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Gentle, long-lasting, 
easy-to-clean plastic 

Now available-clear, visible·flow inflations and shells, manufactured 

by the company that brings you Tran sflow® " Biue·Stripe " milk tubing 

and Transflow vacuum tubing-long·time standards of the industry. 

With these field·tested inflations, it means that you : 

Don't guess if a quarter is milking properly. Now you can see! 

Don't guess when a quarter is milked out. Now you can see! 

Don't guess whether hand stripping is necessary. Now you can see! 

Don't guess if the inflation is irritating the teat. Now you can see! 

Don't guess if milk is backing up in the inflation . Now you can see! 

Don't guess whether inflation and shell is clean. Now you can see! 

Be sure of faster milking, because Transflow inflation collars " breathe" 

between vacuum strokes, allowing milk to flow away quickly. 

Be sure that you will get gentle milking action, because the soft, firm 

plastic will not slip or crawl. 

Be sure that you will get faster, thorough cleaning because the plastic is 

smooth and dense, will not trap milk residue or c!,irt. 

Be sure that you will get longer service life with Transflow inflations, 

because they will not oxidize or flake. 

A trial run of one cluster of new, clear Transflow inflations and shells will 

convince you of their many advantages. Ask your dealer about them. 

Or write for complete information. 
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Welcomes you 

to 

Louisville! 

August 17, 18, 19, 20, 21 

International Association of 
Milk, Food and Environmental Sani1.arians, Inc. 

A visit to Louisville ' s World-Famous Brown 
Hotel with its decorative sur roundings, 
enhanced facil it ies, combined with 
traditionally fine service becomes an un
forgettable experience . 

Pl ea se mak e re servat ions a s follows : 

Nam e 

Address 

Date of Arri val Date of Departure 

RESERVE Check 
Here 

Si ngle Room (On e Person) Ra te 

Double Room (Two Person s) Rate 

Parlor Su i tes Rate 

ENTIRE HOTEL COMPLETELY AIR CONDIT I ONED 

Si ngle 8:50 to 14.00 

Double 12.00 Ia 20.00 

Parlor Suites From 24.00 

FREE PARKING 
for 

OVER NIGHT 
GUESTS 

' SPECIAL RATES- $1 0.00 Single and $15.00 Twi n for Mem bers an Per Di em. 

BE OUR GUEST AT THE 

BROWN 
FOURTH STREET AT BROAD 
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U.S. P. LIQUID PETROLATUM SPRAY 
U.S.P. UHIIIO STATES PHARMACEUTICAL STANDARD~ 

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCIO- CONTAMINATE OR 
TAINT WHEN IN CONTACT WITH FOOO PROOUCTS. 

SANITARY-PURE 

ODORLESS -TASTELESS 

NON-TOXIC 

Tim 'F~ 
»ti.lt-eme 
HAYNES-SPRAY 
a~heMed~~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARI S 
GlASS & PAPER FILLING 
MACHINE PARTS 
ond lor All OTHER SANITARY 
MACHINE PARTS whkh ore 
cleaned doily. 

Tke lftttdelut HAYNES-SPRAY lftetluul ~ .C~ 
C~~ ..u& flee lf{lfk O'ULOOuree eu«l Code 
R~ by flee U.S. PK!t£ie Heaffit Sewice 
The Haynes-Spray eliminates the danger of contamination which is 
possible by old fashioned ·lubricating methods . Spreading lubricants 
by the use of the finger method may entirely destroy previous 
boctericidal treatment of equipment. 

THE HAYNES MANUFACTURING CO. PACKED 6·12 oz. CANS PER CARTON 
SHIPPING WEICHT - 7 IBS. 4180 lorain Avenue • Cleveland 13, Ohio 

HAYNES-SPRAY INGREDIENTS CONFORM WITH FDA REGULATIONS AND CAN BE 
SAFELY USED AS A SANITARY LUBRICANT FOR FOOD PROCESSING EQUIPMENT 
WHEN USED IN COMPLIANCE WITH A EXISTING FOOD ADDITIVES REGULATION. 

Gasket Co lor . • • 
s lig ht ly off · white 

*MADE FROM 

TEFLON® 
" Tke Sopfmfieohd G~ket" 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed for all 
s tandard bevel seat sanitary fittings. They SNAP inlo place provid· 
ing self-alignment and ease of assembly and disassembly. 
HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu· 
tions, steam and solvents. They will not embrittle at temperatures 
as lpw as minus 200 ° F. and are impervious to heat up to 500 ° F. 

fOR A FITTING GASKET THAT WILL OUT-PERFORM ALL OTHERS ... 

S~eeijy ... HAYNES SNAP-TITES of TEFLON 
• TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING 

EQUIPMENT BY U . S. FOOD AND DRUG ADMINISTRATION 

*Gaskets mode of DuPont TEFLON ® TFE-FlUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

DESIGNED TO 

SNAP INTO 

FITTINGS 

GLOSSY SURFACE 

LOW COST ••• RE-USABLE 

LEAK-PREVENTING 
NEOPRENE GASKET for Sanitary Fittings 

8kd t4e4e $NA1'!'f'l'l"E r/eWaa~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non·porous, no seams or crevices 

Time-saving, easy to assemble 
Self-centering 
No sticking to fittings , 

Eliminate line blocks 
Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Help overcome line vibrations 

long life, use over and aver 

IV 

Ayoiloble lor l ", J~", 2", 2~~/" and 3" fittings. 
Pocked 100 lo the box. Order \hrough your dairy supply house. 

THE HAYNES MANUFACTUR,lNG-c·o .. ' 
418 0 Lorain Avenue • Cleveland 13, Ohio 

..Available in bofh 
SPRAY AND TUBE 

All lubri ·Film ingredien ts are 

approved by F.D.A. and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with an exist

ing food additive regulation. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies- Ice Cream Plants- Breweries

Beverage Plants- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6-16 OZ. CANS PER CARTON 
TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 
CLEVELAND 13, OHIO 
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AGAIN 

'S 
AND AGAIN 

Processing today to be profitable, must be repeat 
standardization . . . a technology of again and again 
and again. This is where Hansen's enzyme 
preparations, colorants and cultures become 
especially important; for Hansen's has an unequalled 
depth in experience - since -1874 - and an 
unsurpassed record of time-tested . .performance. 
Even more, Hansen's give you the convenience 
and economy of one label purchasing, delivery, 
invoicing and inventory. 
Yow order is wanted, welcomed and valued. 
Call or write . 

Cheese Rennet • Cheese Color for process cheese a , s 
• Annatto Butter Colors • Starter 
Distillate • Cottage Cheese 
Coagulator ~ Ice Cream Color 

• Catalase • Oxi -Lac • Dri-Vac~ 
Lactic Cultures • Blue Mold Powder 
• Culture Flasks 

• Annatto and Turmeric Colorants 

money 
machine 

ADVANCED MILK CRYOSCOPES 
are small, easy-to-operate 

instruments that make money 
for milk processors. They 

quickly and accurately find 
added water in milk ... added 

w ater that last year cost 
the mil k industry almost half 

a billion dollars. Nearly 
500 processors world-wide 

use Advanced Milk Cryoscopes 
to di sco urage watering by 

suppliers and save 
money. You can own an 

Advanced Money Machine, too. 
Call us collect .. . or write 

for the unwatered facts. 

-.JZfL2_ JJDVJJNCED 
~ INSTRUMENTS, INC . . 

L!3 Kenneth Street I 617 DEcatur 2-8200 
Newton Highlands, Massachusetts~ 02161 
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... from the "original supplier." 
STANDARD METHODS MEDIA 
All Difco Standard Methods Media conform to published specifications for the 
examination of water, sewage, dairy products and foods. The world's most inclusive 
line-all yo_t,H standard methods media available from one source, Difco Laboratories. 

According to specifications and standards of-
USP 
United States Pharmacopoeia XVII1965 
APHA 
Standard Methods for Examination of Dairy Products Xll1965 
Standard Methods for Examination of Water and Wastewater XII 1965 
AOAC 
Association of Official Agricultural Chemists X 1965 

DIFCO 
L ABORATOR I ES 
DETROIT MICHIGAN 48201 USA 
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EVALUATION OF PERFORMANCE OF A FOOD SANITATION PROGRAM' 
0. LYNN D E.t'\'ISTON AND WILLIAM w. \ iVELCH 

Departm ent of Comm[{nity H ealth Services 

Pt1blic I-I ealth Pract-ice Research Program 

School of Pu!:: lic H ealth 

University of Mich igan, A nn A rbor 48108 

( Received for publication October 31, 1968 ) 

ABSTRACT 

An attempt has been made to apply a model for eva luatin g 

program effectiveness and effici ency to an actual program 
on a retrospective basis. It was not possible to appl y th e 

model fully since there was .a lack of specification and meas

urement of program sub-objectives. 

In the absence of a predetermined "extent of intended at

tainment," program effectiveness was comp uted using a 

Utopian, perhaps unrealistic standard of total elimination of 
violations. Two different measures of program objecti ves 

were constructed from availabl e data. The first is a rating 

scale similar to th e conventional rating scales recommended 

by the Public Health Service fo r sm veying food and milk 
control programs. It differs primarily in that a given category 

may have variable debits assigned, based on judged severity 

of th e conditions as compared to the minimum acceptable 

standard. The second measure used was correction rate, that 

is, th e propoi·tion of violations recorded at a given inspection 

tha t were corrected ( not in violation ) at the tim e of the 
subsequent inspection . 

Both measures indicate the program was operating in a 

maintenance fashion during the period studi ed. The d ifference 

in the average ratings of establishments studied were not 

significantl y different before and after the period. Although 

a considerabl e number of violations were corrected durin g 

th e period, a slightly greater number of new violations oc

curred. Observations of a district that was not inspected for 
a period of time suggests that ratings would decline in the 

absence of the program. 

i Program activities were performed in considerably less 

quantity than planned but at near plann ed quality. Correla

tion of acti vity with objectives indicates that th e num: er 

of activities perform ed has a small positi ve correlation with 

attainment of objective but that quality of activity as meas
ured has a negative correlation with atta inment. I t was im

possible in the present study to determine wheth er th e as

sumptions about the quality of work that is thought to be 

effective are in error or whether the measure of quality was 
invalid. The analysis leads one to believe that had all activity 

been perfonned as planned, effectiveness would have been 

greater but still considerably short of complete attainment. 

Program resources were expended at very nearly the p lan

ned level. Thus, failure to perform the number of activities 

plann ed resulted from error in planning assumptions linking 

these variables, not from fa ilure to use resources as planned. 

Efficiency was considerably less than anticipated for all 

efficiency measures. 

It would seem four general d irections are available to the 

program director in terms of future operations. 

'This inves tiga tion was supported by the Public Health 
Service, Research Grant No. CH 00044 from the Division of 

Community Health Services. 

1. Since there is consid erable room for imp rovemen t, both 

in terms of rating ;mel correction rates, he may plan to in 

crease program effectiveness in the future. The imp lications 
from this study are that some improvement would be possible 

by perfom1ing more activity of the same sort as in the past. 

It would seem advisable, however, to think more in term s 

of modifying the qualitative aspects of •·ac tivity. Unless some 

basis could be found for justifying a particular modification, 

it might be preferable to experiment with seveml kinds of 
qualitative modifications in different areas to learn th e rela

ti ve effectiveness (and efficiency) of different kinds of acti vity. 

Curren t efficiency findings would be of little value in p lanning 

for the future should different kinds of activity be planned . 

2. The program director might decide that current levels of 

effectiveness and effi ciency are about as high as possible, and 
are satisfactory. In this instance, he would be likely to de

cide to maintain current levels of operation . 
3 . A third kind of decision would be to maintain simi lar 

levels of objectives while trying to im prove current efficiency 

levels. 
4. Fina ll y, based on knowledge of current levels of opera

tions and estimates of potential alternatives, the decision 

could be made to discontinue the program in favor of some 
equally benefi cial alternati ve program where efficiency is 

estimated to be greater. Since the p rogram is es tablish ed 

on a legislative rath er than adm inistrative basis, such a de

cision may be unrealistic in th e present 'case. 
It does seem clear, however, that considerations of desired 

and actual effectiveness should logicall y precede considera
t i:ms of effi ciency. The planner woul d consider first the 

levels of effectiveness th at are desirable and only then con 

sider the expected costs of each level of achievement. His 

fi na l decision concernin g future operations will depend on 
the relationship of costs to predicted benefits, except in the 

rare case where an objecti ve is deemed so desirable that costs 

are of no concern . 

Program evaluation is frequently described as an 
inexpensive, operational tool to aid in the planning 
and conduct of ongoing program activities. E valu
ation is also frequently said to be most useful if it is 
"built in" to program planning and if it is "contin
uous." However well-sounding these concepts may 

be, they must frequently leave the program operator 
in a state of vagueness or ambiguity because little 
information is available on how inexpensive, built-in, 
continuous evaluation may actually b e accomplished 
in tl1e context of a real program. 

To provide answers to these questions a program 
evaluation is here reported which produced informa

tion of rather considerable usefulness in program 
planning. Moreover, the evaluation was conducted 
without gathering any original data, by using exist-
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ing program records. Thus, the marginal costs of 
obtaining the evaluative data were zero. The amount 
of professional and clerical time necessary to analyze 
was, as will be seen, low; in fact , the largest item of 
expense may well be the time consumed in the pre
paration of the present paper. 

This report is oriented toward demonstrating the 
following conclusions : (a) program evaluation pro
duces data that can materially improve program plan
ning and operation, (b) program evaluation can some
times be done inexpensively, (c) for at least some pro
grams, inexpensive reporting schemes can be develop
ed which produce evaluative data on a continuing 
basis and (d) the analytic skills frequently involved 
in making objective evaluations are either already 
contained in many health agencies or are easily with
in reach. 

EvALUATION DESIGN 

The logic behind the evaluative approach employed has 
been described elsewhere (1, 2). It entails specifying in
formation about three program variables: 

l. Objective: A situation or condition of p eople or the 
environm ent which is considered by responsible program 
p ersonn el to be desirable to attain. To p ermit subsequent 
evaluation , th e statement of an objective must include a 
specification of: 

a. ' ·VIwt-the nature of the situation or condition to be 
attained . 

b. Extent-the quantity or amount of the situation or con
dition to be attained. 

c. Who-the particular group of p eople or portion of the 
environment in which attainment is desired. 

d. ·where-the geographic area to b e included in th e pro
gram. 

e. 'Vh en- th e time at or by which th e desired situation 
or condition is intended to exist . 

2. Activity: \1\lork undertaken in the service of an objec
tive. Activity as used here is intended to convey what others 
may term method or effort. The term "activity" does not 
imply any fixed amount, or scop e, of work; the size of a 
unit of activity may var)l from program to program. 

3. Resource : Personn el tim e, funds, materials, and faciliti es 
allocated to permit the performance or support of activity. 

Ideally, each of the three variables is specified in the pro
gram plan ; in som e instances they are only implicit in the 
minds of program p ersonnel. Nevertheless, for evaluative 
purposes, information is needed about (a) the planned level 
of attainment of each program variabl e and (b) the actual at
tainment at some point in tim e after th e program has been in 
operation. Comparisons between th e planned and ac tual 
status of each program variabl e give indices of program ef
fectiveness while comparisons between each combination of 
two variables give indices of program effici ency. 

By gath ering data on objectives, activities, and resources, 
four evaluative questions may b e answered: To what extent 
were pre-det ermined objectives accomplished by the pro
gram? To what extent were activities performed as pl anned? 
To what exten t were program resources expended as planned ? 
To what extent was the program conducted as effi ciently as 
planned? 

The program 
The evaluated program was a food sanitation program in 

a mid-westem county whose 1964 estimated population was 
735,300. The program involves regulation of some 3,230 
food establishm ents. Program personnel include a program 
chief, two fi eld supervisors, 14 district sanitarians, one of 
whom is a vending sp ecialist, and one health educator. A 
local advisory committee has been form ed which meets regu
larly and advises on operation of the program. Classes for 
food industry employees are conducted routinely. ( Food sani
tation programs, highly traditional in public health, were deem
eel most worthy of evaluation since it has been shown that 
they consume a large proportion of environmental health bud
gets on th e local level.) 

So n-rce of data 
A program record sys tem had been in operation for some 

years prior to the evaluation. These records contained much 
of the data needed in answering questions about program 
effecti veness and efficiency although there is no indication 
that th e program operators made m aximum use of it for those 
purposes. Where the record system did not include needed 
data, certain inferences had to be made which may be more 
or less acceptable to th e reader. It should be pointed out, 
however, that had one known in advance what specific in
formation would be needed for subsequent evaluation it 
would have been possible to build into the repo1iing system 
provisions for collectin g it. 

Pmgram objectives 
Th e objectives of this program had not originally been 

stated in precise enough terms to permit satisfactory ,measures. 
It was n ecessary, therefore, to reconstruct a measure of the 
objectives. Discussion with th e program chief indicated that 
this program has two objectives : one relates to risk of food
borne disease; the other relates to esthetic acceptability of 
conditions in food es tab lishm ents. These two objectives are 
not entirely independent since a given condition may be 
both esthetically unacceptable and also increase the ri sk of 
food-borne disease. The avai lable data did not p ermit con
struction of separate measures for th ese two objectives. 

The program uses a rating or scoring system in which the 
conditions of concern are grouped into 23 categories, such 
as storage of food , display and serving of food , li ghting, venti
lation, temperature con trol , etc . E ach of the categories is 
then assigned a number intended to refl ec t the relative im
portance of the category; for example, lighting is given 3 
points, wholesomeness of food is given 10 points. Th e total 
number of points distributed among the 23 categories is 
1CO. This rating sys tem is unusually flexible in that variable 
numbers of points may be debited , dep ending on the serious
ness of the sub-standard condition observed. For example, 
sub-standard lighting may be debited 3, 2, or 1 point. 

Although the program chief does not consider the ratin g 
sys tem to be a compl etely adequate measure of the program 
objective as he views it, a more adequate measure is not 
available. 1everth eless, when a food service operation is rated 
less than 85, operating procedures require that additional 
program activity be carried out. This impli es that the rating 
is used as an index of program effectiveness and that 85 is 
considered a minimum acceptable rating. 

Since the rating is based on violations, another way of 
measurin g attainm ent would be the violation correction rate. 
One major short-coming of a correction rate as a m easure 
is that it is indifferent to the magnitude of the numbers in
volved. Thus, the rate is the same if 50 of 100 violations are 

, 



I .. 
) 

; 

EvALUATION OF PERFORMANCE 117 

corrected as it would be for 5 of 10, despite the fact that in 
a given group of establishm ents, 10 violations are preferable 
to 100. Thus, one cannot look at con ection rates completely 
independently of absolute ratings. 

Two additional problems occur in the use of correction rate 
as a measure of effectiveness. First, a violation was consider
ed uncorrected if any violation in the same category was 
reported on the subsequent inspection. Thus, a restaurant 
would not receive credit for correction of a previously noted 
violation, if, for exampl e, it corrected inadequate lightin g in 
the restrooms but, in the meantim e, developed inadequate il
lumination in kitchen, because a lighting violation would 
still be observed at a second inspection. 

Finally, it will be recalled that a "partial debit" system is 
used in this program. For example, cleanliness of equipment 
has a maximm11 value of 6 points, and may be debited any 
number of points between 1-6. Thus an establishm ent may 
have been debited 5 points on one inspection, and actually 
improved to only a 2-point debit on the next inspection; 
nevertheless, this was also counted as a non-correction because 
the problem still existed in some degree. 

F rograrn activities 
Activities have both quantitative and qualitative compon

ents. Personnel are expected to make so many inspections 
and each inspection is intended to be of high quality. The 
development of a single measure of activity which includes 
both amount and quality is no simple task. This is especial
ly true because program activities are varied as indicated in 
the following list provided b y the program chief: 

Type of .Activity 
Estimated Amount of P1·ogram 

Time Consumed 

Inspections 75% 
Inservice .Education 12% 
Operation of Food Service Employee School 5% 
\o\Tork with County Food advisory committee 5% 
Investigation of food-born e disease 1-2% 
Follow up of TB cases and contacts 1-2% 
Approval of plans and equipm ent 5% 

The present evaluation is restricted to consideration of th e 
inspectional component of the program since it consumes 
most of the program resources and also because adequate 
data were not available for measuring other activities. 

The plan for frequency of inspection is stated in the follow
ing policy: 

"Th e orclinances governin g the licensing and control of 
food establislm1 ents require that each establishmen t be in
spected at least once every three months. However, more 
frequent inspections are required of those establishments 
having low sanitation ratings and/ or an excessive number of 
serious, repeated violations. The following chrut is a 
guide used by district sanitarians in determining the fre
quency of inspections: " 

Sanitation Rating Score Frequency of Inspection 

85 or more 90-day intervals 
75 to 84 60-day intervals 
70 to 74 30-day intervals 

65 to 69 15-day intervals 

64 or less 2 to 10 days 

It may thus be seen that there are different recommended 
intervals between inspections of different restaurants depend
ing on the sanitation status at each inspection. Moreover, 
sanitarians m ay fail to make needed inspections precisely 
when planned ; rather, they may inspect somewh at before or 

after the planned date. These facts preclude any simple 
determination of the planned number of inspections. 

The fo llowing scoi·i11 g procedure was used in the present 
evaluation to measure th e amount of activity: (a) The du e 
date for the first inspection in the year 1966 was computed 
from the date and score of the last inspection in 1965-the 
year prior to evaluation. (b) Then th e score on the first in
spection during the 1966 evaluation period was used to deter
min e th e due date of th e second inspection, and so on for 
all subsequent 1966 impections. [On the basis of the sample 
of es tablislm1ent records reviewed ( to be described later ), th e 
average planned inspection frequency under the system is 
about 5.5 inspections per es tablishm ent per year.] (c) Based 
on 1 and 2 above, a formula was developed to provide a 
measure of the actual number of activities performed : Num
ber of inspections = 

1 + 

1-

No. of days in advance ··of due elate 

No. of days in inspection interval 

or 

No. of days following due date 

No. of days in inspection interval 

For example, if an es tablishment received a score of 72 
on March 15, the n ext inspection would be due on April 15. 
If the inspection was actually made on April 15, it would 
be counted one inspection ( i. e., 1 ± 0/ 30) . However, if the 
inspection was made on Apri l 1, it would be counted as 1.5 
inspections (i.e., 1 + 15/ 30 ) . If made on May 1, it would 
be counted as 0.5 inspections (i.e., 1 - 15/ 30). 

The planned quality of inspections was defined as th e 
average quality of work expected by the program chief. 
Two separate monthly ratings of the work of each district 
sanitarian were made by supervisors on a three point scale: 
average, above average, below average. One rating was based 
on the supervisor's direct observation of sanitarians' work in 
the field. It included impressions about accuracy of his 
observation in establishments, his manner of discussing find
ings and also the extent to which the proper nmnber of in
spections were being made. The other rating was based on a 
review of written inspections reports. Criteria for this rating 
included the clarity of th e description of the violations and 
appropriateness of recommendations. 

ln order to quantify these ratings, arbitrary scores were as
signed to each rating so that a rating of below average re
ceived a score of 1; average, a score of 2; and above average, 
a score of 3. The overall quality score was the average ·Of 
the two quality ratings. 

