

growth in 40% bil e broth 

M 

tv! a 

Mal 

Malt 

ll !cC 

Mi 

Mo 

MP 

MPN 

MYP 

Ni 

methyl reel test 

dissimilation of mannitol ( cf. G) 

assimilation of malonate 

dissimilation of maltose ( cf. G) 

crystal violet neutral red bile lactose agar ( Mac 
Conkey, 66 ) 

microscopic examination . 

motility test in U -tubes 

mannitol peptone agar (Sellers, 128 ) 

most probable number 

mannitol egg yolk polymyxin agar ( Moss;el, Koop­
man & Jongerius, 98) 

nitrate reduction 
BPA brilliant green phenol red lactose sucrose agar 

oxidase activity ( Kovacs' (59) method) 
BYCA 

c 
Ca 

Cell 

Co 

D 

Du 

E 

EE 

ETGP 

FA 

G 

Gel 

Gl 

I 

K 

KECA 

Kl 

L 

Lac 

Lac 10 

Lee 

LE TA 

Lev 

brain heart infusion egg yolk cystein agar 

ass imilation of citrate (Simmons' ( 130 ) method) 

catalase activity 

dissimilation of cellobiose ( cf. G ) 

coagulase activity 

lysine decarboxylase activity ( Taylor's ( 139) 
m ethod 

dissimilation of dulcitol ( cf. G ) 

Eijkman's ( 25) them1otolerance test, in the modi­
fication of MacKenzie et al. ( 67); cf. Guinee 

Ox 

p 

Ra 

Sa 

Sal 

So 

ss 
STAn 

phenyl alanin desaminase ( Buttiaux et al.'s ( 9) 

method) 

dissimilation of raffinose ( cf. G) 

dissimilation of saccharose ( cf. G ) 

dissimilation of saliciH ( cf. G) 

dissimilation of sorbitol ( cf. G ) 

Salm01oel/.a Shi.gella agar 

soytone trypticase yeast extract cystein agar ( Mos­
sel et a!., 93) 

& Mossel ( 36) St dissimilation of starch ( cf. G ) 

Enterobacteriaceae enrichment broth ( Mossel, Vis­
ser & Cornelis-sen, 90) 

egg yolk tellurite glycine pyruvate agar ( Baird­
Parker, 2) 

fluorescent antibody stain technique 

dissimilation of glucose, studied in stabbed, 
fr eshly steam ed agar tubes ( .tvlossel & Martin, 86 ) 

dissimilation of gelatin 

dissimilation ' of glycerol ( cf. G) 

formation of indole from tryptophan 

KCN-tolerance ( Buttiau.x et al. 's (9) method ) 

kanamycin methylene blue azide agar of pH 8.0 

behaviour in stabbed, freshly steamed tubes of 
Kligler (57) iron agar 

toleranca of azide + ethyl violet, according to 
Litsky et a!. ( 65 ) 

dissimilation of lactose ( cf. G ) 

oxidation of lactose on 10% lactose sl ant~ ( 135) 

lecithinase activity 

lactose egg yolk neomycin agar ( Willis & Hobbs, 
152) 

formation of levan from sucros;e 

Su 

T 

TCTS 

TDYM 

TSN 

u 
v 
VRBG 

XLD 

Xy 

sulfite reduction in 0.05% Not,S03/ FeSO.,-agar 

growth at 45 ± 0.1 C 

trypan blue crystal violet tell urite sucrose agar 
(Chapman, ll ) 

tryptone dextrose yeast ex tract peptonized milk 
agar ( Mossel & Krugers Dagneaux, 84) 

tryp ton e sulfite polymyxin neomycin agar ( Mar-
9hall et a!. , 68 ) 

hydrolysis of urea ( Christensen's ( 14 ) method ) 

Voges-l"rosk:auer test for acetyhnethylcarbinol 

violet red bile glucose agar ( Mossel et a!. , 88 ) 

xylose lysine deoxycholate agar ( Taylor & Harris, 
140 ) 

clissin1ilation of xylose ( cf. G ) 

out in fresh as well as in incubated samples, after 
the storage test has been in operation. for say about 
a week. By comparing the counts of such organisms 
in incubated samples with the counts of the same 
organisms in fresh samples, or samples stored under 
refrigeration, a tentative impression of the growth 
of potentially dangerous organism~ in the food under 
examination can be obtained. Quite often such an 
increase in counts indicates inadequate shelf life 

, 
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CENTRAL INSTITUTE FOR NUTRITION AND FOOD RESEARCH TNO 
DEPARTMENT OF MICROBIOLOGY. 

DATA DESCRIPTION OF FOOD SAMPLE EXAMINED COLUMN PROCESSING 
NRS. PART 

DATE OF RECE IPT 01-06 I I l 
TYPE OF FOOD 07-08 
COMMODITY 09- 35 
MANUFACTURER 36-40 

CRITERION USED IN "WEIGHED" 
EVALUATION RESULT SPEC! ~lCA TION 

NR DESCRIPTION DEFIC IE NCY 

01 TOTAL AEROBIC COUNT 41 - 43 
02 AEI-lOBIC SPORE COUNT 44 - 46 
03 TOTAL Ai~AEROBIC COUNT 47- 49· 
04 GRAM-NEG ROD-SHAP ED BACT. 50 - 52 
05 SALMONELLA/ ARIZONA 53 - 55 
06 ~NTEROBACTERIACEAI:: 56 - 58 
07 DIFFER ENTIAL ENHROBACTERIOGRAM 59 - 61 
06 CATALASE POS . COCCI 62 - 64 
09 STAPH . AU REUS 65 - 67 
10 LANCEFIELD D STREPTOCOCCI 68 - 70 
11 LACTOB AC ILLACEAE 7 1 - 73 
12 SULPHITE- REDUC ING CLOSTR. 74 - 76 
13 CL. BOTULINUM 77 - 79 
14 CL . PERFRIN GENS 80 - 82 
15 BAC. CEREUS 83 - 85 
16 M OULDSPORES 86 - 88 
17 Y EASTS 89 - 91 
18 92 - 94 
19 95 - 97 

CONCLUSION 98 

CIVO- T NO G 2 601 

Figure l. Front of card used to collec t data 01~ tes t sam p ies. 

very much earlier than organoleptic tests may do. of these organisms are determined again, unless mac­
Clearly, the greatest caution has to be exerted in roscopic signs of spoilage already indicate that pro­
interpreting the course of such coun ts; on no account liferation of the inoculum has occurred. 
should attenfion be paid to minimal increases in Precl·iction of the keeping quality of pe1"ishab le 
counts , until proper statistical treatment of the data foods. In general the keeping quality of perishable 
obtained h as confirmed these differences to b e sig- foods is not assessed directly, but instead quantita­
nificant. It is our e1.'Perience that a significant in- tive determinations are made of the organisms cap­
crease requires at lea£t that counts h ave doubled able of spoiling the food under study - the so-called 
and often, i. e. in more heterogeneous materials , even spoilage association. From such data the keeping 
tripled. quality can then b e estimated (81). 

In some instances the naturally occurring con tam- This association depends (a) on the conditions of 
ination of rather stable foods is too small or too erratic storage; and (b) on certain properties of the food, 
to serve as a reliable inoculum in such stability tests. viz. those which determine whether or not a given 
Then artificial inoculation of the commodities under organism will be able to proliferate in it. These 
study has to be carried out. '"-'~ have found the fol- properties are primarily the· food's water activity and 
lowing mixed inoculum, at an initial density of ap- its pH; and the presence of antimicrobial compounds , 
pmximately 102 cells/ g of food quite useful: (a) either naturally occurring ones or those added during 
spores of the mold flora of wheat bran; (b) the Lac- processing, such as salt, vinegar, smoke components, 
tobacillus flora of meat salads after storage for about - and synthetic preservll.tives. In Table 4 a review of 
one w~ek at 10 C; (c) a pure culture of Saccha.romy- the organisms which play a role in the microbial 
ces rouxi i. After suitable period of storage numbers_ spoilags of particular foods is presented. In Table 
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5 the methods which have been found useful for 
their enumeration have been compiled . 

Clwice of tests 
An important general aspect of fin al product exam­

ination is that the number of tests should be limited 
as much as possible. This will allow large numbers 
of samples to be examined, thereby satisfying statisti­
cal requirem2nts (133 ). This also necessitates the use 
of methods of maximal simplicity and rapidity, which 
have b een carefully standardized so that reliability 
will not suffer. 

In this connection, again, the use of well chosen 
indicator organisms can be particularly valuable. 

lnst1·umentatio·n ancl automation 
During the last decennium a rising load of exam­

inations entrusted to the laboratory for food micro­
biology has been observed. This results from an ap­
parently ever-increasing tendency to draft and apply 
microbiological specifications for food products, both 
by government agencies and by industry. It is ob-

INSTRUCTIONS FOR CODING 

COL. 
CRITERION 

NRS. 

01-06 DATE OF RECEIPT 

07-08 5 HELF -STABLE OR OTHER 

09-35 COMMODITY 

36-40 MANUFACTURER 

41-97 ENUMERATIONS 
·• 

vious that this increasing demand can only be met 
in the future if considerable streamlining in labora­
tory methods is achieved. 

In attempting this we have so far refrained frmw 
using new instrumental methods of sensing of some 
sort. Rather we have applied the replication princi­
ple, suggested by Corlett et al. (17 a). First of all, 
spread drop counts are made on two rich infusion 
agars (84, 93) which are then incubated aerobically 
and anaerobically, respectively. From the aerobic 
"master plate" a representative choice of colonies is 
subsequently transferred to the set of media, pre­
sented in Table 6. After suitable incubation these 
plates are read according to the key given in the 
third column of that table. If required, or in case of 
doubt, additional tests are carried out. These in­
clude : (a) microscopic examination using a Gram 
stain; (b) simple biochemical tests , such as catalase, 
oxidase, and coagulase reactions; (c) growth tests on 
a rich infusion medium at the cardinal temperatures : 
43 C for salmonellae, 44 C for E. coli, 45 C for 

HOW TO CODE 

YEAR- MONTH- DAY 

FREE 

FREE 

l. ax 1Qb - boa 

2. below limit - 999 
II II 

1. If found enumeration= Nf and specification = N s. 41-97 WEIGHED DEFICIENCIES 
evaluate Nf/Ns in terms of ~4. ::?.>40,?400, etc. 
and attribute one deficiency to ~4. two to ~40,etc. 

2. Do not use this method for' presence orabsence(PA) 
tests for Salmonella, Arizona.Shigella or 
Clostridium botulinum. 

98 CONCLUSION 1. Add numb2rs of deficiencies found under 41-97 and 
evaluate as< 1 =excellent; 1 =good; 2 =fair: 
3 =slightly deficient; 4= deficient; 5 =poor; 
6 =very poor; 7 = extr'emely poor. 

2. If PA for 41-97,2 is+ ve, evaluate as: rejected 

CIVO-TNO .G 2502 

F igure 2. Back of card tlsed to collect data on t.est samp les. 

j 

·• 
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T A IJLE 5. REVIEW OF HECOMMENDED METHODS FOR THE M ICROBIOLOGICAL EXAMINATION OF FOODS WITH PAHTlCULAR REFEHENCE TO SPOILAGE ASPECTS 

Group of organisms sought 

Cram-negative, rod shaped bacteria 

Lactobacillaceae 

Non-Lactobacillaceae 

Aerobic bacterial count 

Aerobic bacterial count 

Bacterial spore counts 

Molds and yeasts 

Ovolytic organisms 

Lipolytic organisms 

Osmophilic organisms 

Presumptive co unting procedure 

Plating on Olson's ( 111 ) 1 ppm Crystal Violet sugar­
free ( gelysate/ trypticase; vide infm) and incubation at 
13 and 32 C 

Counts in Rogosa et al. 's ( 119) acetate agar at 32 C 

Counts in 0.5% gelysate trypticase agar at 32 C 

Counts in Mossd & Krugers Dagneaux' s ( 84) TDYM­
agar at 32 C' or 13 C when psychrophilic or psychro­
trophic organisms have to be enumerated ( Mossel & v.d. 
Moosdijk, 92) 

Counts in STAn ( Mossel et al. 9·3) at 32 C 

Counts in TDYM, or STAn, after heating the suspen­
sions for 1 min at 80 C ( Mossel, 95) 

Counts in yeast extract glucose oxytetracyclin agar," in­
cubated at 22 C (Beech & Carr, 4; Mossel, Visser & 
Mengerink, 87; Sainclivier & Rob lot, 122; Koburger, 58) 

Plating on blood agar base with 0.5% NaCl and 2% egg 
yolk, and incubation at 32 C 

Cow1ts in a thin layer of suitable agar" layered over an ap­
propriate lipid phase ( Eijkman, 24; Tuyenburg Muys & 
Willemse, 146 ) 

Counts in 60 wt% fructose-0.5% yeast extract agar (a 
w 

0.83) at 30 C ( Mossel, 79; Mossel & Bax, 97) 

'If food sample is high in molds add 1000 ~g/ml pin1aricin ( Mossel & Sand, 100) 

Confirmation 

OxGNiKlMo 

Completion or identifleation 

The necessary biochemical tests, 
including oxidation of 10% lactose 
and t es t for pigment formation 
on MP 

T AesLacMaltSaMaSoCell Microscopy, Ca 

Microscopy, Ca If required : biochemical confir­
mation tests 

Microscopy MPN counts in BHIS at 48 ± 2 C 
after heating for 30 mrn at 110 c 

Microscopy-but hardly necessary 

If required: microscopy and further 
examinntion of egg yolk clearing aJild/ or 
precipitating colonies 

If required: microscopy and further 
examination of colonies surrounded by 
a precipitation zone 

If required : microscopy and furtl"Hi!r 
examination of colonies obtained 

2If food sample is high in mold spores which form. copious aerial mycelia, add 1 :15000 ro~e bengal ( Smith & Dawson, 131) 

' For bacteria, see aerobic count; for molds and yeasts see molds and yeasts above. If the food sample may contain lipas~ of non-microbial origin, it is recommended to correct 
for non-microbial lipase activity by spreading 0.1 ml of the 1:10 dilution on to plates containing oxytetracylin pimaricin agar plus the standard fat layer ( Mossel & Sand, 100 ) 

.. 



~ z 
0 u 

t 
.... 
< 
;:J 
(y 

~ 
Sl 
l) 

§ 
,.... 
~ 
0 

"" u ,.... 

""" ~ 

co co 
"'"' 

~ 

.. . .....,~ .... 
.! f, 

.. 
TADLE 6. ~EPLICAl lON PHOCEDURES RECOMMENDED FOH THE TENTATIVE TAXONOMIC GROUPING OF COLO:<IIES, OOTAINED ON PIUMAHY PLATES OF AEIIODIC, GENEHAL PURPOSE AGAH

1 

Conditions of repli ca tion subculture 

Serial 
nr. 

OP 

02 

1\{edium used 

Description 

Sugar-free agar with 
0 .5% NaCl and 1 ppm 
crystal violet 

Violet red bile glucose 
agar (88) 

03 Chapman's mannitol 
7.5% NaCl agar ( 151 ) 

04 
· II] Baird-Parker's tellu-

, rite egg yolk pyruvate 
agar ( 2 ) 

052 Azide methylene blue 
10 J.Lg/ ml kanamycin 
agar of pH = 8 

06 Rogosa et al. 's acetate 
agar of pH = 5.8 ( 119 ) 

072 Infusion agar with 
10 J.Lg/ml polymyxin 
B sulphate 

083 Glucose infusion agar 

09 Oxytetracylin 
glucose yeast extract 
agar ( 87) 

Temp. 
'C 

22-25 

35-37 

30-32 

35-37 

35-37 

30-32 

30-32 

30-32 

22-25 

Incubation 

Time 
hr 

48 

18-20 

48 

28-30 

48 

48-72 

18-20 

28-30 

48-72 

p02 

aer. 

anaer. 

aer. 

aer. 

anaer. 

anaer. 

aer. 

aer. 

aer. 

Taxonomi c group, pre­
dominantly selected 

by culture .conditions 

All Gram-negative, rod­
shaped bacteria 

Enterobacteriaceae and 
Aeromonadaceae 

Catalase positive cocci 

S. anreus 

Lancefield group D 
streptococci 

LactobacilUaceae 

Bacillaceae 

None-but so far the 
only means of obtaining 
C01·unebacterium, Arthro­
bacter, etc. 

