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ABOUT 
MILKERS 

L 

~~sTOP WATCH'' milking 
controls vacuum shut-off for each quarter 

Overmilking .. . leaving teat cups on too long 

. . . is the greatest single cause of mastitis. 

Dr. W. E. Petersen, professor emeritus of the 

University of Minnesota, demonstrates the im

portance of immediate vacuum shut-off for each 

quarter as it milks out. 

This happens automatically and dependably 

with the new PERFECTION automatic shut

off milker. PERFECTION "STOP WATCH" 

milking automatically adjusts to the variance 

in milking time between quarters ... controls 

vacuum shut-off with split-second accuracy ... 

ends overmilking as the chief cause of mastitis. 

Investigate the new PERFECTION milker. 

Check its clean stripping and immediate vacuum 

shut-off for each quarter. It starts ... strips . .. 

and stops by itself. 

It's as safe for cows as the natural nursing 

of a calf. And it's a boon to your campaign for 
healthier milking. 

"COW SENSE" 
by 

WRITE for PERFECTION'S authoritative 

booklet on modern milking management .. . 

Dr. W. E. Petersen 
Professor Emeritus, 

Universi ty of Minnesota 

A Great Name in Milkers-Now B etter Than Ever 

PERFECTION DIVISION, Sta-Rite Products, Inc., 234 S. Eighth St., Delavan, Wisconsin 
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PLAN NOW to attend the Sanitarian~ Convention 

PORTLAND- City of Roses 

COOL WAT-ERS of Spring Creek add to the re

freshing setting at Collier State Park 33 miles 

north of Klamath Falls on U. S. 97 in Southern 

Oregon. There are picnic facilities and a log

ging museum for you to enjoy in the park. V 

~-·~·-.1.. 

You and Your Family ARE 
Every detail has been planned to give you a stimulating program. Every 

effort has been made to give you and your family a never-ta-be-forgotten 

stay in the cool grej!n wonderland of Oregon. Send in your reservation now! 

.: ATTEND THE 51st ANNUAL MEETING 
) 

~ I. A.M. F. E. S. for 1964 
HILTON 
HOTEL Portland, Oregon-Aug. 18-21 
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THE CHANGING PICTURE OF MILK CONTROL 
In the early days of milk sanitation literally millions of words were spoken to m embers of city councils, 

county commissions, and similar bodies in an effort to convince them that minimwn standards for the pro
duction, processing, and distribution of milk and milk products should be adopted to assure the local milk con
swning public a safe product. At that time, of course, the dairy industry was generally local in nature, and a 
high degree of control could be exercised over the milk supply by a strict enforcement of these minin1wn standards 
by local enforcement personnel. Since programs of this nature are of littl e or no value without a means of 
evaluation, the U. S. Public H ealth Service developed milk sanitation rating procedures . Activities conducted in 
accordance with these procedures made it possible to rather accurately present information to the local health 
authority and other administrative officials as to the efficiency and effectiveness of their program, its strong and 
weak points, and recommendations which if followed would assist in strengthening their overall milk sanitation 
activities. 

We now find ourselves in the midst of an era of ch ange in the dairy industry and, therefore n ecessarily, in 
milk sanitation control. Neither is strictly local in nature any more. 111is period of change h as become most 
evident since the end of vVorld \ .Yar II and h as progressed with increasing momentum since that time. It will 
continue to do so until we eventually have only a minin1um number of fluid milk plants strategically located 
throughout tl1 e country being supplied by relatively few widely scattered dairy farms of extremely large pro
duction capacity. All of this, of course, has been brought about by ilie economics of the cl;liry industry, and has 
been made possible by the development of mass production automated equipm ent and tl1e improved quality of 
boili the raw supply and finished products. Taking full advantage of new distribution equipment and patterns 
has made it possible to increase tl1e distribution radius of plants from a m ere few miles to literaly hundreds of 
miles in some cases. 

These changes have brought about an entirely new concept relative to th e purpose and value of milk sani
tation compliance ratings . Vl hile they were il1itially designed for tl1e evaluation of local milk sanitation control 
activitieG to provide information to the local commw1ity officials they h ave now also become recognized as the 
"life-blood" of the dairy industry. \ .Yitlwut them th e Interstate Milk Shipper Program could not exist and milk 
could not move freely across jurisdictional boundaries on the basis of reciprocity of inspections. Because re
ceiving areas in many cases do not ever see the conditions of production or processing it becomes all the more 
necessary that milk sanitation compliance ratings accurately reflect these conditions, not only as they exist at ilie 
time the rating is established, but on a day-to-clay basis. To accomplish tl1is goal, which is of such vital interest 
to the dairy industry, it must maintain constant vigilance over its own supply. 

All of th1s thwws an entil·ely different light on milk sanitation control programs as many of us have tra
ditionally known them in the past. vVhile many have a !ways considered this to be an extremely expensive type 
of program to administer it is even becoming more of an economic burden to some communities because of the 
ever decreasing number of dairy fam1s. It is not tmusual for procurement areas to be as much as 150 miles 
or more in radius under the supervision of one local h ealth agency. 

Direct supervision by an official agency has become more difficult. vVhere it was once possible to direct 
inspectional and supervisory activities toward a pennanently located establishm ent such as a dairy fann, receiving 
station, or pasteurization plant we are now faced wiili the proposition of supervising bulk milk h aulers who 
must be considered an integral part of any milk sanitation program . This becomes most difficult wh en their 
activities, which are num erous and varied, are conducted as many as hundreds of miles from the headquarters of 
the supervising agency. 

Such factors as these, coupled with the increasing cost of supervision, have led many communities to ask tl1e 
question "vVhy should we pay for the supervision of milk destined for sale in otl1er a.reas?" Some commw1ities 
have attempted to remedy this situation by tl1e levying of permit fees or per hundredweight check-off fees . 
Such systems, however, are not always the most equitable or realistic considering the amount of service rendered. 
They also do not solve th e problem of th e inefficiencies c reated by tl1e expansion of procurement areas and the 
subsequent overlapping of milk sheds . 

All of tl1is brings us to ilie question of who is r esponsible for each facet of a milk sanitation program, 
and what exactly should be the role of the responsible official milk sanitation agency, whetl1er it be city, county, 
or state. lt becomes increasingly evident tl1at because of the lack of snfficient funds, availability of trained per
sonnel, th e large volum es of raw m1cl finished products entering intra and interstate commerce, and ilie ilnportance 
being placed on milk sm1itation compliance ratings, th e d airy industry must continue to gradually asswne more 
and more responsibility for th e development and maintenance of th e quality of its supply. Such an approach 
would, therefm'e, leave the official agency in its rightful position of evaluating the conditions of production , 
processing, and distribution as they exist. 

vVhile each milk sanHation control agency undoubtedly feels that it is conducting a good program, none liave 
reached tl1e point where no furtl1er improvement is possible. In light of the past and possible future changes 
in tl1e dairy industry, it would behoove all official agencies to periodicaly r eview and study their position to de
termine the weaker areas of activity and make tl1e n ecessary modification to correct these, tl1ereby enabling 
tl1em to more completely discharge th eir milk sanitation control 1·esponsibilities. 

H. H . V AUX, DrnECTOH 
Division of Dairy Products 
Indiana State Board of H ealtl1 

Opinions expressed in this editorial are those of the author and do not necessari ly represent those of the Association. 
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ANALYSIS OF BACTERIOLOGICAL UTENSIL SWAB COUNTS AND 
DISHWASHING PROCEDURES FROM FIELD REPORTS 

F. J. PosT, J. W. ENTz' , Ai'\TD J. J. PALMEHSHEIM 

Env ironmental H ealth LaboratoTies, School of Pttbz.ic 

H ealth, U n·iversit y of C aliforll'ia, Los Angeles 

( Received for publication D ecember 13, 1963) 

Sui\nviAHY 

Swab records of the Los Angeles County H ealth Depart

ment totaling 13,447 for the years 1959, 1960, and part 

of 1961 were anal ysed using th e IBrv! 7090 computer of th e 

\Vestern Data Processing Center. Results indicated that the 

total ntu11ber of illegal counts in the county for this p eriod 

averaged 12.67%, faT below comparable reports from other 

sections of the cotmtry. Analysis of th e data indicated that 

bars had more illegal counts than restaurants and used hanu 

washing far more than machine washing. About 38% of 

restaurants used machin es. Type of sanitizer, time of ex

posure, utensil, and distribution of bacterial counts are also 

reported . Quaternary ammonium compounds appeared to 

be used less successfully than hot water and chlorine. Hot 

water was th e most reliable sanitizer on the whole but 

chlorine was more frequently found at legal concentrations. 

It was concluded that supervision of operation was more 

important than the swab test itself. 

The swab test for estimating bacterial contami

nation of surfaces has been in use for many years. 

The accuracy and validity of this method of sampling 

has been the center of considerable dispute (2) . The 

most recent edition of the Public Health Service eating 

and drinking establishment regulations (7) does not 

include the technique, whereas an earlier edition (6) 
did. Standard Methods for the Examination of Dairy 

Products ( 1960) has explicit directions for use with 

dairy equipment. 

The continuing question of the usefulness of this 

technique prompted the following study to determine 
if valuable or useful information could be gained 

when all swab reports of a local health department 

were statistically evaluated. Inherent in the study 

was the question whether routine performance of 
this test is justified and whether information could 

be gained directed to this end. 

PnoCEDUHE 

Swab reports were obtained from the Los Angeles 

County Health Department records for the years 

1959, 1960 and part of 1961. The total number of 

records examined and coded was 13,447. A change 

in record form at the start of 1961 provided con

siderably more useful information than the earlier 

years and permitted more rigorous analysis of sani

tizer, time of exposure, etc. Data was coded on IBM 

cards and a program developed for the IBM 7090 
computer2

• The 1959-60 data included 21 variables 

and the 1961 data 35 variables. The computer was 

instructed to generate as many one- and two-way 

and multivariant tables as the data seemed to war

rant, determine percentages, correlation coefficients, 

and significance figures at the 95% level (3 ). The 

output was collated, tables combined in the most 

advantageous ways and the most important ones 

selected for use in this study. 

Missing values (i.e. blanks on the report forms) 

presented considerable difficulty in the 1959-60 data. 

An improvement was noted in the 1961 data along 
with the change in form. Also the "controls" present

ed some problems. In these the swab was removed 
from the vial, exposed to the air and replaced as a 

supposed check on technique. Judging from the re
sults some were apparently deliberately contaminated 

as a "check on the laboratory". Missing values and 

controls were treated as indicated in the separate 

tables. In most instances they were removed from 
the calculations. 

The technique of swabbing was that of the U. S. 

Public Health Service (6). Four utensils were swab

bed with a swab wetted in 4 ml of buffer. One ml 

portions were plated and reported as count per 
utensil. A count of 100 bacteria or more per 

utensil was considered illegal. 

RESULTS A l\1]) DISCUSSION 

The Los Angeles County Health Department serves 

the larger part of Los Angeles County, an area of 

about 4 million population. This area is divided 

into dish·icts and includes 71 cities (excluding the 

cities of Los Angeles, Long Beach, and Pasadena) 

as well as rural, mountainous, and desert areas. By 

far the largest number of swab reports came from 

districts with larger populations and only a few from 

the less populated areas. 

The data presented here in tabular form were 

chosen primarily if some significance was associated 

and secondly if the distribution seemed interesting 

although not significant. Data not of sufficient im

port to include in tabular form included those in-

'Current address : Los Angeles City H ealth D epartment, Los 2V\Testern Data Processing Center, University of California, 

Angeles, California . Los Angeles. 