To arrive at a single m easure of activity combining quantity 
inspections p erformed 

and quality, the activity quantity score, 
inspections planned 

was multiplied by the quality score. 

Resources 
Program resources were measured in dollars. The pro

gram budget was used as the measure of plrumed or allocated 
resources while the expenditure report provided the measure 
of actual resources expended . Since the agency utilized pro
gram budgeting, there was a separate budget for the food 
program . Since some other programs conb·ibuted to the 
food program, e.g., th e laboratory, th e data processing unit 
and the agency's administrative unit, the food program was 
charged a proportion of each of these unit's budget, based 
on service to the food program. 
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EVALUATIO FINDINGS 

The findings will be presented in the order in 
which they could ordinarily be obtained in program 
evaluation and not necessarily in the order of their 
importance. Thus, while an operator may be most 
concerned with the extent to which his program ob
jectives have been attained, that question can or
dinarily not be answered until relatively late in the 
evaluation. Long before that point is reached it 
is possible to check on the extent to which resources 
are expended as planned and activities are perform
ed as planned. Similarly, program efficiency, de
pendent as it is upon knowledge both of outcomes 
(objectives attained) and inputs (resources ell.rpend
ed) must follow data on program effectiveness. 

Effectiveness 
1. Resources 

The planned and expended program resources 
"vere as follows: 

Planned 

Food Program Budget $118,466 
3,607 
5,348 

Vital Statistics ( 4% of V. S. budget ) 
Laboratory (25% of Lab. budget) 
Administration ( 7.5% of Administration 

budget) 
Program Resources 

8,885 
$136,306 

Actual 

$114,084 
3,480 
4,945 

8,556 
$131,065 

The ratio of actual resources expended to planned 
resources equals .96; therefore, the program expend
ed nearly all resources planned to be expended. 

2. Activities 
a) Quantitative. The activity data are based 

on a sample of 128 establishments . A stratified sam
ple of all non-vending food establishments was select
ed by drawing 10 establishments at random from the 
case load of each of the 13 field sanitarians who had 
approximately the same case loads. One establish
ment was rejected since it had only been in operation 
a few weeks; the record of a second was lost prior 
to analysis. \iVhen the quantitative measures of data 
for activity were computed according to the pro
cedures described earlier, the following results were 
obtained: (a) A total of 352 inspections should have 
been performed, according to the plan. (b) There 
were 215 actual inspections performed. (c) The 215 
reduced to 209 inspections when the earlier describ
ed correction for interval was applied. (d) The ratio 
of actual to planned activity quantity is thus .59 
( 209/ 352); about tlu·ee-fifths of tl1e number of plan
ned activities were actually performed. 

b) Qualitative. The average quality of the in
spections was .95 of planned quality. The average 

:. on the first quality rating was 1.9; on tl1e second, 1.8. 
Since average rating was defined as 2, the average 

of the ratings was divided by 2 to convert to a base 
of unity. 

c) Composite activity. Multiplying average 
activity quality by average activity quantity yield~ a 
total activity score of .56 (.59 x .95 ); the ratio, actual 
activity to planned activity, is slightly more than half 
of the planned activity. 

The validity of these measures is certainly open to 
question. Both the formula £or computing activity 
frequency and the measurement of activity quality 
require further consideration. 

One validity check on the measure of activity quan
tity was available. Since, as indicated, amount of 
work was one consideration in one of tl1e "quality" 
ratings, it should be correlated with the activity fre
quency index. However, the correlation between 
these two scores was only .285 as calculated by Pear
son's Product-Moment. Tins indicates that two dif
ferent variables are being measured; at least one 
(and possibly both) of these scores does not accur- ' 
ately measure activity quantity. 

Objectives 
Initial analysis of the data on average ratings shows: 
1. The average rating of establishments in the sam

ple at tl1e last inspections preceding the evaluation 
period was 87.0, the average rating at last inspection 
prior to the end of the evaluated period ·was 85.7, 
for a net reduction in compliance of 1.3. 

2. The proportion rated 85 or higher at the begin
ning of the period was 66.4; at the end of the period, 
60.5. 

3. Of 84 operations rating 85 or above at tl1e be
ginning of the evaluation period, 43 fell below 85 
during the period and 19 were still below 85 at the 
last inspection. 

4. Of 43 operations rated below 85 at the beginning 
of the period, 13 scored above 85 during tl1e period 
and 5 were still above 85 at last inspection. 

Before one concludes that tl1e program had little 
or no positive effect, it is necessary to deal with the 
critical problem of what the ratings would have been 
had there been no program. An accurate answer 
would require a control or comparison group consist
ing of a randomly assigned sample of establishments 
which received no service. Lacking such a conb:ol 
group, it is only possible to estimate the program im
pact. Some evidence was obtained that ratings would 
decline over time in tl1e absence of a program. One 
dish"ict had not received inspectiomrl service over a 
14-month period other than responding to complaints 
because a sanitarian vacancy could not be filled. 
During that time, as measured by a supervisor's sur
vey, the average rating fell 12.5 points, from 75 to 
62.5, compared to an average survey score for all 
districts of 72.6. It is , of course, dangerous to gen-
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eralize the e;..:p erience of this one district to the pro

gram as a whole. 
The notion that ratings would decline in the ab

sence of activity is supported to some extent by an 

analysis of violation correction rates. Of the 128 

establishments in· the sample, 100 had 2 or more 

inspections which permits computation of correction 

rates. These 100 operations had 615 violations at 

the first inspection during the p eriod and 635 at the 

last inspection during the period. However, many 

of these operations had more than 2 inspections. In 

addition to the 615 violations at first inspection for 

which correction status could be determined, an ad

ditional 350 violations occurred for which there was 

a subsequent inspection, allowing their inclusion in 

computation of correction rates. Of the 965 viola

tions, 330 or 34% were corrected during the evaluation 

period. Thus, although many violations were cor

rected, there was a net increase over the evaluation 

period of 20 violations, accounting for the lower aver

age rating at the end of the period than at the be

ginning. 

In a retrospective study, there is no way to de

termine how many, if any, of the 330 violations would 

have been corrected in the absence of the inspection

a! program. For technical practices such as use of 

1 sanitizer, proper detergent concentration, temper

lture of operation of refrigerators and steamtables, 

one would exp ect an operator to continue current 

practice tmless he saw an operational reason for 

changing. The same situation would be predicted 

for presence of physical facilities such as hot water 

in restrooms, sneezeguards over displayed food, hoods 

and exhaust fans, etc. In the case of violations of 

cleanliness or maintenance, however, a different situ-

; ation exists. An initially clean or adequately con

structed surface or utensil will, over time, become 

increasingly dirty or worn. On the other hand, some 

very dirty or worn surfaces and utensils will normal

ly be cleaned; repaired, or replaced. The point in 

this time interval at which a sanitarian inspects prob

ably greatly influences both the violation rates and 

the correction rates for cleaning and maintenance 

conditions. 

Many sanitarians have heard operators say, "I was 

going to clean it tonight;" "I have a new one ordered 

which will be in next 'week." For such statements 

which are true, violations are recorded which would 

not have been violations had the inspection tak~n 
·place a day or week later. In addition, the next in

speqtion will show a correction that would have oc

cun~ed even had there been no inspection. However, 

it is not easy to determine what proportion of these 

statements are in fact b:ue. Therefore, we will make 

the assumption that all 330 corrections noted above 

can be attributed to the program. 

If we use correction rate as the measure of pro

gram objective, the effectiveness ratio would be 330/ 

965 or 0.34. This measure seems preferable to use 

of rating scores although a quite similar ratio can 

be obtained in the following manner. 

The average rating at the beginning of the evalua

tion period was 87.0 If we could generalize the ex

perience of the non-inspected district to the total 

program, we would expect the rating to decline at 

the rate of about one point per . month, or 6 points 

over the period and would predict a rating of 81 at 

the end of the period in absence of program activity. 

The difference between actual rating at end of period 

(85.7 ) and predicted (81.0) is 4.7. Possible effective

ness would be 19, that is total e~fectiveness ( 100 ), 

minus predicted status ( 81 ) . Thus, in terms of rat

ing we would say the program was 4.7/19 or 0.26 

effective. 

It is the tenuousness of the assumptions involved 

in this calculation rather than the lower effectiveness 

which led us to select correction rate as the preferred 

index of effectiveness. 

Efficiency 
Let us now look at the findings in terms of ef

ficiency, which is defined as the relationship between 

program resources and attainment of program ob

jectives. 

It will be recalled that resource expenditures were 

$131,065. Although inspectional work was estimated 

to comprise only 75% of program activity, we will 

assume for the evaluation that all of the resources 

were e>..1)ended on inspectional activity-which is 

reasonable since inspections were given credit for 

the attainment of objectives. 

Since only one-half year was sh1died, resources 

applicable to the evaluation period are $65,532.50. 

Further, since we calculated activity and objective 

measures on a sample of 128 of the 3,250 establish

ments served by the program, the resources appli

cable to inspectional work in these operations are 

$2,562. 

Program efficiency, i.e., the relationship bel:\veen 

objectives (calculated as corrections obtained) and 

resources is 330/2562. The inverse ratio, 2562/ 330, 

yields an average cost of $7.76 per correction. 

The subordinate efficiency measures, the ratios 

between (a) resources and activities and (b) activities 

and objectives are respectively: 

1. 209/2562 = 0.08, or an average cost (2562/209) 

of $12.26 per inspection. 

2. 330/ 209 = 1.6 corrections per inspection. 

These efficiency measures would have been quite 

different had the program operated as planned, i.e., 

all resources expended, $2678; all activities perform-
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ed, 352 inspections; and all of the objectives attained, 
965 corrections. 

The comparison of planned and actual efficiency 
is as follows: 

Average cost p er correction 
Average cost per inspection 
Corrections per inspection 

PI armed 

$2.78 
7 .61 
2.74 

INTERPRETATION OF FIJ\TDINGS 

Actual 

$ 7.76 
12.26 

1.60 

The overall measures of effectiveness show (a.) the 
ratio of actual to planned resource expenditure is 
0.96, (b) the ratio of actual to planned activity per
formance is 0.56, and (c) the ratio of actual to plan
ned objective attainment is 0.34. It is clear that the 
program plan sustantially overestimated attainment 
on two of the three variables; although the program 
did expend nearly all of the planned resources, it 
performed only a little more than half the planned 
activity and accomplished about one-third of the 
planned objective. 

If we could assume these relationships would re
main constant if applied in the future and at dif
ferent levels , we could predict the result of various 
proposals. 

Suppose, for example, we asked, what would it re
quire in resources and activities to correct all exist
ing violations? Since there were 635 existing viola
tions at the end of the period, we would estimate 
it vvould require 397 inspections ( 635/ 1.6 ) at a cost 
of $4867.22 ( 635 x $12.26 ) to correct the existing 
violations in the 128 operations in the sample. We 
would estimate for the program, there would be 
16,120 violations requiring 10,075 inspections at a 
cost of $123,519.50. This, of course, ignores new 
violations that would occur during the time period. 

Vve could similarly set various levels of resources 
and predict what the food sanitation situation would 
be under the alternatives considered. Keep in mind, 
however, that d1ese projections assume constant re
turns to scale, which only rarely occur. It is possible 
to look for places where efficiency might be improved. 
Since data for individual sanitarians were collected, 
we can examine the evaluations results separately 
for each sanitarian in an effort to produce analyses 
that are more useful for future planning. 

Computation of the resource variable for individual 
sanitarians is unproductive since we find the salaries 
and expenses actually paid were in fact as planned. 
The total program ratio of 0.96 is explained by the 
existence of a staff vacancy during the p eriod. 

There is considerable variation among the sani
tarians on the activity variable (Table 1) . It can 
be seen that none of the sanitarians performed as 
many inspections as the schedule requires. Applica-

tion of the formula for adjusting the number of act
ual visits according to the planned timeliness of the 
visit resulted in increasing the number of inspections 
for three sanitarians, virtually no change for four and 
reducing the number for six. There was much more 
consistency among sanitarians in the number of in
spections that should have been performed than in 
either actual or calculated performance. 

There was much less variation in quality of work 
as it was measured . However, it is clear that one 
sanitarian performed considerably above average, 
two considerably below, five were slightly below, 
and five performed as planned. 

There was also considerable variation among dis
tricts in terms of attainment of program objectives. 
Th ese findings are reported in Table 2. 

It can be seen in Table 2 that the highest cor
rection rates were generally associated with highest 
initial ratings ( r = + .378). This suggests that there 
are differences among the districts and that cor
rections are somewhat easier to obtain in the initially 
better districts (or that correction would be more 
apt to be made even if there were no program) . This 
observation, however, appears to be of little use for 
future planning except perhaps to suggest that in 
general, the more violations observed initially, the 
more effort may be required to get a given correction 
rate. 

If the assumptions linking the performance of activ
ity to attainment of objectives (in tt;~rms of cor
rection rates ) were h·ue, one would expect to find 
a positive correlation between activity scores and 
correction rates. 

W e observe (a.) there is a slight positive correlation 
between the quantity of activity and correction rate, 
(b) a consistent negative correlation between the 
tlu·ee indices of activity quality and correction rate, 
and (c) little or no correlation at all between the 
composite activity measure and correction rate. 

Before deciding whether program changes should 
be made on the basis of these findings , we must con
sider the question of the validity of the measures. 
(a) Do these indices actually measure the qualitative 
and quantitative components of activity?, and (b) Is 
correction rate a val id measure of the program ob
jective? 1 i r ' ! 

If these measures were valid, the major implication 
would be that serious consideration be given to the 
concept of quality of work since that which has been 
defined as high quality of work does not produce a 
high correction rate and to some extent, may produce 
poorer correction rate. 

If, however, d1e measures are not valid indicators 
of activity and objective, efforts need to be made to 
develop more appropriate measures. 

, 
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TABLE l. ACTIVITY 1•IEASURES-BY SANITARIAN 

No. No. 
Real No. Insp. Completed Activity Average Overall 

San. Insp. Due (By (By Quantity Quality Activity 
No. Done Formula) Formula) Score Score ll!easure 

1 12 30 9.7 .32 .65 .21 
2 21 30 21.2 .68 1.0 .68 
3 23 35 30.9 .88 .95 .84 
4 19 28 17.3 .62 .90 .57 
5 16 27 15.3 .57 1.0 .57 
6 12 20 8.9 .44 .90 .39 
7 15 23 15.3 .67 1.0 .67 
8 9 23 7.4 .32 1.0 .32 
9 21 25 20.6 .82 .90 .76 

10 17 27 18.4 .68 .80 .52 
11 15 21 12.3 .59 .90 .54 
12 18 25 17.3 .69 1.2 . 83 
13 17 38 14.4 .38 1.0 .38 
Program 215 352 209.0 .59 .95 .56 

T ABLE 2. OBJECTIVE MEASURE-BY SANITARIAN DISTRICT 

Violations 
Ave. Ave. Subject to Violations 

Sanl- Ratin g . Rat ing CotTection Conected P ercent 
tarian Beginnin!;' End of Over Total B)• End of Violations 

District of P eriod P eriod P eriod Period Corrected 

1 91.9 89.4 19 9 47 
2 89.4 85.4 72 26 36 
3 85.4 89.6 171 66 39 
4 81.6 83.4 108 43 40 
5 87.3 85.2 46 9 20 
6 86.1 84.4 53 16 30 
7 87.7 87.8 74 22 30 
8 89 .0 85.5 41 10 24 
9 82.6 85.1 56 20 36 

lO 84.1 85.6 80 23 29 
ll 91.3 93.1 71 45 63 
12 85.0 83.6 89 23 26 
13 86.3 82.2 85 18 21 
Program 87.0 85.7 965 330 34 

The rank order correlations of the various activity 
measures with correction rate are reported in Table 3. 

TABLE 3. COHRELATION OF MEASURES OF ACTIVITY 
AND OBJECTIVES 

Activity Measu re 
Correlation of Activity i\Ieasures 

With Correction Rate 

Quantity 
Quality rating No. 1 
Quality ratin g No. 2 
C ombined Quality ratings 
Overall acti vity score 

+.19 
- .23 
-.62 
- .5.5 
+ .12 

It is unfortunate that sub-objectives were not speci
fied for this program. Specification and measure
ment of such sub-objectives would have contributed 
to identification of reasons for the low correction rate 
and would thus have provided a firmer basis for pro
gram improvement. 

Interpretation of the efficiency findings depends 
in part on future plans for the program. If it should 
be decided that little improvement in effectiveness 
is possible or required , one might seek ways of re
ducing costs while maintaining current levels of ef
fectiveness. If, however, greater accomplishment is 
desired , the focus would be on ways of obtaining a 
higher rate of activities or different kinds of activi
ties . 

If rather drastic changes in the amounts or quality 
of activity are made, data on current levels of effi
ciency based on past operation may have little ap
plicability to future planning. 

CosTs oF EvALuATION 

There were no out-of-pocket costs required for this 
study. Several hours of the program director's time 
were required for describing the program to the 
authors, discussion of the program objectives, and 
discussion of measurement of objectives and activi
ties. A fevv hours were required for selecting the 
sample and abstracting data from summary record 
cards and personnel records. About one week of a 
statistical clerk's time was required for coding and 
tabulation of the data. The only additional costs 
were the authors' time spent in interpretation and 
the preparation of this paper. 

In retrospect , it may have been worth the addition
al time that would have b een required to abstmct 
data on compliance from the narrative inspection re
ports. This would have allowed (a) separation of 
new violations from continuing violations when there 
were consecutive violations within a category and 
(b) taking account of changes in the severity of vio
lations. 
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ABSTRACT 

A total bacterial count, oxidase count, coliform, and yeast 
and mold count was made on each of 135 samples of del
icatessen foods collected at retail outlets and food processing 
plants. Analysis of the data obtained, primarily through 
correlation of the total count, oxidase and coliform counts, 
allowed for an assessment of possible somces of bacterial con
tamination. The importance of the oxidase test is stressed 
since delicatessen foods may be contaminated by psychrophilic 
pseudomonads and this test offers a rapid measure of such 
contamination. Interpretation of results obtained on any one 
sample are explained. 

Bacterial examination of food products is usually 
conducted for one of three reasons: detection of 
pathogens, as an index of gross contamination, or as 
an estimate of probable shelf life. It is this last cate
gory ·which we discuss in this report including an 
evaluation of sanitary practices in the processing 
plant or food market as determined by the interpreta
tion of bacteriological analyses. 

The organism or group of organisms chosen as an 
indicator of perishability must reflect the condition 
under which the food is stored. Since delicatessen 
foods (salads, stuffed clams, coleslaw, chopped liver, 
potato salad, etc.), which are the subject of this re
port, are kept under refrigeration, a psychrophilic 
count could have meaning. Unfortunately, a stand
ard test for psychrophiles takes at least 7 days to 
complete and after this time interval the data may 
be of only historical ..~>ignificance. However, the rapid 
test for potential psychrophiles proposed by Hankin 
and Dillman (4) allows for the almost simultaneous 
determination of the total bacterial count and po
tential psychrophiles. This test measures the num
ber of oxidase-positive organisms and can be com
pleted within 48 hr. A correlation between the oxi
dase tes t and potential psychrophiles in pasteurized 
milk has been shown (4). Pseudomonads comprise 
the largest group of psychrophiles in foods (9) and 
are particularly obnoxious in that many produce off
flavors and odors in a relatively short period of time. 
The oxidase test when applied to milk has been shown 
to give an indication of sanitary practices on the 
farm (5) and the number of oxidase-positive organ
isms in pasteurized milk has been correlated with 
certain off-flavors by Hankin and Anderson (3). 

This study was conducted to determine if the oxi
dase test, and its relationship to other bacteriological 
analyses, could be applied to refrigerated foods , par
ticularly the delicatessen foods. A study of this type 
of food within tlus State would also provide guide
lines for the interpretation of results obtained in the 
subsequent analysis of individual samples and help 
processors in providing a b etter quality of product 
to the consumer. 

1ETHODS 

Conunercial food samples were aseptically collected on the 
open · market, refri gerated ( 38-40 F), and delivered to the 
laboratory on the same day. Total numb~rs of bacteria were 
determined according to recommended methods (1). The 
yeast and mold counts were made on potato dextrose agar 
(Difco, Detroit, Michigan) , and the number of coliform 
organisms was determined with both violet red bile ' agar ( Dif
co) plates and a standard Most Probable 1 umber procedure 
(1). The oxidase test was conducted on the same plates as 
were used for the total bacterial count with the method as 
described by Hankin and Dillman ( 4). 

RESULTS Al\TD DISCUSSION 

The 135 samples examined were arbitrarily divided 
into categories, because of similarity of product, to 
facilitate discussion. These categories are: coleslaw, 
including garden salad; sh1ffed clams; other types of 
salads (including ham, chicken, macaroni and herr
ing); potato salad; fish products other than stuffed 
clams ; and miscellaneous items such as corn, beet 
and cucumber salads, puddings, and refrigerated 
bakery products. 

A summary of the test results is shown in Table l. 
Th<~ following general statement can be made con
cerning all samples. Vlith a few exceptions, stuffed 
clams and coleslaw contained more oxidase-positive 
organisms (as per cent of the total count) than any 
other category. Fish products ranked next in total 
number of oxidase-positive organisms: A discussion 
of the significance of these results is presented under 
each category. The number of oxidase-positive or
ganisms is sh·essed in this report since they are po
tentially psychrophilic ( 4) and in this respect ex
tremely detrimental in delicatessen type foods . This 
is not to suggest that the presence of pathogens or 
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TABLE 1. VIABLE COUNTS OF DELICATESSEN FOODS-135 SA!Ifi'LES EXAMINED 

Yeast a nd 
Number of Total bacterial count Oxidase count Coliform count mold count 

Type of Samples (per g) (per g) (per g) (per g) 
Product Examined Average' Range Averagel Range Range Range 

Stuffed clams 15 102,000 3,500- 28,000 <300- < 10- < 10-
> 300,000 > 300,000 > 2,400 8,100 

Coleslaw• 22 68,000 <300- 30,000 <300- < 10- <10-
> 300,000 > 300,000 1,600 13,000 

Potato3 salad 24 46,000 310- 2,000 < 300- < 10- < 10-
250,000 34,000 680 5,400 

Salads4 35 105,000 <300- 9,000 < 300- < 10- <10-
> 300,000 94,000 > 3,000 >300,000 

Fish products 11 42,000 < 300- 6,000 < 10- < 10- <10-
> 300,000 44,000 1,300 5,700 

Miscellaneous' 28 108,000 320- 2,000 <300- < 10- <10-
> 300,000 48,000 > 3,000 > 300,000 

'A few samples were reported as <3,000 or > 300,000. In these few instances the count \VaS arbitrarily set at 3,000 or 
300,000 for computation of the average, only for use in this table. 
"Eight samples were labeled as containing a preservative. 
3Seven samples were labeled as containing a preservative. 
''Five samples were labeled as containing a preservative. 
' One sample was labeled as containing a preservative. 