Molds, yeasts, resp. 

Colony type to be 
looked for 

Non pin-point 
colonies 

Colonies surrounded 
by purple halo of 
precipitate 

Regular, smooth, 
creamy colonies 

Anthracite black, 
smooth colonies, 
surrounded by a 
clear zone 

Small, regular, 
smooth colonies, 
hluish or white 

Rath er small, re­
gul ar colonies 

Trregular, dull, 
flat colonies 

Other than those of 
cocci or Bacilla­
ceae; vide supra 

Mycelial , rcsp. regu­
lar and glistening 
colonies 

'Trypticase glucose yeast extract peptonized milk agar ( 84) , with Tween 80 ( bacteriological grade) and Mg++, Mn ++ and Fe ++ add ed . 

2Media, developed for this purpose. 

30nly to be used if a considerable fraction of replicated colonies will not develop on media 01-07 and 09. 

Further tests 
to be carried 

out with such 
colonies 

Gram stain 

Oxidase reaction 
Mode of attack on 
glucose 

Gram stain 
Catalase reaction 

Coagulase reaction 

Gram stain of broth culture 
Catalase reaction 
Growth at 45 ± 0.1 C 

Gram stain 
Catalase reaction 

Gram stain 

Cram stain 

Alkaline methylene 
blue stain 

-
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Lancefield group D streptococci, and 46 C for C. 
pe1jringens; and (d) assays for tolerance of the classi­
cal selective inhibitors at the usual concentrations, 
e.g. azide, crystal violet, tellurite, etc . 

All these tests can be carried out in large series 
which lend themselves to instrumentation. Similar, 
though somewhat modified tes ts are applied to the 
anaerobic "master plate." 

In addition we have started a system of coding, 
storing, and retrieving the data obtained in this way. 
The front and back sides of cards found useful for 
this purpose are presented in Fig. 1 and 2. 

Necessity of standards for fin·ished products 
It is a fruitless procedure to make these finish ed 

product examinations without having standards avail­
able against which the results obtained can be evalu­
ated. Hence an essential part of microbiological 
quality control is the drafting of specifications . 

The general principles of drafting standards have 
been presented in the third section of this paper. 
The numerical details of such an endeavor are th~:: 

following. A representative number of samples of 
the commodity under study is taken from production 
lines previously checked for the absence of any tech­
nological and microbiological deficiencies. These 
samples are examined for the criteria for which 
standards have to be set up , in view of the health 
or spoilage record of the food under study. A tenta­
tive standard is then the figure met by over 90 or 
95% of the samples subjected to this microbiological 
evaluation (137). 

In finished product specifications, the time-tem­
perature combination to which samples are to b e ex­
posed prior to testing also merits careful consider­
ation. Preserved foods must obviously tolerate ex-

1 tensive periods of storage at temperatures up to 30-
45 C, depending on their destination. But also with 
semi-preserved or even highly perishable foods , it is 
useful to store samples for some time at a suitable 
temperature before microbiological examination is 
carried out, with the purpose of being able to antici­
pate the bacteriological condition of the commodity 
as it reaches the consumer, in addition to checking 
the microbiological quality at the end of the manu­
facturing line. 

RETROSPECTIVE ExA:MINATIONS 

There is a third and last aspect of microbiological 
quality control that should be mentioned. The au­
thor suggests that it be called retrospective micro­
bioiogical quality control. It consists of microbio­
logical examination of samples of consignments that 
have been returned to the manufacturer because of 
complaints, whether because of lack of microbio­
logical stability, or because pathogenic or indicator 

organisms have been detected at a level not accept­
able to importing countries or buyers. The exam­
ination of such products should not be considered 
a nuisance, but should rather b e looked upon as pro­
viding a valuable source of additional information 
on what may happen to the food under practical 
conditions. 

\iVhen examining sub-standard samples, the pack­
age should first ly b e examined very carefully for 
leakage (69 ). In addition, microbiological data on 
the contents can often be of considerable help in 
establishing the causes of the trouble. This was, for 
instance, our experience when charged with the bac­
teriological examination of canned meats of the solid 
pack type following the Aberdeen typhoid fever out­
break, allegedly caused by contan'iinated corned beef 
( 46, 75). To test for potential sub-standard quality 
Most Probable umber ( MPN) counts were made of 
Enterobacteriaceae and catalase-positive cocci in the 
material taken from the center and from the peri­
pheral areas of the packs. A comparison of such 
sets of counts enabled us to estimate \ovhether post­
process recontamination of the commodity had oc­
curred or not. 

Particularly in the examin ation of foods preserved 
by other means than by heat, or not by thermal treat­
ment exclusively, the antimicrobial parameters of the 
product (pH, a . and concentration of natural or add­
eel inhibitory substances) should b e checked, in or­
der to assess whether the product might have been 
insufficiently preserved. 

·when the cause of the complaint is not detected by 
any of these types of examination, the microflora has 
to be studied in more · detail. For this purpose, the 
methods summarized in Tables 3 and 5 can be used. 
\iVben this is done in extensively spoiled samples, 
however, the counts found may not correspond to 
the amount of deterioration detected by organoleptic 
methods. This results from what is often called auto­
sterilization, i.e. spontaneous dying off of part of the 
microflora, because of antimicrobial conditions creat­
ed in the food by the initial microbial proliferation . 
In this event, a quantitative microscopical examina­
tion can first be attempted (20, 85). 

In some instances, a large fraction of the microbial 
cells has lysed subsequent to death and microscopical 
examination does not then reveal significant abnor­
malities. It is our experience that a chemical search 
for specific microbial metabolites may then often 
yield the information required (82). When foods 
packed in hermetically sealed containers are exam­
ined, analysis of the gases found in the heaclspace 
(co,, H 2, and sometimes CH•) may provide this ans­
wer (110). Generally, quantitative determination of 
other metabolites such as volatile aliphatic acids, 
lactic acid, succinic acid, acetyl methyl carbinol, and 
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nitrogenous substances like histamine or aliphatic 
amines, may give useful indications of the type of 
spoilage that has occurred (123). Very illustrative 
in this respect was an "epidemic" of spoilage in salad 
cream and egg nog which we studied recently. In 
both instances Lactobacillaceae appeared to be the 
cause of the spoilage phenomena. Only rather low 
viable or microscopic counts of these bacteria were 
found in some samples; but determination of the lac­
tic acid content definitely established the etiological 
role of Lactobacillaceae in these instances too. 
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ABSTRACT 

The importance of the behavior of the people who are 
involved in food handling is emphasized . It is through th eir 
behavior that potential h ealth hazards are avoided and ac­
ceptable standards of cleanliness are maintained . E ducation 
is seen as the key to the modification of or th e change of 
behavior. Food handler's training courses "as usually given" 
are criticized and sugges tions are offered for improving the 
courses. The place of the sanitarian in these programs is re­
viewed. \•Vhil e h ealth departm ents have usually conducted 
the training programs, there are certain disadvantages in­
volved. Perhaps th e responsibility in this area shoul d rest 
with the food industry. 

The late J. L . Pomeroy is quoted as saying, "It 
isn't the hazard of 10 waitresses contaminating the 
glassware that serves 1,000 people that is the matter 
for concern. It is the 1,000 persons whom the wait­
resses have served ; there is the real danger" (1). The 
potential for food-borne disease is very great. The 
actual amount of illness that is transmitted through 
food is not known, but The Gross Report conserva­
tively estimates that one million cases of food poi­
soning occur annually in the United States (21). The 
million cases would not , of course, include food­
borne illnesses, not classified as food poisoning, which 
I believe are more prevalent than generally thought 
to be. If a food serves as a vehicle for food poison­
ing, then obviously this food is also capable of carry­
ing other diseases, because of its exp osure to con­
tamination and favorable environmental conditions. 
These other diseases may include those caused by the 

enteric viruses such as infectious h epatitis, p olio­
myelitis and others, some higher fungi (molds), pro­
tozoa such as Endameba hystolyt-ica, various of the 
nematodes and helmenthic ova, as well as the b ac­
terial agents both enteric, e.g. Salmonella typh-i?nwr­
iu.'ln and the recently discovered V ibrio parahemoly­
t-icus ( Sakazakia , 1963 ) and the respiratory group 
such as the hemolytic streptococci (13 ). !Vlost dis­
ease agents get into food because of things done or 
things not done by persons resp onsible for some 
phase of food production, transportation, processing, 
preparation, storage, or serving. 

In food sanitation programs, the h·aditional role of 
communicable disease prevention is still valid. Be­
cause the speatacular outbreaks of typhoid fever, 

scarl et fever, and diptheria have been eliminated, 
this aspect has been given, in my opinion, less im­
portance than it deserves. It may "vell be, however, 
that even that attention which has been paid to the 
control of food-born e disease has been misdirected . 
Perhaps we should have noted with more care the 
words of C. V. Chapin when he commented on the 
conquest of acute infectious diseases in 1934. 

"Vo/e h ave learned the true n atme of infection and we 
have learned th at the parasites which are its essence 
rarely propagate in filth and are seldom air-born e. vVe 
h ave, in the language of a distinguished American h y­
gienist, been to a large extent 'barking up the wrong 
tree.' Instead of indiscriminate attack on dirt, we must 
learn the nature and mode of transmission of each in­
fection, and discover its most vuln erable point of attack. 
Some of the most recent works on sanitation still reiter­
ate the time-worn phrase about dirt and disease. The 
daily press, and even the m edical press, speaks as if street 
cleaning, scavenging, modern plumbing, and t enement 
house reform were the mainstay in fighting infection and 
reducing the death rate. The majority of even intelligent 
people today believe that Havana was made healthy by 
municipal engineering, while it was really accomplish ed 
by scientific effort specifically directed against infections. 
Our medical schools are also doubtless at fault, for many 
of even our younger ph ysicians look for the source of 
malaria, typhoid fever, and diptheria in 'unsanitary con­
ditions' by which they usually mean defective plumb­

ing, decayin g vegetation, h eaps of stabl e manure, or 
general yard rubbish . The great problem of sanitation 
today is h ow to deal with mild or recognized cases of 
contagious disease and with those persons who, though 
well, are yet infected . This problem is not likely to be 
solved so long as physicians trace infection to the class 
of things mentioned instead of to persons" (5). 

To what extent have we, that is the sanitarians and 
the public health engineers, been "barking up the 
wrong tree?" Looking back to the 1943 U. S. Pub­
lic H ealth Service Recommended Ord,inance and 
Code for Eating ancl Drink-ing Establishments, we 
find its main emphasis was on physical elements of 
the environment. For example, things that could be 

measured : cleanability of surfaces ( smootlmess ) , foot 
candles, and face-velocity of air to check ventilation 
via hoods; not to mention the hoods themselves and 
the three-compartment sink. At least, if the or­
dinan ce itself did not stress "things", those who w ere 

, 
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undertaking the control of food-borne disease under 
the ordinance stressed "things." Sanitarians came to 

be knovvn as the "floors , walls, and ceilings men." 

Physical things are important, but they are, I be­

lieve, considerably less important than people in the 
prevention of , food-borne illness. The 1962 revision 

of the U. S. Public Health Service model ordinance 

has listed the sanitation items in a different order 
with "floors, walls and ceilings" listed in the last 

section F, and from the last place on the 1943 list 
"personnel" has moved up to section C, which is a 

step in the right direction (20). 

CHANGES m FooD TECHNOLOGY 

Food handlers ar~ also the critical factor in what 

Lemaul Shattuck, in 1850, suggested was very im­

portant to the welfare of the population; the pre­

vention of the intentional or unintentional addition 
of harmful substances to food (15). The revolution 

in food technology since Shattuck's time has increased 

a thousandfold the possibility of harmful food addi­
tives reaching large numbers of people from even one 
mistake. Pesticides, herbicides, and animal feed addi­

tives are examples of substances that may reach the 
consumer in his food (from the producer ) . 'When­

ever food-stuff is processed chemical substances may 
be a hazard as well as disease transmission in the 

h·aditiooal sense. One figure that indicates the in­

crease in the processing of food is this from the 
frozen food industry: the frozen food output in the 

U. S. in 1942 was 647.5 million pounds. In 1959 the 
total had risen to 6,565 million pounds (13 ). Practi­

cally all of the food which is consumed today in the 
United States has been handled by many people be­
fore it reaches the consumer. In the U. S. 78 million 

meals were eaten away from home each day of 
1962 (19). This figure would likely be higher for 

1968. The problem of the control of potential haz­
ards in food is great and becoming greater, and meth­

ods of coping with the problem must also expand. 

FooD H ANDLER's NEED ATTEr TION • 

I think the problem of people involved in food 

handling has not been given adequate attention in 
part because it is considerably more difficult to deal 
with the human element than it is to engineer and 

to measure (with a meter or tape that is ). There 
have been some attempts to meet the "people-prob­
lem" in food hygiene, but often without remarkable 

success. One of the earliest attempts wa~ the food 
l.il.andler's HEALTH CARD which was required by 

law and was renewed annually after a physical exam­

ination . This examination usually consisted of a chest 
x-ray, a VVasserman Test, and sometimes a stool 
examin ation. I believe that health cru.·ds on this 

basis are now generally recognized for what they 
are; case-finding techniques perhaps, but not valid 

parts of a food hygiene program. Tuberculosis and 

syphilis are seldom h·ansmitted through food! Even 

if they were, a worker could manage to have the 
disease and a valid "Health Card" for about 11 

months of each year. The card system had some 

value in that it made the food worker h'IlOV.rn to the 
health department and vice versa. 

TRAINmc OF FooD I-!At'IDLERs 

A second and more meaningful program aimed at 

the human element is the training of food handlers 
in food hygiene. The military, during World War 

II, developed short course training programs for their 
food service workers. Follm~;ing the war, several 
state health departments and many local health de­

parhnents undertook to give food handler's training. 

The mark of a progressive sanitation division was 
whether or not it conducted a food handler's h·ain­

ing course as part of its food sanitation program. 
California State Health D epartment published a 
guide for conducting a food sanitation class in 1950 
and a revised edition in 1956. Three communities 

in California, according to the above reference, have 
compulsory food handler's courses for all food work­

ers in their jurisdictions, and over the years many 
courses have been held on a more or less voluntary 

attendance basis . The California guide mentions 
studies done in 1950 and 1951 to determine the ef­

fectiveness of food sanitation h·aining programs. The 
results, they say, "indicated that the training of res­

taurant p ersonnel does produce a recognizable im­
provement (4). There was a smvey evaluation done 

in a community in Massachusetts where the rating 
score rose from 20.8% in 2 years time to 79.6% ( 1944-

1946 ), (8) . At the time of the first rating, the com­

munity had no food sanitation program at all, and 

during the interval between ratings they developed 
a fairly complete program which included food hand­

ler's training. I do not think that there have been 
any really valid evaluation of these training courses. 
However, there is a growing concern that the courses 

as given are not meeting the problem. 

ARE COURSES ADEQUATE? 

If they are not, we should not be smprised. The 
key phrase is "as usually given." As usually given, 

the course is between 6 and 10 lu· of instruction 

given in 3 to 5 sessions. These sessions are broadly 

laced with 16 mm films that were made 15 to 20 

years ago and are not very topical. The "students" 

are usually coerced to attend either by their em­
ployer, or more likely the health deparhnent, after 

a full shift of work. Those instructing the classes 
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are handicapped by too little time in the course to 

do more than generalize, by having pressure of other 

work, and often by having no special training or 

aptitude for teaching adults. A critical review of 

the course content is beyond the scope of this paper , 

but one comment is appropriate. The California 

guide suggests seven subjects : Bacteria and Disease, 

Personal H ygiene and Food Service, F ood Protection , 

Dishwashing, Good Housekeeping, Rodent and In­

sect Control, and Laws and Inspections (4). These 

subject areas are quite standard as they appear in 

almost every course outline. These may well b e 

proper subjects, but are they all equally imp ortant 

as is usually implied and each worth only an hour? 