, 
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dicating no significant differences between urban 
and rural areas or high and low income areas, and 
no differences between the 14 dish·icts studied . 
Icing of the samples had no influence nor did scrap
ing of the dishes prior to washing. Wash temper
ature also showed no correlation with the number 
of illegals reported. 

Table 1 shows the distribution of utensils sampled 
during 1961. The report form for 1959-60 did not 
include this particular breakdown, however, it is 
not unreasonable to assume that the same relative 
proportion of utensils was sampled in this period. 
During 1961 the most commonly sampled utensil 
was the glass. Although there was a higher per
centage of illegal counts in this group, significance 
testing indicated that glasses were not anymore like
ly to have illegal counts than the other utensils. 

TABLE l. B ACTEHIAL Cou T AND UTE ' SIL ( 1961 DATA ONLY) 

Utensil No.• % illegal• 

Glasses 1089 18.92 

Cups, Mugs 771 16.60 

Dishes 19 15.79 

Forks, spoons 12 0 

Total 1891" 17.82 

"The total nwnber of utensils sampled is 4 x this figure. 

"259 additional reports on which th e utensil sampled was 
missing were not included in calculation. 
No significant difference between the utensils by the t test 
at the 95% level. 

TABLE 2. BACTEHlAL C OUNT DISTRIBUTION" 

I'" 1959-60 1961 C!ombin ed 

Count ran~;e 1-{o. % :Ko. % No. % 

9000 2.39 2.17 57 2.41 296 2.21 

1000-8999 249 2.26 80 3.39 329 2.46 

500-999 158 1.42 75 3.18 233 1.74 

100-499 568 5.15 158 6.70 726 5.42 

Total illega l 1214 11.72 370 17.22 1584 12.67 

50-99 357 3.24 70 2.95 427 3.19 

1-49 5845 52.99 1097 46.44 6942 ;)1.84 

0 3614 32.77 825 34.93 4439 33.15 

Total legal 9816 1992 11,808 

Total 11,030 2362 13,392 

'Missing and control va lues not included in calculations . 

One interesting aspect of the data presented in 

Table 1 is the extremely low percentages of illegals. 
Most other studies indicate that it is rather difficult 
to find 50% of the utensils below 100 organisms per 
utensil (2, 8). Shook (9) found median counts in 

cities in Connecticut to be well above this level. 
Kleinfield and Buchbinder (4) found 15% of cups and 
glasses less than 100. In Los Angeles County 83% 

were less than 100 bacteria per utensil. In table 2 
will be found the dish·ibution of bacterial counts. 
It should be noted that of the counts above 100, the 
largest percentage were less than 500. Armbruster 
(2) reported that it is quite common to find 25% 

of utensils in excess of thousands. In this study this 
group amounted to 5% of the samples. There was 
a significant increase in percent illegals during 1961 

in restaurants and bars but not fountains. The rea
son for this is not apparent from the data. The most 
likely reason for these low counts is good operation 
of dishwashing and sanitizing procedures. The pos
sibility that new equipment and buildings in a grow
ing meh·opolitan area may have some influence can
not be overlooked. 

The type of establishment is given in Table 3. 
Restaurants and bars were most commonly sampled. 
Bars had a significantly higher p ercentage illegal 
as did fountains. Bars very likely have something 
inherent, possibly in the sanitizing practice, resulting 
in a significantly larger number of illegals than 
restaurants. This is not unexpected and corresponds 
to the practical experience of many sanitarians. The 
higher percent illegal may be partially due to the 
much greater use of hand washing in this type of 
establishment. Fountains seem to fall between bars 
and restaurants in this respect. Table 4 indicates the 
amount of hand and machine washing found in the 
various establishments. A slight but statistically in

significant rise in machine usage was noted in all 
establishments in 1961. In res taurants 36-38.5% used 
machine washing while in bars the amount of ma
chine usage was negligible. In 1961, of d1e 9 bars 
using machine washing, 6 used quats and 2 hot 
water as disinfectants and for one this information 
was missing. The rinse temperature of the one miss
ing was greater than 180 F and presumably was a 
hot water sanitizer; also it was the only one with an 
illegal count. Such breakdown was not possible 
with the 1959-60 data. Table 5 indicates that hand 
washing was more often associated with illegal counts 
than machine washing and this difference was statis
tically significant. 

D ata on sanitizer use is given in Table 6. Most 
establishments used chlorine as the sanitizing agent, 
quats were next and the least used was hot water. 
Hot water was significantly less often associated with 
illegal counts than was chlorine or d1e quats. This 
would appear to indicate that hot water is the most 
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TABLE 
,., TYPE OF EsTABLISHivmNT AND PERCENT ILLEGAL 0. 

1959-60 1961 

% % % % 
Number total illegal Number total illegal 

Restaurants 6089 54.93 10.35" 1194 50.55 15.24 

Bars 3661 33.03 14.25" 813 34.42 20.66 

Fountains 294 2.65 10.20 57 2.41 12.28 

Camps 5 .05 0.0 3 .13) Not 
) deter-

Others 41 .37 4.90 77 3.26) mined 

Controls 698 6.30 213 9.02 -d 

Missing 297 2.68 5 .21 

Total 11,085 2362 

1959-61 
Total 13,447 

"Based on 6056 res taurants, 43 lacked data on legality. 

"Based on 3642 bars, 19 lacked data on legality. 

' 3 controls were illegal i.e. > 100. 

"all were legal counts i. e.<100. 

At the 95% level differences between bars and fountains and 

res taurants with each year were significant. The increase in 

% illegals between years was also significant. 

reliable as a sanitizer in field use. A further break

clown in usage of hot water as a sanitizer is given 

in Table 7. Although the total sample is not very 

large, more than half of the operations, whether hand 

or machine, were performing below the California 

requirement of 180 F. The differences, however, 

were not significant. Since many consider 170 F 

sufficient for adequate hot water sanitizing (5), the 

number of operations above 170 F is also included. 

It is interesting to note that all of the hand operations 

below 180 F were actually below 170 F. The num

ber of machines operating above 180 F was 39 and 

the total operating above 170 F was 64, an increase 

of 25. Although the number of hand operations is 

small it would appear that machines are somewhat 

easier to keep or at least more often fow1cl above 

170 F. 
California regulations for sanitizing are; hot water 

180 F or above, chlorine 100 ppm or above, or quats 

200 ppm or above and for all sanitizers an exposure 

of 30 sec or longer. A breakdown of the 1961 data 

on the basis of concentration or temperature is given 

in Table 8. Although there was no significant dif
ference, more units operated at less than the legal 

temperature or concentration with hot water and 

quats ·respectively, than operated legally. While 

there were more illegal counts when gnats were 

below 200 ppm, there was no significant difference 

in the number of illegals when the concenh·ation 

was above 200 ppm. Hot water also showed no 

significant difference in illegal counts between the 

two temperatures. Chlorine, however, did show a 

significant difference in illegal counts when below 

100 ppm. Although it is rather difficult to interpret 

such retrospective data, one thing appears clear, 

chlorine was far more commonly (94.9%) found above 

the legally required minimum than either hot water 

or quats. Apparently it is easier to maintain chlorine 

above the legal threshold. In comparing total per

cent illegal counts for the three sanitizers, chlorine 

and hot water statistically gave the same result and 

guats resulted in significantly more illegal counts 

than either hot water or chlorine. When illegal 

TABLE 4 . DISTRIBUTION OF METHOD OF VVASH BY ESTABLISHMENT' 

1959-60 1961 

% % 
Esta blishmen t Machine Hand Total Machine Machine Hand Total Machine 

H.esta uran t 2123 3795 5918 35.87 460 734 1194 38.53 

Bar 15 3524 3539 0.42 9 804 813 1.11 

Fountain 48 236 284 16.90 14 43 57 24.56 

Camp 0 5 5 0 0 3 3 0 

Other 3 36 39 7 .69 17 60 77 22.07 

Total 2189 7596 9785 22.37 500 1644 2144 23.32 

' Does not include controls or missing values. 

There was no significance at th e 95% level in machin e usage in restaurants between years. 

j 
~ I • 
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TABLE 5. BACTERIAL CouNT A N D M!CTHOD OF WASHING 

1959-60 1961 

Methocl No. % to tal % ill egal" No. <}6 total % ill e~,;at " 

Hand 7827 70.61 12.22" 1596 67.57 18.17 

Machine 2281 20.58 9.78< 501 21.21 14 .. 57 

Control 698 6.30 213 9.02 

Missing 279 2.52 52 2.20 

Total 11,085 2362 

'Does not include control or missing valu es in calculation. 

"Based on 7787 counts, 40 were without counts reported. 

' Based on 2270 counts, ll were without cotmts rep01ted . 

t test at the 95% level indicated a significant difference between 

machine and hand method in both years. 

TABLE 6. BACTERIAL COUNT AND SANITIZE!\ ( 1961 DATA ) 

Saniti zer No . % to tal s" % ill egal ' 

Hot \•Vater 140 7.93 11.43 

Quats 644 36.47 19 .10 

Chlorine 982 55.61 17.11 

Total 1766 15.66 

"212 controls and 384 missing values not included in calcu

lations. t test at the 95% level indicates a significant difference 

between hot water and the other two methods but no dif

ference between quats and chlorine. 

counts of the proper operating conditions are com

pared, there is no significant difference between the 

sanitizers at the 95% level. This is probably due to 

the small number of samples. If one chooses the 

90% level there is a difference between hot water 

and guats but not between hot water and chlorine 

or chlorine and quats . These results would seem 

to indicate that hot water is the better field sanitizer 

and that it has a wide latitude for temperature vari

ation, i.e. the temperature can be considerably below 

the legal requirement and still produce good results. 

Chlorine on the other hand is much easier to keep 

at proper concentration although there is a slightly 

higher association with illegal counts even so. Quats 

appear to be far more often associated with illegal 

counts. 

l The second part of tl1e operating requirement is 

sanitizer exposure time, Table 9. Again more oper

ated at exposure times less than that required. Dif

ferences in percent illegals benveen times and be

tween sanitizers were not significant. 

Before final conclusions can be drawn it 'is im

portant to comment on sources of inherent error. 

VVith retrospective studies using field records such 

as these, it is ratl1er difficult to know whether the 

sample takers followed a set procedure in taking 

swabs. In this case there is no way of knowing 

whether the swabs were taken as the utensil emerged 

from the sanitizing process or after the utensil had 

been sitting on tl1e shelf for a time. Presmnably 

they were all taken as checks of sanitizing effective

ness but this probably is not entirely true. The fact 

that some dish machines operating over 180 F for 

more than 30 sec still produced some illegal results 

indicates that not all swabs were taken immediately 

after washing. It seems imperative that swab report 

forms have some provision for distinguishing ben¥een 

washing operation checks and "educational" uses, i.e. 

swabs from utensils standing on tl1e shelf for a time. 

CoNCLUSIONs 

The study presented here has several interesting as

pects. The extremely low number of illegal counts 

in this rather large health jurisdiction seems out

standing. The reason for this is rather obscure but 

TABLE 7. HoT vVATER SANITIZEH AND METHOD oF vVAsH 

%1l %11 
'l'emp . 0 )f' Ha.n<l at temp. l\Ia chine a t tem(l. 

> 180 

< 180 

Missing 

Total 

> 170" 

6 

8 

1 

15 

8 

42.86 

57.14 

10.71 

57.14 

39 

54 

32 

125 

64 

41.94 

58.06 

89.29 

68.81 

%• 
Total a t temp. 

45 

62 

33 

140 

72 

42.06 

57.94 

67.29 

"Except for total percentages, missing values not included in 

calculations. 