TABLE 2. EXAMPLES OF POSSIBLE SOURCES OF CONTAMINATION J N VARIOUS PRODUCTS AS DETERMINED BY RELATIONSHIP 

BETWEEN TOTAL COUNT, OXIDASE COUNT, Al\'U COLIFORM COUNT ( MPN). 

Total Oxidase 
Count Count Coliform 

Sample (per g) (per g) (li!PN per g) Probable Interpretation 

Coleslaw 110,000 33,000 >2,400' Organisms from unwashed and loose outside cabbage 
leaves 

Coleslaw > 300,000 > 300,000 460 Dirty equipment 
Coleslaw 140,000 160 <3 Ingredient contamination other than cabbage 
Stuffed clams 300,000 20,000 > 2,400 Dirty shells and/ or dirty equipment 
Stuffed clams 18,000 10,000 23 Dirty equipm ent 
Stuffed clams 260,000 1,200 > 2,400 Dirty equipment or contan1inated ingredients 
Potato salad (9291) 200,000 <10 3.6 Contaminated ingredients 
Potato salad ( 9272) 4,800 3,800 <3 Dirty utensils 
Potato salad 210,000 34,000 > 2,400 Dirty utensils, poor handling 
Potato salad 9,400 1,300 > 2,400 Poor handling 
Ham spread > 300,000 10 
Chicken roiJs 5,100 160 
Bean salad 230,000 210 
Eclairs, custard 260,000 0 

1E. coli in this sample <3 per g. 

organisms of the colif~rn1 group are any less impor
tant. The oxidase test provides additional informa
tion about the source of contamination in the sample. 
Although many samples showed a high yeast and 
mold count we did not find a correlation between 
this test and the other tests made. ., 

The data shown in Table 2 indicate the type of 
interpretation that can be reached from information 
obtained from the tests carried out. For example, 
coleslaw might be expected to contain high numbers 
of oxidase-positive organisms since pseudomonads 

1,100 Contaminated ingredients 
<3 O.K. 

Contaminated ingredients 
93 Poor refrigeration 

abound in soil and water (8) and can become lodged 
between the leaves of the cabbage, especially the out
er ones. The type of u·eatment that the cabbage re
ceives prior to shredding varies considerably. In 
some instances neither the outer leaves are removed 
nor is the cabbage washed prior to shredding. Our 
information, from J.:nowledge of individual plant prac
tices, indicates that high oxidase counts are associat
ed with the non-washers and non-leaf removers. 1f 
the outer leaves are used they should be removed 
and washed prior to use. If the outer leaves are re-
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moved and washed, and a high oxidase count is 
found then dirty equipment would be indicated as 
the source of contamination. 

In fish , especially shellfish, emphasis is placed 
upon determining whether or not the sample was 
harvested from contaminated waters. The coliform 
tes t serves as the indicator. Pseudomonads, hovv
ever, may also be prevalent on fish (2, 6) and can 
also serve as an indicator group of organisms. Most 
processors of stuffed clams use canned clams which 
have been heat h·eated . Therefore, the presence of 
oxidase-positive organisms (and coliforms) presum
ably indicates either poorly sanitized shells, dirty 
utensils or contamination from ingredients other than 
clams. If the oxidase count is high and the coliform 
count is also high then contaminated shells is prob
ably the source of contamination. If the oxidase
positive count is high but the coliform count is low, 
then dirty equipment is the source. The results of 
the oxidase test coupl2d with that of the coliform 
test is a useful combination for determination of the 
source of bacterial contamination. A few examples 
are shown in Table 2. 

As an illush·ation, a test was made in one plant to 
determine if undersanitized shells were contributing 
to the bacterial count of stuffed clams. Stuffed 
clams were taken from a production line. Unstuffed 
shells were taken from the line, sanitized with a 200 
ppm chlorine mist, replaced on the line, and subse
quently filled. Bacterial examination revealed the 
following. Production line stuffed clams: total count, 
60,000/g; and oxidase count, 3,400/g. Clams on 
sanitized shells: total count, 11,000/ g; and oxidase 
count 2,000/g. It was clear in this instance that poor
ly sanitized shells contributed materially to the bac
terial count. Sanitizing the shells reduced the total 
count by about 82% and the oxidase count by about 
41%. 

Fish products other than stuffed clams include 
shrimp rolls, clam cakes, clamburgers , and fish spread. 
Generally, higher total count and oxidase counts 
were found in shrimp products . It would appear 
that interpretation of data obtained is the same as 
for stuffed clams since shrimp are also given some 
heat treatment prior to use. 

Most of the ingredients in potato salad are either 
thoroughly cooked prior to use (potatoes, eggs) or 
heat treated (mayonnaise ) with the possible excep
tion of optional ingredients such as raw celery. There
fore, high coliform counts indicate poor handling and 
high oxidase counts dirty equipment. Examples are 
shown in Table 2. In sample labeled 9291 neither 
the oxidase nor the coliform count was high. The 
source of contamination therefore was probably not 
hands or dirty equipment. In 9727 the total count 
was low but since most of the total was oxidase-

positive, contamination from dirty equipment was in
dicated . In raw milk it has b een shown that when 
the percentage of oxidase-positive organisms in the 
total count is high, the source of the sample merits 
attention since it can indicate a build-up of these 
organisms on equipment and subsequent recontamina
tion of fresh samples (5). 

In the category of miscellaneous foods, chopped 
liver is of sufficient interest to warrant some dis
cussion. Although 6 of the 9 samples had a total 
count of 100,000/ g (most over 300,000 ) the oxidase 
counts were low, both percentagewise and in actual 
numbers . The coliform counts tended to be high on 
these samples. However, since liver is par-boiled 
before it is processed the high coliform numbers indi
cate extremely poor processing techniques. The lack 
of high oxidase counts shows no general utensil con
tamination. 

Other miscellaneous products were quite variable. 
Many had b een cooked or baked and showed a low 
total count. A few examples are shown in Table 2. 
In salads, both the total count and oxidase counts 
were quite variable. High counts reflect both the 
degree of contamination of ingredients as well as 
post-processing contamination. The oxidase count 
on eclairs was relatively low. In one instance the 
total count was 160,000/ g; the oxidase count 48,000/g 
or about 33%. Such information indicates post-pro
cessing contamination. The same interpretation can 
be made when products are processed by high h eat 
such as baked goods. A high total count with low 
oxidase count can indicate faulty refrigeration . Ob
viously in any one product some assessment · must b e 
made as to the "normal" oxidase-positive flora of the 
product. 

Many studies have been made to show that either 
total viable or direct microscopic counts indicate the 
sanitation level that occurred during processing. It 
is our contention, however, that while a total count 
may reflect the sanitation level it does not provide 
adequate information as to the source of contamina
tion nor does it adequately portray the bacterial 
flora of the product. The use of the oxidase test in 
conjunction with a total bacterial count quickly pro
vides further insight into possible groups of organisms 
and does this without excessive laboratory time. In 
general, bacterial counts at the level of 10" or 107 p er 
g of material are required before decomposition can 
be detected organoleptically (2). However, Peterson 
and Gunderson (7) found only 10• psychrophilic or
ganisms were needed per g of chicken pot pie to give 
an off-flavor. Such levels of oxidase-positive organ
isms were found on some of the samples examined 
in our study. While some work has been don e on 
the relationship b etween oxidase-positive organisms 
and flavor in food s, it is clear that further investiga-
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tion in this area is needed in order to help in the 
promulga tion of meaningful standards for this type 
of organism in food products. 

\iVhat we have shown in this report is that routine 
bacteriological tests on delicatessen foods can be 
made more meaningful when the oxidase tes t is ap
plied to the total count. It not only provides a m eas
ure of potential psychrophiles in the food but it also 
provides a ready insigh t into sani tary practices at the 
processing plant. It must be stressed that some 
knowledge of the "normal" flora of the basic ingred
ients of a food product and processing procedures is 
essential. Information, especially as regards psychro
philes, is not available quickly and at the same time 
as the total count when standard tests are applied to 
this group of organisms. Our data have pointed out 
specific instances in the use of the combination of 
bacteriological tes ts to b oth pin-point possible sources 
of contamination and also to detect potential psychro
philes. Thus, more efficient use is made of the data 
already being obtained when the results of the total 
count are coupled with the results of the oxidase test 
and the coliform count. 

ACKNOWLEDGMENTS 

W e are especially gratefu l to Mr. Karl Newsom, Senior 
Inspector, Connecticut Department of Consumer Protection, 
Hartford, who collected the samples and provided h elpful 
suggestions concerning processing procedures. \Ve also thank 
Mr. Eaton Smith, Director of the Food and Drug Division of 
the above mentioned Department who made the necessru·y 

arran gements for sampl e collection. The help of Mrs. Guna 
Gregors aml 1r. Richard Eglington, Laboratory Di vision of 
the State D epartment of Health, in the bacteriological analyses 
is also appreciated . 

R EFERENCES 

l. American Public H ealth Association. 1966. Recom
mended lethods for the Microbiological Exrunination of 
Foods. 2nd Ed. Am erican Public H ealth Assoc., New York, 
N.Y. 

2. E lliott, R. P. , and H. D. Michener. 1961. Microbio
logical process report. Microbiological standards and handli11 g 
codes for chilled and frozen foods. A review. Appl. Micro
bioi. 9 :452-468. 

3 . Hankin, L., and E . 0 . Anderson . 1969. Correlations 
between flavor score, flavor criticism, standard plate count 
and oxidase count on pasteurized milks. J. Milk Food Techno!. 
32 :49-51. . 

4. Hankin, L., and v\1. F. Dillman. 1968. A rapid test to 
find "potentially" psychrophilic organisms in pasteurized dairy 
products. J. Milk Food Techno!. 31:141-145. 

5. Hankin, L., A. R. Pernice, and \•V. F. Dillman. 1968. 
Quality control of milk production by means of the cyto
chrome oxidase test. J. Milk Food T echnol. 31:165-170. 

6. Ingraham, J . C. , and J . L. Stokes . 1959. Psychrophilic 
bacteria. Bacterial. Rev. 23:97-108. 

7. Peterson, A. C., and !vl. F. Gunderson. 1960. Role of 
psychrophilic bacteria in frozen food spoilage. Food Technol. 
14:413-417. 

8. Stokes, J. L. , and M. L. Redmond . 1966. Quantitative 
ecology of psychrophilic microorganisms. Appl. Microbial. 
14:74-78. 

9. Witter, L. D . 1961. Psychrophilic bacteria-a review. 
J. Dairy Sci. 44:983-1015. 

HARMLESS MICROBES 
NOW CUT GREASE TRAP MAINTENANCE COSTS 

A new microbial concentrate that cuts maintenance costs 
by eliminating grease build-up, sewer line clogging and hand 
cleaning of grease traps has just been announced by Circle 
Research Laboratories, Inc., Glen Ridge, ew Jersey. 

The new fo rmulation, Grees-Out Formula No. 150 Bacteria
Enzyme Grease Trap Cleaner and Deodorizer, is a wettable 
powder with a high concenu·ate of specialized fat-digesting 
bacteria and enzymes, plus protease, amylase and cellulase 
producing mi.croorgru1isms that diges t other organic waste 
which may be combined with the fats and oils in a grease 
trap. The effectiveness is long-lasting. The bacteria in it 
penetrate grease and other organic waste, establish reproduc
ing colonies in th em, and continue digesting them for pro
long periods of time after each treatment. The microorgan
isms use waste as food-literally eating away clogging sub
stances. 

An important feature is odor control. Hot water in grease 
traps and other plumbing tends to upset the symbiotic balance 

of bacteria in them. It kills certain types of bacteria that 
cannot stand high temperatures, but permits other bacteria , 
which can stand h eat, to multiply. These give off offensive 
odors. The bacteria in Grees-Out are specially bred to con
stmle organic-waste over a wide temperature range, thereby 
controlling odors. 

Grees-Out is certified salmonella-free and may be used in 
food preparation and food service areas; it contains no poi
sonous, caustic or acid chemicals. A grease trap or other 
plumbing fixture may be examined after treabnent without 
danger of skin burns or eye damage. Simple to use, Grees
Out No. 150 is mixed with warm water and flushed into 
grease b·aps through sink or other drains nearest traps. Circle 
Research has prepared a Pwduct Bulletin which contains 
complete information on th e p roduct as well as directions for 
use in all types of u·aps and plumbing lines. A free cop y is 
available from Circle Research Laboratories, Inc. , Glen Ridge, 
N . J. 07028. 
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PRACTICAL CONTROL OF SALMONELLAE~. 

JoHN C. AYRES 

Food Science Division 
University of Georgia, Athens, Georgia 30601 

ABSTRACT 

Salmonellae occur in practically all raw feeds and foods 
of animal origin; consequently the key word to their control 
is sanitation . The twentieth century h as brought with it pro
found changes in animal husbandry practices, large-scale 
production of foods, packaging innovations, mass storage, 
transportation, and retailing patterns. As a consequence of 
these developments, substantial segments of the consuming 
public can be placed at risk within a short period of tim e. 

Surveillance of animals, their feeds, and other raw materials 
to assure that Salmonella contamination is minimized is of 
paramount importance. Pest control, ingredient specifications, 
handling requirements, improved personal hygiene practices, 
proper clothing, and prevention of foods to access by work
men who are ill or have cuts, sores, or boils are of equal im
portance to the maintenance of quality. Other requisites for 
holding salmonellae in check are the elimination of dust, 
debris, and refuse from the plant; proper cleaning of equip
ment and utensils in contact with foods; inactivation of micro
organisms by the application of cold or heat; rigid control 
of ingredients; and segregation of finish ed products so that 
cross-contamination is not possible. TI1e role of the producer, 
processor, warehouse man, trucker, r egulatory and public 
health officials; doctor, retailer, and constm1er in contributing 
to this chain of infection must be properly assessed. 

BACKGROUND 

Among the major foodborne illnesses to which man 
is susceptible, salmonellosis recently has received the 
most attention. During the past 5 years, isolations 
of salmonellae reported have been in the neighbor
hood of 20,000 per annum (Fig. 1) and the number 
of reported cases varies from 300 to 500 each week. 
Most infections take place during the months of 
July, August, September, and October and might be 
ath·ibuted to the widespread popularity of outings 
and picnics during th'at period which provides peak 
opportunity for the ingestion of these organisms. 
Many public health officials consider the hue inci
dence of salmonellae to be far higher. Several in
vestigators intimate that the true number may be 
5-20 times this figure (2, 3, 9). 

Each year during this same interval there has been 
an increase in non-human Salmonella isolations (Fig. 
2). Until 1966 turkeys and chickens accounted for 
over one-half of the isolates ( Fig. 3 ). In 1966, how-

1Presented at the 55th Annual Meetin g of the International 
Association of Milk, Food, and Environmental Sanitarians, 
Inc., St. Louis, Mo ., August 18-22, 1968. 
' Journal Series Paper No. 343, University of Georgia, College 
. of Agriculture E xperiment Stations, College Station, Athens. 
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Figure l. Reported hwnan isolations of salmonellae in the 
United States. ( Courtesy: NCDC, HSMHA, PHS, USDHEW). 

(/) 

z 
0 
f-
<l: 
..J 
0 
(/) 

u. 
0 

cr 
w 
[IJ 

~ 
::J 
z 

9,000 

8,000 

7,000 

6 ,000 

5,000 

4,000 

3,000 

2,000 

1,000 

0 

8,794 

7,709 ..-:---

6,834 
~ 

5,389 5,461 -

1963 1964 _1965 1966 1967 

YEAR 

Figure 2. Reported nonhuman isolations of salmonellae, 
United States, 1963-1967. ( Comtesy: NCDC, HSMHA, 
PHS, USDHEW ) . 

ever, they represented 42.3% and in 1967 only 27.5% 
of all isolations while 16.5% and 17.5%, respectively, 
came from animal feeds, 12% and 16.2% from cattle 
and swine, 5.3% and 6.3% from eggs and egg products 
and the remainder from other fowl and animals, 
water, dried foods , other foods, dyes, animal glandu
lar products, and a miscellany of other sources (Fig. 
4 and 5) . 
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1964 

SALMVNELLA ISOLATES FROM NON ·HUMAN SOURCES 
HUMAN 

All-

I INCLUDES 21~ TURTLE ISOLATES 
Z INCLUDES 101 SEWAGE ISOLATES 
ltNCLUOES REPllLES, INSECTS .A.NO WATER 

' ,;~ ' .... .,.. I 

!__!~/ 
1963 

1965 1964 1963 .,. .,. .,. 
---

6,834 24.7 5,461 20.6 5,389 22.4 
20.365 75.3 21, II 3 79.4 18,649 3..!..:!!.. 
27,699 100.0 26,574 100.0 24,038 100.0 

F igure 3. Number and per cent of non-human Salm onella 
isolations £rom the indicated sources in the Un.Hed States. 
( Courtesy : NCDC, HSMHA, PHS, USDHEW ) . · 

1
1NCLUDES 141 TURTLE ISOLATES 

2 1NCLUDES 93 SEWAGE ISOLATES 

1966 * 

' INCLUDES CARMINE DYE AND ANIMAL GLANDULAR PRODUCT ISOLATES 

* pR'ELIMINARY DATA 

Figure 4. Ntmlber and per cent of non-human Salmon ella 
isolations from the indicated sources in th e United States . 
( Courtesy: NCDC, HSMHA, PHS, USDHEW ). 

These organisms are so widespread in nature that 
it is readily possibl e to recover them from flies, cock
roaches, shellfish, carp and other scavenger fish , rep
tiles, free flying birds, rodents , monkeys, and man 
(Table 1). Common household pets including gold
fish , turtles, canaries, parakeets, parrots, guinea pigs, 
rabbits, cats, and dogs (Table 1) are other import
ant sources of these pathogens. During the years 
1965 and 1966, the Communicable Disease Center 
recovered some 215 and 141 isolates, respectively from 
turtles as a result of an intensive investigation of these 
pets. Since pet turtles are kept in aquaria or ter
rariums where they ordinarily receive grossly con
taminated feed and from time to time the container 
and contents are emptied into the same sink where 

COLO BLOODED VERTEBRATE S 1 

\ BB ·LO% 

' INCLUDE S 57 TURTLE ISOLATE S 

Figure 5. Number and per cent of non-lum1an Salmonella 
isolations from the indicated sources in .the United States-
1967. (Courtesy: TCDC, HSMHA, PHS, USDHEW). 

dishes may be washed later, this source of infection 
has more relevance than one might expect. 

Apparently nearly every domestic bird or mammal 
is a potential source of salmonellae (Table 1). Of 
even more direct concern are foods derived from 
dried eggs, dried milk, cheese, poultry and meat prod
ucts, coconut, and bakery products (Table 1) . Every 
one of these foods have been implicated in outbreaks 
of salmonellosis. A few years ago eggs and egg prod
ucts were considered the prime offenders but now 
the F ederal Government requires that egg products 
be pasteurized and during the past 2-3 years, more 
attention has been given to much more exotic sources 
of salmonellae such as carmine (a dye '· made from 
the cochineal bug), candy, instant non-fat dried milk, 
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and glandular products such as desiccated thyroid. 
The ecology or relation of Salmonella to its environ

ment provides valuable clues to the epidemiologist, 
and for this reason the establishment of the antigenic 
pattern of the recovered organism is important. . The 
unusual occurrence of several isolations of Salmonella 
new bnt'llSWick prompted the Communicable Dis
ease Center (CDC) of the Public H ealth Service in 
1966 to issue an alert to all laboratories that were 
regularly serotyping Salmonella to be on the lookout 
for this organism and, if found, to report such find -

T ABLE 1. SouRcEs OF SALMONELLAE 

A. Natural sources: 
mollusks oysters, clams, snails, slugs 
artluopods - ( insects) flies, fleas, cockroaches, ticks, 

and mites; crayfish, lobster, crabs, other 
crustacea 

fish 
reptiles 
birds 

mammals 

B. Pets: 

carp and other scavenger fish 
snakes, lizards, tortoises 
sparrows, starlings, doves, clucks, geese, 
swan, pheasant, turkey, peafowl 
( rodents ) mice, squirrels, gophers, h edge 
hogs; ( camivores) especially foxes, skunks, 
bears; (ungulates) deer, elk, moose; ( pri
mates) monkeys, man 

sunfish, snakes, alligators, turtles, canaries, parakeets, par
rots, chicks, ducklings, pigeons, guinea pigs, ham sters, 
rabbits, squirrels, cats, dogs 

C. Domestic animals : 
chickens, pheasants, turkeys, guinea fowl, ducks, geese, 
pigeons, rabbits, swine, cattle, sheep, goats 

D. Food products: 
water and ice, milk and milk products (especially cheese), 
poultry and poulu·y products, eggs and egg products, 
fish and shell fish, meats and meat products, candy, con
fections, bakery products (especially cakes and pastries), 
fruits and vegetables 

ing to the CDC. This chain of events led to the 
discovery that several commercially produced in
stant non-fat dried milk products were contaminated. 
As a result of this information, the Food and Drug 
Administration required that these products be re
called and shortly after these seizures the source of 
S. ·new b?'unswick was located and was associated 
with faulty sanitation in a milk drying plant. The 
outbreak was terminated after equipment and pro
cedures in this plant were modified . 

S ALlviONELLAE AssOCIATED WITH TI-IE LIVE ANIMAL 

Profound changes have taken place in animal hus
bandry practices during the twentieth century. In 
earlier years, poultry was raised on individual farms 
in small numbers and primarily considered by most 
of the people raising these birds as an immediate 

source of eggs and meat. During the past quarter 
century this picture has changed in Georgia and 
many other states so that now the rearing of broilers 
is an integrated agri-business. The poulh-y process
or has control over the feed, eggs used for hatching, 
growth of the broilers, use of pesticides, and mer
chandising of the meat-perhaps even as far as at the 
retail level. Present day production practices for 
turkey broilers are similar, in many respects, to those 
applied to chickens. While the rearing of other live
stock is not as rigidly intergrated, feed lots used for 
swine, sheep, and cattle receive intensive use. 

Present poultry and meat animal producing and 
marketing procedures are conducive to Salmonella 
build-up. As a consequence of restricting movement 
of animals and of reusing facilities, exposure to micro
bial contamination is much greater than was formerly 
true. Further, when birds or red meat animals are 
moved from the producer to the processing plant, ' 
there is much greater likelihood that large numbers 
from diverse sources are brought together and held 
for a time before slaughter. 