Another major weakness of the courses as they are 

usually given is that they seldom involve the op er­
ators and the managers. "'Without the "boss" giving 

visible m oral support, w ithout him lcn.owing w hat the 
food worlce·r knows, w ithout any planned followup 
of ·instTuct·ion, change i·n behavior of the "trainee"' 

is quite unlikely or at least hapha:::.ard. 
Are food handler's training courses to b e ab andon­

ed along with the x-rays and tbe 'Nassermans? Tbere 

does not seem to be any plausible alternative way to 

change behavior except through education . Coercion 

works as long as "the gun is at the b ack," but lasting 

change is only with a change of will. It is prob­

ably in this that the food handler's courses have 

fallen short. It is not the failure of education p er se, 

but rather a failure to educate. 

' iVe know that everyb ody does not hold health in 

the same high regard that we health workers do, and 

yet we assume that food handlers will readily accept 

our value judgement and will forthwith change their 

behavior accordingly. Perhaps this doesn't happen . 

There is not sp ace to exp ound on this important 

area, but it surely must be a factor in the evaluation 

of any training program. 

Education is a process which occurs to and within 

p eople. E ducation must include change; a ch ange 

of attitude which leads to a change of b eh avior (9 ). 
Very often , I think, we equate knowledge with edu­

cation. One educator h as said , "( it ) ... is a gross 

over-simplification to assume that knowledge is suf­
fi cient to ch ange b ehavior ( this) is very naive" (7). 
Knowledge or ignorance is only one factor. Other 

factors are the value orientations and the habits and 

customs of the people seeking education. H abits 

and customs arise b ecause these ways of behavior 

fulfill some need the individual h as . These m ay per­

sist because they continue to fill a need or b ecause 

the ways h ave become expected or routine. I sus­
p ect that a large part of the food handler's activity 

and behavior is rou tine and h abitual. 
F ood h andler's are n ot a sp ecial breed of p eople 

with a special culture and a special set of values. 

They are a fair cross section of the general popula­
tion; and, I would suspect, just about as varied . 

They do, of course have special skills and knowledge 

which is relevant to food handling; some of whicJ;l 

pertains to food hygiene. Training programs should 

not only take the special knowledge of the food 

handler into consideration , but should utilize it to 

the full es t extent in developing curriculum and teach­
ing methods. 

T HE T EACH EH's REsP ONSIBILITY 

I b elieve there is truth in the old saw that if the 

student hasn't learned, the teacher hasn't taught. 

This puts a great obliga tion on the teacher , especial­
ly if he is teaching adults . It is a risky thing for an 

insh·uctor to lay down all the rules and answers. No 

matter hovv acceptable these may be to him, his 

adult students may not accept them. "It indicates a 

subtle lack of respect for other p ersons-for their 

ability to cope, for their values . . . even if he ( the 

tutor ) is right and he very well may be (6)." E x­

pl oring for solutions with the students is a reason­

able way to gain student acceptance of the concepts 

develop ed . Thus the instructor may go step by step 

with the students in the development of the theme, 

improved food hygiene practice. This method would 

surely require more time than the 6 to 10 hr allow­

eel. It would also require a competence that most 

sanitarians do not now have but could certainly ac­

quire. The instructor must have a depth of knowl­
edge about th e actual food prep aration or processing 

in the industry; he must have a proper p erspective 

of the health hazards and the aesthetics involved ; 

and, p erhaps this is the most important, he must b e 

an able teacher of adults. I think this area presents 

a real challenge to the sanitarian. The sanitarians 

are, more than any other group, in a unique position 

to fill this need . 

CRITICAL EvALUATION OF EDUCATIONAL PHOGRAM S 

If health dep artments are going to continue to give 

food handler's training coures, the m ethods and tech­

niques by which this training is to b e accomplished 

must be looked at more critically than we h ave in 

the p ast. But perhaps the health department is not 

the best organization to conduct food handler's train­

ing. The health department has several disadvant­

ages . There is a stigma of police power and legal 

enforcement attached to most environmental health 

divisions. Those instructing often lack in b ackground 

or aptitude in teaching, and are not w ell enough 

versed with the food industry. One of the most ser ­

ious disadvantages is tha t the health dep artment is 

seldom in a position to follow-up the training in the 

on-the-job practical application. H ealth agencies 
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also offer some advantages. They usually have some 
status or prestige in the community which adds lus­
ter to the course. Personnel of the health department 
have a wide rE~nge of specialities from which talent 
can be dravvn. 

An alternativ.e to health department operated 
courses which is gaining acceptance is to place the 
responsibility for employee training in food hygiene 
squarely with the employers, i.e., industry. It is 
likely that industry will do more of this training. It 
is good business for a restaurant or a food industry 
to maintain high standards, and it is recognized by 
many that personnel performance is a key factor (2, 
17, 18). A third possibility is that educational :iii.­
stitutions could operate courses on a fee basis with 
the individual or industry paying the bill. 
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ABSTRACT 

Samples of raw and pasteurized milk were plated in de­

soxycholate lactose agar and incubated at 32 C ± 1.0 and 

37 C ± 1.0 for emuneration of colifonn bacteria. The lower 

temperature produced counts comparable to those at 37 C. 

Pasteurized samples yielded coliform-type bacteria which had 

5 different IMViC test patterns, wheras 6 patterns were 

found among the isolates from raw milk. The most pre­

dominant pattern was - + + + and existed among 33% of 

the isolates. 

This study was designed to determine if incubation 

temperatures of 32 or 37 C were selective toward any 

particular type or types of coliform organisms (as 

characterized by the HilViC test ) and whether more 

organisms could be recovered from raw or pasteurized 

milk using either incubation temperature. Standm·d 

Methods (1 ) now requires the use of 32 C. 

The literature is somewhat confusing in respect to 

the optimum incubation temperature for coliform 

bacteria. Boniece and Mailman (3) reported the 

optimum growth temperature for Esche'l'ichia coli and 

Aerobacter aerogenes as in the range of 37 to 39 C 

and the most favorable incubation temperature for 

the entire coliform group as 35 C. Murry (8) found 

that more colonies grew on Mac Conkey's agar at 30 

than at 37 C when raw and pasteurized milks were 

examined . However, after examining 416 samples of 

milk, Lawton (7) found no significant difference in 

the number of coliform colonies yielded at 32 and 

35 C. Thomas, et ·al., (9) isolated bacteria of the 

coli-aerogenes group from 825 samples at 30 C and 

from 735 at 37 C. They concluded that 30 C is 

more selective for Aerobacter and Klebsiella species 

whereas 37 C is more selective for E. coli. 

Geldreich, et al. (5) indicate that there are 12 com­

mon coliform I iViC types of which 1 and 2 are E. 

coli and are of fecal origin. These are designated 

+ + - - and - + - - , respectively, in the IMViC 

series. The Eijkman test for production of acid and 

gas in MacConkey's broth at 44 C is used for de­

tecting E . coli type 1 which reacts + + - - to the 

IMViC series (2, 6). 

1Contribution from th e University of Missouri Experim ent 

Station. Journal Series Number 5562. 

Results of previous research attempts may have 

been influenced by the type of sample selected. Some 

workers examined water (3, 9) whereas others used 

milk (7, 8). 

MATERIALS AND METHODS 

Samples 
Samples of Grade A raw milk were collected at the 

pasteurization plant or the producing farm. Samples orign­

inated from the University of Missouri Holstein-Jersey and 

Foremost Guernsey h erds, bulk delieveries from Kansas 

City, Missouri and from selected farms in the Columbia, 

Missouri milkshed. 
Pasteurized milk samples were taken from Universi ty 

cafeteria dispensers and from retail stores. Samples were 

h eld at 4 C and plated within 8 hr of co!Jection. 

Exami.nation of mw and pasteurized samples 

Platings, in accordance with Standard Methods for the 

Examination of Dairy Products (1), were made af 1:1 and 

1 :10 dilutions in duplicate using desoxycholate lactose med­

ium. One set of plates was placed at each test temperature. 

After counting, typical colonies were picked from plates 

incubated at both temperatmes for 17 samples of pasteurized 

milk and 26 samples of raw milk. Colonies were placed in 

lactose broth and incubated at the temperature at which 

they grew. Tubes were examined for gas production after 

24 hr. Cultures in tubes showing no gas were discarded. 

Cultures of Gram-negative bacilli from tubes showing gas 

production were subjected to the series of IMViC tests (2). 

Study of six ·isolated stmins 
Two sets of lactose broth tubes were inoculated with each 

of sLx strains which represented the different IMViC reaction 

patterns observed. One set was incubated at 32 C and the 

other at 37 C for 24 hr. Th.ese were then plated in desoxy­

cholate lactose agar at dilutions to produce 15 to 150 colonies 

p er plate and incubated for 24 hr at the temperature of pre­

vious incubation . 

To eliminate the possibility that temperature of culturing 

in the broth might h ave influenced th e counts in the previous 

experin1ent, each of the six strains was inoculated into a single 

tube of lactose broth and incubated 24 hr at 37 C before 

plating and incubating at the two test temperatures. 

Counts from each of these experim ents were converted to 

logarithms, and tests were performed to determin e whether 

there were statistically significant differences between the 

'n eans (4). . 

RESULTS AND DISCUSSION 

Pasteurized milk 
Coliform count comparisons were made on 190 

samples of pasteurized milk. A distribution of counts 
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is shown in Table l. No colonies grew at either 
temperature on plates made from 48 samples. Col­
onies were more numerous for 62 samples incubated 
at 32 C and for 52 samples incubated at 37 C. 
Counts were equal for 28 samples. Logarithmic mean 
counts differed ~y only .0014 in favor of the 32 C 
temperature. Samples which produced no growth 
were not included in the average. These data indi­
cate that the lower temperature is at least as satisfac­
tory as the higher from the standpoint of numbers of 
coliforms detected. 

TABLE l. DISTRIBUTION OF COLIFORM: COUNTS OF PASTEURIZED 

MILK SA1'vfPLES INCUBATED AT 32 C AND 37 C 

Number of sampl es within class 

Coliforms/ml at 32 C at 37 C 

Less than 1 68 67 
1 to 10 97 101 
11 to 100 22 19 
More th an 1GO 3 3 

190 190 

Twelve coliform types were cited by Geldreich, 
et al. (5), and five of these types were isolated from 
the pasteurized samples (Table 2). The IMViC reac­
tions were + +- -, - + - -, - - + +, -
+ + +, and - + - +· These were found 
among 34 isolates equally divided between the two 
temperatures, one colony having been picked from 
each of 17 pairs of plates . Three cultures produced 
no gas, two from 32 C and one from 37 C plates. 

TABLE 2. COLIFORl\I / l'.'fL OF PASTEURIZED MILK AND TYPES 

ISOLATED FROM PLATES INCUBATED AT 32 C AND 37 C. 

B!ViC Ii\IVi C 
Sample Coliforms/ml Reaction Coliforms/m l Reaction 

(32 C ) (37 C ) 
1 3 + + + 3 + + 
2 11 + + + 9 + + 
3 21 + + + 15 + + 
4 5 + + + 9 + + 
5 23 + + + 20 + + + 
6 136 + + + 104 + + + 
7 9 + + + 9 + + + 
8 20 + + + 14 + + 
9 30 + + + 26 + + 

10 11 + + 14 + + 
11 7 1 + + 
lZ 3 + + 3 + + 
13 13 + + 19 + + 
14 3 + + 2 + 

2 + 1 + ,1s 
16 1 0 2. + + 
17 2 0 2. 0 

0 No gas produced in lac tose broth; therefore, no 11\IViC 
test made. 

TABLE 3. DISTRIBUTIO AND MEANS OF COLIFORM COU TS OF 

RAW MILK SAl'vfPLES I CUBATED AT 32. C AND 37 C . 

Co li forms/ml 

Less than 10 
10 to 100 
110 to 1000 
More th an 1000 

• Not applicable 

of 
Kumber 

Samples 

26 
59 
21 
7 

l\ lean Counts 1\Iea n Counts 
at 32 c at 37 C 

0 0 

30 32 
434 439 

4380 3400 

Seven pairs of plates produced organisms with the 
same I MViC reactions . However, nine were not 
the same. The type predominating reacted - + + 
+ to the test series. There were 11 of these cul­
tured. Three E. coli cultures were' picked from 32 C 
plates and five from 37 C plates. 

Ra.w m-ilk 
Coliform count comparisons were made on 113 

samples of raw milk. o colonies grew at either 
temperature on plates of 1:10 dilutions of 26 samp­
les. The 32 C temperature produced 37 higher 
counts, whereas 30 were higher when plates were in­
cubated at 37 C. Counts were equal for 46 samples. 
The arithmetic mean counts shown in Table 3 were 
essentially the same for the two temperatures with 
the exception of the "more than 1,000" classification. 
However, these means were greatly influenced by t\:vo 
extremely high cOtmts at 32 C. These data verify 
those from the pasteurized milk experiment with re­
spect to the positive suitability of 32 C incubation. 

It is interesting that 75% of the raw samples pro­
duced coliform counts of 100 or less per milliliter. 

Six of the 12 coliform types, previously mentioned, 
were isolated from 52 colonies picked from duplicate 
plates of raw milk held at the two temperatures 
(Table 4 ) . Five of these were the same types as 
isolated from the pasteurized samples. The addition­
al type reacted + + - + to the I i\'IViC test. Thir­
ty-t\:vo isolates gave the IMViC reaction of - + + 
+· The same strain predominated in the pasteurized 
samples. 

Twice as many isolates from raw milk grown at 
32 C failed to produce gas as those grown at 37 C, 
6 vs. 3. However, the numbers are probably too 
small to imply significance. Logarithmic mean 
counts differed only by 0.1048 in favor of the lower 
temperature. 

Study of six isolated stra.ins 
·w hen the strains representing the 6 I.tviViC test 

patterns were grown out at 32 C and 37 C in lactose 
broth, five of the six produced higher counts at the 
lower temperature. However, the average ari thmetic 
mean difference was only 7 colonies per plate at 
dilutions which produced 15 to 150 colonies per 
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TABLE 4. COLIFORUS/ 1-·fL OF UAW MILK Al\'U TYPES ISOLATED 
FHOM PLATES INCUBATED AT 32 C AND 37 C. 

L\!ViC IMViC 
Sample Colifo rms/ml Reaction Coliforms/ml Ileaction 

(32 C) 
1 70 + + 
2 70 + + 
3 90 + + 
4 40 + + 
5 670 + + 
6 66 + + 
7 70 + + 
8 2560 + + 
9 500 + + 

10 126 + + 
11 38 + + 
12 3 + + 
13 50 + + 
14 11 + + 
15 5688 + + 
16 6312 + + 
17 49 + 
18 20 + 
19 10 + + 
20 1 + + 
21 9 " 
22 10 0 

23 364 
24 2 0 

25 2015 
26 6500 " 

(37 C) 
+ 70 
+ 60 
+ 40 
+ 30 
+ 860 
+ 50 
+ 70 
+ 2624 
+ 500 
+ 32 
+ 40 
+ 3 
+ 52 
+ 10 
+ 5000 
+ 7232 
+ 45 
+ 10 

0 
+ 0 

9 
10 

532 
l 

2275 
2340 

+ + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

0 

+ + + 
+ + + 
+ + + 
+ + + 

+ + 
+ + 

+ + + 
+ + + 
+ + + 

+ + 
00 

00 

+ + + 
+ + + 
+ + + 
+ + 

0 

" 

"No gas produced in lactose broth ; th erefore, no IMViC test 

made. 
• • No test possible. 

plate, and logarithmic expression of the counts pro­
duced an average difference of only 0.088. A "t" 
test for differences between the logarithmic means 
failed to show a significant difference between the 
counts obtained by the two methods. 

vVhen the same six strains were grown out in lac­
tose broth at 37 C, plated in duplicate and incubat-

eel at both 32 C and 37 C, four of the six strains 
produced more colonies at 32 C. Again, the mean 
differences were small (arithmetic mean difference 
= 7; logarithmic mean difference = 0.082 ), an d 
the "t" test for difference between the logarithm'1c 
means failed to show significance. 

These results indicate that incubation at 32 C pro­
duces counts of coliform bacteria from milk which 
are at least as high as those produced when 37 C 
is used. Only 6 of 12 common types (as determined 
by IMViC reaction) were tested, but both E . col-i 

( 14% of isolates) and A. ae1'0genes (7% of isolates ) 
were included. The isolate most frequently en­
countered ( IMViC reaction - + + +) w a s pre­
sent in at least 33% of the samples. 
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ALIGNMENT OF INDUSTRY-ORIENTED SANITATION PROGRAM) 
FRED R. VITALE 

Cont in ental Baking Company 
Rye, N. Y . 