"Includes all those above 180 F and part of those below 

180 F. t test for significance at 95% level indicates no dif

ference between temperatures or methods. 

is probably closely related to the excellent supervision 

of dishwashing operations by the health department 

and perhaps that tl1e whole area is growing and tl1e 

proportion of new buildings and especially new 

equipment may also play a role. Even so, bars, as 

is the experience of many sanitarians, showed signi

ficantly more illegal cotmts than restaurants witl1 

fountains in between. Handwashing is possibly a 

factor here since most bars used this method and 

hand washing is significantly more often associated 

with illegal counts tl1an is machine washing. Machine 

washing is far more common in restaurants but is 

/ 
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TABLE 8. BACTERIAL CouNTS AND 

San itizer 

Hot > 180 F 

' iVater <180 F 

Total 

Chi-
orine > 100 ppm 

< 100 ppm 

Total 

Quat > 200 ppm 

<200 ppm 

Total 

N o. 
legal 

42 

58 

100 

339 

16 

355 

90 

137 

227 

No. 
illegal 

5 

9 

14 

51 

7 

58 

19 

36 

55 

SANITIZER ( 1961 DATA) 

'l'otal 

47 

67 

114 

390 

23 

413 

109 

173 

282 

% % at 
illegal t emp. or ppm 

10.64 

13.43 

12.28 

15.04 

43.75 

16.34 

21.11 

26.28 

24.23 

41.23 

58.77 

94.40 

5.60 

38.65 

61.35 

t test for significance at 95% level with the % illegal indicates 
no difference between temperatmes with hot water, or con
centration with quats but does indicate a significant difference 
between chlorine concentrations. t test also shows no sig
nificance between hot water and chlorine total percent illegal 
but shows a significant difference between quats and each 
of the other sanitizers. 

still only found in 35-38.5% of the establishments. 
Regardless of sanitizing agent machine dishwashing 
is significantly associated with fewer illegal counts. 
Hot water was the least used sanitizing agent but was 
significantly less associated with illegal counts than 
chlorine, possibly indicating greater reliability. More 
operations provided less than the required exposure 
time to the sanitizers and the precent illegals seemed 
more closely associated with concentration. The 
small number of samples limits interpretation of con
cenb.'ation or temperature results but hot ·water ap
pears more reliable and chlorine appears to b e easier 
for some reason to maintain at a legal concentration. 
Quats appear far ml'>re frequently associated with 
illegal counts even when operating at the required 
concentration. 

If swabs are taken from utensils which have been 
out of the sanitizing process for a time, the swab 
count refleCts airborne dust or other contamination 
and does not accurately reflect the sanitizing process . 
Therefore taking swabs of such utensils has no value 
in checking the operation of the sanitizing step and 

3After the preliminary report of these data, the Los Angeles 
County H ealth Department further studied this relationship 
under conh·olled conditions and substantiated this conclusion 
more scientifically. They have since abandoned routine 
swa,bbing in favor of more rigorous operations control, but 
will use the swab technique as a ch eck on specific problems 
as the need adses, 

only has educational value to the persom1el. Con
sideration must b e given to whether this purpose 
warrants the time and expense of such test routinely. 
If the swab is used on the utensil as it leaves the 
sanitizing step as a check on the process, then ft 
would not provide <mymore information than cor
rect operation of the process itself, i.e. concentration 
or temperatme and time of eA.'POsure. This of course 
presmnes that proper operation reduces counts be
low 100 per utensil in the fie!d as it does in the 
laboratory. Tllis point perhaps needs further cor
roboration." In the opinion of the authors, based 
on the data presented here, close scrutiny and con
trol of the washing and sanitizing procedures is the 
most important factor in keeping swab counts low. 

TABLE 9. ILLEGAL COUNT AND TIME IN THE SANITIZER 
( 1961 DATA) 

< 30 sec. '> 30 sec. 

No. % No. % 
Sanitizer Total illegal illegal Total illegal illega l 

Chlorine 329 63 19.15 260 38 14.62 

Quats 273 54 19.78 149 32 21.48 

Hot ·water 24 4 16.67 21 4 19.05 

Total 626 121 19.32 430 74 17.21 

% at Time 59.28 40.72 

t test indicates no significant difference between sanitizers at 
the 95% confidence level at either time interval nor between 
times for 'each sanitizer. 
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SuMMARY 

The objective of this study was to determine th e population 

trends of representative strains of Escherichia coli and Aero

lmcter aerogenes in cottage cheese and reconstituted nonfat 

dry milk (skim milk). Inoculated milk sampl es were stored 

at 32, 39, 50 and 90 F for a maximum of 130, 76, 119, and 

11 days, respectively. The inoculated cheese samples were 

stored at 39, 50 and 55 F for 80 days. In milk at 50 F the 

generation tin1 e of E. co li. during the logarithmic growth 

phase varied from 516 to 642 minutes and at 90 F the gen

eration time varied from 33 to 39 minutes, respectively. The 

corresponding generation times for A. aem genes were 540 to 

648 minutes and 29 to 33 minutes. Both colifom1 species 

decreased in population at 32 and 39 F and th e decrease 

was gr&'lter at 39 F. 

In cottage cheese the population of both coliform species 

increased at 55 F and decreased at 39 F, but at 50 F th e 

numbers of E. coli increased while those of A. aerogenes de

creased. During the first five days at 55 F, the generation 

tim es of E. coli averaged 31.4 hours whil e A. aerogenes aver

aged 32.8 hours. At 50 F the generation time of E. coli 

averaged 48.2 hours. 

Sanitation and keeping quality are important fac

tors in consumer acceptance of food commodities. 

Between 1950 and 1960 the per capita consumption 

of cottage cheese increased from 3.1 to 4.8 lb (13) 

in the United States . The per capita sales of skim 

milk increased from 14·.7 to 23.1 lb (12). 

Initial coliform populations of < 1 per ml or g in 

processed fluid milk and cottage cheese have shown 

significant increases during storage and movement 

through sales outlets. The normal growth range of 

the coliforms is 50 to 113 F, but they have been 

known to survive or even increase in milk products 

stored at 35 to 45 F (2, 4; 6, 7, 15, 16, 17). The pur

pose of tllis study was to determine the population 

trends and generation times of typical strains of 

EscheTichia coli and AeTobacteT aeTogenes in cottage 

cheese and reconstituted nonfat dry milk (skim milk ) 

l at various refrigeration temperatmes. The growth 

pattern and generation time of the organisms were 

' Mich . Agric. Expt. Sta. Jour. Article No. 3269. 

' Present address: Pauly Cheese Co., Green Bay, vVisc. 

also determined at the optimum temperature of 90 F. 

The presence of coliform bacteria in cottage cheese 

has been reported by many workers, but the rate of 

increase of these organisms in cheese has not been 

investigated thoroughly. Overcast and Britton (14) 

manufactured cottage cheese which contained coli

form counts of 10 or less per g after storage for 11 

days at 40 F . 
The generation time of coliform organisms grown 

in broth media has been determined by several work

ers. Barber (3), using a single cell isolation tech

nique, found tl1e maximum rate of growth of Bacillus 

(Escherichia) col-i occurred at 99.5 F witl1 a mini

mum generation time of 17.2 min. Additional gen

eration times were 25 min at 90 F and 12.5 hr. at 

48 to 50 F. Jennison (10) determined that the gen

eration times were 25 min at 90 F and 12.5 hr at 

26 mill and tl1at of one A. aerogenes strain was 21 

min when grown in nuh·ient broth at 90 F. Ingraham 

(9) reported that the generation times of E . col-i 

(strain K-12 ) grown in a broth medium were 21 

min at 99 to 111 F , 30 min at 90 F and 20 hr at 50 F. 

E xPERIMENTAL PROCEDURE 

Preparation of M illc. 

Lovv hea t non-fat dry milk was reconstituted to 9% 

serum solids and steamed for one hour at 212 F on 

each of three successive days. Between beatings, the 

milk was stored at room temperature. After the last 

heat treatment, tl1e samples were adjusted to pH 6.6 

to 6.7 with a 10% solution of sterile trisodium phos

phate and stored at 39 F until used. Sample bottles 

containing 100 ml of the sterile reconstituted non-fat 

milk were tempered at 32, 39, 50 and 90 F for 24 

hr before tl1e initial coliform inoculum was added. 

Manufacture of Cottage Cheese. 

The cottage cheese was manufactured by the short 

set method, cooked to 135 F and held in the whey 

at 135 F for 20 · min to reduce the number of psy

clu-ophiles in the curd to non-detectable levels . The 

c1,1rd was wqshed three times with water containing 
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15 ppm of a hypochlorite solution. During and after 
the manufacturing process the c h e e s e curd was 
handled caTefully to minimize contamination. 

A creaming mixture containing 10.5% milk fat was 
steamed at 212 F for one hour. Sodium chloride 
equal to 3.5% by weight was then added. A sufficient 
quantity of the creaming mixture was blended with 
the cheese curd to give a concentration of 3% milk 
fat in the cottage cheese. 

Isolation and Identification. of Colifo·r·m Organisms. 
Coliform bacteria were isolated from raw bulk tank 

milk initially on Violet Red Bile ( VRB) agar plates 
incubated at 90 F. The isolates were purified and 
classified according to the characteristics described 
by Breed et al. (5). 

Propagat-ion of CoUform 01·ganisms. 
Four representative strains of E. coli and three 

representative strains of A. aeTOgenes were selected 
and maintained on Tryptone Glucose Yeast (TGY) 
agar slants. Cultures were activated in sterile re
constituted non-fat milk, and transferred daily. An 
18-hr culture was diluted with buffered sterile water 
to give the desired initial population and added to 
the reconstituted non-fat milk or creaming mixture. 
Initial coliform populations of 10 or less per ml were 
added to the milk stored at 50 and 90 F; whereas, 
1500 to 2000 organisms per ml were added to the 
milk samples stored at 32 and 39 F. Fifteen hun
dred coliforms per ml added to the creaming mixture 
gave recoverable initial populations in the cottage 
cheese of about 250 per g. The reduction was at
tributed to the dilution of the creaming mixture with 
the cheese curd and to change in environment. 

P?"epamtion of Cottage Cheese Samples. 
After the creaming mi;dure was mixed with the 

curd, four lots of creamed cottage cheese were pre
pared and inoculated with coliform organisms. Each 
trial included three groups of cheese samples: (a) 
conh·ol, (b) inoculated with E. coli and (c) inoculated 
with A. aerogenes. The creamed cottage cheese was 
measured into sterilized bottles and incubated at 39, 
50 and 55 F. 

Bacteriological Analyses of Samples. 
Equal volumes of cottage cheese and 2% sodium 

cih·ate solution were weighed into a sterilized Waring 
blender jar and mixed for three minutes at slow 
speed. Appropriate dilutions of cheese or milk were 
plated on VRB agar and incubated at 95 and 90 F, 
respectively, for 24 hr. The higher incubation tem
perature was used to minimize psychrophilic growth 
which may have developed in the cottage cheese. 
Procedures outlined in Standard Methods (1) were 
used in determining all bacterial counts. The coli
.form count of control and inoculated samples of the 

reconstituted non-fat milk and cottage cheese was 
determined at appropriate intervals, selected accord
ing to the storage temperature of the samples. 

Calculation of Generation Times. 
The generation times were calculated according to 

the following formula: 

generation time 

b 

B 

pH Determinations. 

(T• - Tt) x log 2 

log b - )og B 
interval of time (minutes or 
hours) 

= bacterial population at time 
(T•) 
bacterial population at time 
(Tt) 

All pH determinations were made with a Beckman 
H-2 pH meter equipped with glass elech·odes. 