To determine sources of salmonellae in turkey 
products, Bryan et al. (1) investigated a number of 
farms supplying birds to a processing plant. Their 
studies included investigation not only of the birds 
and their droppings but also the feed, feeders, stor
age tanks, h·ough water, brooder houses, and of the 
trucks used to h·ansport the birds to the processing 
plants. They observed that often a particular sero
typ e fotmd on a farm was subsequently traced to the 
turkey meat and the processing equipment after tur
keys from that farm had been processed and that the 
predominant serotype isolated from the plant en
vironment changed when a new flock was processed. 

Several workers have demonstrated that the in
testinal contamination of pigs at the time of slaughter 
was considerably higher than that found at the farm . 
The organisms were very commonly recovered from 
swine that were kept for some time in holding pens. 
Leistner et al. (7), Kampelmacher (6) and Hobbs 
(5) have decried this practice. These workers have 
shown rather conclusively that the degree of con
tamination is directly related to the time that the 
animals are held in close association. Hobbs report
ed about 10% recovery of salmonellae from pigs held 
in pens for 2-5 clays but when held for 1-2 weeks or 
longer, nearly all of the animals yielded the organ
isms (Table 2). Similarly, trucks transporting pigs 
to market were generally heavily contaminated and 
were considered an important means of dissemination. 
In most instances these salmonellae are considered 
to be commensal rather than parasitic, but in a few 
isolated instances, lymphatic invasion was involved 
(5, 7). 

; 
( 

•• I 

. ) 



; 

, 
I 

t 

PRACTICAL CONTROL OF SALMOr>.TELLA 129 

TABLE 2. SALliWNELLAE FROM Pre MESENTERIC GLAl\'DS 

(FROM HoBBs, 1965) 

No. of No. posi -
p!gs tive for 

exam.ined salmonellae 

19 

19 
19 
11 

2 

1 
6 

10 

Serotypes 
isolated 

bm-nde-nbu.rg 
typhimtwium 
bran de-nbu.rg 
bran de-nbu.r g 
bmnde-nbu.rg (5) 
typhimu.riu.m (5) 

Holding pen 

Days 
Contamination in pens 

2-5 

2-5 
+ 7-14+ 
+ 7-14+ 

brandenbuTg · 
typhimwriu.m 

TABLE 3. Salmo-nella SEROTYPES ISOLATED FROM A 

PROCESS! ' G PLANT RECEIVL'IG TWO CONSIGNMENTS" OF 

TURKEY BROILERS (FRO;\'! BRYAN ET A L., 1968) 

Picker No. 1 

Picker No. 2 

Picker No. 3 
Spiral picker 

Chute 
Picking table 
Gutter 
Trussing table 

Grade table 
Packaging table 
Carcasses after picking 

S. chester 
S. newington 
S. anatu.m 
S. chester 
S. san diego 
S. infantis 
S. anatttm 
S. bredeney 
S. chester 
S. anatu.m 
S. anatu.m 
S. typhimurium 
S. ne-wington 
S. typhimtniwn 
S. newington 
S. infantis (A) 
S. anatum (A, B ) 
S. chester ( A ) 
S. san diego (B) 
S. derby (A) 

"vVhere possible to distinguish between birds of the two 
flocks, the letters A and B are used. S. ne-wington had been 
isolated from fecal droppings at Fam1 A, and S. anatwn at 
Farm B. 

OTIIER SOURCES OF CONTAMINATION 

Kampelmacher (6) observed that a fairly large per
centage of slaughtering knives were cantaminated by 
salmonellae and so now the Dutch no longer require 
that the mesenteric lymph glands be incised during 
the normal inspection of slaughterhouse pigs . 

It is well known that rats and other rodents are 
important carriers of salmonellae. Public health offi
cials need to apprize the farmer or rancher-and not 
just the processor-of the consequences if vermin have 
i\ccess to feeds or if watering troughs, storage tanks, 
brooders, farrowing houses, pens, and trucks are not 
kept free of the excreta from the animals themselves. 
Feed bags and storage areas must be made rodent
proof and pens where poultry or animals are reared 

or held must be disinfected before re-use. Trucks 
in regular use for transporting livestock should be 
sanitized after every use. 

Feed ingredients are frequently contaminated with 
salmonellae. Niven (8) indicated that outbreaks of 
salmonellosis in farm animals have been traced direct
ly to contaminated feed supplies. While animal, 
poultry, and fish by-products are the most common 
offenders, cottonseed protein, soybean meal, coconut 
pulp, and brewer's dried yeast also have been in
criminated. 

Recently, considerable attention was directed to 
this problem and the picture has improved over what 
existed a few years ago. This not\¥ithstanding, a 
survey by the Food and Drug Administration of tl1e 
processing of animal feeds disClosed that over 50% of 
the plants inspected were producing a product con
taminated witl1 salmonellae. 

One large feed processor has found that contamin
ation by salmonellae can be eliminated from properly 
extruded feeds (10) and that when these organisms 
are detected, generally they have gained entrance 
through recontamination. Storage must provide ade
quate protection so that these organisms do not have 
access to feeds. Moisture, dust and pest control, 
good housekeeping, bacteriological monitoring of feed 
ingredients, employee training, and segregation of 
activities involving raw materials and finished prod
ucts have all contributed to reducing the level of 
contamination to a very low order. 

An interesting aspect of this problem is the role 
of contaminated feeds that are only partially digested 
by birds and animals when the latter are eviscerated. 
\Vhile the Federal Government has jurisdiction of 
products that move interstate, local feed mills, etc. 
may be sources of Salmonella by virtue of livestock 
receiving such feeds and moving over state bound
aries. When the bird or animal is eviscerated, the 
edible viscera may be somces of the organisms. Wash
ing may reduce the numbers of salmonellae but does 
not completely eliminate tl1em. 

Associated with the dilemma of the presence of 
patl1ogens in the living animal or the raw commodity 
is the even greater danger that some of tl1ese organ
isms will be disseminated dming processing or manu
facture and will recontaminate the final product. For 
example, in the study reported by Hobbs (5) in which 
pigs were held in pens for short and long periods of 
time, even after the supply of contaminated carcasses 
to the two packing plants was stopped and tl1e es
tablishments cleaned, 3 of 83 samplings of pork and 
beef sausage meat yielded positive isolations of Sal
monella brande·nbu1·g. After thorough cleaning of 
tl1e holding pens and slaughter of the pigs as soon 
as possible, isolations of tl1is organism were rare. 
Yet it is a matter of common knowledge that the 
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eradication of salmonellae from food products has 
not been successful. 

Bryan et al. (1) considered that defeathering ma
chines were important in the initial spread of the 
salmonellae to the carcasses of turkeys and that the 
washing treatment (spray) did not remove all of 
this contamination. As a consequence, other equip
ment surfaces then became contaminated and con
tributed to further - spread of the organisms. They 
concluded that the dissemination of Salmonella starts 
on the farm and is brought to the processing plant 
by incoming turkeys and transferred to the equip
ment and turkey meat during processing. 

SALMONELLAE IN Foon PHonucTs 

Intact eggs have usually been considered to be of 
minor importance in salmonellae outbreaks . On the 
other hand, cracked and leaking shell eggs have been 
reported to b e responsible for several outbreaks. One 
such incident occurred in 1963 (11 ) and was ·of such 
magnitude that 840 cases of salmonellosis were traced 
to several hospitals in the environs of Philadelphia 
and has since been referred to as the Salmonella derby 
outbreak. .. Many other outbreaks have been h·aced 
in egg and egg products. Frozen and dried eggs are 
often contaminated with salmonellae and have re
peatedly 'been imp.licated in salmonellosis in humans 
in various countries. The presence of salmonellae in 
egg products is lmacceptable and suitable means for 
their desh·uction without seriously deteriorating the 
functional properties of the food must b e sought. 

In addition to the commodities already mentioned, 
a wjde variety of other foods have been incriminated. 
\iVithin the past 2 or 3 years, reports have appeared 
in the literature detailing recovery of these patho
gens from nonfat dry milk, candies, custard and 
cream-filled b akery products, dressed chicken, chick
en gravy, chicken salad sandwiches, barbecued chick
en, nahu·al food color (carmine), food supplements, 
smoked whitefish, headcheese, yeast powders, and 
enzymes and hormones of animal origin. Coconut 
has caused food infections in Australia, the United 
Kingdom, and in Germany. 

Foon PLANT SANITATION 

Important considerations in the location of food 
buildings and premises are the control of air and 
water pollution, odors, insects, ·and other pests. Aes
thetic values, including a neat, clean appearance, are 
important to potential clients and to the morale of 
the workers. The filth produced by birds and ani
mals on streets, gutters, eaves, window sills, pipes, 
equipment, and clothing provides a constant somce 
of contamination that may fall or b e blown onto 
foods, carried in with pieces of machinery, or track-

ed in by workers. Aerosols created by the combined 
activities of animals , wind, and man on crowded city 
streets pose a very real threat to health-not only 
with respect to salmonellosis but to other diseases as 
well. · ~ 

Within the plant control of dirt, temperature, and 
moisture is of prime importance. Windows and doors 
should be so constructed that they admit only clean, 
pure air. Dust or other debris from adjacent pro
cesses must be eliminated, especially when these in
volve animals or animal by-products, chemicals, or 
other toxicants. Many of the newer food plants have 
no windows to the outside and the air that enters 
is filtered . Separate areas must b e maintained for 
poultry, fish , and livestock until such time as the 
ra\ov materials are freed of skins, feathers, scales, 
hides, viscera, and extraneous debris. In the pro
cessing area itself, items such as intestines, etc. should 
be segregated until they have b een adequately clean
ed since it is likely that pathogens and spoilage micro
organisms will be present in high numbers. \iVorking 
areas, as well as storage rooms for raw materials, 
must be kept free of flies and other insects, rodents, 
birds, pets , and unauthorized personnel. ·when tem
perahires can increase to high levels in areas where 
food is kept, these are apt to become trouble spots. 
Walls, floors, and equipment should be such that they 
can readily b e cleaned with detergents and water and 
preferably by steam. Saws. knives, tables, trays, cut
ting boards, and other surfaces that come into con
tact with the product should not b e allowed 'to build 
up debris, fat, or extraneous materials and periodi
cally must be subjected to thorough sanitation. Fa
cilities and equipment in food plants need not b e new 
or expensive. However, machines should be so de
signed that they can be easily cleaned. Before buy
ing apparatus , the processor, n eeds to ask himself the 
questions of how it can be cleaned, how costly it will 
be to maintain in working order, and how easily it 
can be subjected to microbial contamination and 
build-up. 

In poultry processing plants, salmonellae frequent
ly are isolated from processing equipment, conveyors, 
scales, tables, saws, cutting tools, pans and meat tanks, 
and from personnel coming into contact with the 
meat during processing operations. During 23 of 26 
plant visits, multiple recoveries were made and as 
many as eight different serotypes were isolated dur
ing a single visit (Table -3.) . · These organisms rep
resent a public health problem in the ,food product 
and to the processing personnel. 

It has become a practice during the past decade to 
package an increasing number of foods in plastic 
bags, often without refrigeration, and sometimes in 
a partially moistened state. Since these are not steril e 
products, careless handling either b efore or after 
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processing could create microbiological problems. 
At the time of packaging, the food product should be 
entirely free of pathogens. Ready-to-eat foods may 
present special bacteriological problems. Laboratory 
studies have demonstrated the potential hazard asso
ciated with precooked foods (4) . It is important 
that any sterilizing treatment be a terminal process 
to eliminate the possibility of recontamination . 

ELIMINATION OF S ALMONELLAE FROM Fooo PRonucr s 

Temperatme, moisture, and dust control during 
transportation of the product to and from the ware
house requires the same rigid smveillance to prevent 
spoilage or hazard to health. Where some physical 
or chemical means of preservation is necessary dm
ing preparation of the product, a minimum expecta
tion would be the complete elimination of pathogens 
and the reduction of spoilage organisms to very low 
levels. After this status has been attained, the pack
aged product must then be maintained in such a 
manner to prevent recontamination. 

An important aspect of efficient and sanitary plant 
management includes training of employees. A good 
policy to follow would be to have the cleaning oper
ation take place on a scheduled basis or after a de
fined number of units of food have been handled. 
It is essential that proper attitudes be expected of all 
employees concerning the perishability of the product 
and the necessity of providing the best sanitation 
possible. The individual selected to take charge of 
clean-up programs should be responsible and his work 
should be integrated with a well-conceived and exe
cuted quality control program. This activity must 
never be relegated to· a "chore" status that is accomp
lished at the end of a working day or when oper
ations have become so tedious or cumbersome that 
work is stopped for a short while to "get rid of ac
cumulated product and trash." 

Product control must be administratively feasible 
or attainable under conditions of good commercial 
practice. Also, it must be workable, i.e., deal with 
conditions as they actually exist. For adequate prod
uct surveillance, a well-trained bacteriologist and/or 
chemist should be in charge of quality conh·ol. It 
should be his responsibility to work in cooperation 
with the maintenance crew. 

D ETECTING SALMONELLAE m Fooos 

Testing procedures should be kept simple, uniform, 
abd direct. This is quite a sh1mbling block at pres
ent. At leas t six well-recognized procedures are ad
vocated for determining the existence of Salmonella 
in feeds and foods. The several organizations need 
to resolve differences that ell.'is t so that a single recom-

mended procedme is all that the control laboratory 
needs to follow. 

Guidelines should be established for the dish·ibu
tion of the product in retail channels and for hand
ling of the food until it is prepared for consumption 
in the home. Institutional users , as well as the gen
eral consuming public, should be provided with this 
information. This has special pertinence for restau
rants, cafes, cafeterias, and mess halls where service 
men, university students, and hospital patients are 
feel. Such education of food handlers should extend 
through the entire food chain-producer, processor, 
warehouse, trucker, jobber, retailer, and consumer. 

The main responsibility for the overall quality of 
the product remains with the processor. It should 
be his prerogative to require tliat the producer sup
ply him with materials free of all pathogens and he 
must expect to conduct whatever tests are needed to 
verify this. Likewise, it is his charge that the product 
placed in the hands of the consumer constitutes no 
hazard whatever. The public health official should 
need only to monitor these products from time to 
time to assure the consumer and himself that satis
factory standards have been provided. 

INIPROVING Salmonella SURVEILLANCE 

While regulatory agencies must demand that food 
processors be ethical and that the level of danger 
be such that the consumer is adequately protected, 
more surveillance is needed at the plant level rather 
than at the federal level. Sampling by federal and 
state agencies should be adequate to prevent public 
health hazards without being prohibitively expensive 
or time consuming. Regulation should be avoided 
when the danger is merely assumed and not verified. 
Similarly, it behooves public health officials to im
prove the ·methods of investigating food infections 
and toxemias. The h·ue incidence of this type of 
poisoning is not known since often incidences are in
consistently reported, if and when tl1ey are recorded 
at all. Part of this difficulty rests with tl1e practicing 
physician and with tl1e patient himself. It is impor
ant that all food infections and toxemias be reported 
to either city, state or federal public health agencies 
and an interrogation or follow-up of each case is 
needed. 

Education of the consumer is the most difficult 
and unpredictable aspect of the problem. Since the 
present symposium is directed to the processor, at
tention will not be given to this important area at 
this time. 
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FDA EXTENDS SANCTION FOR OCTYL TIN-STABILIZED PVC 
TO DAIRY FOOD PACI<AGING 

The Food and Drug Administration has issued an amended 
regulation that now permits all dairy products except liquid 
milk to be packaged in polyvinyl chloride (PVC) contain ers 
stabilized with octyltins. The newly sanctioned food s in
clude cheese and cheese products , yogurt , cottage cheese, sour 
cream, whipping cream and other dairy case items. The 
am endment to the regulation supplements sanctions issued 
more than a year ago by the FDA for two Thermolite dioctyl
tin stabilizers produced by M&T Chemicals Inc. , a subsidiary 
of American Can Company. 111e stabilizers, call ed Thennolite 
813 and Thermolite 831, had previously been approved for 

use in PVC packaging for a wide variety of foods including 

cooking oil, salad dressing, instant coffee, peanut butter, ma

yonnaise, fruit juices and vinegar. 

PVC provides several distinct advantages to the food pack

er. In addi tion to visibility, inerb1 ess and economy that char-

acterize some of the more traditional packaging materials , 
PVC has unique benefits such as squeezability and shatter
resistance. Also, it can be molded into any shape to give 
it a wide range of consumer appeal for all types of food 
products. In addition to bottles, it can be th ermoform ed into 
packages, boxes, and fih11 s. 

Organotins have been used for stabilization of nonfood 
PVC for more th an 20 years. Octyltins, which are one form 
of organotins, have been.. used in PVC for food packaging ap
plications in the U .S. and Europe for some tim e. The fun c
tion of the stabilizer is to prevent yellowing and brittleness 
when PVC is molded, thus assuring greater uniformity of bottle 
color, clarity, and in1pact resistance. More infonnation about 
th e application of clear PVC to packaging of dairy and other 
food products is availabl e from M&T Chemicals Inc. or pro
ducers of PVC bottles, film s, and other th em1ofom1ed con
tainers. 
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RECENT DEVELOPMENTS IN THE PREVENTION 
OF FOODBORNE DISEASE1 

KEITH H. LEWIS AND J EPTHA E. CAMPBELL 

U. S. Department of Health, Edu.cation, and Welfare 
Consumer Protection and Environmental Health Service 

Cin cinnat·i, Ohio 45202 

Preventive measures for the conb:ol of microbiolog
ical and chemical contaminants are manifest in al
most every phase of production, processing, trans
portation, preparation, serving, and even eating of 
foods . It is obviously impossible to cover all aspects 
of the problem, but perhaps some examples selected 
from areas in which the U. S. Department of Health, 
Education, and Welfare (DHE\iV) has been an ac
tive participant may serve to illustrate the problem 
areas in which new developments are essential for 
consumer protection . A few general remarks about 
food may be helpful in placing these problems in 
perspective. Food is more than a necessity of life 
because it is so intimately associated with the social
ization processes of man. Food is a major source of 
insult from the environment; it accounts for 80 to 
90% of ma~'s total intake of many potentially haz
ardous substances, such as radionuclides, pesticide 
residues, l1 eavy metals, and microorganisms. For 
these reasons, no facet of environmental health is 
more important than food protection. 

In 1967, 273 foodborne outbreaks, representing 
22,171 cases of disease, were reported (22). During 
this time, 10 states reported not one single case, thus 
clearly indicating that the above figures are unrealist
ically conservative and do not reflect the h·ue in-

; cidence. If this level of disease incidence were as
sociated with air or water, it ·would unquestionably 
be viewed as a national disaster. ·why is it that we 
as a nation accept foodborne illness as a necessary 
evil? Perhaps our success in minimizing the more 
lethal forms of food poisoning has misled the public. 
At any rate, most consumers regard any food product 
available from commercial sources as safe, whole
some, and above reproach . 

NEw I TEREST IN Foon PROTECTION 

Renewed interest in food protection now seems 
evident, at least among the technically trained per
sonnel in industry and government. Public health 
agencies have long advocated sh·icter sanitary con
trol~ the increased efforts on the part of indush·y to 

lPresented at the 55th Annual Meeting of the International 
Association of Milk, Food, and Environmental Sanitalians, 
Inc., St. Louis, Missouri, August 18-22, 1968. 

minimize food hazards during the past 5 years may 
be credited mainly to (a) deaths resulting from botu
lism in 1963 associated with eating smoked fish, (b) 
enforcement actions taken by the Food and Drug 
Adminish·ation (FDA) against products contaminat
ed with Salnwnella organisms, anc~ (c) surveillance of 
agricultural products for mycotoxins by the U. S. 
Department of Agriculture (USDA) , FDA, and other 
or ganiza lions. 

Although foodborne diseases are often regarded as 
being caused by pathogenic microorganisms, the 
term is equally applicable to food-related diseases of 
chemical and nuh·itional origin. In each instance 
prevention depends on associating an adverse health 
effec t with food, establishing the cause-and-effect 
relationship between a specific agent and the disease, 
finding means for prevention or conh·ol of the dis
ease, and finally introducing practical corrective 
measures into the potentially offending food chain. 

PROTECTIVE MEASURES 

Early recognition of the relationship bet\;veen path
ogenic microorganisms and disease in man led to the 
development of a large number of protective mea
sures including commercial sterilization of canned 
goods, pasteurization of milk, and application of san
itary practices that now encompass an incredible 
number of control procedures. This effort has been 
so widespread and so closely related to the specific 
needs of the many food industries that it has actual
ly interfered with the development of a comprehen
sive understanding of the problem of foodborne dis
ease of microbiological origin. The conh·ol of mi
croorganisms in food is now regarded as so important 
that industry, agriculture, and health authorities are 
attempting to define microbiological criteria of qual 
ity and safety against which standards can b e set. 
To realize these goals, standardized methods of 
sampling and microbiological analyses are, of course, 
essential prerequisites. Increased emphasis is being 
given to the problem by a number of public and pri
vate organizations. Since 1964, both the Food Pro
tection Research staff of the Public Health ServicP 
(PHS) and the Division of Microbiology of the FDA 
have published bacteriological laboratory manuals 
(4, 12) for the examination of foods. Microbiological 
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methods for the examination of precooked frozen 
foods have been published by the Association of 
Food and Drug Officials of the United States (3). 

Over the past several years the Association of Of
ficial Analytical Chemists (AOAC) has steadily in
creased its collaborative studies of microbiological 
methods under the guidance of a general referee and 
approximately a dozen associate referees, several of 
whose recommendations have received first-action 
approval by the Association. TI1e American Public 
Health Association ( APHA) has recently signed a 
3-year contract supported by the PHS to establish an 
interorganizational commission for revision of Stan
dard Methods fo1· the Examination of Dairy P1·oducts. 

So many organizations have become involved that 
the Subcommittee on Food Microbiology of the Na
tional Academy of Science-National Research Coun
cil (NAS-NRC) Food Protection Committee is de
veloping "A Proposal for Evolving Acceptable Ref
erence Methods for Microbiological Examination of 
Foods." In addition, the APHA has appointed an 
ad hoc Committee on Uniformity in Standard Meth
<?ds and shares membership with AOAC on a Liaison 
Committee to promote agreement on microbiological 
methods between the two organizations. Last year a 
Committee on Salmonellosis was appointed by the 
NRC at the request of FDA and USDA to make 
recommendations for the control of this important 
foodborne disease. The work of these and other 
related committees is not yet complete, but the 
United States is clearly moving in the direction of 
establishing uniform criteria and standardized meth
ods for evaluating the sanitary quality of commercial 
food products. 