Everyone will agree that there are many ways to 
set up an effec tive industry sanitation program. 
Therefore, I will briefly mention some of these ways, 
and then take a detailed look at our program. It 
should be pointed out from the beginning that no 
matter what program is follovved, sanitation in a 
plant remains the responsibility of management. The 
active interest, desire, and support of top management 
is essential. ·without this support, the sanitation 
program is destined to fail. A plant manager can 
assume the sanitation responsibility, and take com­
plete charge of the program, or he can delegate the 
sanitation responsibility: (a.) to the engineering di­
vision, where the Plant Engineer is given complete 
charge of the sanitation program, (b) to the Produc­
tion D epartment, where the Production Superinten­
dent is given complete charge of the sanitation pro­
gram, (c) to the Sanitation D epartment where the 
Plant Sanitarian, as a deparb11ent head, is given com­
plete charge of the sanitation program, or (d) to an 
outside sanitation "service." 

MANAGEMENT SuPPORT 

The management support for our sanitation pro­
gram starts at the general office level, with a general 
office sanitation committee. The President of the 
company is the chairman of the committee, and the 
Director of Sanitation is co-chairman. Every gen­
eral office deparm1ent head is an active member of 
this committee. This same basic organization pat­
tern is followed for the regional and plant sanitation 
committes. 

The general office sanitation committee's function 
is to establish company sanitation policy, provide di­
rection and check performance. Through the Di­
rector of Sanitation's office, the basic program is car­
ried forward to the plants through the assistance of 
the field Sanitation Supervisors. In addition, each 
department head wor~s through his regional counter­
part on common sanitation problems. The regional 
sanitation committee's function is to set up a sound 
regional follow-up program for sanitation, to ensure 
that all plants in the region are maintained at the 
highest level of continu.ous sanitatio-n by following 
established company policy. The plant committee's 

'Presented at the 55th Annual lv!eeting of the International 
Association of Milk, Food, and Environmental Sru1itarians, 
Inc. , t. Louis, Missouri , August 18-22, 1968. 

function is to carry out the sanitation program as 
established by company policy, and maintain the 
plant at the highest level of cont·i·nuous sa.nitat·ion. 

PLANT SANITARIAN 

In all of our plants, the responsibility of sanitation 
is delegated to a Plant Sanitarian who, as deparbnent 
head, works directly for, and answers to, the Plant 
Manager. I refer to our plant sanitation program as 
cont-inuous sanitation. By this we mean the con­
tinuous preservation of clean surroundings, created 
by the subconscious natural or instilled quality with­
in the individual, which demands orderliness and 
cleanliness. 

THE SANITATION PROGRAM 

The first step in our sanitation program begins 
with an orientation program for all new employees, 
which consists of a meeting with each department 
head. During the meeting with the Plant Sanitarian, 
our sanitation program is reviewed, the importance 
of per~onal cleanliness and sanitary working habits 
is outlmed, and each individual's conb·ibution to the 
sanitation effort, and the importance of cooperation 
from all employees, is sb·essed. 

The next step in our sanitation program is h·ain­
ing. Basically, this consists of on-the-job training 
and home study, through the use of a series of sani­
tation bulletins. This program is followed in b·ain­
ing Sanitarians and Sanitors, and with slight modifi­
cations is used to give sanitation training to Man­
agers, Sales Managers, Superintendents, Engineers 
and other supervisors. Visual aids, such as film strips, 
hand-out flyers , and bulletin board posters are also 
used to impart sanitation b·aining to the rank and 
file. I briefly mentioned earlier, that each plant has 
a sanitation committee. This committee consists of 
each plant department head. 

A brief description of the way each deparbnent 
cooperates to maintain a clean and orderly bakery 
follows : (a) the i\IIanager gives the sanitation program 
proper backing, and allows sufficient budget, (b) the 
Sanitarian organizes and gives direction and guid­
ance, and follows through on all sanitation activities 
in th~ p~ant, (c) the Shop Superintendents develop 
and mstlll clean working conditions and personal 
habits in their people, (d) the Plant Engineer installs 
sanitation aids, and maintains the physical condition 
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of the equipment and buildings, (e) the Garage Su­

perintendent maintains clean trucks, both inside and 

out, and a clean and orderly shop, (f) the Sales Super­

visors instruct salesmen in truck, garage, personal, and 

sales room cleanliness, (g) the Office Manager in­

structs his people in clean work and personal habits 

regarding lunch room, locker rooms, and storage 

rooms; he also helps the sanitarian with proper ac­

counting in order to control costs, (h) the Receiving 

Clerk inspects incoming ingredients and maintains 

proper storage and rotation of all stock, (i) the Per­

sonnel fanager recruits qualified personnel, and 

assists in our training program, and (f) the Shipping 

Room Supervisor instructs his people in clean work­

ing habits , and maintains a shipping schedule to mini­

mi ze conges tion in the plant. 

I NSPECfiON 

The committee holds a weekly meeting, after mak­

ing a joint brief inspection of a preassigned area of 

the plant. Each individual makes notes of his in­

spection, and these notes are summarized for follow­

up by the department head responsible. The plant 

is divided into 7 areas, so that the entire plant is 

covered every 2 months. On the eighth week, these 

inspections are reviewed and the plant sanitation 

committee makes a sanitation rating of the plant. 

The rating sys tem used is similar to that used by the 

American Institute of Baking (AlB), in their in­

spection of our plants . These inspections will be 

discussed in more detail later. V./e feel that the com­

mittee meetings improve the cooperation between 

departments, and further trains the supervisors by 

making them aware of problems in other departments. 

As mentioned earlier, the responsibility for sanitation 

in our plants is delegated to the Plant Sanitarian. 

Rather than discuss in detail the many duties of the 

sanitarian, I will limit my comments to the key 

points of the program. I briefly mentioned the in­

spections made by the plant sanitation committee. 

Other inspections made by the sanitarian include a 

daily eye-level inspection of the entire plant. In­

fractions noted on this inspection are listed in the 

sanitarian's daily log. 
This report is used by the sanitarian to keep the 

manager informed of the every day conditions during 

their daily contact period. In addition to the plant 

sanitation committee's inspection, and the daily eye­

level inspection, the sanitarian also makes a daily 

comprehensive inspection of an area of the plant. 

In this way, he is acting as a "resident" AlB inspect­

or, thoroughly inspecting the entire plant every two 

months. The infractions noted on these inspections 

are recorded, and the respective department heads 

are informed for proper follow-up. These infractions 

are also used by the plant sanitation committee in 

assigning the sanitation rating for the plant for the 

respective two month period. 
The rating system is an arbitrary method of ex­

pressing the sanitation level existing within a plant •, 

( superior-900 to 1000 points, excellent-BOO to 899, 

satisfactory-725 to 799, passable-650 to 724, unsatis­

factory-below 650 ). The rating is determined by 

appraising 5 sanitation categories, each of which has 

equal weight of 200 points. (Sanitation categories: 

(a) adequacy of sanitation program, 200 points; (b) 

pest control, 200 points; (c) operational methods and 

p ersonnel practices, 200 points ; ( cl) maintenance for 

sanitation, 200 points; and (e) cleaning methods, 200 

points ). It has been our experience that the infrac­

tions noted in these inspections generally follow a 5%, 

5%, 30%, 30%, and 30% pattern, respectively, for these 

categories . The infractions noted, and their severity, 

take away from the numerical score for that category. 

The plant rating is determined by using the total 

point score of all categories. 
If a situation exists where there is a serious break­

down in the sanitation program, whereby the finish­

ed product is likely to become contaminated, the 

plant may be assigned an unsatisfactory rating. If 
this should happen during an AlB inspection, a "re­

inspection" of the plant is made generally within 90 

days . 
The basic rating system is followed by the AlB 

field sanitarians that inspect our plants. I might add 

that the AlB inspections are an integral part of our 

sanitation program, and these unannounced inspect­

ions are made more or less on a yearly basis. These 

inspections give us an independent unbiased audit 

of the plant's sanitation, and they provide us with 

the information to determine if the individual plant's 

program is in compliance with company standards. 

The AlB inspection also serves as an educational op­

portunity for the plant personnel to take advantage 

of the field sanitarians' experience and training in 

finding practical answers to existing problems, and 

advise regarding potential problems. 

The reports of each plant's AlB inspections are 

sent to the general office. Each report is reviewed 

by the Director of Sanitation, who makes appropri­

ate comments, and forwards his comments (with 

copies of this report ) to the regional Vice-President, 

then forwards copies of the inspection to the Plant 

Manager, asking him to make a detailed report, 

within 30 days, of the corrective action taken on each 

item as listed to the Director of Sanitation. As the 

AlB reports are circulated to members of the general 

office sanitation committee, the various department 

heads work through their regional counterparts on 

problems in their area of responsibility. 

Other inspections of om plants are conducted by 

the Food and Drug Adminish·ation, military, state, 

( .. 
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and local authorities . TI1e sanitarian must be thorough­

ly familiar with company policy regarding these in­

spections, and he is one of the key people who must 

accompany these inspectors in our plants. 

LABOR CosTs n SANITATION 

Since labor represents approximately 95% of the 

sanitation costs, it is imperative for the sanitarian 

to maintain maximum conh·ol of his labor costs. This 

control can be accomplished through proper schedul­

ing of each sanitor's work routine, both "daily" and 

"periodically." The daily work schedule is a station 

or area schedule which is posted in the area where 

the man works. This schedule includes the working 

hours, work to be done, and the method of cleaning. 

A sanitor's duties, other than daily or periodical 

work, is assigned from the items noted during the 

various inspections, or is taken from a mastr5r work 

book. TI1ese duties are listed on the sanitor's special 

assignment sheet. 
The master work book is a listing of all cleaning 

jobs that are not done on a daily basis. These jobs 

include both equipment and sh·uctural cleaning. The 

cleaning frequency, which may vary weekly or yearly 

or longer is also listed. As each job is completed, 

the date is noted in the appropriate space. 

As our plants have become larger, the need to 

prevent Wasting of valuable time by the sanitors, in 

making frequent trips to and from a cenh·al stock 

room, became obvious. '"'' e are now using individual 

sanitor carts in many of our plants. They are metal 

carts on wheels, provided with a lock and key, and 

each cart is numbered and assigned to a sanitor. 

Each cart is fully equipped with almost all of the 

tools and supplies needed to do the various clean­

ing jobs. 

RECEIVING Goons 

In many plants, the responsibility for recmvmg is 

under the sanitarian. In other operations, particularly 

our larger ones, this responsibility is given to a re­

ceiving clerk who is a deparhnent head. In either 

case, the conh·ol of foreign material is a very im­

portant job of the bakery sanitarian, and this control 

must begin with the receipt of ingredients. A visual 

examination of all incoming ingredients is made im­

mediately after the delivery vehicle is opened. This 

examination of the outside of bags or cartons is for 

physical damage, and foreign substances such as 

grease spots or stains, as well as for evidence of in­

s~cts and rodents. An ultra-violet, or so-called "black 

light," is used to pin-point evidence of rodent con­

tamination. Rejection of shipments is frequently 

made, based on the findings of these examinations. 

All finely ground materials are examined upon re-

cepit by sifting samples through 30-mesh screen. 

Four bags from a carload shipment are selected at 

. random for sifting, and if any foreign material is 

found (such as a live or dead insect) , 6 additional 

bags are sifted to determine the degree of contamin­

ation, and whether the lot should be considered for 

rejection . A record is kept of each lot examined. 

Foreign material may also reach the ingredients after 

their arrival in the plants. Therefore, our check­

points for foreign material control must include the 

ingredients while in storage, and at the point of use 

in the shops. The last line of defense in foreign ma­

terial control must be production practices, which 

prevent the incorparation of foreign material in the 

finished product. This requires departmental co­

operation in the development of good working habits . 

CHECK ON "TAILINGs" 

The sifter of the plant flour handling system also 

contains a 30-mesh screen, and the "tailings" obtained 

are checked on a daily basis. A record is kept of these 

findings , and are reported weekly to the regional and 

general offices. Any adverse findings are brought to 

the attention of the purchasing department, and the 

flour mill that is involved. 

BULK H A1'\TDLING 

With the increase in bulk handling of more dry 

and liquid ingredients, increased sanitation responsi­

bility in this area becomes a necessity. The use of 

common carriers, inspection of the delivery vehicles, 

use of filters , handling of the product in the plants, 

and the cleaning of the bulk handling equipment all 

require detailed study to avoid potential problems 

of product contamination and product quality de­

terioration. The use of bulk ingredients has also 

increased the need for inspection of these suppliers' 

manufacturing facilities. 

TESTS ON I 'GREDIENTS 

Selected ingredients are routinely sampled and sent 

to our research laboratories for analysis. In co­

operation with our laboratories, we make bacteriolo­

gical surveys of our operations, and routinely use 

petri plates to make surveys of the incidence of mold 

spores in various areas tlu·oughout the plants. The 

use of hand sanitizing dip stations, and the sanitizing 

of equipment is a prime requisite for bacterial con­

trol, and tl1ese procedures have become an integral 

part of our program. 

PEST CONTROL 

' Ve utilize a self-conh·olled progran1 for pest con­

h'ol. Therefore, our sanitarians must be thoroughly 



182 ALIGNMENT OF hmUSTRY 

familiar with various types of cereal insects, their 
life cycles, habits, and other characteristics in order 
to understand the control measures that should be 
used to avoid infes tation problems . Other species 
of insects that are of primary concern include ants, 
flies , and roaches. '"'bile we stress that 80% of the 
job of insect control is the cleanliness or housekeep­
ing effort , there vvill always be the casual insect in­
vader. Therefore, use of insecticides is necessary. 
The sanitarian must also be thoroughly familiar with 
the composition, application, precaution, and effect­
iveness of all company-approved insecticides . 

A necessary part of our pest control program is the 
control of rodents . The sanitarian must b e thorough­
ly familiar with the habits and characteristics of both 
rats and mice to guide him in establishing an effect­
ive control program . This program must include 
rodent-proofing the building, eliminating outside 
harborages or conditions conducive to rodents, as 
well as keeping traps set at all times in strategic 
areas. 

Birds are also included in our pest con trol pro­
gram . Such species as pigeons, sparrows, and star­
lings are most frequently encountered . As is true 
with insect and rodent control , sanitation is of prime 
importance in bird control. Sanitation must include 
their exclusion from food, roosting, resting, and nest­
ing. Revolving lights and ultrasonic devices have 
not been very effective for bird conh·ol and our 
knowledge of chemical control is limited. 

BISSC 

Nearly everyone is familiar with the baking in­
dustry sanitation standards committee, commonly 
known as BISSC. This committee was founded near-

ly 20 years ago to meet the serious sanitation prob­
lems caused by uncleanable bakery equipment, in­
adequate consideration of sanitation requirements in 
the design of new equipment, and the use of unsuit­
able materials in bakery food processing units. Our 
company has been represented on, and has taken an 
active part in , the functions of this committee from 
the very beginning. It is company policy, in the 
purchase of new equipment, to · insist on BISSC cer­
tification whenever possible. This also holds true 
in the manufacture and/ or alteration of equipment 
in our plants. The sanitarian naturally is consulted 
in these matters. 

AGENCIES AND D EPOTS 

While I have been discussing our program pri­
marily as it is carried out at the plant level, we also 
have to b e concerned about our "agencies" or distri­
bution depots. The agencies follow our same basic 
sanitation program under the direction of the Agency 
Manager. Semi-annual sanitation inspections of the 
agencies are conducted by the Sanitarian, Engineer 
and/ or Manager from the plant responsible for the 
agency. 

As I stated at the beginning of this paper, responsi­
bility for sanitation in the plant is that of tl1e 1nan­

ager. It is frequently stated in our company that, 
"a plant is as clean as a manager wants it to be." 
While I feel that we have an excellent b asic sani­
tation program, it is necessary to have the desire of 
each manager, the department heads , and every em­
ployee to make the program work with maximum ef­
ficiency to produce the highest quality products in 
kitchen clean surroundings at a profit. 

, 
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SOME RECENT VIEWS ON RECONSTITUTABILITY 
AND KEEPING QUALITY OF MILK POWDER 

SAT P ARKASH1 

Department of Food Science 
University of Alberta, 
Edmonton, Canada. 