RESULTS 

The generation times of four strains of E. coli and 
tln·ee strains of A. aeTOgenes grown in reconstituted 
non-fat milk containing 9% serum solids and incubated 
at 50 and 90 F are shown in Table 1. The logarith
mic growth phase usually occurred between the 
second and ninth days in milk incubated at 50 F and 
within tl1e first 12 hr in milk incubated at 90 F. The 
data in tl1is table also include the generation times 
computed during the interval between inoculation 

TABLE 1. GENERATION TIMES OF COLIFORM ORGANISMS 1N 

RECONSTITUTED NoN-FAT MILK CoNTAINING 9% SERuM SoLIDS 

Incubation temperature 

50 F 90 F 

Generation time during : 

Interval from Interval from 
inoculation to lnoculaton t o 

Lo"arthmic maximum Lol:'arthmlc maximum 
growth phase population growth phase population 

(min) (min) (min) (min) 

E. coli 

strain 1 516 942 34 52 

strain 2 546 744 34 54 

strain 3 522 774 33 53 

strain 4 642 1038 39 56 

A . aerogenes 

sh·ain 1 540 870 33 53 

sh·ain 2 648 852 34 50 

strain 3 636 1014 29 48 

, 
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and attainmept of maximum population. The latter 
interval extended for 24 hr for all coliforms incubated 
in milk at 90 F, and for 13 to 21 days for samples 
held at 50 F. 

The curves showing the trends in population of 
a representative strain of E. col-i in reconstituted non
fat dry milk containing 9% serum solids and incubated 
at 32, 39, 50 and 90 F are shown in Figure 1. The 
population curves of this organism were representa
tive of the seven strains of coliforms used in this 

~ 
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Figure 1. Population curves for Eschel'ichia coli in re

constituted nonfat milk containing 9% senun solids and in

cubated at 32, 39, 50 and 90 F. 

study. During incubation at 90 F an initial coliform 
inoculum of 10 or less per ml reached a maximum 
number of approximately 10" cells per ml in one 
day. The population decreased only slightly through 
the third day and abruptly thereafter. 

At 50 F initial numbers of 10 or less E. coli per 
; ml attained a maximum population of 1.7 to 5.0 x 

10" after 13 to 21 days. The E. coU strain represent

ed by the data in Figure l attained a population of 
2.7 x 108 per ml in 13 days. The A a.emge·nes strains 

attained a maximum count of 1.5 to 2.6 x 108 per ml 
in 15 to 17 days. In general at 50 F the most 
rapid growth of the coliforms occmred bet\veen the 
second and ninth clays, followed by a stationary phase 
and then a gradual decline in population. 

An initial inoculum of 2500 E. coli cells per ml 
was added to reconstituted non-fat milk which was 

stored at 32 and 39 F (Figure 1). For the first 23 
days of incubation the gradual decreases in popu
lation at tl1e two temperatures were similm:. In sub
sequent incubation the rate of decrease was greater 
at 39 than at 32 F. At both 32 and 39 F minor 
fluctuations occurred in the population cmves of the 
seven coliform sb:ains. The data in Figme 1 are 
typical of tl1e results obtained. 

The data in Figures 2 and 3 ,show the population 
trends of representative sh·ains of E. coli and A 
a.erogenes, respectively, ·when inoculated into cottage 
cheese and incubated at 39, 50 and 55 F. The 
population of all strains of both organisms increased 
at 55 F and decreased at 39 F but at 50 F the num
bers of E. coli increased while those of A. a.erogenes 
decreased. 

Non-inoculated conh·ol samples of milk and cheese 

incubated at the same temperatmes and subjected 
to the same analyses as the inoculated samples con
sistently contained < 1 coliform per g. 

The generation times of E. coli and A. a.erogenes 
grown in cottage cheese at 50 and 55 F are shown 
in Table 2. The generation times of tl1e A aemgenes 
were slightly longer than tl1ose of E. coli. 

A comparison of the generation times of E. coli 
grown in cottage cheese and reconstituted non-fat 
milk incubated at 50 F is shown in Table 3. These 
data demonsh·ate the superiority of the reconstituted 

nonfat milk over cottage cheese as a growth medium 
for coliforms. The most rapid growth of E. coli 
occurred within tl1e first five days in the cottage 
cheese, but between the 5th and lOth days in the 

reconstituted nonfat milk. 

TABLE 2. CENEHATION TIMES oF CoLIFOHM OHGANISMS TN CoTTAGE CHEESE 

Incubation temperature 

55 F 50 ]<' 

Interval in which 
generation tlnte 

E. coli A. aero genes E. coli was obta ined A. aerogenes 

(generat-ion time) 

(days) (hr) (hr) (h1') 

0-5 31.4 32.8 48.2 decrease in population 

0-10 35.2 38.0 68.8 decrease in population 

0-15 38.7 43.3 98.5 decrease in population 

0-20 42.5 47.3 120.4 decrease in population 
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TABLE 3 . CoMPARISON OF THE GENERATION TIMES oF ONE 

$TRAIN OF E . coli IN COTTAGE CHEESE AND IN RECONSTITUTED 

NoN-FAT MILK INCUBATED AT 50 F 

Interval for which 
genera tlon tim., 

was Qbtaiued 

(days) 

0-5 

0-10 

0-15 

0-20 

Cottage cheese 
Reconstituted 
nonfat milk 

(generation time) 

(hr) 

48.2 

68.8 

98.5 

120.4 

DISCUSSION 

(hr) 

12.0 

10.9 

14.8 

population in 
declining phase 

Four sb·ains of E. coli and three strains of A. aero

genes isolated from raw bulk tank milk and subse

quently inoculated into sterile reconstituted nonfat 
milk showed decreases in population at 39 F and 
increases at 50 F . Kereluk et al (11) obtained similar 

results with E . coli isolated from frozen meat pies. 
The differences between results reported herein 

and those of other workers (2, 15, 16, 17) who report
ed growth of coliforms in raw and commercially 
pasteurized milk incubated at 37 to 39 F may be 
atb·ibuted to (a) differences in the sb·ains of coliforms 

and (b) the symbiotic effect of mixed populations 
found naturally in non-sterilized milk. Perhaps a 
more extensive study of raw milk supplies would 
yield psyclu·ophilic coliforms capable of growing in 
milk at 39 F or lower. 

The greater decrease in numbers of coliform or
ganisms at 39 than at 32 F may be attributed to the 
fact that permease enzymes are inactivated at both 
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Figure 2. Population curves fo r Esche'l'ichia coli in cottage 

cheese incubated at 39, 50 and 55 F. 

32 and 39 F, but since some metabolic activity oc
curs at 39 F, toxic products may accumulate which 
are detrimental to cellular metabolism. Also, the 
fact that water has maximum density at 39 F may 
be a contributing factor to the greater death rate t 

at this temperature. 
At 50 F the generation time for sb·ains of E. coli 

from time of inoculation to time of maximum count 

was similar to the time reported by Barber (3 ), but 
shorter than the time observed by Ingraham (9). How
ever, at 90 F the generation times of E. coli during 
the logarithmic growth phase were comparable to 
those obtained in broth and reported by other work
ers (3, 9, 10). The generation time of A. aerogenes 

as reported by Jennison (10) was 8 to 12 min longer 
than found in this study. Age of inoculum and 
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Figme 3. Population curves of ll.erobacte1· aerogenes in cot

tage cheese incubated at 39, 50 and 55 F. 

variation in medium used for propagation may ac
count for this difference. 

When incubated in cottage cheese E. coli tolerated 
lower temperatures than A. aerogenes. E . coli grew 
at 50 and 55 F; whereas A. aerogenes grew at 55 but 

not at 50 F. A decrease in cell numbers occurred 
at 39 F with both of the coliform organisms and the 
A. aerogenes population declined at 50 F. However, 
the diminution in cell population was negligible 
tlu·oughout the normal shelf-life of cottage cheese 

and coliforms persisted after tl1e cheese had been 
stored for 15 to 20 days at 39 F. Harmon and Smith 
(8) reported that the shelf-life of cottage cheese stored 
at 42 F averaged 51% longer than conesponding sam
ples held at 50 F . 

In the reconstituted nonfat dry milk a coliform popu
lation of 1.7 to 5.0 x 10" per ml was reached within 
13 to 21 days at 50 F. , however, in the cottage cheese 

the maximum count of approximately 10" per g oc
curred between the 20th and 35th days in samples 
stored at 55 F. The differences in maximum popu-

, 
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lation between the two products were attributed to 
the lower pH and the pre~ence of competitive or
ganisms in cottage cheese. The coliforms are sensi
tive to pH below 5.0. Harmon and Smith (8) found 
that the coliform population declined in cottage cheese 
samples held at 42 F which had an initial and ter
minal pH of 4.8 or less. When the initial and terminal 
pH was above 5.1 continuous increases in numbers 
OCCUlTed. 

Several pH determinations were made on cottage 
cheese samples during incubation. In one trial the 
initial pH was 5.1 and no change in pH occwTed 
during the first 14 days at 39, 50 or 55 F. This may 
explain the rapid growth and shorter generation times 
during the first 1() days of growth. In another trial 
the initial pH of the cheese was 5.4 and at 60 days 
the pH readings were 5.3, 4.8 and 4.4 at 39, 50 and 
55 F , respectively. This indicates that the decline 
in cell numbers at 39 F was primarily due to the ef
fect of temperature rather than pH. 
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ANALYSIS OF ANIMAL FOOD PRODUCTS 
INSECTICIDE RESIDUES FOR CHLORINATED 

I. COLUMN CLEAN-UP OF SAMPLES FOR ELECTRON CAPTURE 
GAS CHROMATOGRAPHIC ANALYSIS. '· •· s 

B. E. L ANGLOIS\ A. R. STEMP, AND B. J. LISKA 

Department of Animal Sciences, 
Purdue Uni.versity, Lafayette, Indiana 

(Received for publication December 23, 1963) 

SuMMARY 

A one step m ethod for sample clean up prior to analysis 

for chlorinated insecticides by electron capture gas chromatog

raphy is outlined. The method h as been applied to a 

variety of animal product samples wi th excellent success. 

Sufficient sensitivity is attained so the procedure can be 

used as a screening procedure or a quantitative research tool. 

Using the procedure a technician can analyze 25 to 35 

samples in an 8 hour day and detect nanogram quantities of 

chlorinated insecticides in a variety of samples. 

Several methods have been used for the analysis 

of insecticide residues in animal products. Two 

methods used extensively for analysis of insecticide 

residues in animal products are the Mills paper 

chromatagraphic procedure and the Schechter-Haller 
colorimeh·ic method for DDT (5, 7) . These methods 

require time consuming sample preparations for ac

curate, sensitive results. 
Recently, two special detection systems for gas 

chromatography, the microcoulometric cell (1), and 

the electron capture detector (3), have turned the 

analysts' attention to instrumental analysis of insecti

cide residues. 

VVatts and Klein (8) reported on the use of electron 

capture gas clU'omatography for detection of residues 

in food products. These autl1ors found it necessary 

to use a modified i\lfills clean up procedure to pre

vent contamination of the detector system. 

Moats (4) reported' the use of a single column 

clean up procedure for butterfat which was later 

adapted by Langlois, et al. (2) for clean up of all 

dairy products. Since tl1e procedure was a simple, 

rapid means of sample preparation for dairy products, 

attempts to expand its use for clean up of other fat 

containing animal products were made. This paper 

'Published with the approval of the Director of the Purdue 

Agricultural Experim ent Station as Journal Series Paper um 

ber 2256. 
' Presented at the Fifth International Pesticides Congress, Lon

don, England, July 17-23, 1963. 
"Supported in pmt by Resem·ch Grant No. EF -00-49-02 from 

the Division of Envir01m1ental Engineering and Food Pro

tection, Public H ealth Service. 
'Present address is D epartment of D airy Science, University 

of Kentucky, Lexington, Kentucky. 

presents results with the method on a variety of 

animal food products and tissue samples. 