THE 0RGA1\TISMS 

Prevention of foodborne disease may be effected 
in many ways and may be based on knowledge con
cerning the organisms themselves, their characteris
tics and occurrence,-· their potential hazards, or their 
susceptibility to measures of control. Sometimes the 
recognition of a potential problem and the research 
conducted to prove its significance can be most re
warding. Food poisoning caused by Clostridium 
pe1jringens is a good example. During the years 
following World War II, this organism was recogniz
ed to be of considerable importance in England. In 
1953, Hobbs et al. published their classical paper 
describing the situation in Great Britain (9 ). At that 
tin1e only one isolated report (13) had appeared in 
the United States related to this organism as a food
borne pathogen. Recognizing the potential problem, 
the PHS began research in the late 1950's to develop 
merna and methods for the detection of the organism 
in foods (2) and to determine the incidence (6, 7) and 

characteristics (8) of the organism occurring in "out
break" and other foods in the United States. TI1e 
results of this reasearch and research carried out by 
others stimulated by the activity in the PHS have 
more clearly defined the problem and led to a bet'ter 
understanding of the etiology as well as means of 
control. For years workers in Great Britain had 
posh1lated the existence of food poisoning sh·ains 
of C. perfringens as distinct from the classical type 
causing gas gangrene. Ameiican workers (8) had 
maintained that any strain of C. pe?jringens present 
in large numbers in a food would cause illness. Can
adian workers (10, 11) substantiated the American 
viewpoint, and a recent publication in England (18) 
inilicates that a similar situation exists in Great Bri
tain. The increased awareness of the problem result
ing from this research led to the reporting, in 1967, 
of 19 confirmed outbreaks of C. pe1fringens food
borne disease, which was 7.0% of all confirmed food
borne disease outbreaks reported. These outbreaks 
involved 2,529 cases or 11.4% of the total number of 
confirmed cases for the year. In many instances the 
recognition of a potential problem and the carrying 
out of research to establish its significance, results 
in improved reporting and increased activity related 
to the control of foodborne disease. At the present 
time the PHS and others are actively engaged in 
similar studies related to the potential hazards of 
V·ibrio parahaemolyticus, Bacillus cereus, and viruses 
as foodborne pathogens. 

Another active area of interest relates to recent 
advances in the sanitary conh·ol of manufacturing 
grade milk, which result from an agreement between 
the Secretaries of DREW and USDA for uniform 
standards of quality. Some of the important areas 
of agreement that will upgrade the quality of manu
fachlring grade milk and render it a less probable 
carrier of pathogens include: (a) establishment of a 
cooling requirement of 50 F or lower for milk in 
cans; (b) instih1tion of routine testing programs for 
the presence of antibiotics; (c) lowering of acceptable 
commingled standard plate count to 3 x 10" organisms 
per ml and bringing the tin1e of reduction tests in 
line with this level of contamination; and ( cl) insti
tution of an abnormal-milk control program similar 
to the one described below. 
Similar discussions are being held to develop uniform 
standards for extra grade dry milk in consumer sized 
packages. 

ABNORMAL-MILK PROGRAM 

Another new area in milk sanitation is the "Ab
normal-Milk Program" sponsored by the PHS with 
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the assistance of the ational Conference on Inter
state Milk Shipments ( NCIMS). The immediate 
purpose of this program is to exclude milk of mas
titic cows from the Grade "A" supply. The program 
consists of issuing standards and methods (16) to 
distinguish benvyn normal and abnormal milk and 
instituting testing programs in all IMS participating 
laboratories. The program is being additionally sup
ported by b·aining courses and seminars, by split
sample comparison of results benven laboratories, 
and by providing some laboratories with the equip
ment and knowledge to carry out a highly precise 
testing program based on the direct counting of leu
cocytes by electronic means (17). 

TOLERANCES 

The control measm es thus far mentioned have been 
designed for the complete destruction of pathogens 
since there are no circumstances where their presence 
in food is either necessary or desirable. In consider
ing illnesses of chemical and nutritional origin, we 
must necessarily change our outlook from one of 
total exclusion of the undesirable entity to a concept 
of benefits versus risks. This is necessary to ac
commodate the nature of food itself. Forhmately, 
however, if we disregard things like polar bear liver, 
certain poisonous plants, and toxic shellfish, man has 
a great biological tolerance for almost all substances 
of plant and animal origin that are used as foods 
and are toxic only in cases of extreme deprivation or 
excessive intake. lVIost problems of chemically-in
duced foodborne diseases result from errors in judg
ment concerning either intentional or inadvertent 
addition of substances to foods, "vhich range from the 
accidental substitution of salt.for sugar in an infant 

; formula to the consumption of flour contaminated 
with parathion. Control of these diseases is general
ly brought about by education and by supporting 
regulations to minimize the possibility of their oc
cmTence. The parathion-poisoning episode occmT
ing in Mexico a few months ago, resulted in new and 
extended regulations concerning the requirements for 
simultaneous shipment of foods and economic poisons 
(20). 

INTENTIONAL FooD ADDITIVES 

The FDA approval procedures used for controlling 
the safety of intentional food additives have proven 
effective. Few, if any, cases of intoxication or illness 
have arisen from proper use of approved food chemi
cals.l The areas of major concern are: (a) toxicants 
being unintentionally included in foods such as pesti
cide residues or radionuclides, (b) the presence of 
substances such as heavy metals that are a normal 
constitu ent of food but together with excessive intake 

from other environmental media create a toxic insult 
to man, and (c) the presence of unconb·olled natural
ly-toxic substances in foods such as shellfish poison . 
Although the technique for the conb·ol of these ha
zards is so variable that no useful generalizations can 
be made, the research and adminisb·ative develop
ments that have gone into the control of radionu
clides in milk are sufficiently characteristic to warrant 
a brief r esume. Excepting the populations of Hiro
shima and Nagasaki at the end of World War II, the 
first possibilities of significant exposure to radio
active fallout occurred dming a period of extensive 
weapons testing that began in 1956. In recognition 
of the potentially hazardous effects of fission products 
on man and the importance of foods, particularly 
milk as a major vector of exposure, a program was 
developed within the PHS to investigate these prob
lems. The work has included the development of 
rapid methods of analysis for specific radionuclides, 
which were suitable for surveillance of milk and 
other foods (23); the establishment of a surveillance 
neh vork to assess the levels of exposure to man from 
milk and other foods (1, 21); and the development 
of commercially feasible methods for the selective 
removal of fission products of biological significance 
from milk by the use of properly charged ion-ex
change resins (14, 15) . Using data developed by the 
DHEvV along with a massive amount of information 
from the medical and atomic energy field concerning 
the biological effects of radiation, the Federal Radia
tion Council developed guidelines of acceptable levels 
of exposure (5) in which the benefits of the use of 
nuclear energy were weighed against potential ha
zards to populations of this counb-y and the world. 
The Council consists of Secretaries of the DHE,i\1, 
USDA, and the D epartment of D efense. 

The concept of surveillance networks as a means 
of assessing environmental hazards has been steadily 
increasing in the past few years and at the present 
time there are national networks to monitor radio
nuclides, pesticide residues, the several marine tox
ins, and a variety of h·ace elements. Surveillance is 
certain to become an even more important tool in 
conh·olling hazards of foodborn origin in the years 
to come. 

1 UTRITIONAL DISEASES 

Since the discovery of major vitamins and the suc
cessful eradication of pellagra and other nutritional 
diseases in the early part of this century primarily 
through the vitamin fortification programs, the prob
lem of nub·itional disease in the United States has 
been almost a dead issue until very recently. As part 
of our national guests to eliminate poverty, evidence 
is accumulating that there may be a significant prob-
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lem of malnutrition among the urban and rural poor 
(19) . The National Center for Chronic Diseases is 
now beginning a nationwide nutritional survey in 
poverty areas in the United States, using teclmiques 
similar to those employed by the Interdepartmental 
Committee on Nuh·ition for National Defense 
throughout much of Asia and other parts of the 
world. The objective of the survey will be to deter
mine the prevalence and location of serious hunger 
and malnutrition and the resulting health problems 
in low-income populations in eight selected states 
located in different geographic regions of the United 
States, and to make recommendation for dealing with 
such conditions. The results of the survey will no 
doubt have a major impact of the nature of our fu
ture programs in nutrition and may also provide an
swers to some cogent questions about ourselves as a 
nation, such as: (a) How prevalent is caloric malnu
h'ition? (b) Are there specific nuh·itional deficiencies 
that correlate with urban and/ or rural poverty? (c) 
At what level of nourishment does "working for 
food" cease to be a major consideration in the social
ization process? (d) How effective are the various 
ongoing food programs? 

The realization that fatal outbreaks of botulism oc
CUlTed in this country less than 3 years ago and that 
our current problems with salmonella in egg and dry 
milk are only new manifestations of old problems 
provide reasons for concern about the effectiveness 
of our programs for prevention of foodborne disease. 
These observations suggest that our programs must be 
sensitive not only to the hazards themselves, but 
equally sensitive to the influence of an ever-chang
ing food indush·y and the unforeseen forces of chang
es in our environment. 
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BAKING INDUSTRY SANITATION STANDARDS COMMITTEE 
STANDARD NO. 2 

for 

DOUGH TROUGHS 

(Revised April 1, 1967) 

Editors Note: perm1ss1on has been granted to International Association of Milk, Food and Environmental Sanitarians, 
Inc. to publish in the Journal of Milk and Food Technology the Baking Industry Standards as published to·date. 
This is being done for many of our members who have an interest in bakery and food sanitation. Balance of standards 
will appear in future issues in accordance with available space. 

The requirements of this standard shall apply to the design and construction of dough h·oughs used 
within a bakery. 

This standard, as revised, shall become effectiv e on and after April 1, 1967. 

The General Principles of Design and Consh·uction (pages 7 through 9) shall apply to all equipment 
covered in this standard and shall be considered as a part of this standard except ·where specifically exempt. 
Special or Specific Requirements for equipment covered in this standard follows, and shall also be con
sidered a part of this standard. 

4. SPECIAL PRINCIPLES OF DESIGN AND CON
STRUCTION, DEFINITIONS AND INSTALLA
TION OF EQUIPMENT OR MACHINERY COV
ERED BY THIS STANDARD 

4.1 Definitions 
4.1.1 The product zone of a dough trough shall in

clude all inside surfaces, the exterior of the 
rim, and all other surfaces with which the prod
uct may come in contact. 

4.2 Specific Design Requirements 
4.2.1 All surfaces shall be of corrosion-resistant ma

terial or shall be of protectively coated ma
terial. ( 3.1.5 Modified) 

'1.2.2 Trough rims shall be so constructed that the 
underside and corners shall be readily ac
cessible for cleaning, or if closed, shall be 
sealed by welding or by other suitable means. 

4.2.3 Division boards are part of the product zone, 
and provisions of Section 3.1 and 4.2.1 shall 
apply. 

4.2.4 The interiors of top extensions and trough 
covers are part of the product zone, and the 
provisions of Section 3.1 and 4.2.1 shall apply. 

4.2.5 If hinges are used in the product zone, they 
shall be designed so that all parts of the hinge 
are accessible. ( 3.1.18 Modified) 

4.2.6 Bearings shall be outside the product zone and 
shall be sealed or self-lubricated; and the de

. sign and construction shall be such that lubri
' cant cannot leak, drip or be forced into the 
product zone. ( 3.1.14 Modified) 

4.2.7 Rack and pinion-type ends shall be designed 
so that the gate is removable. 

4.2.8 Chute-type ends shall be designed so that the 

hinge, overlapping guides and other parts that 
come in contact with the dough shall be ac
cessible. 

4.2.9 Gate-type ends shall be designed so that all 
parts in the product zone shall be readily ac
cessible. 

4.2.10 Slide-end h·oughs shall have removable ends. 
4.2.11 Guide grooves in slide-end troughs shall be 

rounded to provide for drainage and shall be 
readily accessible. 

4.2.12 All non-product zone surfaces shall be smooth 
and may be protectively coated except on 
metal-to-metal moving contact areas. 

4.2.13 Caster shoes shall be totally enclosed. When 
permanently attached, such attachment shall 
be a continuous weld. 

4.2.14 Casters and wheels shall conform to the re
quirements of BISSC Standard o. 15 for Cast
er Assemblies and Wheels. 

4.2.15 Hoisting hooks and other outside attachments 
shall be attached to the h·ough so that no 
cracks or crevices are formed. 

4.2.16 Hollow shafts or pipes used in locking devices 
shall be sealed. 

4.2.17 The exteriors of top extensions and h·ough 
covers are part of the non-product zone, and 
the provisions of Section 3.2 and 4.2.12 shall 
apply. 

TASK COMMITTEE 
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ABNORMAL MILK CONTROL-A PROGRESS REPORT 
J. c. FLAKE 

Evaporated Milk Association 
Washington, D. C. 20006 

ABSTRACT 

Two phases of a national program on control of abnormal 
milk are in effect. The third phase is scheduled to take 
effect July 1, 1970. 'I11 e program will be evaluated at the 
1ay, 1969 meeting of the National Conference on Interstate 

Milk Shipments ( IMS ). A report from the IMS Committee 
on Abnormal Milk Conh·ol will serve as a basis for tl1is 
evaluation . Many organizations are active in abnormal milk 
work. These include U. S. Public Health Service, U. S. 
Deparbnent of Agriculture, National Mastitis Council, local 
and state regulatory agencies, and many segments of the 
dairy indush·y. The Public H ealth Service published "Guide
lines for the Control of Abnormal Milk" in May, 1968. These 
guidelines cover the first two phases of the HviS Abnormal 
Milk Program. Committees of tl1e National Mastitis Council 
are making significant contributions to tl1e abnormal milk 
program . Good progress is being m ade on control of abnormal 
milk. If reason prevails, the efforts of many organizations 
and individuals will bring success. 

In April 1967, the National Conference on Inter
state Milk Shipments ( IMS) adopted a three phase 
program on control of abnormal milk. The first two 
phases are in effect. They require a screening test 
program on a regular basis on raw milk for pasteu
rization for all interstate milk shippers. The third 
phase, or the penalty portion of the program, is 
scheduled to take effect July 1, 1970. This date was 
established to provide time for experience with the 
program and to permit evaluation at the May, 1969 
meeting of IMS. 

To assist in this evaluation, I i\IIS President Shelby 
Johnson appointed a Committee on Abnormal Milk 
Conh·ol. This Committee has been working diligent
ly to prepare sound recommendations for consider
ation by the 1969 IMS Conference. The Committee 
has held two meetings-one in Chicago on February 
14, and one in St. Louis on August 19. The Commit
tee expects to have a consh·uctive report to present 
to the May, 1969 meeting of IMS in Denver. 

ACTIVE ORGANIZATIONS 

Many organizations have been active in the ab
normal milk work. These include the U. S. Public 
Health Service, U. S. Department of Agriculture 
(USDA), the ational Mastitis Council, local and 
state regulatory agencies, and many segments of the 
dairy indush·y. 

'Presented at tl1e 55th Annual Meeting of the International 
Association of Milk, Food, and Environmental Sanitarians, 
Inc., St . Louis, Mo ., August 18-22, 1968. 

The Public Health Service (PHS ) has been busy 
with its part of the program. Good progress has been 
made on standardization and approval of state cen
tral laboratories and in research on procedures for 
analysis of bulk milk samples for abnormal milk. 
PHS has also reported good progress on application 
of the testing program by the states, and on evalu
ation of abnormal milk testing procedures in state 
surveys of local laboratories. 

In May, 1968, the PHS published "Guidelines for 
the Control of Abnormal Milk." These guidelines 
are designed for uniform interpretation and enforce
ment of certain items in the Gmde "A" Pasteurized , 
Milk Ordinance. They cover the first 1:\;vo phases 
of the I 1S Abnormal Milk Program. The third phase 
was omitted pending eAl?erience with the program 
and reports of the IMS Committee on Abnormal Milk 
Control and the Subcommittee on Screening Tests 
of the National Mastitis Council. 

The IMS program has focused attention on the 
need for increased research on procedures for con
h'ol of abnormal milk and mastitis. This was recog
nized by the International Association of Milk, Food, . 
and Environmental Sanitarians at the 1967 meeting 
of this Association. A resolution was passed that the 
Secretary of Agriculture should be requested to ap
prove research work in this important matter. 

The Milk Industry Foundation appeared before 
appropriate committees of Congress in 1967 and 1968 
in support of mastitis research funds for USDA. These 
efforts were successful in that finances were secured 
for additional research by USDA. 

USDA REsEARCH 

USDA research in this field is based on certain 
principles. One of these is that success of abnormal 
milk conh·ol programs depends on (a) development 
of a reliable cell counting procedure and screening 
test; (b) establishment of realistic conh·ol limits; and 
(c) development of effective means of reducing the 
incidence of mastitis in the dairy herd. It is also 
recognized that more information is needed on fac
tors affecting the cell count in milk from healthy cows. 
The control limits should be designed to prevent the 
sale of milk from cows with mastitis, without penal
izing the dairyman for cell count changes resulting 
from normal sources of variation in healthy, well
managed cows. The research activities of USDA in
clude the following: (a) screening tests for abnormal 
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milk, (b) relation of mastitis to abnormal milk, (c) 
utility of bulk milk cell counts as an index of udder in
fection, and (d) effectiveness of current recommenda
tions in reducing the incidence of abnormal milk. 

The special appropriation by Congress is being 
used by USDA to establish two cooperative field 
studies on the effect of control recommendations on 
reducing mastitis and cell counts. In effect, these 
are a study of the IMS Abnormal Milk Program. 
One of the field studies is underway at North Caro
lina State University. The other is to be established 
with a large dairy cooperative in the upper Midwest. 

ADSA SYMPOSIUM 

A symposium at the June 1968 annual meeting of 
the American Dairy Science Association is a good 
illush·ation of the wide interest in mastitis research 
and control of abnormal milk. This was a joint sym
posium of the four sections of ADSA-Production, 
Extension, Manufacturing, and Industry and Busi
ness. 

On this program at Ohio State University over 2 
hr were devoted to the subject "Mastitis Conh·ol: 
Methods and Progress." The speakers and their sub
jects were as follows: 

Introduction to the problem of mastitis control. F. H. Dodd, 
National Institute for Hesearch in Dairying, Heading, England. 

Hole of hygiene and management in mastitis control. F. K. 
Neave, National Institute for Hesearch in Dairying, Heading, 
England. 

Hole of therapy in mastitis control. Vv . N. Philpot, North 
Louisiana Hill Farm Experiment Station, Homer, Louisiana. 

Hole of immunization in mastitis control. N. L. Norcross, 
Cornell University, Ithaca, New York. 

Interstate milk shippers abnormal milk control program. R. 
B. Head, Jr., U. S. Public Health Service, Cincinnati, Ohio. 

NATIONAL MASTITIS CouNCIL 

The ational Mastitis Council has been active on 
the problems of abnormal milk and mastitis . This 
includes educational work and research. 

In addition to the annual meetings in Chicago, the 
Council held a regional meeting in Omaha in 1967 
and is planning a regional meeting in Raleigh, North 
Carolina in September, 1968. Over 400 persons at
tended the February, H;l68 annual meeting. 

Dish·ibution of the authoritative booklet, Cu1'rent 
Concepts of Bovine Mastitis continues. This has 
passed the mark of 25,000 copies. 

The Education Committee of NMC prepared a 
pu~lication on "What Dairymen Should Know About 
Mahitis ." This absh·act of material from Cu1·1'ent 
Concepts of Bovine Mastit-is has been made available 
for publication to editors of 20 magazines that reach 
dairymen and others interested in the dairy industry. 

A committee of NMC prepared an extensive man-

ual on "Aids for Teaching Prevention of Mastitis." 
Over 200 copies have been dish·ibuted to state di
rectors of high school agriculture, state 4H Club 
leaders, extension dairymen, extension veterinarians, 
and F ederal personnel concerned with these activities. 

It is well recognized that a mas titis control pro
gram should be organized to assist dairymen in solv
ing their problems. This program should involve all 
resources which may be of assistance. The National 
Mastitis Council has published a guideline for the 
establishment of such a control program. Copies 
of the program recommendations are available from 
the Council office. 

NMC has recently established a new committee 
that has an important role to fill, . in this field. This 
is the State Mastitis Council Coordination Commit
tee. As the name implies, this Committee will com
pile a roster of state councils and will coordinate the 
work of these councils with that of the Iational Mas
titis Council. 

NMC has been active in research through the work 
of h;vo subcommittees of the Research Committee. 
The Subcommittee on Screening Tests has standard
ized the procedure for the Direct Microscopic Soma
tic Cell Count. Publication of this procedure is ex
pected soon. There will be a series of three papers 
in the ]ou1'nal of Milk and Food Technology. These 
will be (a) reticle design, (b) Direct Microscopic 
Somatic Cell Count method, and (c) statistical evalu
ation of the method. This Committee is also work
ing on evaluation of screening tests. 

Another subcommittee is working on preparation 
of a manual on "Microbiological Procedures for Diag
nosis of Bovine Mastitis." The Research Committee 
and the Directors of NMC believe that a manual on 
recommended or standardized procedures for diag
nosis of mastitis is urgently needed and should prove 
highly useful for laboratory workers. The manual 
will include procedures for collection and handling 
of milk samples for microbiological examination and 
tests for detection and identification of the various 
pathogenic microorganisms that c a u s e mammary 
gland infection or bovine mastitis. The NMC Direct
ors have authorized the officers of the Council to ex
pend the necessary funds for this project, including 
publication of the manual. 

This discussion of diagnostic tests should serve to 
remind us of the complex nature of mastitis and its 
control. It involves a great deal more than making 
a screening test for abnormal milk and keeping the 
cell count of the dairyman's milk below a certain 
level. 

In conclusion, the abnormal milk conh·ol program 
is moving well. If reason continues to prevail, the 
efforts of the many organizations and individuals 
will bring success. 
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RESIDUAL MICROORGANISMS IN CLEANED-IN-PLACE SYSTEMS 
FOR HANDLING MILK1 

R. B. MAXCY 

Department of Food Science and Technology 
University of Nebraska, Lincoln, Nebraska 68503 

( Received for publication September 9, 1968) 

ABSTRACT 

A model system was used to simulate commercial cleaned
in-place ( CIP) conditions. Alterations in the system were 
made to determine the effect on the microflora, as potential 
food product contaminants. By the use of Serratia ma:rcescens 
as a tag, contamination was shown to be more complex than 
a sin1ple residue from the daily operation. Also, the use of 
S. marcescens revealed that contamination did not move from 
outside surfaces of th e equipm ent into the liquid food even 
with severely coiTodecl equipment. Increasing corrosion pro
vided greater harborage f01· microorganisms. The harborage 
could be limited somewhat by ru·ying the surfaces, but a much 
greater reduction in harborage was obtained by storing the 
system filled with a solution at pH 11. ' Vith manipulations 
that reduced the total contaminants, there was an increase 
in the relative frequency of Gram-positive asporogenous rods, 
certain genera of which show promise as indicators of un
satisfactory equipment condition. 