( Received for publication April 22, 1968 ) 

The chemical and physical properties of milk pow­
der are influenced by several factors , including its 
composition, method of manufacture, storage con­
ditions, and the reconstitution procedures (18). The 
predominant use of milk powder has been in human 
nutrition. The complex nature of milk powder poses 
several problems for its evaluation. For example, 
the physical state of casein is a factor limiting the 
rate of dispersion of dried milk ( 4), and in the manu­
facture of milk powder, if condensing of preheated 
milk is omitted, wettability is poor but any addition­
al heat treatment after condensing the milk produces 
an adverse effect. \ iVith the introduction of a re­
combination process, which involves reconstitution 
of skim milk powder and emulsification of milk fat 
into skim milk, the study of the physico-chemical as­
pects of milk po,.vder is becoming of greater interest. 
This article .deals with reconstitutability and keeping 
quality of milk powder and their relation to dairy 
problems. 

Of the various processes that are used to dry milk, 
spray drying is by far the most popular. Lesser quan­
tities of milk and other dairy products are roller 
dried . 

; RECONSTITUTABILITY 

In recent years a considerable emphasis has been 
placed on the problem of manufacturing very readily 
soluble skim milk powders, often called "instant" 
powders. Since 1954, the production of instant non­
fat dry milk has increased rapidly. Practically all 
nonfat dry milk for home use is now instantized . 

Instant nonfat dry milk may be made by any one 
of the three general methods viz. (a) single-pass in­
stant, (b) agglomerated instant, and (c) puff instant. 
In most commercial mantlfacturing methods, agglom­
eration of powder particles is accompanied by surface 
wetting, clumping, then redrying. Among the factors 
affecting instantizing (or agglomeration) moisture 
content and particle size are quite important. A 
mimilnum of fine particles, less than 20f.L in diameter 

'Present Address: Research Council of Alberta, Edmonton , 
Canada. 

is desired with the preferred particle range of 25 
to 50fL. 

The problems in manufacturing a satisfactory in­
stant dry whole milk, have been more difficult large­
ly because of the presence of milk .fat in the system. 
Disperisibility of dry whole milk ( 26% fat) is the 
lowest ( 31.9 g ) compared to products with lower 
fat contents (21). There is presently some com­
mercial production of foamed spray dried nonfat 
dry milk as well as dry whole milk. The foam-dried 
whole milk although little different in wettability 
from the normal spray dried particles, disintegrates 
rapidly once contacted by water. 

A perusal of the literature shows that increasing 
attention is being paid to the reconstitution of dried 
milk (18), although the reconstitutability of milk 
powder is a poorly defined and complicated concept. 
The subject has been quite extensively reviewed by 
Coulter and Jenness (12) . The task of describing a 
method which includes all properties and definitions 
involved and which applies to different local condi­
tions therefore, is difficult. 

The first stage in reconstitution after the initial 
contact of water is the wetting of particle surfaces 
(16, 20), which is followed by water absorption and 
swelling of proteins and solution of soluble constit­
uents (7, 22). However, smooth progress of the re­
constitution process and properties of the product 
obtained depend upon manufacturing and storage 
conditions, which affect the nature of the powder 
particle. 

Part of the difficulty of rapidly reconstih1ting milk 
powders in water lies in the number of different re­
actions which occur when milk powder and water 
are brought into contact with each other. Wettabil­
ity, dispersibility, and solubility appear to cover most 
of the reactions involved and are suggested as a 
basis for discussion by Abbot and Waite (2). These 
workers define them as: 

'\Vettab·il-ity: the rate at which a mass of milk 
powder is penetrated by, or sinks into, quies­
cent water. 

Dispersibilit y: the degree of separation of wetted 
powder particles in water. 

Solubility: the degree to which the constituents 
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of milk povvder can b e brought into solution or 
stable suspensions. 

Experiments of Abbot and vVaite (2) demonsh·ate 
that in characterizing the reconstitutability of milk 
powders , particularly in relation to domestic use of 
"instant" milk powders, the test method should take 
into account all three characteristics of wettability, 
dispersibility, and solubility rather than of any single 
characteristic. However, for day-to-day factory con­
trol, a wettability test coupled with a solubility 
measurement, both providing results quickly, would 
provide useful information. The surface of the in­
dividual particles of skim milk powder is readily 
wettable. However, wettability decreases with an 
increase in the fat content (21, 24). 

Rate of dispersion of milk powder during recon­
stitution is also considered as one of the factors by 
which a powder is judged . The first stage of the 
dispersion of any powdered material is the wetting 
of the solid particles by the solvent. Milk powders 
have a very wide range of wettability. Some samples 
sink readily upon coming in contact with the solvent, 
whereas others remain floating on the surface. Sev­
eral methods for the es timation of wettability are 
already in use (5, 6). Niuers and House (22) have 
proposed a simple method for comparing the wet­
tability of "instant" spray dried separated milk pow­
ders. According to this method a layer of powder, 
spread evenly over a defined area of a piece of easily 
permeable cloth, is caused to float on the almost 
quiescent surface of water rising through the cloth. 
The time taken for the sample to be wetted is re­
corded. \ iVetting times vary from a few seconds for 
good "instant" powders, to several minutes for ordi­
nary spray dried powders. Muers and House (22) 
have also demonstrated that particle size is the most 
important factor controlling ease of wetting. As 
rightly pointed out by Coulter and Jenness (12) the 
situation of dispersibility with dry whole milk is 
somewhat confused. ~apid cooling of the powder 
and coating with a surface active material (e.g. 
lecithin ) are suggested for improved wettability 
(24, 26, 31). 

According to Samkammer (25) wettability of whole 
milk powder depends upon the amount of free fat 
only to a certain degree, and solubility of "instant" 
powders is somewhat decreased after exh·acting the 
fat. The reason for this is supposed to be an im­
pairment of the capillary active effect of the spaces 
between the agglomerated p articles . Ultimate solu­
tion of any powder, is dependent upon the extent of 
casein destabilization. Reduction of the hydrophilic 
properties of the milk protein has b een claimed by 
Kennedy and Spence (15) to improve the reconstitu­
ability of dry milk. 

Numerous methods for determination of the solu-

bility of milk powder have been devised. Broadly 
they may be divided into hvo groups: (a) those which 
may claim to a more exact determination and (b) 
those which give a more or less conjectural figure ~ 

The more exact methods are too elaborate to be of 
any practical importance to industry. A simple and 
fairly accurate method has been proposed by the 
American Dry Milk Institute (8). Both Falkenhahn 
(13) and Cone and Ashworth (9) also find a certain 
correlation ben;veen the more exact methods and the 
American Dry if ilk Institute (ADMI ) method. 
Steen (27) is of the opinion that better results for the 
solubility of milk powder can be obtained if a more 
gentle mixing is used in the ADMI method. 

KEEPING QuALITY 

The keeping quality of milk powder is limited 
by bacteriological and chemical processes. Decom­
position of milk solids by bacteriological h·ansform­
ations can be effectively checked by reduction of 
moisture contents to a level below the minimum re­
quired for their growth (14) because the stability of 
dry milk during storage is critically affected by the 
moisturg content and storage temperature. High 
moisture levels, resulting from inadequate dehydra­
tion or reabsorption of atmospheric moisture promote 
insolubilization at relatively mild storage tempera­
tures. The rate of solubility loss is a function of 
both concentration and temperature (10). 

A number of other significant changes also occur 
in high moisture milk powder in addition to loss of 
solubility. For example, (a) the lactose is gradually 
bound by the protein, (b) the pH decreases steadily, 
and (c) characteristic changes associated with the 
Maillard reaction between sugars and amino nitrogen 
become apparent including development of brown 
discoloration and production of carbon dioxide (30 ). 
The loss of protein solubility in dry milk is generally 
attributed to the sugar-protein interaction. Changes 
in the stability of the caseinate-phosphate complex 
are also responsible for the loss of solubility. Ac­
cording to Manus and Ashworth (19 ), the solubility 
of spray-dried powder is unaffected by preheat 
treatments of fluid milk that cause serum protein 
denaturation . The influence that forewarming of 
milk exerts on stability of the evaporated product 
to sterilization temperatures indicates that proteins 
of milk interact in a way which interferes with and 
reduces heat denaturation of the proteii'ls when they 
are subsequently given a high temperature treatment. 
Heat-induced reactions, which have been shown to 
increase the stability of milk proteins include a case­
in-{3 lactoglobulin interaction and protein-lactose 
binding. Addition of stablizers is used mainly in 
commercial practice to ensure a fluid finished prod-

, 
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uct. Stabilizers are soluble salts whose anions com­
plex or precipitate calcium, and as the casein in heat­
ed milk is more sensitive to calcium than it is in 
unheated milk, stabilizers are considered to exert 
their protecting influence by removing calcium which 
might otherwise form an interpolymer link beh'leen 
altered casein molecules causing them to aggregate 
and precipitate. 

According to King (17) the dry milk particle has a 
primary physical structure comprised of the milk sol­
ids in which is dispersed the moisture and air cells. 
The physical mass of the particle (nonfat dry milk 
and dry whole milk) is dominated by lactose pre­
sumably in which the proteins, fat, and minerals are 
more or less dispersed. Lactose in dry milk may be 
in the amorphous or glass (non crystalline) form 
and as a monohydrate crystals and f3 anhydride crys­
tals. In the amorphous state lactose is very hygros­
copic and as sorption occurs, the lactose becomes 
sticky and this initiates adherence of the milk p ar­
ticles to each other. ·with sufficient moisture and 
time a solid mass is formed thl'ough continued crys­
tallization of lactose. The instantizing process for 
producing readily soluble powder is somewhat simi­
lar. The surfaces of milk powder particles are humid­
ified or partially dried so as to facilitate partial 
crystallization before the particles are redried (23 ). 
This produces a clustering of the particles in loose, 
spongy aggregates which are readily dispersible in 
water. Careful control of conditions of rehydrating, 
holding to allow agglomeration, and redrying are 
very important to preserve the solubility of the pow­
der. Unfortunately little technical information is 
available on the process. 

Spray process dry whole milk is normally prepared 
from milk which has been preheated to a temperature 
sufficient to denature essentially all of the whey pro­
teins . The effect of heat treatment of the fluid milk 
in stabilizing against oxidation of the fat in the dry 
product has long been recognized. Assuming aver­
age conditions of milk quality and processing, oxi­
dation off flavors become noticeable in about thl'ee 
months when dry whole milk is held at 70 to 75 F 
(air packed ). Among the many factors influencing 
the rate of milk fat oxidation, metallic contamination 
from copper and iron is one of the most important. 
Attempts have been made by several workers to use 
antioxidants to avoid high heat treatment of the milk 
but, unfortunately, none of the antioxidant has b een 
claimed to be more effective than heating the fluid 
milk (1, 28). 

Milk powder in hermetically sealed packings is 
safe against reabsorption of moisture under unfavor­
able conditions and therefore, any deterioration of 
the quality of the powder is seldom of a bacteriologi­
cal nature. The chemical processes in whole milk 

powder are very difficult to stop completely. The 
most common defect in whole milk povvder is the 
tallowy fl avor caused by the oxidation of the butter 
(14). Aceto et al. (3) have reported on some storage 
aspects of continuous vacuum foam dried whole 
milk made, handled, and packaged with virtually no 
contact with oxygen. Difficulties encountered in pro­
ducing low oxygen content packs apparently relate 
to milk powder particle sh·ucture (29). 

Keeping quality of milk powder has become in­
creasingly important in recent years particularly in 
view of shipping dry milk to developing nations of 
the world having widely ranging weather conditions 
and lack of other facilities. 

Browning as such is not a primary problem in dry 
milks. Milks dried to moisture levels below 5% show 
essentially no change in color even during a 2-year 
storage at 37 C. However, because of the very hy­
groscopic nature of milk powder, initial satisfactory 
moisture levels are no guarantee against browning. 
The subjects of browning and related changes in dry 
milk systems have been reviewed quite extensively 
by Coulter et al. (11 ). 
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AMENDMENT TO 
3-A SANITARY STANDARDS FOR MULTIPLE-USE PLASTIC 

MATERIALS USED AS PRODUCT CONTACT SURFACES 
FOR DAIRY EQUIPMENT 

Serial #2003 

F omwlated by 
Internat-ional Assoc-iation of Milk, F oocl and E-nvironmental Sanitarians 

United States Public Health Service 
The Dairy Industry Committee 

The "3-A Sanitary Standards for Multiple-Use Plastic Materials Used as Product Contact Surfaccss for 
Dairy Equipment, Serial #2000," are hereby amende d as indicated in the following: 

Section I. Standards for Acceptability, Sub-paragraph 
( 2): 

Add the following material to the list of Generic 
Classes of Plastics: 

Reinforced Epoxy, molded, 
natural (no color added ), 
and black. 

.20 .25 .35 

This amendment shall become effectiye Aug. 28, 1969. 
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AMENDMENT TO 

3-A ACCEPTED PRACTICES FOR THE 

SANITARY CONSTRUCTION, INSTALLATION, 

TESTING AND OPERATION OF HIGH-TEMPERATURE 

SHORT-TIME PASTEURIZERS, REVISED 

(EFFECTIVE JANUARY 22, 1967) 

Formulated by 

International Association of Milk, Food and Envi1'0nmental Sanitarians 

United States Public Health Service 

The Dairy Industry Committee 

The "3-A Accepted Practices for the Sanitary Construction, Installation, Testing and Operation of High­

Temperature Short-Time Pasteurizers, Revised," effective January 22, 1967, are hereby amended in the sec­

tions indicated below and an additional drawing, Figure 21, is added: 

Add the following to definition B.1 after the words 
"frozen dessert mix": 

or a concentrated milk product 

In the fourth line of E.5.8, replace the comma after 
the word "end" with a period, delete the words 
"and provisions" and add the following before the 
word "made": 

\iVhen the salt conductivity test is to be used to 
determine holding time, provision shall be 

Substitute the following for the present E.5.8.2: 

E.5.8.2 

; vVhen a timing elech·ode connection is provided at 
the inlet end, it shall be adjacent to and upstream 
from the inlet end of the holding tube. 

Add the following subsections : 

E.6.8 
When the timing pump is to be located as provid­
ed for in F.3.2, the flow diversion device shall have 
an auxiliary temperature sensor-controller and a 

time delay relay to accomplish the requirements of 
F.5.2.1. (Note: The auxiliary temperature sensor­
conh·oller and/or the time delay relay do not have 
to be in the same case with the recorder-controller 
but they shall comply with the applicable pro­
visions of this subsection, E.6). 

E.6-fl.1 
The auxiliary temperature sensor-controller shall 
have a control mechanism for setting the tempera­
ture at which forward flow can occur and a means 
of indicating when the product temperature at the 
temperature sensor of the auxiliary temperature 

sensor-controller is at or above the temperature at 
which the conh·ol mechanism is set. The means 
of indicating may be a pilot light or other suitable 
means. 

E.6.8.2 

The flow diversion device shall be ach1ated by the 
auxiliary temperature sensor-controller and the time 
delay relay as required in F.5.2.1 as well as the 
temperature sensor that ach1ates the product tem­
perahlre recorder as required in E.6.2.4. 

E.6.8.3 

The temperature accuracy of the auxiliary tem­
perature sensor-conh·oller shall be that required 
for the recorder-controller in E.6.7.3. 

E.6.8.4 

The thermomeh·ic response of the auxiliary tem­
perature sensor-controller shall be that required 
for the recorder-controller in E.6.7.16. 

E.6.8.5 

The auxiliary temperature sensor-controller and 
the time delay relay shall be provided with a simple 

means of sealing that will prevent, unless the seal 
is broken, the changing or manipulating of ( 1) 
the conh·ol mechanism for setting the temperature 
at which forward flow can occur and ( 2) the me­
chanism for setting the length of time delay. 

Substitute the following for the present E.8.1: 

E.B.l 
Hot Products Thermometers (Required ) 

One hot product thermometer complying with the 
criteria of this section is required for all HTST 
pasteurizers . A second hot product thermometer 
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is required for HTST pasteurizers when the timing 
pump is located as provided for in F.3.2. 

Add the following subsection: 

E.9.5 

When th e timing pump is to be located as provid­
ed for in F.3.2, a fitting( s) for installing an in­
dicating thermometer and the temperature sensor 
of the auxiliary temperature sensor-controller shall 
be provided in the product constant level tank out­
let line between the tank outlet connection and the 
first connection dovvnstream. 