M ETHODS 

Reagent grade methylene chloride and technical 

grade petroleum ether, B.P. 30-60 C, were redistill

ed before use. The Entomological Society of America 

insecticides reference standards used were obtained 

from Nutritional Biochemical Corporation. The 

standards and unkown samples were prepared in 

hexane, B.P. 65-67 C, and stored at 2-5 C. Florisil, 

60/ 100 mesh activated by the supplier at 650 C, was 

obtained from the Floridin Company, Tallahassee, 

Florida. The florisil was re-activated by heating at 

140 C for 12-14 hr. Five per cent water was uni

formly mixed with the fl01·isil and the mixture was 

held in an air tight container for 48 hr before use. 

This time was necessary for the water-florisil mixture 

to reach equilibrium. The eluant was a mixture of 

20% methylene chloride in petroleum ether. 
Chromatographic columns were 20 mm OD x 600 

mm pyrex tubes plugged at one end with glass wool. 

Analytical columns were )s-inch OD x 4 ft pyrex 

glass, packed with 2.5 or 5.0% Dow 11 Silicone on 

60/80 mesh hexamethyldisilazane ( H :tviDS ) treated 

Chromosorb Vv. The Chromosorb vV was obtained 

in the HMDS treated form from the supplier. The 

analytical insh·mnent was either a ' i\' ilkens Aero

graph Hi-Fi Model 600 gas chromatograph with an 
electron capture detector containing a 250 me tritium 

ionization source, or the Wilkens Pestilyzer Model 

680 with the same size tritium source. Both instru

ments were operated with a 90V potential across the 
detector. The recorder was a 1 mv Leeds and North

rup Model H with a disc integrator unit. 
Fluid samples were weighed directly. Solid sam

ples. were cut as fine as possible prior to weighing. 
W e1ghed product samples were ground with 25 to 
30 g of florisil in a glass mortar to form a free flow

ing powder. Twenty-five g of florisil were poured 

into a chromatographic column to form the bottom 

layer. This was prewashed with 50 ml of an equal 

mixture of methylene chloride and petroleum ether 

to remove some impurities from the florisil . The 

, 

' •• I 

I 

I 
~ ~ 



' ,, 
l 

i 

ANALYSIS OF ANIMAL Foon Pnonucrs 203 

washings were discarded. Next the sample-florisil 

mixture was poured into the chromatographic column 

to form the top layer. From 150 to 650 ml of the 

eluant mixture was used, depending on which in

secticide residues were being eluted. The eluant 

was evaporated to dryness from a beaker in a water 

bath at 50-60 C. The residues were transferred from 

the beaker to a calibrated test tube and made up to 

a 5 or 10 ml standard volume with hexane. 

The analytical column was operated at tempera

tures of 185 to 195 C with a nitrogen (high purity) 

carrier gas flow of 60 to 80 ml per minute. Standard 

insecticide solutions were analyzed before and after 

each series of unknown samples . Depending upon 

the quantity of insecticide present, from 5 to 25 ,ul 

of unknown samples in hexane were used for analysis. 

REsuLTS AND DiscussiON 

The sample size is limited by its fat content and 

the size of florisil clean up column used. Overload

ing the fl01·isil column results in elution of fat and 

other impurities. If traces of fat are injected into 

the analytical instrument, they will cause poor sta

bility of the analytical column and loss of insh·ument 

sensitivity. Typical sample sizes used for various 

products are presented in Table L By adhering to 

these sample sizes, proper clean up is achieved as 

indicated by the use of one analytical column for 400 

to 500 analyses before replacement becomes neces

sary. 
This one step extraction and clean up technique 

has been used for the detection of selected chlorin

ated insecticides in numerous types of samples as 

listed in Table L Recovery data for added insecti

cides to samples are presented in Table 2. This 

is a summary for all types of samples which ex

plains somewhat the standard deviation of 3%. Dupli

cate samples of milk, for example, agree more closely. 

Table 3 contains information on the amounts of 

eluant needed to eluate the various insecticides stud

ied. Use of less eluant results in a reduction in per 

cent recovery of residues. 

The sensitivity of the combination clean up pro

cedures and electron capture gas chromatographic 

analysis for five chlorinated insecticides is presented 

in Table 4. A range is given for each insecticide to 

allow for various ~ample sizes as listed in Table L 

The effectiveness of the clean up procedure on a 

particular sample also effects sensitivity of the 

analytical procedure. Other factors which enter into 

the analysis will be discussed in a later paper. 

l Using analytical column conditions as outlined, an 

analysis on the instrument for the five insecticides 

was completed in less than 10 min. DDE and dieldrin 

were difficult to separate on this particular analytical 

column. Heptachlor and heptachlor ' epoxide were 

TABLE 1. SAMPLE SIZE UsED FOH ANALYSIS 

Sample 

Whole milk 
Cream 
Butter 
Cheese 
Dried whole milk 

Evaporated milk 
Egg yolk 
Chicken fat 
Chicken tissue 

Lard 
Blood 
Soil 
Ground animal tissue 

g 

10.0 
2.0 to 5.0 

1.0 
2.0 
2.0 
5.0 
2.0 
1.0 
1.0 
1.0 
2.0 
1.0 

1.0 to 2.0 

TABLE 2. RECOVERY OF INSECTICIDES ADDED 

TO VARIOUS SAMPLES 

P ercent recoverya 

Insecticide 0.1 ppm 1.0 ppm 

DDT 94.0 ± 3% 95.0 ± 3% 

Lindane 91.0 ± 3% 91.5 ± 3% 

Heptachlor 91.5 ± 3% 92.0 ± 3% 

Dieldrin 92.0 ± 3% 92.5 ± 3% 

Endrin 88.0 ± 3% 88.5 ± 3% 

'Average of 6 samples. 

TABLE 3. AMOUNT OF ELUANT REQUlRED TO ELUTE SELECTED 

INSECTICIDES FROM FLORISIL 

Insecti c ide 

DDT 
DDE 
Lindane 
Heptachlor 
Heptachlor epoxide 

Dieldrin 
Endrin 

Ml of eluant 

200 
200 
200 
300' 
300' 
600' 
700" 

'E luted only from partially deactivated florisil. 

TABLE 4. MINIMUM SENSITIVITY OF THIS METHOD FOR 

SELECTED I NSECTICIDES IN VARIOUS SAMPLES 

In secticide 

DDT 
Lindane 
Heptachlor or 

heptachlor epoxicle 

DDE 
Dieldrin 
Endrin 

l\linimum levels 
detectable (ppm) 

0.05 to 0.20 
0.01 to 0.05 

0.01 to 0.05 
0.01 to 0.05 
0.01 to 0.05 
0.05 to 0.20 
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easily separated. Endrin was eluted as described by 
Phillips, et al. (6) . 
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S UMMARY 

The purpose of the study was to determine how SPS 

agar of Angelotti et a!. (2) compared with ce1tain other solid 

media proposed for the isolation or identification of clostridia. 

An attempt was made, therefore, to recover viable cells of 

three strains of Clostridium perfringens from various suspend

ing media using five plating media . The results were analyzed 

statistically. 

The results may be summarized by stating that in every 

case SPS agal' proved to be better than the other media 

examined fm the recovery of th e organisms; and that n either 

th e food constituents tested nor mixed cultures of organisms 

affected the quantitative recovery of C. perfringens. The 

presence of sulfadiazine and polymyxin-B-sulfate in the med

itm1 did not affect the recovery of C. perfringens in a statistic

ally significant manner. 

During the last ten years, considerable interest has 

been aroused by accumulating evidence that Clos

tridium pe1jringens is the etiological agent of a mild 

form of food poisoning. Reports from public health 

laboratories in many countries, including those in 

the United States, indicate a substantial number of 

cases of food poisoning apparently caused by this 

organism. Symptoms usually consist of diarrhea and 

abdominal cramps and appear suddenly, 8-12 hr after 

ingestion of an infected food, although quoted figures 

vary somewhat on this point. 

It has been suggested further that the number of 

cases of food poisoning recorded as caused by C. 

perfringens should in fact be considerably higher. 

Kemp et al. (8) indicated that some outbreaks re

ported to be of unknown etiology may have been 

caused by C. perfringens and that poor anaerobic 

techniques had prevented the bacterium being re

covered. 

Under these circumstances, the importance of a 

reliable medium for quantitatively isolating C. per

frin.gens from food and fecal specimens in epidemio

logical work is obvious. Hobbs et al. (7) used direct 

'Published with the permission of the Director of the \.Yiscon

sin Agricultural Experiment Station, Madison. 

' Tllis investigation was supported in pa1t by Public Health 

a Research Grant EF-131 ( Cl.) from the Division of Environ

. mental Engineering and Food Protection. 
3These data are a palt of a thesis submitted to the Graduate 

School of the University of ·wisconsin in fulfillment of the 

requirements for the Master of Science degree by the senior 

author. 

plating on horse-blood agar for the isolation of C. 

pe·1jringens. Other laboratories have preferred modi

fications of the sulfite-iron-glucose agar first pro

posed by Wilson and Blair (17). The use of the 

latter medium, and those developed from it, depends 

upon the ability of clostridia to reduce sulfite to 

sulfide with the resulting precipitation, in the presence 

of iron, of black iron sulfide. ·· 

Media suitable for the quantitative recovery of 

sulfite-reducing closh·idia were proposed by Mossel 

et al. (11 ) and Mossel (10). The first medium sug

gested was a modification of the Wilson and Blair 

medium. In the latter paper the incorporation of 

10 ppm of polymyxin-B-sulfate into the medium was 

suggested since the addition of this antibiotic sup

pressed the growth of many strains of Enterobac

teriaceae. Mossel's medium was later modified by 

Angeletti et al. (2), by the addition of sodium sul

fadiazine to suppress the growth of P1'0teus, Pseu

domonas and coliforms. 

The purpose of this study was to determine how 

the sulfite-polymyxin-sulfadiazine agar ( SPS agar) 

of Angeletti et al. (2) compared with certain other 

solid media proposed for the isolation or identification 

of closh·idia. An attempt was made, therefore, to re

cover viable cells of three strains of C. perf1'in.gens 

from three suspending media using five plating media 

selected for the study, and the results were analyzed 

statistically. 

MATERIALS .A_l\'1) METHODS 

The five plating media4 selected for camparison are listed 

below: 
l. Sulfite-polym yxin-sulfadiazine agar ( SPS agar) , pre

pared as outlined by Angelotti et al. (2) except that the final 

pH of the medium was 7 .1-7.2. 

2. Sulfite-polymyxin-sulfadiazine agar ( SPS agar w/ o) in 

which the sulfadiazine and polymyxin-B-sulfate solutions were 

omitted. 
3. Sulfite-iron-agar (17). Bacto- lutrient agar was used for 

preparing the medium. Since the original m edium was de

veloped for the examination of water, 20 ml of medium to 

be mixed with 20 ml of water under test, the quantities of 

nutrients and agar were halved for use in the present study. 

4. Yeast-extract-blood agar (15). Seitz-filtered Bacto-Y east 

Extract was used as a substitute for the yeast extract sug-

4 Meclia were prepared using products of Difco Laboratories, 

D etroit, Michigan. 
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gested in the original paper. 
5. Lactose-egg-yolk-milk-agar (113). The meat infusion broth 

used as a basis for the medimn was prepared accorcUng to 
the method outlined in the Manual of M·icrobiological Meth
ods, (12). Bacto-Agar was substituted for New Zealand agar, 
the quantity being adjusted to give a final concentration of 
1.5%. 