Systems of lines for conveying milk and similar 
liquid food products are commonly cleaned by CIP 
( cleaned-in-place) methods . Improvements in de
sign have been directed toward CIP which allows 
permanent installations . The microflora of perma
nent installations of CIP equipment is somewhat 
different from that of traditional hand cleaned dairy 
utensils (4). The reliability of CIP cleaning, how
ever, is greater than of traditional methods involving 
disassembly and hand washing (2, 3, 6, 7) . In addi
tion, vvith CIP methods there is less human contact 
with surfaces of equipment that contact food there
by reducing chances for contamination. Economic 
advantages to the food processor encourage automa
tion and CIP installations. 

CIP systems provide a new approach to sanitation 
and protection of public health. A new environ
ment, however, is created for potentially objection
able microorganisms . Even after use of effective, 
acceptable cleaning processes, enough soil remains 
for the survival and growth of microorganisms 
(4, 5, 7) . Control of these microorganisms is based 
on techniques established for hand-cleaning methods. 

Deterioration of equipment increases the potential 
harborage of objectionable microorganisms and the 
avenues for contamination. The effect of deteriora-

'Publish ed with the approval of the Director as paper o. 
2419, Journal Series, Nebraska Agricultmal Experiment Station. 

tion of equipment on the microflora was therefore 
studied to provide a better understanding of the 
public health significance of this phenomenon. 

EQU! Pl'VIENT AND EXPERIMENTAL M ETHODS 

CIP systems 
Model systems were constructed to simulate comm ercial 

conditions. E ach system consisted of approximately 8 m 
( 27 ft ) of 3.8 em ( 1.5 inches) stainless steel tubing, a 38 
liter ( 10 gal ) tank with a liquid height of 1.0 m ( 40 inches ), -
and a pump to provide a flow rate of 1.2 m ( 4 ft) per sec 
in th e tubing. Model systems were constructed with welded 
joints. A comparable system was constructed with conven
tional CIP joints. A more complete description has been 
given in a previous publication (6). 

The original model simulated commercial conditions. Other 
model systems were corroded until pinholes occurred at the 
seams to simulate changes clue to deterioration . Typical sub
stances, such as chlorine, salt, and acid, proved · excessively 
slow requiring several months for adequate corrosion. An 
etching solution, consisting of 100 ml HC1 (concentrated 
reagent) , 25 ml H N 0 3 ( concenh·ated reagent) , 200 gm 
F eCb, and made to 1,000 ml, was later fow1d to be effective 
and provided a system for controlled deterioration of the 
equipment. 

Operational systems 
A system was soiled by circulating 38 liters ( 10 gal ) of 

mixed raw milk for 4 hr at room temperatme. For cleaning, 
the circuit was rinsed with tap water then washed with com
mercial 0.5% phosphated caustic for 20 min at 60-65 C ( 140-
149 F). After washing, the equipment was rinsed and ap
proximately 16 hr were allowed for incubation at approximate
ly 25 C ( 77 F ) to simulate environmental conditions in com
mercial equipment after cleaning and before sanitizing. 

The earliest observations were to assure tl1e comparability 
of the model system to commercial systems. Thereafter, ob
servations on tl1e microflora associated witl1 progressive stages 
of deterioration were made. The third phase involved the 
following operational changes to alter tl1e environment and 
to study ilie effect on the microflora : (a) commercial acid 
cleaning solutions were substituted for the alkaline cleaners; 
(b) tlle equipment was air ru·ied and stored dry after forcing 
wam1 air tlliough the lines; (c) an inocuhun of Serratia mar
cescens was used to determine the persistence of contan1ination; 
and (d) tl1e equipment was filled and store'd witl1 an alkaline 
solution at pH 11. 

Observations on the microflora 
Mter the treahnents of soiling, cleaning, and incubation the 

equipment was rinsed witl1 t ap water to which sodium tllio
sulfate h ad been added to n eutralize the chlorine in tap 
water. Bacterial counts were made on Standard Plate Count 

, 
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TABLE 1. CHARACTEH1STICS OF MICHOOHGAi'llSMS ISOLATED 

FHOM Hh'ISINGS FHOM SOILED, CLEANED, Al\'D INCUBATED 

MODEL CIP EQUIPMENT 

Kumber of Per cent. 
Catego ry isola tes of isolates 

Gram-positive asporogenous rods 30 51 
Micrococci 21 36 
Gram-negative proteolytic rods 7 12 
Other 1 2 

Total 59 101 

Agar ( Difco ) with duplicate plates of th ese solutions follo w
ing Standard Methods (1) . Isolates from the plates were 
studied to determine the nature of the microflora. Three 
isolates were taken at random from each plate used for count
ing. ·while this technique limited the number of isolates 
from each sample, it avoided the common error of over-weight
ing samples involving unusual growth situations. Groupings 
were related to physiological activity of organisms of particular 
interest to the dairy industry, e.g., micrococci, streptococci, 
bacilli, other Gram-positive rods, Gram-negative rods such 
as coliform indicators, and Gram-negative proteolytic rods. 
A more complete description of th e methods has been given 
in a previous publication (4) . 

Controlled contamination 
A pure culture of S. maTcescens, which produced a deep 

reel pigment on Standard Plate Cotmt Agar, was used. The 
inoculum \yas prepared by growing the S. m(trcescens culture 
in nuu·ient broth and applying as explained in th e specific 
experiments described later. 

R ESULTS 

M icroflO'I'a of the model equipment 
The model equipment was soiled, cleaned, and in

cubated to simulate commercial conditions. \iVith 10 
trials representing both welded joint systems and a 
system with CIP joints, the recovery evaluations gave 
counts ranging from 10,000 to 140,000 bacteria per 
ml with a mean count of 62,000 per ml. The results 
were similar for the model systems constructed with 
welded joints and the comparable model with com
mercial CIP joints. These observations were in 
agreement with previous reports (6, 7) comparing 
commercial systems with welded joints and similar 
systems with CIP joints. 

Results from tests 'to characterize the microflora 
of the model equipment are given in Table 1. It was 
apparent that no single group predominated. These 
results are in general agreement with previously re
Pt?rted data for a commercial operation (4). There 
was no apparent difference between the microflora 
from the systems with welded joints and the system 
with CIP joints. 

Therefore, the remaining experiments utilized only 
systems with welded joints. This decision was in 

harmony with the trend toward welded pipelines in 
industry. 

The m-icroflom of pastemized, packaged milk 
The ultimate concern in milk processing operations 

is the microflora of the pasteurized, packaged prod
uct. Throughout the course of the work, observa
tions were made on the nature of the microflora of 
the pasteurized, packaged milk. This product was 
taken from the same raw milk supply that was used 
for the soiling operations of the model system. These 
observations extended for a period of more than a 
year. A summary of the results is given in Table 2. 

The microflora of the soiled, cleaned and incubat
ed model equipment was similar to the microflora of 
pasteurized, packaged milk. The two major groups 
of contaminants were the same. The relatively fre
quent occurrence of bacilli in the pasteurized, pack
aged milk seemed to be the primary difference. A 
secondary difference was the more frequent occur
rence of Gram-negative proteolytic rods on the equip
ment. The frequent occurrence of Gram-positive as
porogenous rods had not been expected in light of 
common knowledge of milk fermentation. 

Note should be made at this point that the soiling 
procedure for the model equipment utilized raw milk 
to include the gamut of microorganisms associated 
with milk. The microflora of this equipment was 
found to be generally similar to that of equipment 
in commercial plants and of pasteurized milk. Fur
ther substance to this generalization is added by re
sults of subsequent experiments. Thus, it is appar
ent that the selective effect of pasteurization is not 
an overriding influence in the resulting microflm·a 
of dairy equipment, except perhaps the elimination 
of Gram-negative rods. 

Corrosion of model systems and the result·i·ng effect 
on harborage of conta.m.inants. 

In order to determine the effect of corrosion of 
equipment on harborage of microorganisms, a rep
resentative set of the model equipment was deliber
ately corroded stepwise according to the techniques 
described under Methods. A specific corrosion treat-

TABLE 2. CHARACTEHISTICS OF M ICHOOHGANJSMS ISOLATE P 

FROM SAMPLES OF FRESHLY PASTEUHIZED, PACKAGED MILK 

Number of Per cent 
Catego ry isolates of tota l 

Gram-positive asporogenous rods 99 40 
1icrococci 80 3:2 

Bacilli 53 22 
Streptococci 12 5 
Colifonn 2 1 

Total 246 100 
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ment was given and then the equipment was soiled, 
cleaned, and incubated after which observations 
were made on the residual contaminants. This pro
cess was considered "complete" when holes occurred 
at some of the welded seams, and a generally rough 
surface was apparent. 

Vilhen the model equipment was completely cor
roded, comparative h·ials were made with good 
equipment and with the corroded equipment observ
ing both total contamination and types of microorgan
isms. A gradual but erratic increase in the total 
contamination accompanied the increase in corrosion. 
An average of 10 trials on the corroded equipment 
showed a mean count of 630,000 bacteria per mi. 
With a comparable non-corroded system, the mean 
cotmt on eight h·ials was 55,000 bacteria per ml. It 
should be recalled that in the original assessment 
of contamination the mean count of bacteria in 10 
trials with new equipment was 62,000 per ml. The 
10-fold increase in contamination with increased 
corrosion of the equipment was expected in light of 
the general belief by regulatory and industry sanitar
ians that rough surfaces harbor microorganisms. Yet, 
no quantitative data had been available to substan
tiate this belief. 

Observations on the nature of the microflora are 
given in Table 3, which shows the similarity be
tween the new and the corroded equipment. The 
lack of bacilli again was apparent. There was, how
ever, one seemingly unique group associated with 
the corroded equipment. Morphological character
istics and the Gram-variable nature in older cultures 
indicated these to be Arthmbactet· spp. 

Sequence of cleaning system and residual effects 
\iVhile common operations in commercial cleaning 

consist of a final alkaline treatment, the procedure 
may be reversed. The question is raised as to the 
effect of acid or alkaline cleaners in establishing the 
residual microflora. 

A common con~mercial acid cleaner ("Flash
Klm1Z," Klenzade Products, Beloit, Wisconsin), at 
the manufacturer's recommended concentration, was 
substituted for the alkaline treatment. In all other 
aspects the usual soiling, cleaning, and incubation 
procedures were followed. Observations were made 
on the total contamination and the nature of the 
microflora. 

The results indicated little, if any, difference be
tween the acid and alkaline treatments on the total 
recoverable contamination. Neither was there an 
apparent difference between the new and the cor
roded equipment relative to the total contamination. 
The mean bacterial count on four h·ials was 52,000 
with a range of 22,000 to 81,000 per ml. The micro
flora consisted primarily of Gram-positive asporogen-

TABLE 3. FREQUE CY OF OCCURRENCE WITHIN CATEGORIES OF 

l\IICROORGANISMS ISOLA TED FROM l\IODEL CIP EQUIPMENT 

P ercentage of isolate~ 
New Co!'l'od'ed 

Category equipment equipment 

Gram-positive asporogenous rods 65 50 
Micrococci 15 10 
Gram-negative non-proteolytic rods, 

excluding coliform indicators 12 25 
A1·throbacter spp. 0 13 
Gram-negative proteolytic rods 8 2 

ous rods. The isolates showed no special capacity 
for high acid production in litmus milk such as is 
typical of certain species of Lactobacillus. 

Persistence of contamination 
In seeking the source and nature of the contam

ination, an attempt was made to see if there was a ' 
carry-over from day to day. The usual procedure 
for soiling, cleaning, and recovery of contamination 
was followed except that S. marcescens was added to 
give 120 to 3,000 cells per ml in the milk used for 
soiling a corroded model system. 

The contamination recovered during the following 
days was examined to see if S. marcescen~ persisted 
as evidenced by red colonies on the plating medium. 
The results for 4 h·ials indicated a complete absence 
of S. marcescens in the recovery solution. Isolates 
from this recovery solution were studied in the usual 
way and found to be predominately Gram-positive 
asporogenous rods. Thus, it appeared that the con
taminants did not arise from a simple contamination, 
residue, and recovery process each day. A more com
plex harborage was therefore indicated. 

Outside swfaces as a source of contaminants 
Since the previous data indicated a complex or re

mote harborage as the source of contaminants, the 
outside surfaces were considered as a potential 
source. Possible pathways via pinholes or pump and 
gasket seals for movement of bacteria from outside 
the equipment into the soiling medium were sought. 
S. marcescens was used as the indicator organism. 

During normal contamination trials with corroded 
model systems, the surface of the equipment was 
thoroughly wetted with a 24 hr nub.·ient broth cul
ture of S. mm·cescens. In addition, the equipment 
was stopped periodically to encourage syphonage. 
The milk used for soiling was plated and examined 
for red colonies. The contaminants recovered were 
also examined for red colonies. Neither platings 
showed S. mat·cescens, therefore, indicating micro
organisms on the outside surfaces were not contribut
ing to the contaminants of this study. 

, , 
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The effect of dry stomge on the 1'esidual contamina
tion 

It is generally assumed that a major difference in 
the microenvironment of CIP systems and the tra
ditional open, hand-cleaned systems is the residual 
moisture for microbial survival and growth. The 
closed CIP systems dried slower. 

To determine the comparative effect of an altered 
drying rate on the microflora, b·ials were made with 
an added step of drying in1mediately after the wash
ing and rinsing operation. A corroded model system 
was soiled and cleaned in the usual way. Warm air 
at 35 C (95 F) was then circulated through the 
system for 1-2 hr to remove visible moisture from 
surfaces while avoiding a high temperature and the 
selective effect of heat. The equipment was then al
lowed to incubate as in the previous experiments, 
after which contamination from the model system 
was evaluated in the usual way. Data representing 5 
h·ials showed a mean bacterial count of 170,000 per 
ml for the contamination. TI1ere was a lower number 
of contaminants from the dried treabnent than from 
the usual storage b·eatment, but the counts were near
ly three times those obtained from non-corroded 
equipment and the usual treatment. 

The microflora, as judged by the frequency of 
occurrence in the various groups of isolates, was 
similar to that found in the previous b·eatments. 

The effect of a flooded system on the 1·esidual con
tamination 

Another approach to evaluating the microenviron
ment of the model equipment was to fill the system 
with a solution of NaOH to provide a pH value of 
11 during the 16 hr interval between cleaning and 
recovery of residual microorganisms, otherwise the 
soiling and evaluating teclmiques were the same as 
in the previous experiments. This approach provid
ed conditions that would not allow growth where 
there was eA-posure. At the end of the storage per
iod, the alkaline solution was removed and the usual 
procedure of filling, circulating, plating, and evaluat
ing the contamination was followed. Ten complete 
trials were made including both new and corroded 
equipment. The mean bacterial count for the con
tamination was 99 per mi. This level was approxi
mately one-thousandth that of the conventional sys
tem of storing the equipment untreated. There was 
no apparent difference between the new and the 
c9rroded equipment. 

The 45 isolates from the evaluation of the contami
nation showed no apparent difference in the types 
involved when compared to- earlier work with . the 
Lisiial storage system. 

Drscussro, 

The microflora of commercial and model CIP sys
tems cons~~ts- o~ . a surprisingly great percentage of 
relatively inert bacteria. This is in contrast to the 
microflora where there is an abundance of soil, mois
hu·e, and other factors conducive to growth. Lactic. 
streptococci and the Esche1"ichia-Aerobacte1· group 
are expected to predominate. The limiting factors 
of the microenvironment have produced a selective 
effect of the microflora. The infrequent occurrence 
of spore forming bacteria, however, indicates heat 
and pH of the cleaning solution are not an overriding 
influence in establishing the microflora. 

There is an increase in the total contamination re
covered from corroded equipment. With increasing 
corrosion, changes in the nature of the microflora are 
slight. This change is not toward expected fast-grow
ing bacteria able to cause normal spoilage of milk. 
The Gram-positive asporogenous rods are most com
mon . Unknown factors influence the microenviron
ment and allow the growth of these bacteria. Thus, 
the significance of deterioration of equipment in 
commercial op-erations remains a question of public 
health interest. · 

Since the observations on the microflora of CIP 
systems produce data that are not in agreement with 
traditional concepts, the need for further understand
ing of this microenvironment and the residual micro
organisms is apparent. 
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A rapid microliter metl10d was investigated as a means of 
evaluating viable bacterial cells in milk samples, using the 
conventional Standard Plate Cotmt method as a comparison. 
Statistical analyses showed high correlation between the two 
methods. The advantages of tl1is new metl1od are : (a) the 
ability to analyze many samples simultaneously and (b) savings 
of time, space, material, and labor. The practical application 
of this new method in dairy products was shown by a study 
of bacterial growtl1 during refrigerated storage of milk. 

D etermination of the number of via:ble bacteria in 
milk is important from both the quality and public 
health aspects. TI1e agar plate method has been 
used as the standard procedure for counting viable 
microbial cells in milk for many years (1) . This meth
od, however, is time consuming and cumbersome 
when large numbers of samples are involved. Re
cently, a microtiter method for the enumeration of 
viable cell cultures was described by Fung and Kraft 
(3 ). Also, this method was used to evaluate spore 
survival by Baldock et al. (2). The advantages of the 
method include savings of time, space, material, and 
labor. 

This paper describes the application of the micro
titer method to the enumeration of viable cells in 
milk samples. Parallel experiments with the Stand
ard Plate Count were performed to es tablish the cor
relation between the two methods. The growth of 
bacteria in milk during refrigerated storage was also 
evaluated using the microtiter method to determine 
its usefulness for st'orage studies. 

i\ [ ATEHl AL Al'\D METllOllS 

Samples. Thirty-four manufacturing-grade milk samples 
and 1::1 Grade A milk samples were used for comparisons be
tween the Standard Plate Count and the microtiter method. 
Manufacturing-grade milk samples were evaluated after cold 
storage at 4 C for 1 to 5 days while tl1e Grade A milk samples 
were evaluated within 1 day after receipt. ine of the 
manufactming-grade milk samples were also used to test 
bacterial growtl1 in refrigerated storage at 4 C. 

Evalu.ation procedures. Standard Plate Counts were made 
using tl1e procedure described in Standard Methods for the 
Examination of Dairy Products (1). The microtiter method 
followed procedures described previously (3). The latter 
method consists of rapid serial dilution and spot plating pro
cedures (4). All microtiter equipment was obtained from 
Cooke Engineerin g Co. , Alexandria, Va. A sterile automatic 

pipetting machine (Becton, Dickinson and Company, Ruther
ford, N. J.) was used to dispense 0.225 ml of sterile distilled 
water into each of 96 wells in a pre-sterilized, plastic microliter 
"V" plate ( 8 x 12 wells) . Small, 0.025-ml aliquots of milk 
samples were introduced into the first of each series of 8 wells 
by pre-calibrated sterile loops. The first row of wells gave 
1:10 dilutions of the original samples. The loops were rotat
ed rapidly in the dilution water 30 times to ensure homogen
eity before carefully introducing into the next set of wells 
containing sterile dilution "vater. An intermediate procedme 
of drain-drying tl1e loops on sterile blotting paper between ' 
each dilution was first used but later omitted because no 
significant advantages were found. Serial dilution in this 
manner to the eightl1 row of wells gave dilutions of the original 
sample of 10-' tl1rough 10-•. Six to 12 milk samples can be 
diluted simultaneously in approximately 2 min. 

Two drops of each dilution to be tested were spotted on 
the surface of previously poured and thoroughly dried plates 

Figure 1. Duplicate spots of different dilutions from a milk 
sample. The nwnbers 4 and 5 represent 10-4 and 10-5 dilu
tions, respectively. Data obtained from th e 10-5 dilution were 
used to calculate cell density. 

( .. 
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of Standard Plate Count agar by means of sterile 0.025- or 
0.050-ml droppers. Four to 8 drops· could be spotted on the 
surface of one peh"i dish. Droppers were sterilized befOTe use 
by soaking in 1% Chlorox for 1 hr; the sterile droppers were 
then rinsed in sterile distilled water. The spotted plates, 
after drying for about 30 min at room temperature, were incu
bated at 32 C fbr 15 to 20 lu· before counting the colonies. 

Enumeration of cell density. For the Standard Plate Count, 
plates containing 30-300 colonies were used for calculating cell 
density. For the microtiter method, spots containing an arbi
trary range of 10-100 colonies were used (Fig. 1) . A stage 
microscope (Spencer, American Optical Co., Buffalo, N. Y.) 
at a magnification of 10 times was used to facilitate count
ing when desired. The counts were then multiplied by the 
appropriate dilution factors to estimate the cell densities in 
the original samples. To minimize personal error and bias, 
these experiments were perfom1ed separately by the investi
gators, one using the microtiter method and the other the 
Standard Plate Count method in evaluation of th e same sanl
ples. 

Storage study. Nine manufacturing-grade milk samples 
were stored at 4 C for a short-term storage study. At storage 
intervals of 3, 5, and 12 days, viable cell counts were esti
mated by the microliter method. 

RESULTS 

TI1e viable cell counts of the 34 manufacturing
grade milk samples and the 13 Grade A milk samples 
determined by the two methods are tabulated in 
Table 1a and Table 1b, respectively. With the ex
ceptioq of eight samples (Nos. 4, 6, 7, 13, 26, 28, 29, 
and 34) of manufacturing-grade milk, the viable cell 
counts obtained by the Standard Plate Count were 
higher than those obtained by the microtiter method. 
However, among the Grade A milk samples, six (Nos. 
37, 38, 39, 44, 45, and 46) provided higher counts for 
Standard Plate Count and the other six revealed 
higher counts for the microtiter method; No. 36 gave 
essentially the same count by both methods. Statisti
cal analyses of the data of the 34 manufacturing-grade 
milk samples showed a correlation coefficient of 0.604 
between the Standard Plate Count and the microtiter 
method. Since the critical value at 1% level for 32 
degrees of freedom is 0.436, this correlation coeffi
cient is significant at the 1% level (5). The same 
statistical analysis on the data obtained from Grade 
A milk samples showed a correlation coefficient of 
0.651, which is significant at the 5% level with 11 
degrees of freedom and a critical value of 0.553. The 
combined coefficient correlation is 0.623, which is 
significant at 1% level with 45 degrees of freedom 
and a critical value of 0.372. 

The microtiter method has been found in this 
.laboratory to be at least 12 times more efficient than 
' the Standard Plate Count method in terms of time 
necessary to complete the procedures. Also, read
able results could be obtained in approximately 30 
hr earlier as well as providing a more rapid means 
of obtaining colony counts. 