Add the following subsection: 

E.9.6 

When the timing pump is located as provided for 
in F.3.2, automatic means shall be provided to pre­
vent negative pressure at the downstream side of 
the forward flow port of the flow diversion device 
during diverted flow. 

The automatic means shall be one of the follow­
ing or other acceptable means. 

E.9.6.1 

A flow diversion device incorporating hvo valves 
(one a divert valve and the other a leak escape 
valve) with the leak escape opening having a total 
effective area at least as great as the area of the 
forward flow opening. The leak escape opening 
of the leak escape valve shall be provided with a 
discharge line which shall discharge to either ( 1) 
the atmosphere and be protected from back sip­
honage of vapors or liquids or ( 2) the product 
constant level tank. In the latter case, a vacuum 
breaker shall be installed in the line between the 
leak escape valve and the product constant level 
tank. 

E.9.6.2 

An automatic shut off valve downstream from an 
effective vacuum breaker of sanitary construction 
having enough air admitting capacity to prevent 
negative pressure. The shut off valve must auto­
matically assume the stop position when the air 
supply to the flow diversion device is interrupted 
causing it to assume the diverted flow position . 

Substitute the following for the present F.3.l: 

F.3.1 

The timing pump driving motor and starter shall 
be interwired with all components as prescribed 

in F.5 and the timing pump or device, except as 
provided in F.3.2, shall be installed upstream of 
the holder. 

Add the following subsection: 

F.3.2 

When the HTST pasteurizer is to be used to re-

pasteurize a concenh·ated milk product for drying 
in a process in which the product pressure required 
for drying is at least 300 pounds per square inch, 
the tin1ing pump may be located downstream from 
the flow diversion device provided the require­
m!'nts of E.6.8, F .5.2.1 and all other applicable 
requirements found in these practices are met. 
In this application the timing pump must be a high 
pressure pump of the plunger· type. 

In F.4.2, add the following between th e words 
"fitting" and "at" : , when provided , 

Add the following subsection: 

F.S.l.l 

The temperature s&nsor of the auxiliary tempera­
ture sensor-controller required in E.6.8 shall be 
installed in the fitting described in E.9.5. 

Substitute the following for the present subsection 
F .5.2. and add subsections F.5.2. l and F.5.2.2. 

F.S.2 

Except as provided for in F.5.2.l, and F.5.2.3, the 
flow-diversion device shall be so inter-wired with 
the conh·oller of the recorder-controller that when 
the product temperature at its temperature sensor 
is at sub-legal and legal temperature the flow 
diversion device will automatically assume the 
diverted and forward flow positions respectively. 

F.S.2.1 

When the timing pump is located as provided for 
in F .3.2, except as provided for in F.5.2.3, the con­
trollers of recorder-controller, the auxiliary tem­
perature sensor-controller and the time delay relay 
are to be so inter-wired that the flow-diversion de­
vice ( 1) will assume the diverted flow position 
when the product temperature at the temperature 
sensor of the recorder-conh·oller is at sub-legal 
temperature and ( 2) will assume the forward flow 
position when the product temperature at both 
temperature sensors is at or above legal tempera­
ture for at least legal holding time. The inter­
wiring shall b e such that when the flow diversion 
device is in the forward flow position, the con­
troller of the auxiliary temperature sensor-control­

ler will not cause the flow diversion device to 
move to the diverted flow position when the tem­
perature of the product at its temperature sensor 
is sub-legal. 

If the flow diversion device and/or' recorder-con­
troller has a manual means of causing the flow di­
version device to assume the diverted flow posi­
tion, the controllers of the recorder-controller and 
the auxiliary temperature sensor-controller are to 
be so inter-wired that after the flow diversion de­
vice has assumed the diverted flow position due 

, 
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to operation of the manual means, the flow di­
version device will not assume the forward flow 
position until the product temperature at both 
temperature sensors is at or above legal tempera­
ture for at least legal holding time. 

F.5.2.2 

During circulating cleaning the flow-diversion de­
vice may assume the forward flow position or be 
cycled at sub-legal temperature provided the con­
h·ol required to do this is a programmed control 
that is fail safe and is inter-wired with the timing 
pump so that the timing pump cannot run under 
this condition. 

Substitute the following for the present F .7.1 and 
F.7.1.1: 

f! .7.1 
Indicating Thermometers-Hot Product 

F.7.1. 1 
One thermometer shall be installed in the fitting 
at the outlet of the holding tube, as described in 
E.5.8. and E.5.8.1. When the timing pump is lo­
cated as provided for in F.3.2 a second thermo­
meter shall be installed in the fitting described in 
E.9.5. 

Add the following subsection: 

E.9.7 
In a HTST pasteurizing system supplying repas­
teurized product to a drier with the timing pump 
located as provided for in F.3.2, having a potable 
water line connected to a product line in which 
the product may be under vacuum, the potable 
water line must be installed in conformance with 
local plumbing codes for water flowing into a 
vacuum and shall have a check valve adjacent to 
its connection to the product line to prevent back 
flow of product into the potable water line. The 
check valve shall be of sanitary de£ign that com­
plies with the criteria set forth in the "Amendment 
to Supplement No. 3 to the 3-A Sanitary Standards 
For Fittings Used On Milk And :tviilk Products 
Equipment and Used on Sanitary Lines Conduct­
ing :tvlilk and Milk Products, Serial #0803A" and 

the piping between the check valve and the prod­
uct line shall be qf sanitary construction; that is, 
it shall conform to E.9.1 a.nd F .8.1. 

Add the following to subsection F.13.1: 

ote: The applicable provisions of this subsection 
apply to timing pumps of the high pressure plun­

ger type. 

Add the following subsection: 

F.l 9.3 
In a HTST pasteurizing system supplying repas-

teutized product to a drier with the timing pump 

located as provided for in F.3.2, an auxiliary pump 
is required in order that there will be product cir­
culation during diverted flow and to assure posi­
tive product pressure at the timing pump inlet dur­
ing forward flow. If the auxiliary pump is of 
greater capacity than the timing pump it becomes 
a circulating pump and a sanitary recirculating 
line between the outlet of the heater and the inlet 
of the circulating pump shall be provided. The 
product pressure at the inlet of the flow diversion 
device shall be less than tl1e maximum product 
pressure at which the flow diversion device will 
move from tl1e forward flow position to tl1e di­
verted flow position. This may be accomplished 
by one of the following: ' 

F.l9.3. 1 

Use of a circulating pump having a maximum out­
put pressure of less than the maximum product 
pressure at which the flow diversion device will 
move from the forward flow position to the divert­
ed flow position. 

F.l9.3.2 

Installation of a pressure control valve in the re­
circulating line which will be set and sealed at a 
pressure less tl1an the maximum product pressure 
at vvhich the flow diversion device will move from 
the forward flow position to the diverted flow 
position. 

F.l9.3.3 

Altering or rebuilding the flow diversion device so 
tl1at the maximum product pressure at which it 
will move from tl1e forward flow position to the 
diverted flow position is greater than the maximum 
output pressure of the circulating pump. 

Substitute ilie following for subsection 5 of F.21.1.1 
Tes ts: 

5. Continuous Flow Holders 

A. Holding time of HTST pasteurizers used to 
repasteurize a concentrated milk product for 
drying in a process in which the product 
pressure required for drying is at least 300 
pounds p er square inch shall conform with 
the "Determination of Holding Time (Cal­
culated Method)" See Section L. of these 
Practices. 

B. Holding time of all other HTST pasteurizers 
(Test 1 o. 11, page 23 of PHS Publication 
No. 731) 

Note: The holding time test shall conform with 
tl1e "Determination of Holding Time (Salt Con-
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ductivity Test ) . See Section I. of these Prac­
tices. 

C. Before starting the holding time test, water 
should be circulated thru the pasteurizer un ­
til all air is expelled . 

Add the following to section F .2l.l.1 Tests : 

8. The following are modifications of and an ad­
ditional test for the recorder-controller, the 
auxiliary temperature sensor-controller and the 
time delay relay incorporated in a HTST pas­
teurization system supplying repasteurized 
product to a drier with the timing pump lo­
cated as provided for in F .3.2. 

8.1 Recorder-Conb·oller 

Cut-In and Cut-Out 

The procedure of Test No. 10, page 11 is to be 
modified for the cut-in tes t by observing when 
the temperature of the water of the product 
surrounding the temperature sensor of the re­
corder-controller reaches the temperature at 
which the control mechanism is set instead of 
observing the temperature at which forward 
flow begins. 

8.2 Auxiliary Temperature Sensor-Conb·oller 

The following are modifications of the pro­
cedures in the Public Health Service Publica­
tion No. 731 "Procedures for Testing Pasteu­
rization Equipment" and are for use in testing 
an auxiliary temperature sensor-controller that 
does not have an element that indicates or re­
cords the temperature at the temperature sen­
sor. If the temperature sensor of the auxiliary 
temperature sensor-controller d o e s actuate 
either a recording or indicating thermometer, . 
the procedures in Publication No. 731, possibly 
with slight modifications, shall be followed. 

Temperature accuracy. The procedure of Tes t 
No. 2, page 9 is to be modified by using the 
cut-out temperature as the means of determin­
ing whether or not the controller will return to 
within 1F of its setting after the sensor bulb 
has been exposed to boiling water and melted 
ice. A second modification is to use the pas­
teurization temperature of 175 F instead of 
161 F. 

Thermomeb·ic response. TI1e procedure of 
Test No. 8, p age 12 is to be modified by using 
a second water bath maintained at 12 F below 
the cut-in temperature. The wat e r in the 
second water bath is to be vigorously agitated 
while performing the test. The procedure is 

L. 

to ( 1 ) determine the cut-in temperature, ( 2) 
immerse the sensor bulb in the water bath 
maintained at 12 F below the cut-in tempera­
ture for five minutes ( 3 ) remove the sen or 
bulb from the one maintained at 12 F below 
the cut-in temperature and immediately im­
merse it in the water bath maintained 7 F 
above the cut-in temperature and ( 4) measure 
the time from the instant the sensor bulb is 
immersed in the second water bath until cut­
in occurs . 

Cut-in and Cut-out. The procedure of Test 
o. 10, page 11 is to be modified by observing 

the pilot light (or other means provided to 
comply with E.6.8.1) instead of observing when 
forward flow begins or stops. 

8 3 Time Delay Relay Provided to Comply With 

E.6.8 -
Operate the HTST unit in diverted flow with 
the heating medium two or three degrees be­
low the temperature normally required to es­
tablish forward flow. Gradually increase the 
product temperature at a rate not exceeding 
1F every 30 seconds. By use of a stop watch, 
determine the time between the moment the 
temperature sensors of both the auxiliary tem­
p erature sensor conb·oller and the recorder­
conb·oller are at or above the temperature their 
control mechanisms are set and the moment 
forward flow begins. 

Add a new section L. , to follow section . K. , as 
follows : 

Determinat·ion of Holding Tim e 

(Calculated Meth od ) 

L.l 
Method 

L.l.l 

Fully developed laminar flow is assumed, and 
holding-tube length is calculated . An experiment­
al determination of pumping rate is required ; this 
is accomplished by determining the time required 
for the pasteurizer to fill a vessel of known volume 
with water, converting these data by division to 
obtain flow rate in gallons per minute, and multi­
plying this value by the proper number in Table 1 
in L .4 to obtain the required length of holding 
tube. 

L.2 
T est Procedure 

L.2.1 
Examine the entire system to ensure that all flow­
promoting equipment is operating at maximum 
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capacity and all flow-impeding equipment is so ad­
justed or bypassed to provide the minimum of 
resistance to the flow. This means that in-line 
filters must be removed, booster pumps must be 
in operation, and vacuum equipment in the sys­
tem must be operating at maximum vacuum. Also, 
before the tests are begun, the pasteurizer should 
be operated at maximum flow for a sufficient time 
to purge air from the system (about 15 minutes) 
and pipe connections on the suction side of the 
timing pump should be made tight enough to ex­
clude entrance of air. ·with the pasteurizer oper­
ating with water, adjust the timing pump to its 
maximum capacity (preferably with a new belt. ) 
Determine that no flow exists in the diverted flow 
line. 

L.2.2 
i\lfeasure the time required to deliver a known 
volume of water at the pasteurized product outlet . 
Repeat the tes t at least once to determine that the 
measurements are consistent. 

L.2.3 
Repeat the above step in diverted flow by mea­
suring the time required to deliver a known vol­
ume of water at the discharge of the diverted 
flow line. 

L.2.4 
Selec't the greatest flow rate (shortest delivery 
time for the known volume) and calculate the 

L.2.6 

Determine the number and type of fittings in the 
holding tube and convert th ese to equivalent 
lengths of straight pipe with the use of Table 2 
in L.5. Determin e the total length of the holding 
tube by adding the equivalent length of the fit­
tings to the measured straight lengths of pipe. 

L.2.7 

L.3 

Record the number and type of fittings, the num­
ber and length of straight pipes, and the holding­
tube configuration. 

Correct-ive Action 

L.3.1 

If the length of the holding tube is shorter than 
the calculated length, reseal the metering pump at 
a slower maximum capacity or lengthen the holding 
tube, or both, and repeat the above determin­
ation . 

L.4 
T ABLE l. HOLDING T UDE LENGTHS I N INCHES FOH HTST 

PASTEURIZATION WITH A PUl\IPJNG HATE OF 1 GALLON 

PER MINUTE 

Holding Tubing s:ze (Out sicle Diameter) , In ches 
T im e. 

Seconds 1-1/2 2- 1/2 

15.0 180.75 74.82 42.06 26.18 17.86 
25.0 301.25 124.6g 70.og 43.63 2g.76 

flow rate in gallons per minute by dividing the L.S 

known volume by the time required to collect the 
known volume; thus , if 2 minutes are required to 

TABLE 2 . CENTERLINE DISTANCES I N INCHES OF 

3-A SANITARY FITTINGS" 

fill a 10-gallon can, then flow rate is 5 gallons per 
minute. Multiply this value with the appropriate 
value in Table 1 in L.4 to determine the required 
holding-tube length. 

L.2.5 
For pasteurizers of large capacity, the method of 
measuring the flow rate at the pasteurized prod­
uct outlet and at the discharge of the diverted 
flow line is inconvenient and the following alter­
nate procedure may be used. Prevent any water 
from being added to the raw product constant level 
tank while determining the flow rate. Suspend a 
dip stick in the raw product constant level tank, 
and operate the pasteur'izer at maximum capacity. 
Record the time required for the vvater level to 
move from one graduation to a lower graduation 
on the dip stick. The volume of water removed 
is calculated from the dimensions of the raw prod­
uct constant level tank and the drop in water 
level. · Flow rate is determined as follows : divide 
the volume of water removed from the r aw prod­
uct constant level tank by the time required to 
remove it. 

1!-.. it ting Size, Inches 

3-A Ucs ignati :.: n 1-1/2 2-1/2 

2 c go c bend" 3.4 4.8 6.2 8.0 g,-; 

2 CG go o bend" 3. 1 4.5 5.8 7.6 g,3 

2 F goo bend 3.4 4.8 6.2 8.0 g,7 

2 FG goo bend 3. 1 4.5 5.8 7.6 g,3 

2 E goo bend 3.4 4.8 6.2 8.0 g,7 

2 EG goo bend 3.2 4.6 6.0 7.7 g,4 

"3-A "Sanitary Standards for Fit tings Used on Milk and 
Milk Products Equipment and Used on Sanitary Lines Con­
ducting Milk and Milk Products," Serial No. 0800 and Sup­
plements thereto. 
''The designation 2 C identifies a bevel seat fittin g; 2 CC 
identifies a gasket seat fitting. 

OTE: 
The material in this Section L is a portion of "Per­
formance Tests for Plate Heat Exchangers Used for 
Ultra High Temperature Pasteurization Processes"­

Public Health Service Publication No. 999-UIH-12-
1968 which has been revised slightly to adapt it to 
these HTST Practices. 
This Amendment shall become effective June 7, 1969. 
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Figure 2 1. HTST pasteurizer used to repasteurize a concentrated milk product for drying in a 
process in which the product pressure required for drying is at least 300 pounds per square 
inch. (Timing pump located dow.nstream of the flow diversion device.) 
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'Potable water line is optionaL To prevent damage to the timing pump, it is strongly recommended that the potable 
water line be provided and that the solenoid valve be inter-wired with the recorder-controller and flow diversion de­
vice so that when the latter assumes the diverted flow position the solenoid valve will open . 