The strains of C. perfringens used for the study included: 
1. C. p erfringens N.C.T.C. 8799 F 1546/ 52 of Hobbs 

serological type 105
• TI1is strain was isolated from a 1952 

food poisoning outbreak in Great Britain. 
2. A strain ( 214d) isolated from a fecal specimen obtain

eel from a patient who was afflicted in a food poisoning out
break which occmTecl in Milwaukee, W'isconsin in March, 
19626

• 

3. A classical strain of C. perfri.ngens type A, Strain 26 
# 3624, obtained from the Amelican Type Culture Collection. 

Vegetative cells of the three strains employed were 
recovered from each of three suspending media us
ing the five plating media outlined above. The 
suspending media were as follows: (a) thioglycol
late medium without dexh·ose or indicator; (b) a 
commercially canned cream of chicken soup, diluted 
1:1 with tap water to give the serving consistency 
recommended on the label of the product; and (c) 
a mixed culture in a food, the latter being cream 
of chicken soup described under (b). Micro-organ
isms added to give a mixed culture were Streptococ
cus faecalis A TCC 9790, Staphylococcus aw·eus 196, 
Escherichia coli gratia. In preparing the broth cul
tures for inoculation of the soup, S. faecalis and S. 
au.reus were grown in brain heart infusion and E. 
coli in nutrient broth. 

Actively growing, 4-hr cultures of C. perfri·ngens 
in thioglycollate broth w / o dextrose or indicator, ad
justed to a predetermined optical density using a 
simple turbidimeter7 were used for all inoculations. 
One in ten dilutions were made of standardized cul
ture in thioglycollate medium or food, with or with
out the added mixed culture. For the mL'Xed cul
ture, 16-hr broth cultures of each of the "contami
nating organisms" listed above were added to the 
diluted soup. The thioglycollate culture of C. per
f1"ingens was then added giving a final ratio of 1 
part C. pe·1jri·ngens culture to 3 parts mixed culture 
to 6 parts soup. 

Serial dilutions of the inoculated suspending media 
were made in phosphate buffered dilution water (1). 
Triplicate plates were made immediately using 0.1 

. ml amounts of the 10-5 dilution as an inoculum for 
each plate for the five media being studied. Double 
layers of medium were poured to increase anaero-

5This culture was obtained through the courtesy of Dr. Betty 
C. Hobbs. 
"TI1is culture was obtained through the courtesy of Dr. E. R. 
Krumbiegel. 
7Lumetron . Photoelectric Colorimeter, Model 400-A, Photo
yolt Corporation1 New York

1 
New York. 

biosis in all cases; however, for YEB and LEYM agar 
both layers were thin because of the opacity of 
these media. 

The plates were incubated at 37 C in an anaerobic 
jar•. After evacuating the jar with a water aspiratm! 
pump to 25 em Hg negative pressure, the jar was 
refilled with a gas mixture of 90% N 2 and 10% C02. 
The procedure was repeated three times in all to 
insure an anaerobic atmosphere. Plate counts were 
made after 24 hr incubation, and· checked again after 
an additional 24 hr. 

The statistical design for these experin1ents was 
the split plot. For reasons to be explained, how
ever, it was necessary to analyze the data obtained 
as a randomized complete block. In addition to an 
analysis of variance, Duncan's New Multiple Range 
Test (13) was applied. 

RESULTS 

The results of the study are presented in Table 1. 
The SPS agar and the SPS agar without polymyxin
B-sulfate or sulfadiazine appeared to permit the re
covery of the greatest number of cells and did not 
differ significantly from each other. Under condi
tions of these experiments no growth for any of the 
tlu-ee strains was attained on the SI or LEYM agar. 
The YEB agar permitted recovery of cells but at a 
significantly lower level than the SPS agars . 

Also, on YEB agar, in testing the recovery of the 
C. pe1jringens from mixed culture, it was not possible 
to differentiate between the food poisoning sh·ains 
of C. perfringens and the other organisms present; 
the classical strain of C. perfringens gave a typical 
zone of f:l-hemolysis , which permitted its differentia
tion from the other micro-organisms. 

The original experimental design for the study was 
that of the split plot. Since no growtl1 was obtained 
on the SI or the LEYM agar, these results necessarily 
had to be omitted from the statistical analyses. Like
wise, because of tl1e inability to distinguish between 
the food poisoning strain of C. pe1jringens and the 
"contaminating organisms" on YEB agar, certain re
sults had to be excluded from the statistical calcu
lations. For these reasons all data were analyzed 
as a randomized complete block. 

Since the difference between h·eatments was sig
nificant, treatment means were compared using 
Duncan's New Multiple Range Test (13). Compari
sons were not made between all h·eahnent means 
since only certain ones were relevant. Means com
pared were those in which cells had been recovered 
either from the same suspending medium, or using 
the same recovery medium. For all tlu-ee sh·ains, 
significant differences were found to exist between 

8Anaero-jar, Case Laboratories, Inc., Chicago, Illinois. 
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TABLE l. RECOVERY ON FIVE PLATING JvfEDIA OF THREE STRAI NS OF Clostridium perfTingens FRO f THIOCLYCOLLATE MEDIUM, 

AND FROM CHICKEN SouP, 'vVTTH A ·n \VtTFIOUT AN ADDED MIXED CuLTUHE. 

Stmin Suspending medium SPS agar• 

8799 F Fluid thioglycollate 151" 

1546/ 52 Chicken soup 153" 

Soup + mLxed culture 161"+" 

214d Fluid tl1ioglycollate 103" 

Chicken soup no· 
Soup + mixed culture 109"+" 

ATCC type A Fluid tl1ioglycollate 40" 

26#3624 Chicken soup 49" 

Soup + mixed culture 49"+" 

'Sulfite-polymyxin-sulfadiazine agar (2j. 

SPS agarb 
W/ O 

SI agar • 

(Colonies per 

153" 0 
161" 0 
161"+" " 
106" 0 
108" 0 

113"+ 0 0 

39" 0 
47" 0 

49"+" " 

plate6
) 

YEB 
agard 

120" 
125" 

'"" 
79" 
77" 
00 

27" 
29" 
34"+· 

LEYM 
agar0 

0 
0 

" 

0 
0 
0 

0 
0 

" 

'Sulfite-polymyxin-sulfadiazine agar witl1out polymyxin-B-sulfate or sulfadiazine. 

3Sulfite-iron agar (16) . 
4Yeast-extract-blood agar (15). 

"Lactose-egg-yolk-milk agar (16). 
6Each value represents the mean ' of three replicates, each replicate having been plated in triplicate. The inoculum for each 

plate was 0.1 ml of a 10-5 dilution of standardized suspension. 

• + indicates that an uncounted number of colonies of "contaminating organisms" were present. 

• •Indicates growth which may have included C. perfringens as well as "contaminating organisms" . 

•· "'vVhere exponent letters differ within a strain, recoveries differ significantly. 

SPS agar and YEB agar and SPS agar without anti

biotics or sulfadiazine and YEB agar when cells were 

recovered from thioglycollate medium or the chicken 

soup. No other differences were significant for the 

two food poisoning sh·ains. In the case of the 

classical strain, significant differences also existed 

between YEB agar and SPS agar, and YEB agar and 

SPS agar w/o antibiotics or sulfadiazine when C. 

pe·Jjringens was recovered from a mixed culture. 

DISCUSSION 

The objective of the study was to evaluate the 

effectiveness of SPS agar in quantitatively recovering 

C. perfringens from various suspending media. For 

purposes of comparison, four other media were used. 

The SI agar of ' Vilson and Blair (17) was chosen for 

its historical interes t . This medium was proposed at 

an early date, in, Britain, for the identification of 

sulfite-reducing clostridia in water supplies. In the 

present study, no growth was obtained on this med

ium from any of the strains of C. perfringe·ns examin

ed. It seemed possible that the peptone used in 

Bacto-Nuh·ient Agar differed in composition from 

that used by British workers. 

To further elucidate this point, therefore, additional 

experiments were carried out in which an attempt 

was made to recover the three strains of C. per-

fringens used in the main study on 'Vilson and Blair 

medium in which Bacto-Peptone was replaced by 

Bacto-Tryptone or Proteose Peptone No. 3, in the 

preparation of the nutrient agar base. In addition, 

the medium of Thompson (14) and that recommend

ed by the Ministry of H ealth (9) for th e examination 

of water were also used. The latter two media were 

similar in composition to the original Wilson and 

Blair medium. 

SPS agar was used as the control to indicate the 

numbers of cells used to inoculate plates for the 

' iVilson and Blair media prepared using the various 

nitrogen sources. In every case, no recovery was 

effected on any of the sulfite-iron media so modified 

when the inoculum was of such concentration that 

300 cells or less were present per plate as indicated 

by SPS agar. ·wh en the number of cells used to 

inoculate each plate was increased to approximately 

3 x 10', some growth resulted, ranging from one 

large colony per plate to an uncountable number of 

colonies accompanied by complete blackening of the 

medium. Some strain difference was noted - the 

Milwaukee strain and A TCC Type A were recovered 

in greater numbers than Hobbs Type 10. 

It thus appeared that a possible explanation for 

the failure to recover organisms on the Wilson and 

Blair medium in the original experiments lay, in 
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part at least, in the size of the inoculum used . This 

possibility is not supported by the observations of 

the British workers, however, who were able to de

tect relatively small number of cells of C. perf1"ingens 

by use of this medium. Other possible explanations 

might be the use of the phosphate buffered water as 

a diluent (although cells did not remain in the dilu

tion blanks for n1ore than 15 min), the use of thio

glycollate broth as the initial growth medium or a 

weakening of strains similar to that described by 

Gibbs and Hirsch (4) . 

Hobbs et al (7) and Hobbs (6) r ecommended a 

blood agar for the initial isolation of C. perfringens 

from stool and food samples, hence the inclusion of 

a mediwn of this type in the present study. ·w etzler's 

yeast-extract-blood agar was selected since its com

position made it appear particularly suited to the 

recovery of clostridia. However, although C. per

f1"ingens grew on this medium and, in the case of the 

classical strain, ATTC Type A, could b e identified 

by the production of the zones of tl-hemolysis , for 

every strain examined recovery was inferior to that 

obtained on SPS agar . 

Willis and Hobbs (16) recommended lactose-egg

yolk-milk agar for the prelin1inary examination of 

pure cultures of clostridia since egg yolk, milk and 

lactose plus neutral red act as indicators of leci

thinase production, proteolysis and fermentation re

actions respectively. This medium was included in 

the study since it constituents were very different from 

the sulfite-containing media and blood agar, making 

it useful for purposes of comparison. The only 

discernible difference in the preparation of the 

medium was in the source of agar and in the prep

aration of the meat broth . The negative results ob

tained here suggest that small modifications in the 

preparation and use of a medium for growing fas

tidious organisms may render that medium useless. 

The medium was chosen as one of the media of 

choice in the studies of Collee, Knowlden and Hobbs 

(3) . These workers were successful in obtaining 

growth on the medium. 

Media of great interest in the study were the SPS 

agar and SPS agar w/ o sulfadiazine and polymyxin

B-sulfate. Hac and Eilert (5) showed that sulfadia

zine was highly effective in increasing the survival 

rate of mice experimentally infected with C. per

fringens, therefore, it seemed possible that the amount 

of this substance recommended for use in SPS agar 

might b e sufficient to prevent quantitative recovery 

of the organisms. Statistical analyses of results , how

ever, showed no significant difference in the effec

tiveness of SPS agar with and without sulfadiazine 

and polymyxin-B-sulfate in recovering the strains of 

C. perfringens used. 

In no case was there a significant difference be-

tween the numbers of cells recovered on SPS agar 

from thioglycollate broth and chicken soup with and 

without an added mixed culture. These data indi

cate that food constituents as represented here did 

not interfere with black colony formation, nor dicl 

they affect the ability of the medium to yield quan

titative recovery of C. perfringens. These findings 

agree with those reported earlier by Angelotti, et al. 