TABLE 1A. COMPARISON OF VIABLE-CELL COUNTS JN 
MAl'.'UF ACTURING-GRADE 11HLK0 

Standard plate Mlcrotiter 
count / ml method count/ ml 

Sample number 106 10" 

1 6.20 2.00 
2 3.10 2.50 
3 6.00 1.20 
4 0.91 2.00 
5 19.00 10.00 
6 20.00 62.00 
7 0.27 2.00 
8 8.50 3.80 
9 0.03 0.02 

10 35.00 8.00 
11 15.00 7.00 
12 0.74. 0.16 
13 12.00 49.00 
14 0.48 0.17 
15 0.72 0.02 
16 350.00 80.00 
17 18.00 11.00 
18 20.00 13.00 
19 0.20 0.01 
20 2.80 2.00 
21 3.00 1.10 
22 1.20 0.31 
23 11.00 3.20 
24 3.10 1.10 
25 16.00 4.10 
26 30.00 89.00 
27 33.00 8.20 
28 8.50 13.00 
29 3.60 7.90 
30 69.00 20.00 
31 0.03 0.01 
32 48.00 19.00 
33 3.20 0.27 
34 1.60 1.60 

"The mm1bers were calculated from counts obtained from 
duplicate plates or spots of appropriate dilutions of each sam
ple. Correlation coefficient of these methods is 0.604. 

The results of the storage study are tabulated in 
Table 2. Although no comparison of methods was 
made, the microtiter method demonstrated increases 
in bacterial numbers in milk samples during storage, 
as may be ell.'p ected. The procedure was shown to 
be applicable to determinations of bacterial content 
of stored milk. 

DISCUSSION 

The microtiter method is comparable to the Stand
ard Plate Count in accuracy for estimating viable 
cell counts in both manufacturing-grade milk and 
Grade A milk. Higher counts obtained from the 
Standard Plate Count for manufacturing-grade milk 
may be a result of breaking up of clumps and chains 
of bacteria by the vigorous shaking of the stored high 
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TABLE lB. COMPARISON OF VIABLE-CELL COUNTS IN 
GRADE A MILK" 

Standard plate Micl'otiter 
count / ml method count/ ml 

Sample number 104 10• 

35 0.48 2.00 

36 0.39 0.38 

37 0.50 0.22 

38 0.67 0.38 

39 0.64 0.48 

40 3.40 10.60 

41 0.62 1.30 

42 0.78 2.40 

43 0.86 2.40 

44 1.10 0.11 

45 1.30 0.10 

46 1.80 0.22 
47 0.30 5.20 

' The nwnbers were calculated from counts obtained from 

duplicate plates or spots of appropriate dilutions of each 

sample. Correlation coefficient of th ese methods is 0.651. 

bacterial count milk. Data from the Grade A milk, 
however, show even disb·ibution of higher counts be
tween the two methods. Statistical analysis of the 
tvvo sets of milk samples showed that the correlati(i>n 
of the two methods was highly significant. This 

microtiter method has the advantage of savings of 
time, space, material, and labor over the conventional 
method. It has been estimated that the cost of sup
plies for the microtiter method .is approximately one
tenth that of the Standard Plate Count Method. Prac
tical application of this microtiter method was shown 
by evaluating bacterial population in milk during 

cold storage. Other practical applications are possi
ble for use in dairy microbiology. 
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TABLE 2. MICROTITER METHOD COUNT OF MANUFACTURING- and comments. 

GRADE MILK IN COLD STORAGE" 

REFERENCES 
Days of storage 

Sample u umber 3 5 12 
1. American Public H ealth Association. 1967. Standard 

Methods for the Examination of Dairy Products, 12th eel. 

American Public Health Association, Inc., New Y~rk. 
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2 
3 
4 
5 
6 
7 
8 
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"At refrigerated 
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7.20 X 105 2.00 X 

2.70 X 106 1.00 X 

1.30 X 106 6.20 X 

1.90 X 106 2 .00 X 

7.90 X 10'1 3.80 X 

5.00 X 103 2.40 X 

10" 4.60 X 

106 5.60 X 

106 3.80 X 

106 3.00 X 

107 0.80 X 

107 1.70 X 

106 3.80 X 

106 4.00 X 

10"' 3.80 X 

106 

107 

107 

107 

107 

107 

107 

106 

107 
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ABSTRACT 

A comparative study of skimmilk fat tests indicated the 
need for a more accurate method. Such a method was de
veloped at the Vermont Agricultural Experiment Station. 
Called the Vem1ont method, this uses Patton's aqueous re
agent of n-butylamine and n-butanol, Babcock equipment and 
glassware, and the TeSa water bath. This Vermont method 
is simple, inexpensive, and no more time consuming than th e 
Babcock procedure. 

Twenty-two trials were performed whereby skimmilk sam
ples were collected weekly from 6 milk dealers and tested 
hy 5 or 6 methods. Several milk dealers sold skimmilk that 
consistently tested higher than 0.50% fat as determined by the 
Mojonnier procedme. It was apparent that results obtained 
with the Babcock, W ildasin Babcock (use of a quaternary 
ammonium compound), and American Association (modified 
Babcock using n-butanol ) methods showed poor fat per
centage agreement over the legal fat range, compared with 
the Mojonnier procedme. Data from the Gerber and Vennont 
methods showed very close agreement with that of the 
Mojonnier procedme. Statistical analysis indicated a signifi
cant difference ( P < 0.01 ) between fat percentages obtained 
using the Babcock, Wildasin Babcock, and American Associa
tion methods when compared with tl1e Mojonnier teclmique. 
Results from tl1e Gerber and Vermont metl10ds were not 
significantly different from tl10se obtained with the Mojon
nier procedme. 

Precision for the Vem1ont method was detennined by test
ing 10 replicate samples of 2 different skin1milks. The means 
and standard deviations for the samples are as follows: 0.12% 
± 0.005, and 0.44% ± 0.007. Use of tl1e Vermont metl10d 
must await results of studies from otlwr laboratories. 

Over the past decade skimmilk has become an in
creasingly popular beverage. Perhaps the consumer 
has ·recognized the nutritive value of skimmilk and 
the fact that it has fewer calories than whole milk 
products. Realizing the cUTrent nutritional attitudes 
of OUT society, we should expect increased sales in 
the futUTe. 

Milk fat remains the expensive constituent of milk. 
Precise, simple fat-testing methods that have close 
correlation with an accUTate official method are es
sential. Unreliable fat tests can cause financial losses 
for both the farmer and milk plant operator. Nu-

•this study was supported by the Walker Research Fund and 
Federal Grant HA-143. 
'University of Vermont Agricultural Experiment Station Journal 
Article 210. 
"Present addxess: Department of Food Science and Industries, 
University of Wisconsin, Madison, Wis. 53706. 

merous comparative studies have been made to de
termine the fat content in milk and several dairy 
products, but not in skimmilk. Until recently, it was 
considered only a low-fat by-product of the cream 
and butter industry. Now, it is apparent that re
liable skimmilk fat tests are needed for: (a) milk fat 
accounting for the Federal Milk Marketing Orders, 
(b) obtaining optimum separation efficiency in the 
plant, and (c) determining the legality of the product. 

A literature review on comparative tests for fat in 
skimmilk showed several studies. In 1933 'Wright 
and Holm (11) compared the Babcock, American As
sociation (modified Babcock using n-butanol ), Minne
sota Babcock (alkaline reagent) , and Roese-Gottlieb 
methods. Only the data obtained using the Ameri
can Association method compared favorably with re
sults from the Roese-Gottlieb (after the phospholipid 
content was subtracted from the total lipid recover
ed ). Hileman et al. (3) reported that the Babcock 
test for fat in skimmilk shows only about one-seventh 
of the fat actually present according to the Mojonnier 
procedUTe. A subcommittee report of the American 
Dairy Science Association (2) evaluated methods for 
testing fat in a number of dairy products. It was 
agreed that no single testing method for skimmilk 
compared perfectly with the Mojonnier procedure. 
However, the committee recommended the method 
of the American Association even though no data 
were presented. McDowell ( 4) compared 9 skimmilk 
samples tested by the Roese-Gottlieb, American As
sociation, and Gerber methods. The results of the 
2 acid methods were slightly lower tl1an those ob
tained by the Roese-Gottlieb method. MUTphy (6) 
compared 16 skimmilk samples for fat content as de
termined by the sepascope, Mojonnier, and Gerber 
methods and found the Gerber results slightly higher 
than those of the Mojonnier technique. 

Skimmilk samples were tested by the Babcock, 
American Association, and Mojonnier methods in OUT 
laboratory; results from the 2 simple tests did not 
agree with those from the Mojonnier method. These 
results led to the decision to devote time and effort 
to developing a new, simple procedUTe. For sim
plicity and economy, the new test was designed ;to 
use Babcock equipment and glassware. Because 
handling sulfuric acid is dangerous and Babcock 

--- ------------------------
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skimmilk test bottles are extremely difficult to clean 
after a fat test, numerous other chemicals were stud
ied. A reagent was needed that would remove the 
complex milk fat membrane of very small globules, 
thus releasing the fat and allowing it to rise by cen
trifugation in the small graduated bore of the Bab
cock skimmilk bottle. 

Patton (8) studied many simple organic compounds 
for the de-emulsification of cream. He developed 
an aqueous reagent containing n-butylamine and n
butanol which readily recovered milk fat from nu
merous dairy products other than skimmilk. His 
purpose was to develop a simple procedure for re
covering pure milk fat for analyses of its physical 
and chemical constants (9). 

In this study Patton's reagent was used to develop 
a simple procedure for determining the milk fat in 
skim milk. The results from this new fat test (named 
the Vermont method ) were compared with results 
from routine skimmilk fat tes ts and the Mojonnier 
procedure to determine its value and reliability. 

PROCEDURES 

Skirnmilk samples were obtained each week from 5 local 
dairy plants and the University Creamery. Fom of the 6 
dealers fortified their sk.i.mmilks with nonfat milk solids. Six 
different retail samples were acquired to compare skimmilks 
of various fat percentages. 

The skimmilk samples were t ested for fat by 6 different 
methods. The procedmes outlined b y Newlander and Ather
ton (7) were used for the Babcock, American Association , 
and Gerber tests. W ildasin's modification of th e Babcock test 
(with a quaternary ammonium compOtmd ) for testing fa t 
in homogenized milk was also studied (10). Directions out
lined by the company (5) were used for the Mojonnier meth
od; this was considered the most accurate. The Vermont 
method is discussed below. 

Vermont method 
Equ:ipment. Regular Babcock tes ting equipment and glass

ware, including 18 g, 0.5% skimmilk test bottles, were used. 
The TeSa boiling water and tempering bath was used for 
initial digestion of tl1e samples and fina l tempering before 
reading the fat percentage. 

Reagents. The test reagent was prepared as reported by 
Patton (8) : "To 310 ml of water in a 1 liter reagent bottle 
are added 420 ml of n-butylamine and 132 ml of n-butanol. 
The contents of the bottle are shaken to yield the reagent 
which should be single-phased. This reagent is stable, easil y 
prepared, and its constituents are ine:-,p ensive and readil y 
available." The indicator solution was prepared by dissolving 
1 g of phenolphthalein in 100 ml of absolute ethyl alcohol. 

Procedure 
1. Place 2.5 ml of test reagent in the skimmilk test bottle. 

(Numerous different volumes of this reagent were studied ; 
2.5 ml yielded optimum fat percentages for skim milk. ) 

2. Heat skinllililk sample to 60 C. 
3. Add 17.5 ml of heated skimmilk: sample to test bottle 

and shake contents well. ( One-half minute in a mechanical 
shaker is sufficient. ) 

4. Place the sample in a boiling water bath for 2 min . 

(Temperature and time must be closely controlled. Preheating 
the skimmilk bottle rack in a TeSa boiling water bath before 
adding the san1ple bottles to th e rack worked well in our 
laboratory. H eating the samples in a boiling water bath for 
2 min yielded optimum fat percentages for skimmilk. Ideat
ing beyond 3 min caused charred fat columns. ) 

5. Remove sample from boiling water bath ru1d add 10 
dwps of 1% phenolphthalein and shake. ( Phenolphthalein 
causes a red color to develop in the basic-aqueous system 
and results in a color contrast which makes the fat in th e 
graduated bore easier to read . ) 

6. Centrifuge in a cold machine for 5 min, then add water 
at 67-73 C to within 0.25 inch of the bottle neck. 

7. Centrifuge 2 min, then add water at 67-73 C to bring 
fat column into the neck of the bottle. 

8 . Centrifuge 1 min, then place the sru11ple bottle in a 
water bath at 57-60 C for 5 min . 

9. Remove sample bottle from temperin g bath and read. 

REsULTS Al'H) DISCUSSION 

During the final developmental stages of the Ver
mont method, skimmilks were tested for fat by 4 , 
selected simple methods and the Mojonnier proced
ure. The purposes were to gain experience with the 
methods and to acquire data to determine their ac
ceptability. The Mojonnier procedure was selected 
as most accurate. 

Initially, 11 h·ials were performed whereby skim
milk samples were collected weekly from 6 milk deal
ers and tested by 5 methods. After the Vermont 
method was developed, 11 additional h·ials were made 
on samples collected from 6 dealers and tested by 6 
methods. During the 22-week testing period, several 
laboratory accidents occurred with specific methods, 
necessitating removal of those sample results from 
the final summary. The Babcock, Wildasin Babcock, 
and Vermont methods employ the Babcock skimmilk 
bottle; thus, samples containing more than 0.50% fat 
could not be read. The skimmilk from dealer 6 con
sis tently tested above 0.50% fat and the data could 
not be included in the summary. Skimmilk testing 
above 0.50% fat is not legal in Vermont. The illegal 
samples had been fortified with nonfat milk solids. 

Statistical analysis was performed using the com
plete-block design for more than 1 observation per 
experimental unit. To determine source of signifi
cant difference between methods, Tukey's multiple 
range test was used. D ata from 5 comparative trials 
for the first 11-week testing period and 6 comparative 
trials for the second 11-week testing period were 
examined statistically. 

Skimmilk from 5 dealers tested· by 5 different 
methods is compared in Table 1. It is apparent that 
results obtained using the Babcock, American Asso
ciation, and ·wildasin Babcock methods have poor 
fat percentage agreement over the legal fat range, 
compared with the Mojonnier procedure. The Ger
ber method agrees closely, but results are consistent-

( .. 
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TABLE l. CoMPARISON OF FAT CONTENT IN 46 HETAIL SIUMi\HLKS OBTAINED FHOM 5 DEALERS AND TESTED BY 5 METHODS 

Methods 

\Vildasin American 
Babcock Babco.ck Association Gerber Mojonnier 

T; ial s Dealer mean range mean range mean range mea n l'UilgC mean range 

8 .C1 .01-.02 .01 .00-.02 .02 .01-.04 .11 .10- .15 .07 .00-.13 

ll 2 .C2 .01-.03 .02 .01-.04 .03 .01-.06 .12 .10-.15 .10 .06-.14 

10 3 .10 .02-.33 .17 .01-.47 .18 .04-.46 .31 .12-.65 .29 .11-.60 

9 4 .17 .00-.29 .32 .01-.50 .25 .00-.50 .45 .10-.70 .44 .09-.63 

8 5 .14 .09-.23 .38 .27- .43 .32 .20-.42 .51 .40-.60 .48 .39-.52 

T .-\lJLE 2. CoMPAmso:-~ OF FAT C:ONTENT J ~ 42 HETAIL SK1~1£ :\!lLK 'J OBTAINED FROlvl 5 UEALEHS AN D ,TESTED BY 6 l\1IETHOD~ 

~lethods 

\Vilda s in Ameri ca n 
Babcock Babcocl< Association Yermont Gerber 1\Iojonni er 

Trials Dealer mean range mean range mea n 

10 1 .C3 .02-.06 .04 .01-.13 .05 

11 2 .08 .01-.29 .08 .01-.30 .09 

ll 3 .CS .03-.09 .12 .06-.17 .15 

7 4 .11 .02-.20 .24 .07-.41 .22 

3 5 .13 .12-.16 .35 .30-.40 .39 

ly higher than the l\IIojonnier values. If the Gerber 
fat correction factor for samples testing below 0.25% 
had been omitted, agreement would have been closer. 
Statistical analysis showed the Mojonnier data sig
nificantly different (P < 0.01) from the Babcock, 
American Association, and vVildasin Babcock results . 
The Gerber fat tests were not significantly different 

; from those obtained using the Mojonnier method. 
Of the 4 simple methods compared, the most accur
ate was the Gerber. 

Skimmilk from 5 dealers tested by 6 different meth
ods is compared in Table 2. It can be seen that the 
data collected using the Babcock, American Associ
ation, and Wildasin Babcock methods agree poorly 
with the Mojonnier results over the fat test range. 
Data from Gerber and Vermont methods show very 
close agreement with the Mojonnier values. Statisti
cal analysis showed a significant difference (P <0.01 ) 
between the fat contents obtained using the Babcock, 
American Association, and 'Wildasin Babcock meth
ods, compared with the Mojonnier results . The Ger
ber and Vermont data were not significantly different 
from that recorded with the Mojonnier procedure. 
Of' the 5 simple methods compared, the accurate ones 
were the Gerber and Vermont. 

Precision for the Vermont method was determined 
by conducting 10 replicate tests on 2 different skim
milks. The means and standard deviations for the 

range mean range mean range mean range 

.02-.10 .12 .07-.26 .15 .10-.27 .13 .05-.20 

.01-.30 .15 .01-.39 .15 .10-.30 .16 .02-.38 

.10-.23 .21 .08-.31 .24 .17-.30 .23 .16-.28 

.06-.41 .34 .21-.45 .33 .22-.45 .34 .21-.46 

.36- .44 .44 .44-.45 .47 .40-.50 .45 .44-.47 

2 samples are as follows: 0.12% ± 0.005, and 0.44% 
± 0.007. 

Foulkes (1) recently analyzed skimmilk lipids re
covered by the Babcock, American Association, Ver
mont, and Mojonnier methods. Phospholipids were 
found only in the Mojonnier extract. The neuh·al 
lipid classes varied, depending upon the extraction 
method; those recovered by the Vermont method 
were closely similar to the Mojonnier. The mean 
weight recoveries of the skimmilk 1 i pi d s by the 
American Association and Vermont methods were 
similar and significantly less than the Mojonnier. 
This evidence confirms that the Vermont method has 
material other than normal lipids in the fat column. 
The Vermont method apparently has an inborn cor
rection factor which is responsible for its agreement 
wi th the fojonnier procedure. 

These research data show a significantly close 
agreement between the Mojonilier, Gerber, and Ver
mont methods over the legal (Vermont) range of fat 
in skimmilk. Since most laboratories in this country 
use Babcock rather than Gerber testing equipment, 
the Vermont method may prove useful for testing 
fat in skimmilk. But its applicability must await 
confirming studies from other laboratories. 
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ASSOCIATION AFFAIRS 
KENTUCKY FIELDMEN AND 
SANITARIANS CONFERENCE 

H. L. "Red" Thomasson, E xec. -Sec'y. , Mg. Ed . IAMFES, 
C. Bronson Lane, President Kentucky AMFES and Wally 
Mann, Editor D airy Plant Fielclman. 

Over two hundred dairy plant managers, field
men, sanitarians , University personnel, and dairy 
equipment representatives attended the 1969 Ken
tucky F ieldmen's and Sanitarians' Conference at Mam
moth Cave, Kentucky on February 25 and 26. The 
conferees received the latest information on the status 
of the proposed manufacturing milk regulations, mas
titis control, proper cleaning and sanitizing proce
dures, and milk quality control procedures. 

Following are the 1969 officers elected for the Ken
tucky Association of Milk, Food, and Environmental 
Sanitarians: President, Dr. C. Bronson Lane, Univer-

sity of Kentucky, Lexington, Kentucky; President
elect, Mr. Jim 1vicDowell, Dairymen, Inc.-Kyana Di
vision, Louisville, Kentucky; Vice-President, )\ tfr. Ly
man Knierem, Sepko-Chemical Co., Louisville, Ken
tucky and Secretary-Treasurer, Mr. Leon Townsend, 
Kentucky State Department of Health, Frankfort, 
Kentucky. 

l'vir. Ken Mennen, Armour Creameries, Springfield, 
Kentucky, received the outstanding Kentucky indus
try man award at the Awards luncheon on February 
26. Mr. Calvin Moran, Christian County Health D e
partment, Hopkinsville, Kentucky, was selected as 
the outstanding Kentucky sanitarian, and 1tfr. Jim 
Perkins, Dean Milk Company, Louisville, Kentucky, 
won the outstanding Heldman award. 

. ' . 
.. • 

1
,' , 0 d...,-:~- ., ... 

DR. MILTON J. FOTER 

Dr. Ivfilton J. Fater, a long time member of 
IAMFES, Inc., died Friday, farch 7, at Emory Uni
versity Hospital, Atlanta, Ga. He was assistant to 
the administrator at the Communicable Disease Cen
ter in Atlanta. 

He conducted milk and food research at the Robert 
A. Taft Engineering Center, Cincinnati, from 1945 to 
1964. 

He is survived by two daughters, Mrs. Richard 
Deeds, Columbus, Ohio, and Mrs . Tony Santalucia, 
State College in Pennsylvania; his mother, Mrs. Bar
bara Fater, Atlanta and three grandchildren. 

I (, ·~ 
•• -~- b 

, 

, 
' 



' 

AssocrATION AFFAIRS 151 

CIP SEMINAR-DENVER, COLO.RADO
MARCH 6, 1969 

Mr. Dick B. W hitehead, 1st Vice President of 
IAMFE S and Consulting Sanitarian for the Diversey 
Chemical Company, and Mr. Paul A. Freebarin , Mar
ket Manager of the Distributor Sales D epartment of 
Pennsalt Chemicals Corporation , conducted a day 
long Seminar on the cleaning and sanitizing of dairy 
plant equipment in Denver, Colorado, March 6, 1969. 
Sixty-four representatives of federal, state and local 
regulatory agencies, dairy plant and dairy equipment 
supply and competitive cleaner industries attended. 

The material presented consisted of the basic es
sentials and requirements for CIP equipment design, 
installation and operation . The elementary chemis
try of cleaning and sanitizing was discussed with 
special emphasis on programming the operation and 

use of the basic essentials of time, temperature and 
concentration . The 3-A Sanitary Standards for CIP 
were emph asized and expl ained throughou t the Sem
inar vvith appropriate visual aids showing the right 
and wrong in equipment, installation and operation . 
The theme of 98% clean and 2% dirty was use through
ou t to call attention to the fact that this 2% is what 
causes the majori ty of quality problems such as poor 
keeping quality, inadequ ate shelf life and the de
velopment of undesirable fl avors and odors. 100% 
clean is necessary if consumer sa tisfaction is to b e 
maintained and to compete with substitutes. 

tvlr. 'Whitehead was the speaker at the monthly 
meeting of the Colorado D airy Technology Society 
on March 5. His subject was t}1e 3-A Sanitary Stand
ards-what they are-how developed-and their im
portance and significance to public health and tbe 
dairy industry. 

NEWS AND EVENTS 
BORDEN OFFICIAL SPEAKS TO 
STUDENTS AT TEXAS A & M 

Left to Right . Dr. H. E . Randolph, D epartm ent of Animal 
Science, Texas A&M . James N. Chastain, Mr. Newton Lamb, 
Borden Compan y, Houston. Randall R. H oldridge, and James 
R. Flusche. 