2The recorder-controller shown here includes the controller of the auxiliary temperature sensor-controller and the time delay 
relay required in E.6.8. 

"Temperature sensor of the auxiliary temperature sensor-controller required in E.6.8, located as required in E.9 .5. 

"Pressure control valve to assure positive product pressure at the high pressure plunger type ptullp inlet. The pressure setting 
device of the va lve is to be set at a product pressure less than th e product pressure at which th e flow diversion valve 
will move from the forward flow position to the diverted flow position . 

5ln many high pressure plunger type ptunps this valve is a part of the pump. 
6By-pass line is optional for rinsing, cleaning and sanitizing. Line may discharge to waste. 

' Vacuum breaker. See E.9.6.2 for requirements. 
Any other combination or modifications which are installed and operated in accordance with the above, and with 
the detailed provisions of the Practices may be util ized. 
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ASSOCIATION AFFAIRS 

ANNUAL MEETING VIRGINIA ASSOCIATION 
OF SANITARIANS AND DAIRY FIELDMEN 

MARCH 6 AND 7, 1969 

The Annual :tvleeting of the Virginia Association 

of Sanitarians and Dairy Plant Fieldmen was held 

at Virginia Polytechnic Instih1te, Blacksburg, Virginia, 
March 6 and 7. An outstanding program was pre­

sented . 
The attendance at the meeting was excellent and 

some of the high lights of the program vvere : Import­
ance of Milk and Milk Products in Children's Diets, 

Dr. R. P. Abernathy, Associate Professor, V. P. I. ; 
Anaerobic Bacteria in Foods, Dr. Louis Smith, Pro-

1 New officers Virginia Association of Sanitarians and Dairy 
F ieldmen. L. to R. R. J. Schutrumpf, Znd Vice Pres. , F . S. 

Shockey, President, J . H . McGavock, l st Vice Pres. and \ \' . 

H . Gill , Secretary-Treasurer. 

Milk Break-Dr. Baldwin, Jay Taylor, G. I. if m·gan . 

fessor Bacteriology, V.P.I. ; 3-A Sanitary Standards for 

Milking Machines, James B. Smathers, Director of 
F ield Services, Maryland-Virginia Milk Producters 

Association, Arlington, Va.; Identifying Abnormal 
Milk, Dr. J. vV. Smith, Animal Husbandry Research 

Center, U.S.D .A., Beltsville, Mel .; Producing High 
Quality Milk Raw Milk, a panel discussion by Frank 

Overstreet, l'vlaryland-Virginia Milk Producers Asso­
ciation, James W . Sink, Dept. of Agric. and Comm., 

Carl Bussey, Seal test Foods; Laboratory Activities 

Panel, Dr. E. N. Boyd moderator, W . L. Arledge, Lab 
Director, Dairymen , Inc. , Bristol, \Ta. , Charles Sump­

ter, Lynchburg Laboratory, Lynchburg, Va. and J. 
W. Smith, V.P.I. ; Field Activities Panel, Dr. Joseph 
A. Lineweaver, :tvloderator, Dairy Science Dept. , 

V.P.I., N. L. Franklin, Chief, Dairy Records and Test­
ing, Dept. of Agric. , Richmond, Va. , Archie C. Holi­

day, President, Virginia Association of Sanitarians 
and Dairy Fieldmen, Richmond, Va.; Trends in Co­

operative Marketing of Milk Judd i\llason, National 
1vlilk Producers Federation, Washington, D . C.; In­
creasing Shelf Life of Perishable Food, Dr. Marvin 

Speck, Professor, Food Science Dept. , N. C. State 
Univ. , Raleigh, N. C. 

NEWS F·ROM 
ONTARIO MILK AND FOOD SANITARIANS 

ASSOCIATION 

Ontario AssoC'iatior( s A nnual Golf T ou.r·na.m ent 

The annual Golf Tournament will be held on vVed­

nesday, June 4th , 1969, at Hilltop Lodge and Coun­
try Club, Erin, Ontario, at 12 o'clock noon, to 5 p .m . 
Banquet will follow. 

A nnual Meeting, 1970 
The annual meeting of the Ontario Milk and Food 

Sanitarians Association will be held on January 28th, 
1970, at the Holiday Inn , Highway 27, northwest of 
Toronto. 

Directors' M eet·i11 g 
A meeting of the Directors of the Association was 

held on Monday, April 7th. Activities for the year 

vvere planned and a program designed to broaden 
the interest in conformity with the addition of "Food" 
in the association's name, was discussed at length . 

Committees were appointed to investigate the possi­
bility of cooperation and the securing of speakers on 
several phases of work in the wider fi eld, Herman 
Cauthers was appointed Ambassador at Large, and 
ex-Officio member of the Board . 
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Dairy Plant Fieldmen's Conference 
A conference of Dairy Plant Fieldmen was held 

at Guelph University on April 2nd. Among the speak­
ers were a number of our members. Past President, 
Ray Bowles discussed the value of in-line saniquard 
screen filters at the bulk tank outlet. (Association 
members who attended the annual meeting will re­
call the display of these filters which ath·acted so 
much interest and evoked considerable surprise.) 

Dr. A. . Myhr reviewed a study of cooling :per­
formances and temperature stratification in farm bulk 
milk cooling tanks. Professor A. G. Leggatt project­
ed what the change from resazurin test to the plate 
count would mean to producers. V./. G. Johnson, 
Area Fieldman of the Ontario Milk Commission an­
alysed the comparative quality test results on milk 
produced by fluid versus manufacturing milk ship­
pers. Dr. F. C. Nelson, Vet. Services, discussed the 
value of the Gel test as a measure of mastitis in the 
dairy herd. Dr. D . A. Barnum, O.V.C. , talked on the 
public health significance of staphylococcal mastitis, 
and can this form of the disease be cured? Dr. K. A. 
McEwan, Vet. Services, offered an evaluation of the 
Ontario Mastitis control program-its successes and 
failures. 

OTE: Due to the date, it was impossible to give 
more than the topic matter of the papers presented 
at Dairy Plant Fieldman's conference. However, be­
cause of the apparent general interest to miik sani­
tarians, particularly, an effort will be made to secure 
copies of the papers and digests, at least, can be of­
fered in future issues.-Editor. ) 

ANNUAL MEETING OF FLORIDA 
ASSOCIATION OF MILK, FOOD AND 

ENVIRONMENTAL SANITARIANS, INC. AND 
MILK LABORATORY TECHNICIANS 

APRIL 22-24, 1969 
·• 

The Florida Association and Milk Laboratory Tech-
nicians held their annual meeting at the Ramada 
Inn, Gainesville with well over 100 in attendance. 
Jay Boosinger, Secretary-Treasurer and the Member­
ship Committee reported that the Florida Association 
has doubled the membership this past year. Cer­
tainly a most outstanding accomplishment and the 
program committee presented a most interesting pro­
gram. Some of the topics presented in brief are: 
Sources of High Counts in Raw Milk, Dr. C. K. Johns; 
Cih·us Processing, Handling and Packaging; The 
Causes and Detection of Pathogens in Milk, Dr. Ken­
neth L. Smith; Certification Process for Abnormal 
Milk, Edwin H. Connell; Freeze Dried Convenience 
Food Processing Sanitation Standards, Dr. Richard 
Matthews ; Cleaned-in-Place Lines and Equipment, 

Robert Griffin; Beverage Bottling Sanitation, E. A. 
Baker, tvlanager Quality Control, Coco-Cola Co., At­
lanta, Ga. ; Shrimp, the People \Nho Process it and 
the Sanitation Problems They are Attempting '- to 
Solve, Donald J. Toloday, Quality Control Director, 
Singleton Packing Co. 

REPORT ON THE COMMITTEE ON 
APPLIED LA BORA TORY METHODS, 

1967-1968 

During the past 2. years, the Committee on Applied Lab­
oratory Methods has acti vely provided assistance and con­
sultation in the following areas: (a) Preparation and publica­
tion of the 12th edition of Standanl Methods for the E:wm ­
i.nation of DaiTy Products (Si\I!E DP). E leven members served 
on the Am erican Public H ealth Association ( APHA ) Sub­
committee responsible for the pub lication of this manual. 
(b) Provided assistance to a Subcommittee of the Public 
H ealth Committee of the American Dairy Science Association , 
which h as recomm ended that methods contained in future 
editions of SMEDP be subj ected to an organized continuing 
activity for th eir development and evaluation. (c) D eveloped 
a continuing program for evaluation of methods included in 
the 12th edition of SMEDP, which should be useful in the 
preparation of the n ext edition. (d) Assisted in coll aborative 
studies concerned with established, defin ed, and accepted 
methods for the examination of various foods. (e) Encour­
aged certification of media in all disciplines concerned with 
proficiency tes ting of laboratory methods. The need for 
certification of all media and reagents used in biological 
laboratories for the examin ation of human, animal, water, 
and food specimens has not been successfully stressed. Var­
ious lots ( batches) of selective and differential media so ld 
by media manufacturers should have approximately the same 
productivity and recovery levels when typical, atypical, or 
attenuated strains of pathogenic or "indicator" microorganisms 
are present. This probl em is of internation al as well as 
national importance. The development of microbiological 
standards for food can be stymied by irregular results from 
media of unknown productivity. The interim report of this 
com mittee (Joumal of Milk and Food T echnolog y, March, 
1966) showed 4 goals; the most important goa l th en, and 
now, is the need for certification of all media and reagents 
used in sanitation, diagnostic, and clinical laboratories. The 
committee believes that all laboratory administrators and re­
search workers in microbiological disciplines should be cog­
ni zant of potential variations in restdts when non-standardized 
media and/ or reagents are used. A recent paper by Read 
and Reyes "Variation in Plating Efficiency of Salmonellae 
on Eight Lots of Brilliant Green Agar" ( Appli.ed Microbiolog y, 
May, 1968) has alerted laboratory administrators to this 
problem. The au thors state : "Productivity problems with 
individual lots of this medium may also account for the in­
ability of people in one laboratory to tise successfully a 
method found to be excellent in another." The committee 
hopes th at laboratory workers experiencing similar difficulties 
with different lots of media and/ or reagents will publish tht<ir 
data to furth er emphasize the need for such standardization. 

In general , the Subcommittees on Laboratory Methods for 
th e Examination of Milk and Milk Products; Water and otirer 
Environmental Samples; and Foods have been handicapped 
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by lack of either sufficient personnel to assist in committee 
contributions or funds to conduct studies to provide valuable 
and useful data in the evaluation of new and old laboratory 
methods. The latter problem is particularly applicable to 
many of th e committee m embers who are affili ated with uni­
versiti es or colleges and who have appli ed for federal research 
grants and/ or contrac ts. Although most of these applications 
have been approved, moni es have not been allocated to fund 
th e research projects at their educational institutions. A few 
members of one or two of the subcommittee are dependent 
on additional avenues for funds to fulfill committee responsi­
bilities; however, the Chairman believes that future commit­
ments of the Applied Laboratory fvlethods Committee may 
have to be limited unless more committee members h ave 
monies and personnel available for projects. 

S u BCOMi\HITEE ON L ABOHATORY 1! ETH ODS F OR THE 

EXAMINATION OF fv!JLK AND MILK P HODUCT S 

Acti:vities. Inasmuch as the 12th edition of SMEDP is now 
a reality, this committee is presently aligning its activities to 
assist in preparation of the 13th edition . Upon recomm enda­
tion of the American D airy Science Association (Jou.mal of 

Dairy Science, January, 1968) and the International Associ­
ation of Milk, Food and Environmental Sanitarians ( AL 1{ 

Interim Report-1966-1968, j ournal of M ilk and Food T ech­

nolog y, November, 1967) a change in policy has been ef­
fected for publication of the 13th edition. On June 28, 1968, 
APHA entered into a 3-ycar contract with the Public Health 
Service for " Development, E valuation, and Publication of 
Standard 'lethods for the Examin ation of Dairy Products." 
Under the terms of the contract, the APHA shall es tablish 
a Council c;omposed of persons with recognized ability in 
the field of dairy products labora tory examinations. "The 
members of this Council shall represent interested professional 
organizations and the Public Health Service." The Inter­
national Association of 1lilk, Food, and Environm ental Sani­
tarians will be contacted to select a representatitve for the 

Cotmcil. In addition to providing an administrative base for 
this council, the APHA shall be responsible for: (a) Con­
tinuing review and evaluation of methods in the 12th edition 

; of SMEDP, including modifying or discontinuing methods 
when warranted. (b) Arrangin g, through the Cow1cil, for 
collaborative studies on methods that m erit consideration or 
reconsideration as candidate standard methods. A method 
that shows promise of acceptance shall be designated as a 
Provisional Standard Method when published in an appropri­

ate journ al. Normally, 1 year after collaborative studies on 
each method have been conducted and th e value of the 
method has been conclusively established, a majority vote by 
the Council shall be necessary to determine whether th e 
method bein g considered is suitable as a standard method. 
(c) E stablishing a mechanism for the addition, modification, 
or deletion of a standard method between publication of 
successive editions of SMEDP. (d) Appropriately recognizing 

all contributing groups in all new editions of SME DP. (e) 

Assisting researchers in obtaining fin ancial support for re­
search directed toward th e developmen t of microbiological 

analytical methods applicable to SME DP. 

Dming the pas t 1.5 years, Dr. Levowitz ( now deceased j 
and Dr. Brazis were acti ve on the ational Mastitis Council 
( TMC ) Subcommittee on Screening Tests. This subcommit­
tee, chaired by Dr. Brazis, h as 2 charges, the first of which 
has been completed: (a) evaluation and standardiza tion of 
the Direct Microscopic Leukocyte Count, and (b) evaluation 

and assessment of proposals for the examination of gel, leu­
kocyte, and somatic cell methods for bulk milk samples. A 
direct microscopic p rocedure using a modified strip method 
has been standardized and shows considerable promise because 
of its precision. Three papers associated with development 
of this method shall be submitted to the ]ou·rnal of Milk and 

Food T echnolog y for immediate p ublication, if accepted . 
The titl es of th ese papers are : (a) "Direct Microscopic Soma­
tic Cell Count in Milk," ( b) "The Design of An Eyepiece 
Reticle for Use in the Direct Microscopic Somatic Cell Count 

if ethod," and (c) "D evelopment and Evaluation of the Direct 
Microscopic Somati c Cell Count ( DMSCC ) in Milk." The 
NlVIC Subcommittee hope to have all three papers published 

in th e same issue of the Journal. 

S UBCOMMITTEE ON L ABORATORY M ETH ODS F OR THE 

EXAMINATION ON \ <\lATER AN D 0THEH 

E NvmoNMEN T AL S AM P LES 

Activ ities. The progress of this subcommittee has been 
slow, but studies are proceeding on the growth pattern of coli­
forms that show small and/ or slow lactose ferm entation in 
lactose and Iaury! sulfate tryptose broths. These organisms 
are now being found in increasing numbers in waters, food , 
feces, etc.; although th ey show little or no growth in lactose 
broth in 48 hr, various amounts of gas are produced after 3 
to 5 days. These same microorganisms wh en inoculated from 
positive lactose broth tubes into brilliant green bile lactose 
broth ( BGBLB ) frequentl y con finn in 24 to 48 hr. Although 
little h as been published on the growth pattern of th ese micro­
organisms, it is anticipated that Iaury! tryptose broth may 
increase generation tim es of these cells. Unpublished data 
( Brazis, 1967 ) from studies in which these groups of micro­
organisms were used indicated that with some lots of lactose 
broth small amounts of gas were observed in 48 hr; other 
lots of lactose broth showed no gas, although growth was 
evident; in all instances, small amounts of gas were observed 
in BGBLB in 24-48 hr, even when inocula from lactose tubes 
not showing gas were inoculated into BGBLB. Similar studi es 
were also conducted with different lots of Iaury] su lfate tryp­
tose broth ( LST ); most of th e lots of LST broth showeu 
gas in 24-48 hr and confirm ed in BGBLB in 24-48 hr. Be­
cause of th e importance of this group of coliform organisms, 
additional studies are necessary. .Media used by all pmti­
cipating laboratories should be standardized . 