(2). It should be recognized the possibility exists that 

bacterial cells grown in a food 'product such as the 

chicken soup might conceivably r e a c t differently 

from cells grown on a different medium and later 

added to the soup. 
The SPS medimn was not designed to differentiate 

between members of the sulfite-reducing clostridia, 

although with experience, the colony form of C. per

fringens can frequently be recognized. Growth of 

other organisms, however, is usually not significant 

except on prolonged incubation. 
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SOME FACTORS WHICH GOVERN PLAQUE FORMATION BY 

LACTIC STREPTOCOCCAL BACTERIOPHAGE. 

I. SEED LA YE.R REQUIREMENTS' 

E. :M. :MrKOLAJCIK 

DepaTtm ent of Da.·i'I'!J Technolog!}, 

Th e Ohio State Universit!J, Columbus 

( Received for publication Decemb er 20, 1963) 

Smvi:\fARY 

A study was conducted of factors which may influence 

the accuracy of th e plaque count obtained by the double

agar layer method as applied to lactic streptococcal bacterio

phage. Host cell cultural media were skimmilk or hydrolyzed 

milk protein broth (Sobol's) . St1·eptococc us lactis strains ML3, 

C lO, C2 and Streptococcus cremoris strains C3, KH, Rl, US3 

and th e homologous bacteriophages were used . Plaque for

mation on Trypticase Soy Agar was generally enhanced by: 

(a) modification of the cultural media or the seed layer agar 

by th e addit ion of CaCl?, phenylalanine, prolin e, ribofl avin, 

niacin, calcium pantothet;ate, and biotin ; (b) using a six-hr 

culture of host cells rath er th an cells incubated for 18 or 24 

hr; and (c) selection of the proper serial transfer system for 

reactivatin g the host cells from a frozen or lyophilized state. 

Sobol 's broth yielded lower plaque counts than skimmilk 

irrespective of the modifications used. Responses to plaqu e 

enhancement factors were influenced by species and strain 

differences of S. lactis and S. cremoris. In general, strains 

of S. cremoris had a more exacting requirement for calciLml , 

media enrichment, and length of incubat ion of host cells than 

S. la.ctis strains. 

Several procedures for determining bacteriophage 

(phage) titer are in current use: nam ely, the double 

agar layer technique, dilution end-point, changes in 

turbidity, and failure to produce acid. Of these 

methods, Adams (1) concluded that the agar layer 

technique yields the most accurate information. 

It was observed in our laboratories that the agar 

layer technique gave varying and inconsistent results 

when applied to cert-ain lactic streptococcal phage. 

As a consequence, plaque counts obtained did not re

flect accurately the level of phage infection. 

This study was undertaken to ascertain the nature 

of these inconsistencies and to develop a standardized 

procedure for the enumeration of lactic streptococcal 

phage. 

PRocEne RE 

The following Lancefield Group N streptococcal 

strains and the homologous phages were used : Strep

tococcus lactis C10, ~~IL3 , C2, and Streptococcus 

cremoTis C3, KH, US3, Rl. 

'Article Number 20:63. Departm ent of Dairy Technology, 

Ohio Sate University. Supported by a grant from the U. S. 

Public H ealth Service (National Institutes of Health). 

Plaque counts, with certain modifications, follow

ed the agar layer technique described by Adams (1). 

Trypticase Soy Agar ( TSA ), obtained from Balti

more Biological Laboratory, Inc. , was u sed as the 

basic agar. 
The foundation agar layer was prepared by pouring 

12-15 ml of melted TSA agar onto an 100 mm heavy 

bottom petri dish. The poured plates were dried 

overnight in a 30 C incubator. 

The seed (cover ) layer consisted of 4 ml of melted 

TSA agar, tempered to 46 C, and diluted with 4 ml 

of a host cell suspension. 

Routinely, 6-hr growth of host cells in Sobol's 

broth (4) or reconstituted 11% T.S. skimmilk (Matrix 

Mother Culture Media, Galloway-West Co. , Fond 

du Lac, ·wise.) was used for the preparation of the 

seed layer cell suspension. The skimmilk was steri

lized by autoclaving at 15 lbs for 10 min. Host cells 

carried in skimmilk were diluted with sterile distilled 

water to give a 10% concentration. This was done 

because pr~ liminary studies had shown that cells 

grown in skimmilk and used directly produced plaque 

p lates which were opaque and covered with clotted 

milk, and thus did not lend themselves to ideal 

observation of lysed areas. Furthermore, use of 

skimmilk instead of distilled water as the diluting 

vehicle induced excessive foaming which interfered 

with accurate sample measurement and produced air 

bubbles in the solidified seed layer . Cells carried 

in broth were usually added to the melted seed layer 

without further dilution. 

Additives were used as follows: (a) amino acids -

100 mg L-proline and 2.00 mg DL-phenylalanine were 

added directly to 1 liter of agar or liquid media prior 

to sterilization; (b) vitmnins - prepared as Seitz 

sterilized stock solutions and stored at 4 C, were 

added directly to the melted seed layer or cultural 

broth just prior to inoculation with host cells to yield 

a final concentration per liter of 1 mg niacin, 1 mg 

riboflavin, 1 mg Ca pantathenate, and 10 p,g bio

tin; (c) CaCl2 - was used as a sterile stock solution, 

with an 0.1 ml portion added just prior to use, yield

ing a fina l concenh·ation of 0.33% in the media, as 

recommended by D eane and Nelson (3). 

, 
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TABLE l. I 'FLUENCE OF ADDED CACL2 UPON TilE PLAQUE-FO Hl\!JNG ABILITY OF LACTIC STHEPTOCOCCAL PI-IAGE UTILIZING 

H osT CELLs CAHHIED IN SKn•rMILK on BnoTH 

Host cell cultu ral media 

Sli:imnJil li Sobol's b•·oth 

Organism 

No. 
tri-a ls Control Wi th C'aC12• Con t rol Wi th CaC12 " 

(PFU!ml) 

s. cremoTis C3 6 75 234 (212%)" < 1 71 (700%)" 

s. cremoris KH 6 193 261 ( 35%) 133 209 57%) 

S. cremoris R1 7 113 226 ( 100%) 100 183 83%) 

s. cremoris US3 7 175 206 18%) 121 1.53 26%) 

s. lact·is ML3 6 238 306 22%) 164 236 44%) 

S. lactis C10 4 260 264 (< 1%) 228 227 ( < 1%) 

s. lactis C2 4 124 126 (<1%) 163 174 (< 1%) 

'CaC12 was added to the seed layer at a fin al concentration llf 0.33%. 

"Percentage increase in PFU upon the addition of CaC12 . 

Fresh phage stock solutions in Sobol's broth were 

held at 4 C for periods not exceeding 14 days. The 

phage titer did not decline significantly during this 

period. For the preparation of plaque plates, phage 

stock solutions were serially diluted in buffered water 

(2) and added directly in 0.1 ml quantities onto the 

surface of the dried foundation layer plates. Dilu

tions were adjusted to result in a multiplicity of in

fection of approximately 0.1. 
The melted seed layer with the suspension of host 

cells, which comprised a total volume of 8 ml, was 

mixed gently and equal quantities were added to 

duplicate foundation layer plates containing added 

phage. The plates were rotated in a circular fashion 

to insure maximum phage-host cell contact and proper 

distribution of plaque areas. The plates were in

cubated in an up-right position at 30 C. Incubation 

was continued until a thick mat of host-cell growth 

was observed with clearly discernible plaques. This 

condition was usually attained within 6-8 hr. The 

clear, lysed zones were counted in a Quebec bac

teria colony counter (2) and reported as plaque

forming units per ml ( PFU /ml ) . 

R ESULTS AND D ISCUSSION 

Results obtained for the effect of calcium on plaque 

formation for 7 different lactic streptococcal phage 

races are presented (Table 1 ). For both the skim

milk and broth series, the addition of CaCb to the 

l seed layer produced significant increases in the num

ber of plaques formed by five of the phages ( c3, 

kh, us3 and ml3 ), but had no effect upon plaque 

formation of the other two phage races studied ( c10 

and c2). 

The degree of response of the phages to the addi

tion of calcium varied with individual phage races 

and with the type of cultural medium used to propa

gate the host cells . With c3 phage, calcium in- 

creased plaque formation from 75 to 234 PFU for 

host cells carried in skimmilk and from < 1 to 71 

PFU for host cells cultured in Sobol's broth. This 

would indicate that, with the double agar layer 

method, lysis of S. cremoris C3 cells by its homol

ogous phage is depressed unless calcium is present, 

with this effect being particularly pronounced when 

host cells are grown in a partially defined broth. 

TABLE 2. EFFECT OF ENHICHCI'fENT OF THE SEED LA YEH OH 

CuLTUHAL BnOTH \VrTH SELECTIVE AnmnYES UPON THE 

PLAQUE--FOHMING ABILITY OF S. cremoris C3 ' VITH 

Control ( no add itives ) 

Riboflavin ( 1 mg!l) 

L-Proline ( 100 mg/1 ) 

D L-Phenylalanine 
(200 mg/ 1 ) 

DL-Tryptophan 
(200 mg/ 1) 

Combination of 4 
above additives 

c3 PHAGE 

Seed la.yer• Sobo l' s broth" 

.PFU / ml Change PFU / ml Change 

154 

187 

172 

203 

128 

240 

(%) 

0 

+ 21 

+ 12 

+ 32 

-17 

-+- 56 

145 

15() 

207 

231 

123 

243 

(%) 

0 

+ 8 

+43 

+59 

-15 

+68 

"Average of 4 trials for th e seed layer and 5 trials for Sobol's 

broth. 
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TABLE 
,., 
0. PLAQUE-FOHlvUNG ABJLJTY OF LACTIC STREPTOCOCCAL PHAGE AS ! KFLUENCED UY FoRTIFICATION OF THE HosT 

CELL CULTUHAL MEDIA 

Host celi cultural medja 

No. 
Skimmi1k Sobol's broth 

Organ ism trials Unfortified Fortified a %" Unfo rtifi ed For tified• %b 

(PFU/m l) (PFU/ml) 

s. crem01·is C3 6 234 294 +26 71 107 +51 

s. cremoris KH 7 261 307 + 18 209 256 +23 

S. cremoTis Rl 7 226 240 + 6 183 227 +24 

s. cremor·is US3 7 206 271 +32 153 222 + 45 

s. lactis ML3 6 306 329 + 8 236 320 +36 

s. lactis ClO 4 264 231 - 13 227 228 0 

s. lactis C2 4 126 170 + 35 174 218 +25 

"Fortification was at the rate of 1 mg riboflavin, niacin, and Ca pantothenate/ liter, 10 Jl.g biotin/ liter; 100 mg L-pro

line/ liter; and 200 mg DL-phenylalanine/ liter. 

"Percentage change upon the fortifi cation of the basic host cell cultural m edia. 

The other phage races which were active against 

S. ctemoris strains exhibited a varying and somewhat 

lower requirement for calcium than the c3 phage. 

For example, the addition of the calcium increased 

the plaque counts of phage rl from 113 to 226 PFU 

in skimmilk and from 100 to 183 PFU in broth. 

Of the three S. lactis phage races studied, only ml3 

showed a significant increase in plaque numbers 

upon addition of calcium, with the increase amounting 

to 22% with the skimmilk cultures and to 44% with 

the broth cultures . 
It was evident that the calcium requirements for 

plaque formation by lactic sheptococcal phage are 

strain dependent, and, in general, phage active against 

S. crenwris organisms have a more exacting requiTe

ment for calcium than phage lysing S. lactis stTains. 