Mr . 1 ewton Lan;b, Director of Quality Conh·ol, 
Southern Division of the Borden Company, H ouston, 
Texas, was a recent speaker for the Food Plant Man
agement Class at Texas A&M. The subject of Mr. 
L amb's presentation was "New D evelopments and 
Trends in the F ood Industry." Mr . Lamb reviewed 
some of the major changes and trends in the food 
industry, and encouraged the students to obtain a 
broad and basic education in order to prepare them
selves for a career in the dyn amic food industry. 

SIXTH HOMESTUDY COURSE ANNOUNCED 

The ational Communicable Disease Center an-
nounces the availability of its sixth Homestudy Course 
"Foodborne Disease Control." This as well as other 
homestudy activities are offered to qualified students. 
All materials with the exception of major reference 
textbooks are furnished free. 

Other courses in the NCD C homestudy series are : 
Community Hygiene, Basic Mathematics for the Sani
tarian, Communicable Disease Control for the Sani
tarian, Vectorborne Disease Control, \iVaterborne Dis
ease Control. 

Inquiries may be addressed to: National Communi
cable Disease Center, Atlanta, Georgia 30333, Atten
tion : Training Program. 

44TH ANNUAL MEETING OF THE 
AMERICAN DRY MILK INSTITUTE 

The American Dry Milk Institute will hold its 44th 
Annual Meeting at the LaSalle Hotel in Chicago on 
April 24 and 25th , it has been announced by J. T. 
·walsh, Executive D irector. Another record attend
ance is anticipated at this annual meeting of dry milk 
manufacturers and allied in dustries. The program 
will include qualified and informed speakers from 
industry, government, tmiversities and the Ins titute 
staff. Among the program topics to b e discussed 
will be a high-light report on sales, utilization by 
markets, quality control procedures, proteins from 
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new sources, plant operation efficiencies, government 
programs and other matters of interest to dry milk 
manufacturers. 

According to VValsh, all dry milk manufacturers 
and allied industry friends with interest in dry milk 
processing and marketing are cordially invited to 
a ttend this 44th Annual Meeting. More detailed pro
gram information will be forthcoming. 

NEW FROZEN CUlTURES FOR 
PRODUCTION OF YOGURT 

A new series of deep frozen cultures for the pro
duction of yogurt has recently been introduced by 
Chr. Hansen's Laboratory. They are members of 
Hansen's Redi-Set line of direct set bulk starters and 
are said to eliminate many of the variables that 
plague the commercial production of yogurt. Ac
cording to Tom Daines, sales manager of the Mil
waukee based producer of dairy industry products, 
the Hansen's yogurt culh1res, if recommended pro
cedures are followed, are able to sustain their bac
terial composition during the period of incubation so 
that a b alance is always maintained, and the yogurt 
flavor will remain constant batch after batch. 

i\!Ir . D aines stated that one 2-ounce can of frozen 
culture would set 300 gallons of product without any 
need for an intermediary. At this time, Hansen's are 
providing three culture strains for yogurt and a fourth 
strain is now in its final phase of testing. All cul
tures are delivered to the dairy plant in heavily in
sulated containers of liquid nitrogen at a temperature 
of - 320° F. 

NEW REPORT DETAILS 
LIQUID MANURE HANDLING 

A report on design, construction, operation and 
maintenance of liqyid manure handling systems for 
dairy farms has just been released b y a committee 
of governmental agencies, University of ·wisconsin 
specialists and industry representatives . The guide
lines and suggestions meet at least minimum legal 
requirements, plus the needs of efficient manure dis
posal on dairy farms. Increasing concern over pol
lution of surface and ground waters, and the prob
lems of farm labor have produced considerable in
terest in more efficient and safer ways of manure 
disposal. 

Although committee members developed the guide
lines and suggestion for dairy farms selling milk, 
most of the principles will apply to all lives tock 
farms . Committee members based their recommen
dations on research data, observations of existing 
systems, and experience. The specialists used six 

basic objectives in developing liquid manure handl
ing guidelines and suggestions. To meet legal re
quirements the system should: ( 1) Keep cows and 
areas occupied by them clean and attractive for c:ton
venient production of clean, wholesome milk. ( 2) 
prevent contamination of water in wells, ponds, lakes , 
streams and springs. ( 3) Control odors and fly 
breeding. 

To meet requirements of efficient farming, com
mittee members said the system should: ( 1) Save as 
much of the fertility value of the manure as possible. 
( 2 ) Save labor, and be economical and convenient 
for dairymen. ( 3) Allow dairymen to select the 
best time to apply manure to cropland. 

The report includes guidelines for locating, deter
mining size, and constructing the liquid manure stor
age tank. Detailed drawings included in the report 
offer further information. Agitation and water facil
ities, methods for emptying storage tanks , and handl- , 
ing, spreading, scraping and cleaning equipment 
are also discussed. Special sections give suggestions 
for designing liquid manure handling systems in stall 
barns. A final section explains safety precautions 
and ways of protecting milk quality. \iVhile the re
port is complete to the point of showing construc
tion details, the committee recommends that farmers 
get further advice before starting construction. Farm
ers interested in developing a liquid manure handling 
system must have design plans approved by the 
agency supervising legal requirements of milk sales 
from that particular farm before construction b egins. 
Dairy plant fieldmen can help fil e plans with prop-
er authorities. 

Guidelines and suggestions in the report were de
veloped by representatives from University Exten
sion; University of ·wisconsin; \iVisconsin D epartment 
of Agriculture; local, state and U .S. public health 
departments; the dairy industry and press; Portland 
Cement Assn.; and Farmstead Equipment Council. 
Additional copies are available from the University 
of ·wisconsin D epartment of Agricultural Engineer
ing; the University Extension office in your county; 
or the Food Division, vVisconsin D epartment of Agri
culture. 

MEETING OF JOINT FAO/ WHO CODEX 
ALIMENTA,RIUS COMMISSION-GENEVA, 

MARCH 4-14, 1969' 

Progress toward harmonization of' food laws may 
be expected to proceed satisfactorily, but at a slow 
pace. W hile the delegates paid lip service to har
monization, it was apparent that differences in laws, 
in commercial interes ts and food habits, influenced 
many of the actions taken. For instance, the present 
Rules of the Commission provide that, at the request 

•• I 
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of a majority of the countries constih1ting a region, 
the counh·ies of that region may proceed to establish 
a regional standard. The Canadian delegation sug
gested at last year's session that such regional stan
dards should be restricted to foods produced in the 
region and mail'lly consumed therein. The Executive 
Committee, at its June 1968 meeting, recommended 
another solution to the problem of regional standards 
whereby the Commission would control their elabora
tion, namely, that such regions could only proceed 
with regional standards if the Commission so deter
mined . After lengthy debate a vote was taken on 
the E xecutive Committee proposal. The vote show
ed 37 counh·ies present with 22 for, 14 against and 
1 abstention. As the Rules require a 2/3 vote for a 
change in the Rules the proposal failed. 

General Principles-Another item debated at length 
was a proposed amendment to the General Principles 
of the Codex Alimentarius Commission as they relate 
to the Purpose of the Codex, specifically to provide 
for codes of practice, guidelines and other recom
mended measures. The need to express the purpose 
of protecting the consumer was stressed and the Dele
gate of the International Association of Consumers' 
Unions ( IACU ) expressed her appreciation of this 
vie:w. It was stated that at the outset the Codex 
could only be expected to be a compendium of food 
legislation in the various countries which would 
make it ~asier to learn what the differences in the 
various countries' laws are, rather than result in an 
immediate harmonization of them. The view was ex
pressed that this would lead little by little to harmon
ization. 

Labelin g Standard-The European countries ob
jected strenuously to the proposal in the Labeling 

1 Standard that all ingredients be declared on the 
label. It was proposed that where national legisla
tion did not require this, the acceptance could be on 
the basis that the information provided on the label 
need only be sufficient to enable the consumer to 
understand the nature and worth of the food. IACU 
supported the need of a general standard for unstand
ardized food and the showing of ingredients. The 
Labeling Standard, as amended to provide for ac
ceptance without a showing of all ingredients if a 
country so decided, was passed to Step 9. 

Additives in Fats enid Oils-There was substantial 
opposition to permission to use colors and emulsifiers 
in the General Standard for Edible Oils and Fats. 
Switzerland suggested a vote to eliminate their use 
in such oils . It was pointed out by the United States 
th~t the Chairman should define the difference be
tween fats and oils before a vote be taken on the mat
ter. The Chairman said that, as the experts had been 
unable to do this in the Fats and Oils Committee, he 
could not do so and no vote was taken. France sug-

gested that, as there was so much disagreement 
about the standard, it should be given a further 
chance to rip m by being sent back to the Committee 
rather than being passed to Step 9. Otherwise the 
standard might be accepted with many reservations 
which would be undesirable. The Chairman sug
gested that the Commission reflected tl1e same divi
sion that had been expressed in the Committee and 
that there was remarkable unanimity except with 
respect to the additives. On a vote the Standard for 
Edible Oils and Fats was passed to Step 9-11 for, 
10 against and 15 abstentions. 

Honey Standa-rcl-Further evidence of the difficult
ies in securing worldwide harmonization may be 
found in the actions taken with ~·espect to the stand
ard for honey. Canada proposed that reconsidera
tion be given to the decision taken last year that this 
standard be a regional one. This proposal was de
feated by 15 votes to 9 with 11 abstentions. The 
United States objected to the values es tablished for 
diatase activity and hydroxymethylfurfural content, 
on the ground that much of the honey produced and 
consumed in the U.S. would not meet those values. 
These provisions of the honey standard are not in 
conformity with the Codex principle of establishing 
minimum standards for wholesome acceptable prod
ucts. The honey standard contains criteria for a 
special quality product which excludes much good 
and vvholesome honey. 

Svgar Standard-The inconsistency of the European 
countries with respect to additives was reflected by 
the decision that sulphur dioxide need not be de
clared as an additive on the labels of sugar . My 
discussion with industry delegates to the various 
European delegations shows that they are in favor 
of the approval of as many additives as possible in 
the interest of their companies. However, many 
have not been able to persuade their official delega
tions to accept this view. 

Food Colors-Eight food colors found acceptable 
for use in food by the Codex Committee on Food Ad
ditives and which had b een given acceptable daily 
intakes for man by the Joint FAO/ WHO Expert Com
mittee on Food Additives, were approved by the 
Commission for the information of governments. 

Dietary Foods-The Commission approved Guide
lines for the Elaboration of Codex Standards for 
Foods for Special Dietary Uses. These included tl1e 
provision that foods for special dietary uses should 
be freely available wherever foods are sold and with
out licensing requirements not imposed on foods 
generally. 

European Common Market-Dr. H. Steiger in be
half of the European Economic Commtmity (EEC) 
reported tl1at free n·ade was required to occur in 
that region by January 1, 1970 pursuant to h·eaty. He 
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expressed the hope that many food law problems 
would be resolved prior to that date. He submitted 
a written report on the state of work relating to har
monization of food legislation in the EEC. Industry 
leaders tell me that actual progress on this program 
may be slow and that this program is not likely to b e 
completed by January 1, 1970. 

Standards 1iV o·rk ·i,n Asia ancl Lati·n Ame'l"ica-The 
Secretariat submitted reports on food standards work 
in Asia and Latin America. In commenting on the 
report relating to Latin America, Peru and Venezuela 
stated that too much emphasis was placed on the 
value of the Latin American Food Code. It was 
stated that this Code no longer had a practical effec t 
in Latin America. However, the practical value of 
this Code must be recognized in any future move
ments for a Latin American model law. 
_ W ark Accompl·ishecl- In all there were 21 standards 

advanced to Step 9 for acceptance by governments. 
These included the General Standard for Labeling, 
the Standards for Fats and Oils, including margarine, 
and the Standards for vVhite, Powdered and Icing 
Sugars. \ iVith respect to additives proposed for use 
in fats and oils, it was agreed that the Joint FAO/
\ iVHO Expert Committee on Food Additives will be 
reques ted to consider at its next session those addi
tives in the standard which have not yet been eval
uated toxicologically. The Codex Committee on 
Food Additives will then b e requested to consider 
at its next session the endorsement of those food ad
ditives in the standard which it has not yet endon
ed, and for which the Export Committee was able 
to establish an acceptable daily intake (A .D.I. ) or 
temporary A.D.I. \ i\lhen . sent to governments the 
standards will contain only those additives which 
have b een previously endorsed, or temporarily en
dm·sed, and those which may b e endorsed or tempor
arily endorsed at the next session of tl1e Codex Com
mittee on Food Additi\~es . Any additives not so ac
cepted will be deleted from the standard at that time. 
However, the possibility was left over of reconsider
ing them at the ne~t session of the Fats & Oils Com
mittee and to again refer tl1em to the Additives Com
mittee for ultimate inclusion in the standards. It is 
tlms essential for American industry to work closely 
with these Committees to assure the approval of any 
additives felt to b e needed. 
'From Reports of Food Law Institute by Franklin M. Depew, 
Pres. 

NEW POWERFUL CLEANER 

Klenzade's New Kleer-1'1or, formual HC-1 , is the 
lates t, most effective non-chlorinated alkaline man
ual detergent. Its effective blend of alkalis provides 
quick soil removaL Its selective polyphosphates 
condition the extremist of hard water conditions and 
a high wetting agent content assures :b-ee-rinsing for 

spot-free equipment. In addition, it has been found 
to b e easy on the hands. 

New Kleer-Mor is excellent for spot-free cleaning of 
all milk hauling equipment such as strainers, pails, 
milking machine utensils, as well as general njlilk
house maintenance and housekeeping. In addition, 
New Kleer- i\IIor is ideal for cleaning all further milk 
processing equipment. 

THE PENNSYLVANIA STATE UNIVERSITY 
27TH ANNUAL DAIRY FIELDM!i::N'S 
CONFERENCE JUNE 1 0-11, 1969 

The 1969 Dairy Fieldmen's Conference is going to 
be held at The Pennsylvania State University. All 
meetings will be held in the auditorium of the J. 
Orvis Keller Building and the banquet will be on 
Tuesday evening at the Nittany Lion Inn. A list of 
the hotels and motels in the State College area is 
enclosed . Registrants should make reservations di
rectly ·with the hotel or motel of their choice at their ' 
earliest opportunity, as several other large confer
ences will be meeting concurrently. 

The fee is $12.50 p :or p erson and includes: Regis
tration, conference proceedings , banquet, and Dairy 
Fieldmen's Scholarship. Please send in this form 
with a check payable to The Pennsylvania State Uni
versity. If more than one individual from a com
pany or other association is attending, a pi-e-registra
tion form should be completed for each individual; 
but one check will suffice for the entire group. All 
pre-registration forms and checks (payable to The 
Pennsylvania State University) should be sent to: 
Agricultural Conference Coordinator, Room 410 J. 
Orvis Keller Building, The Pennsylvania State Uni
versity, University Park, Pennsylvania 16802. A large 
crowd is expected, so advance registration is very 
important. 
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Single Service milk sample tubes. For further in· 
formation and a catalogue please write, Dairy Technology 
Inc., P.O. Box 101, Eugene, Oregon 97401. 
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3-A SANITARY STANDARDS FOR 
EGG EQUIPMENT ADOPTED BY 

POUURY INDUSTRY 
REPRESENTATIVES 

At its charter meeting at Palm Springs, 
California, M~uch 13, the 3-A Sanitarv 
Standards Committees for the Egg rd
dustry completed f o u r new sanitary 
standards for egg processing equipment. 
Authorized for signing and publication, 
and designated "E-3-A Sanitary Stand
ards," are cleanability and sanitation 
guidelines for sanitary pumps, homogen
izers, thermometer fittings , and dry egg 
sifters. These four new E-3-A Sanitary 
Standards will be published officially in 
the Journal of Milk and Food Tech
nology later in the year. Distribution 
of E-3-A Standards to the industry will 
be by re-printing from the Journal, 
where copies are available at nominal 
cost. 

Other tentative E-3-A Sanitary Stand
ards were considered for rubber and 
rubber-hke materials. Accepted prac
tices for air under presure, and for per
manently installed sanitary pipelines 
vvere also studied. These preliminary 
drafts were reviewed and passed on to 
the next action body for completion at 
the Fall 3-A meeting. 

Participating in the P a 1m Springs 
meeting were the Sanitary Standards 
Committee of the Institute of American 
Poultry Industries; Technical Commit
tee of the Dairy & Food Indush·ies 
Supply Association; Poultry Division, 
C&MS, USDA; Committee on Sanitary 
Procedure-International Association of 
Nlilk, Fod, and Environmental Sani
tarians; and Environmental Sanitation 
Program representatives from USPHS. 

The 3-A Sanitary Standards have been 
regarded as the greatest single factor 
contributing to the uniformity of equip
ment requirements, and reciprocity of 
acceptance, among s'tate and local regu
latory jurisdictions. 

Tlll'ee-A Sanitary Standards are pub
lished officially in the Journal of Milk 
~mel Food Technology. Complete sets 
Of published 3-A Standards are avail
able at a nominal cost from the Journal 
at Box 437, Shelbyville, Indiana 46176. 

EWS AND E vE rTs 

If you have a high pressure 
centrifugal pump pipeline system, 
you'll get the strongest 
filter on the market with new 
Kendall Super Socks. 

If you have an average 
pressure or gravity pipeline 
system, you 'II get fast filtration 
and superior retention with 
Kendall Regular Socks. _/ 

If you have a low pressure 
gravity or vacuum pipeline system, 
you'll get fast filtration at the 
lowest possible cost with new 
Kendall Thrifty Socks. 

Only Kendall makes all three. 
r----------------------------1 

The Kendall Company lj u. I I 
Fiber Products Division, JM2 n.EnDALL 1

1 Walpole, Mass. 02081 

Please send me FREE samples of Kendall Milk Filter Socks. 

I need _ _______ size socks for a 

0 high 0 average 0 low pressure pipeline system. 

Manufacturer of my system _________ _ 

Name _ _______________ __ 

Address _______________ _ 

Town ____ ____________ _ 

State ________ _ Zip ____ _ 

I usually buy my milk filters from _______ _ 

I 
I 

L-------------------------------J 
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Application for Membership 

INTERNATIONAL ASSOCIATION OF MILK, FOOD & ENVIRONMENTAL 
SANITARIANS, INC. 

Box 437, Shelbyville, Indiana 46176 

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

Address ------------------------ ---- --- ----- ---------------- ------ ------------ [] Renewal 
________________________________ _________ _____________ Zip Code __ _ __ __ _ _ _ _ __ _ 0 New 

Business Affiliation _____ __ ---------------- __________________________________ _ [] Re-instatement 

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

(Membership Includes Subscription to Journal of Milk & Food Technology.) 

Please Print 

Recommended by -- - - -- ---- --- ----------------- ---------- - ------ ----------------

Shelbyville, Ind. 
Bo'X 437 Subscription Order 

JOURNAL OF MILK & FOOD TECHNOLOGY 
(Monthly Publication) 

Name ___________________________ ----- ------- ___ ___ ___ ___ ____ _____ ____ ____ _____ _ Date 
Please Print 

Address ---------- -------- ------------ -- ------- --- ------ ---- - ---- -- -- -- ---- --- [] New 

---- ------ ----------- ---------- - --------------------------------------------- - [] Renewal 

Educational Institution & Public Libraries 
(Annually) $8.00 [] Check 0 Cash 

Individual Non-Member Subscription (Annually) $10.00 
Government Agencies, Commercial Organiz11tions 

(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. 
Box 437, Shelbyville, Ind. Order for 3A Standards 

Name --- --------- ----------- -- --- ----------------------- ---- --- --- - -------- - - - - Date 
!'lease 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. 

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 Articles 

Amt. ----- - ---------- Title 

100 or less 
Add'l 100's 

Schedule of prices for reprints F.O.B. Shelbyville, Indiana 

1 Page 2 Pages 3 & 4 Pages 6 & 8 Pages 
$16.25 $19.50 $27.30 $39.00 

2.00 2.50 4.00 5.50 

12 Pages 
$65.00 

9.00 

Cover 
$28.00 

4.50 
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This new Handbook is a profession
al manual in every way. Although 
written primarily for use as a refer
ence, it will also be used as a train
ing guide by fieldmen, sanitarians, 
r eg ul a tor y agencies, manufac
turers, extension people, county 
agents, educators and others inter
ested in dairy sanitation . 

The Handbook has no single au
thor. It was edited by members of 
the Klenzade staff from rna terials 
and information supplied by key 
personnel in all phases of the indus
try . This widespread authorship 
base makes it all the more accurate 
and authorita tive. 

Completely illustrated with sche
matics, the Handbook's 31 2 pages 
cover just about all possible topics, 
a~ shown by the listing of its 29 
chap ters. 

Order direct from K/enzade-$7.50, on 
approval. If not satisfied, return within 
15 days for full creditor refund. Send 
coupon today! 
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He's saving the labor of 
two men ... with a new 
Surge Sawtooth Parlor 

Check the record. The first herd of over 100 cows in Michigan to average over · 
600 pounds of fat on DHIA ... the fourth highest producing Guernsey herd of over 75 cows 
in the Un ited States . .. serves on the Board of Directors of the American Guernsey Cattle 
Club . .. is a past member of the Michigan Mastitis Council . . . was a judge of the 
Nationa l Guernsey Show at the 1968 North American Dairy Show in Columbus , Ohio. The 
record tells you Jim Fish, Hickory Corners, Michigan is a top dairyman and top manager. 

The Fish herd was started in 1923. He used Surge Bucket Milkers with a transfer system 
f or the last 15 years. When his herd reached 100 milk cows it took 4 men , working in 
two shifts to do the milking. Now with his new Surge Sawtooth Herringbone Milking Parlor, 
two men milk the enti re herd in 2'!h hours ... and that includes clean-up time. 

When Jim Fish decided on a new milking parlor five years ago , he and Mrs. Fish started 
visiting dairy farms to look at different parlors. After careful comparison Mr. Fish decided on 
a Surge Milking Parlor with the New Sawtooth Stalls. He reports , "This Surge Milking 
Parlor is even better than I expected. It takes less than half the time to milk. And, we 
can give the individual cows more attention." 

A new milking parlor with Surge Sawtooth Herringbone Stalls w ill probably reduce your 
labor costs and increase profits too . Why not talk to your local Surge Dealer today. He can 
help you pla n a new parlor system .. . offer you expert insta llation ... and arrange financing. 

II Handle cows in groups. 
Design positions cows posi
tively . Stainless steel rear 
shields and mangers clean easy . 
. . . won't rust. 

IJ The Fish herd is housed 
in two free stall barns. All the 
roughage is fed in a covered 
bunk that joins the two barns. 

IJ Surge Sawtooth Stalls 
equipped with Lo-Profile 
Breaker Cups. Big, tour foot 
work area makes it easy to prep 
the cow and put on the milker. 

5 iii:i GE) BABSON BROS. co., OAK BROOK, ILLINOIS 

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