SuB::OM~IITTEE ON L ABOI\ATOHY M ETHODs FOH 

TH E EXAMI NATION OF FOODS 

Activit ies. The progress of activities of this subcommittee 
appears slow because many requirements limit processing of 
methods, and th e task of achieving acceptance of methods 
is cumbersome. The ational Academy of Sciences National 
Research Council ( NAS-NRC ) is expected to publi sh methods 
soon for th e detection of C lostridimn botulinu-m and its toxins, 
aflatoxjns, total mesophilic counts, colifo rm counts, and sal­
monellae. Under the auspices of th e Association of Official 
Analytical Ch emists ( AOAC ), a collaborative study, under th e 
direction of Dr. H all , on methods for th e detection and quan­
tification of Clostridium perfrin gens in food has been com­
pleted, and publication of the results is anticipated in th e 
near future. As indicated previously in the interim report 
of this subcommittee (Journal of M -ilk and Foocl T echnolog y, 

December, 1966), much of its activities should be in th e form 
of assistance to th e AOAC rather than to conduct separate 
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subcommittee studies . The AOAC has recently published 
a paper on detection of salmonellae in eggs; a collaborative 
study on Clostridium pe1j1·i.ngens is finished but th e results 
have not been published; another collaborative study by 
AOAC is now being conducted on th e isolation of salmonllae 
from dry milk. 

Currently, at least 3 groups concerned with food micro­
biology are working independently towards a common goal. 
It is anticipated that reference procedures will be developed 
for the important food pathogens and toxins, indicator organ­
isms, and total mesophilic counts. It is not known, however, 
when these procedures will be published in a format suitable 
for use by food microbiologists. A report prepared by Dr. 
F . S. Thatcher, Chairman, International Committee on Micro­
biological Specifications for Foods, is exp ected to be pub­
lished in the Fall of 1968. 

Dn. A. RrCHAliD BRAZIS, Chairman, Applied Laboratory 
Methods Committee, ]'vlilk Sanitation Research , Public Health 
Service, 222 E. Central Parkway, Cincinnati , Ohio 45202. 

Subcommittee on Laboratory Methods for the Exam·ination 
of Milk and Milk Products 

DH. ELMER MAHTH, Chairman , Department of Food Science 
and Industries, Uni versity of vVisconsin, Madison, ' •Visconsin 
53706. 

' 'VILLIAM L. AHLEDGE, Southeast Milk Sales, P . 0. Box 
1099, 283 Bonham Road, Bristol, Virginia 24201. 

CECIL B. D oNNELLY, 222 E . Central Parkway, Cincinnati, 
Ohio 45202. 

RoY E. Gil\'N, Director, Quality Control Laboratory, Quality 
Control Committee, 2274 Como Avenue ' .Vest , St. Paul, 
Minnesota 55108. 

C. N . H uHTA.l'IEN, Eastern Utilization Research and D e­
velopment Division , Agricultural Research Service, U. S. 
Department of Agricultme, 600 East !v! ermaid Lane, Phil­
adelphia, Pennsylvania 19118. 

Dn. J. J. }EZESKI, Department of Food Science and In­
dustries, University of Minnesota, St. Paul, Minnesota 55101. 

DR. EARL vV. CooK, Di:rectol', Quality Control Laboratory 
Division, Industrial Hi ghway, Southhampton, Pennsylvania 
18966. 

DH. D AVID LEVOWJTZ ( deceased ), New Jersey Dairy Lab­
oratori es, P. 0 . Box 748, New Brunswick, New Jersey 08903. 

Dn. F . E . NELSON, Department cf D airy Science, University 
of Arizona, Tucson , A!;izona. 

DH. H. E. RANDOLPH, Deparbnent of Animal Science, 
Texas A and M University, College Station, Texas 77843. 

DONALD THOMPSON, State Laboratory of Hygiene, 437 H enry 
Mall, Madison, Wisconsin 53706. 

Subcommittee on Labomtory Methods for the Examination 
of ' Vater and Other Envi-ronm ental Sam7Jles 

DAVID Q. ANDERSON, Acting Chairman, Utah State D e­
partment of Health , 44 Medical Drive, Salt Lake City, Utah 
84113. 

Dn. MARTI ' FAvEno, 4402 North Seventh Street, Phoenix, 
Arizona 85013. 

C . N . H uHTANEN, Eastern Utilization Research and De­
velopment Division, Agricultural Research Service, U. S. 
Deparhnent of Agri culture, 600 East Mermaid Lane, Phil a­
delphia, Pennsylvania 19118. 

Dn. R. L . MoRRis, State Hygienic Laboratory, State Un i­
versity of Iowa, Iowa City, Iowa 52241. 

AHNOLD SALINGER, Bmeau of Laboratories, Maryland State 
Department of Health, Baltimore, Maryland 21218. 

Subcommittee on Laboratory Methods for th e 
Exami,nation of Foods 

Dn. HEHBEHT E. HALL, Clwinnan , 222 E. Central Parkway, 
Cincinnati, Ohio 45202. 

Dn. RoBEHT ANGELOTTI, 550 Main Street, Cincinnati , Ohio 
45202. 

D n. LAUHENCE G. HAHli-ION, D epartment of Food Science, 
Michigan State University, East Lansing, ~·li ch igan . 

J. C. Mc CAFFREY, Illinois Department of Public Health, 
1800 W est Fillmore Street, Chicago, Illinois 60612. 

NEWS AND EVENTS 
REVISIONS AND AMENDMENTS TO 

3-A SANITARY STANDARDS ADOPTED 

Two major revisions to published standards were 
adopted as final ; two important, though brief, amend­
ments were concluded; a nevv tentative accepted 
practices, and two tentative standards were also re­
viewed at the semi-annual meeting of the 3-A Sani­
tary Standards Committees for d a i r y processing 
equipment, March 11-13, 1969, Palm Springs, Cali­
fornia. Nearly 80 users, sanitarians, and equipment 
fabricators attended the three-day sessions planned 
around a heavy agenda relating to dairy foods equip­
ment. 

The revisions adopted were complete rewrites and 
up-dating of old 3-A Standards for Sanitary Fittings, 
and for Evaporators . Amendments concluded were 
those for two compartment h·uck tanks , and leak pro­
tector valves for pasteurizers with vertical outlets. 
Completion of these projects refl ects the organiza­
tion's philosophy of technological up-dating of exist­
ing standards and practices. This series of amend­
ments and revisions will be prepared for signing and 
publication in the Jomnal of Milk and Food Tech­
nology later in the year. Effective dates will b e 
announced at that time. 

In addition to the completed projects, the 3-A 
Committees reviewed new tentative accepted prac­
tices for spray drying systems, for instantizers for 
dry milk, and for sanitary meters. These were re­
ferred back to the respective task , committees for 
fmth er changes and re-drafting. 

Reinforced epoxy resins have been added to the 
established generic classes of plastics used for dairy 
equipment by an amendment signed April 28. Amend­
ment #2003 is the third for the purpose of adding a 
new generic class of resins to "3-A Sanitary Stand-
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· ards for Multiple-Use Plastic Materials Used as Prod­

uct Contact Surfaces for Dairy Equipment," Serial 

#2000. The Standard provides criteria for evaluat­

ing cleanability and re-use for a large group of plas­

tics previously cleared for safety under the Food, 

Drug, and Cosmetic Act. 

AFDOUS CONFERENCE 
MIAMI BEACH, FLORIDA 

JUNE 15-19, '69 

"Our program is complete and it looks like the 

1969 conference of the Association of Food and Drug 

Officials of the United States will be the best ever," 

according to Eaton E. Smith, association president. 

Joining Dr. Herbert L. Ley, Jr. , commissioner of the 

Food and Drug Administration, Dr. Charles G. Moer­

tel of the Mayo Clinic, Dr. Bernard Oser, Institute 

of Food Technologists president, and Parke C. Brink­

ley of the National Agricultural Chemicals Associa­

tion, as speakers will be twenty others. 

Food technology, agricultural chemicals, a uni­

versal drug identification system and the current and 

future role of the Food and Drug Administration are 

but a few of. the topics to be discussed. A panel dis ­

cussion "Filled and Imitation D airy Products" will 

fea ture Clifton \i\Tard, assistant commissioner for the 

Georgia Department of Agriculture, Charles M. Fis­

tere, an attorney from \ i\Tashington, D . C., and Donald 

Daffron, administrative assistant with the Memphis­

Shelby County Health Department, on the Southern 

Association's meeting June 17. Moderator will be 

r. Joe Cardwell, president of the Association, South­

ern States. 
This will be followed by a report from the South­

ern states on current food and drug problems. Speak­

ers will be Dr. Sam Cox, director of the Mississippi 

Meat Inspection Division, who will discuss ":t-,1Ieat 

and Meat Products"; Raymond Summerlin, director 

of the Georgia Department of Agriculture's consumer 

protection division, "Inspection, Sampling and Ad­

ministrative Procedures on Bakery Products," joined 

by Eugene H. Holeman, director and state chemist 

for the Tennessee Department of Agriculture's food 

and drug division; and Doyle C. Golden, chief of the 

Florida Department of Agriculh1re's pesticide residue 

section, who will talk about "The Use of Pesticides 

and · he Control of Pesticides in Foods." 

SANITARY MANHOLE VENT 
Patent No. 3377784 

POSITIVELY PROTECTS TANKER CONTENTS 

AGAINST DUST, INSECTS and FOREIGN MATTER 

Fast -takes only seconds to attach. 

Convenient_ portable, lightweight (141bs.l~ ~e ~ 

Versatile- fits al l model tanks. ro 
Sanitary-all welds ground and pol- f ... 
ished. Top cover protects filter pad. 

Economical- one unit can be used for IN HUNDREDS 

each unloading area. OF 

Safe - protects against internal vacuum INSTALLATIONS 

while unloading. 

SANITARY PROTEC:TIOa;-1 WITH_ MANHOLE 

COMPLETELY OPEN - WHILE UNLO~-DIN'G 

Unique venting 
design permits 

adequate air 
flow for 3" 

capacity pump . 

All sta inless 
steel sanitary 
construction. 
Easy to keep 

clean . 

Pri ce F.O.S. 
New Lisbon, Wis. 

2" 15R fitting for 
air agitation add 

$29.50 

.11111111 WALKER STAINLESS 

._urq•p,. EQUIPMENT CO., INC. 
New Lisbon, Wisconsin 53950 • (608) 562-3151 
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· Application for Membership 

INTERNATIONAL ASSOCIATION OF MILK, FOOD & 
SANITARIANS, INC. 

ENVIRONMENTAL 

Box 437, Shelbyville, Indiana 46176 

Name _____ __________ -------------------------- ________ --- --- ~----- _____________ Date 
Please Print 

·. Address _______________ _______ ___ ______ __ ______ ___________ ___ ____ _______ _____ _ 

________________ _________________ __ _____ __ _________ ___ Zip Code _________ ____ _ 
0 Renewal 

0 ~ew 
Business Affiliation _______________ ____ ___ _____________________ _________ ___ __ _ 0 Re-instatement 

I I Direct Member Annual Dues $10.00 0 Check D Cash 
Membership Through An Affiliate-$8.00 Plus Affiliate Dues 

(Membership Includes Subscription to Journal of Milk & Food Technology.) · ·r r r-; ' T : r 1r 
Please Print 

Recommended by 

Shelbyville, Ind. 
Box 437 Subscription Order 

JOURNAL OF MILK & FOOD TECHNOLOGY 
(Monthly Publication) 

Name --------------------------------------------------------------------------Date 
Please Print 

Address ---------------------------------------------------------------------- 0 New 

------------------------------------------------------------------------------ 0 Renewal 
Educational Institution & Public Libraries Individual Non-Member Subscription (Annually) $10.00 
(Annually) $8.00 0 Check 0 Cash Government Agencies, Commercial Organiz<itions 

(Please Print) 

I.A.M.F.E.S. & J.M.F.T. 
Box 437, Shelbyville, Ind. Change of Address 

FROM 

Name --------------------------------------------------------------------------Date 
Please Print 

Address ----------------------------------------------------------------------

TO 

Name 
Please Print 

Address --------------------------------------------------- -- -- ------ ---------

I.A.M.F.E.S. & J.M.F.T. Order for 3A Standards Box 437, Shelbyvii.Je, Ind. 

Name -------------------------------------------------------------------------- Date 
Please Print 

Address ------------------------ ------ -- ---- -- ------------ - --------- -- ---- ----

( ) Complete Set @ $4.50 = -------- ( ) Complete set bound (durable cover) @ $6.00 
( ) Revised HTST Std.-without cover = $1.00 F.O.B. Shelbyville, Ind. 

Amt. 

100 or le55 
Add'l 100's 

3-A Accepted Practices For Milking Machines 
1-100 = 25c ea.; 100-1000 = 20c ea.; 1000 or more = 15c ea. 
5 Year Service on Standards as Published = $3.50 additional 

Order for Reprints of Article& 

Title --------------------------------------------------- -
Schedule of prices for reprints 

1 Page 2 Pages 
$16.25 $19.50 

2.00 2.50 

F.O.B. Shelbyville, Indiana 

3 & 4 Pages 6 & 8 Pages 
$27.30 $39.00 

4.00 5.50 

12 Pages 
$65.00 

9.00 

Cover 
$28.00 

4.50 

+ 
i 
i 
i 
i 
!! 
i 
! 
i 
i 
i 
i 
i 

--·--··-··---··-----·------··-··-----··---------··------··-··----·-··-·--·~ 
VI 

, 



Is added water 
in the bulk or farm milk 
you purchase 
diluting your profit 
as well as your product? 

AOAC, APHA and MIF test methods 
endorse cryoscopy as the most accurate 
practical way to measure added wa ter 

MODEL J-66 

Guard against added water with a Fiske Milk Cryoscope 

You may be wast in g several cents of every dollar you pay for milk 

due to the presence of excess water. Profit conscious da irymen 
(and who isn ' t) use Fiske Milk Cryoscopes to pin-point and reject mi lk 

supplies co ntainin g unacceptable amou nts of added water. Resulti ng 

profit increases qu ick ly write off the modest initi al investment. In a 

matter of minutes anyone can lea rn to test as many as 200 samp les in a 

.si ngle day w ith uniform accuracy guaranteed. Equally important, you 

bn prevent customer dissatisfaction due to taste deterioration, thus 

preserving your reputation for quality . .. the rep uta tion which pays 

off in added cus tom ers, sales and profits! 

Please write or phone for complete information. 

NOW AVAILABLE 
New Certified 
Reference Standards 
On-the-shelf deterioration often 
impairs the accuracy of your 
calib ration standards! Now you ca n 
cross-check them with exclusive 
new Fiske Certified Refe rence 
Standards. Packaged in convenient 
sets of four each with the same 
freezing point ; th e one-time 
ampules are comp letely sealed and 
pro tected until the moment 
you use them. 

FISKE ASSOCIATES, INC. 
Quaker Highway 

Uxbridge, Mass. 01569 
(61 7 ) 287-2482 



A Surge Pipeline Milking System ... installed in your present stanchion 
barn ... can save you all the work of carrying or transferring your 

milk and free your time for more important chores. 
Whether you have a small or very large herd, a stan­
chion pipeline system is usually the least expensive 

way to automate your milking. And, the most reliable 
· source to turn to is your local Surge Dealer. He has been 
carefully trained to plan a pipeline system to fit your 

present stanchion barn ... fit your budget. And he has the 
experience and training to give you expert installation. 

A full line of Surge equipment ... known for quality 
throughout the world ... is available through your Surge 

Dealer. He can offer you a choice of the Lo-Profile 
Breaker Cup or the new Surge Mini-Cup. Both milkers 

come equipped with new Jet-Flo inflations. And your Surge 
Pipeline Milking System can be ordered with manual cleaning or 

the Surge Electrobrain that cleans-in-place automatically. Just push a button 
and walk away . .. the Electrobrain does the rest. 

Why waste your time carrying or transferring milk? Call your Surge 
Dealer today. Let him show you how a Surge Pipeli,ne Milking 

System can be built into your present barn. 

BABSON BROS. CO., OAK BROOK, ILLINOIS 

BABSON BROS. CO., (Canada) LTD., PORT CREDIT, ONTARIO 
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