Consequently, the characteristic of a given host cell

phage combination must be known in respect to the 

calcium requiTement £or lysis in order to attain ef

fective plaque formation on double agar layer plates . 

As a result of these findings , CaCl2, to yield a final 

concentration of 0.33%, was added routinely to all 

seed layer preparations used in the agar layer tech

nique. 
To investigate further the findings that host cells 

cultured in Sobol's broth tended to produce less PFU 

than did cells grown in skimmilk, an experiment was 

conducted in which the seed layer or culh1ral broth 

was fortified ·with riboflavin, proline, phenylalanine 

and h-yptophan and the influence of the fortification 

upon plaque formation . S. cremoris C3 host cells 

with homologous phage were used in this phase of 

the study. The results reveal (Table 2) that the 

additives increased the plaque counts for all series 

with the exception of that for tryptophan which ex-

hibited a depressing action. Of the single additives, 

phenylalanine was the most effective stimulant for 

plaque formation, increasing plaque counts by 32% 

when the seed layer was fortified and 59% when 

added to the cultural medium. However, the mix

ture of additives produced the greatest increase in 

PFU in all h·ials. 
At about the time these studies were in progress, 

a paper appeared by Reiter and Oram (6) in which 

it was reported that niacin, pantathenate, and biotin 

were required by lactic sh·eptococcal organisms. Con

sequently, in all fmther work, these compounds, in 

addition to riboflavin, proline and phenylalanine were 

included as part of the fortification mixture. 

Results were obtained on the effect of fortification 

of host cell cultural media ( skimmilk and broth) upon 

the plaque formation by 7 different phage races 

(Table 3 ) . '\iVith the exception of phage clO, the 

enrichment of the cultural media had a stimulatory 

effect upon plaque formation by lactic sh·eptococcal 

phage with increases ranging from 6 to 35% for the 

skimmilk medium and 23 to 51% for Sobol's broth. 

However, plaque counts of phage clO were depressed 

13% upon fortification of skimmilk and no response 

was noted with emichment of Sobol's broth. 

As a host cell cultural medium, fortified skim

milk yielded higher plaque counts for phage races 

c3, kh, rl, us3, ml3 and clO than fortified broth. 

Thus, despite the increased plaque formation ob

served upon fortification, Sobol's broth did not sup

port maximmn plaque formation, generally. Phage 

c2 was the only phage race studied which yielded 

higher plaque munbers for Sobol's broth than for 

skimmilk. However, fortification of the culh1ral med

ium increased c2 plaque formation by 35% and 25% 

( 
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TABLE 4. RELATIVE EFFICIENCY OF PLATING AS INFLUENCED 
BY THE AGE OF THE HOST CELL CULTURED 

IN V AlU01.'S MEDIA 

Cullural media 
:O:klmmilk Sobol's broth 

Oq;anism 
Age of Unforti- Forti- Unfort!- Forti-

cells fled fied• f ied fied• 

(hr) 

s. cremoris C3 G 
18 
24 

S. cremoris KH G 
18 
24 

s. crem.oris Rl 6 
18 
24 

s. crem.o.ris US3 6 
18 
24 

S. lactis ML3 G 
18 
24 

S. lactis ClO 6 
18 
24 

S. lactis C2 G 
18 
24 

EOP" 

1.00 1.00 1.00 
0.90 0.87 0.70 
0.84 0.63 0.58 

1.00 1.00 1.00 
0.94 1.02 O.G3 
0.90 0.91 0.42 

1.00 1.00 1.00 
0.89 0.93 0.64 
0.76 0.75 0.31 

1.00 1.00 1.00 
0.81 O.G4 1.02 
0.92 0.58 0.84 

1.00 1.00 1.00 
1.03 1.12 0.50 
0.78 0.84 0.24 

1.00 1.00 1.00 
1.21 1.25 0.96 
1.22 1.42 0.82 

1.00 1.00 1.00 
l.lG 1.01 0.89 
1.10 l.Ol 0.80 

"Fortification was at the rate shown in Table 3. 

1.00 
0.47 
0.35 

1.00 
O.G1 
0.32 

1.00 
0.49 
0.19 

1.00 
0.57 
0.20 

1.00 
0.64 
0.68 

1.00 
1.04 
0.86 

1.00 
0.86 
0.52 

"Relative efficiency of plating was based upon the arbitrary 
valu e of 1.00 assigned to th e G hr cells in each of the media. 

; with skirnmilk and Sobol's broth, respectively. 
Various investigators (1, 5) have suggested the use 

of overnight or 18-hr cultures for the preparation of 
the host cell suspension used in the seed layer. Ob
servations revealed, however, that the phage absorp
tion rate appeared to be depressed with aged lactic 
streptococcal host cells ( 4). Consequently, a study 
was made of the influence upon plaque formation of 
the length of incub ation (age) of the host cell used 
for the preparation of the seed layer. Fortified and 
unfortified skimmilk and broth were used to culture 
the host cells. Plaque ·Counts were determined using 
host cells incubated at 30 C for 6, 18 and 24 hr. 
Relative efficiency of plating ( EOP) was calculated 
arbitrarily assigning the value of 1.00 to plaque 
counts obtained with host cells incubated for 6 hr 
in ~ach of the media. 

The results reveal (Table 4) that regardless of the 
cultural media, phage races which were active against 
S. cremor·is strains, generally, yielded maximum plaque 
formation when 6-hr host cells were used, with 

plaque counts decreasing progressively as the age of 
the host cell was increased to 24 hr. S. crem.oris 
host cells carried in fortified broth for 18 or 24 hr 
had a lower EOP than similarly handled cells cui
hued in any of the other three media. 

Similar results were obtained for S. lactis strains 
carried for 6 hrs in unfortified or fortified Sobol's 
broth. In contrast, when skimmilk (unfortified or 
fortified) was utilized for S. lactis host cells, plaque 
counts obtained with 18-hr cells were equal to or 
greater than counts obtained when 6-hr cells were 
used . The use of 24-hr S. la.ctis cells cultured in 
skimmilk yielded variable results for phage m13, 
phage clO, and phage c2 as compared to the series 
using younger cells. 

Thus, considerable variability .in response to age 
of host cells was noted between strains, with phage 
lysing S. cremoris organisms demonstrating a more 
exacting requirement for the use of 6-lu· h ost cells 
in the preparation of the seed layer suspension than 
the phage which were active against S. lactis strains. 
This strain difference was observed earlier for the 
calcium additive requirement. As a result of these 
studies, it is recommended that young ( 6 hr) host 
cell be used routinely in the preparation of host 
cell suspensions for the double agar layer technique. 

Normally, host cells used in these studies were 
either reactivated from frozen skimmilk culhues or 
from a lyophilized state on a regular biweekly basis. 
This was done as a precaution against possible con
tamination and in order to insure an actively growing 
culture. It was noted that where S. crenwris C3 host 
cells were used, vvhich had been kept in an active 
state for an extended period of time, less plaques 
were formed than when the host cells were freshly 
activated from a lyophilized or frozen culture. In 
order to ascertain this effect more closely, an ex
periment was conducted in which one set of host 
cells had been kept in an active state by daily trans
fer of an 0.1 ml aliquot of the previous day's culture 
into fr esh cultural media and by repeating this proc-

TABLE 5. INFLUENCE OF THE Nu;-v!BER OF SElUAL TRANSFERS 
oF S. cmm.oris C3 HosT CELLS UPON TIIEIR ABILITY 

TO Fmn-r PLAQUES vVrTII c3 PHAGE 

Host cell serial 
transfer media 

No. of transfers of 
host cells 

4-10 30-36 

(PFU/ml) 

Skimrnilk-unfortified 1G8 

-fortified" 205 

Sohal's broth-unfortified 91 

-fortified" 107 

132 

145 

13.'5 

113 

"Fortification was at th e rate shown in Table 3. 

Change 

(%) 

-21.4 

-29.2 

-l- 48.4 

+ 5.G 

II 
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ess over a period of 30 days: the other set of host 

cells were freshly activated ( 4 serial transfers) from 

a lyophilized culture. 
Results reveal (Table 5 ) that the host cells which 

were propagated for 30 days in unfortified or fortified 

skimmilk lost 21 to 29% of the plaque-forming ability 

when compared with plaque counts obtained with 

freshly reactivated host cells. In contrast, successive 

h·ansfers of host cells in unfortified Sobol's broth im

proved the plaque-forming ability of the host cells 

by 48%. Only a slight ( 5.6%) effect was evident when 

fortified broth was used as the cultural medium. 

It would appear that adaptation by host cells to 

growth in a partially defined broth increases their 

susceptibility to lysis by phage; for cells carried in 

skimmilk the reverse occurs. This finding may have 

practical commercial application as current starter 

culture practices recommend the use of freshly re

activated cultures on a regular basis which would, 

in turn, increase the susceptibility of such cells to 

phage action. Conversely, earlier cheese plant prac

tices have involved reuse of starter cultures over 

long periods of time by carrying cultures in an active 

state by daily transfer or by using whey from the 

previous day's run. This practice may, in effect, 

have reduced the phage susceptibility of the cultures 

when considered in terms of the findings in this 

study. 
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AMENDMENT TO 
3-A ACCEPTED PRACTICES FOR SUPPLYING AIR UNDER PRESSURE 

IN CONTACT WITH MILK, MILK PRODUCTS AND 
PRODUCT CONTACT SURFACES 

Formulated by 
International Associ.atiO'n of Milk, Food and Environmental Sa·nitarians 

United States Publ-ic Health Service 
The Dairy Industry CO'Inrnittee 

The "3-A Accepted Practices for Supplying Air Under Pressure in Contact \Vith Milk, Milk Products 

and Product Contact Surfaces," published April 1964 , effective date July 26, ]964, are hereby amended in 

the sections indicated below: 

Substitute the following for subsection C. ( 3 ) of 
the April 1964 issue of these Practices: 

3. PIPING: Air distribution piping, fittings, and 
gaskets between the downsh·eam terminal filter 
and the processing equipment except where the 
compressing equipment is of the fan or blower 
type and except as provided in section H shall 
conform to 3-A "Sanitary Standmds for Fittings 
Used on Milk and Milk Products Equipment 
and Used on Sanitary Lines Conducting Milk 
and Milk Products," and Supplements thereto 
except that where air dish·ibution piping, or 
fittings and gaskets do not actually contact the 
product or form a part of the product contact 
surfaces, h·ansparent plastic h1bing may be 
used. 

Delete the words, "High pressure" from subsection 
D. ( 1) (c), and alter subsection to read: 

(c) VVater-lubricated or non-lubricated blowers. 

Add a new Section H , to follow Section G, as fol
lows: 

H. SPECIAL REQUIREMENTS FOR MOVING 
., CONTAINERS F R 0 1\'I ROTATING MAN

DRELS 
(1) When air tmder pressure is used for moving 

containers from rotating mandrel assemblies 
with integral air passages, the parts form
ing the air passages shall be of non-toxic, 
relatively non-absorbent materials. 

( 2) A disposable media filter shall be located 
at the closest possible point upstream from 
the rotating mandrel assembly (See Figure 
#5) . 

Append a new drawing, designated, "Figme 5 Ro
tating Mandrel Assembly," to the series of figures. 

This amendment shall become effective July 26, 
1964. 

FIXED AIR PASSAGE 

AIR PIPE LINE ,Cit..TER 

DRAIN 
VAlVE 

AND MOISTI.IRE TRAP 

INTAKE AIR 
FIJ.TER 

O!SPOSABLE 
MEDIA Flt..TER 

~--COMPRESSIN6 

EQ/.1/PMENT 

FIG. 5 

ROTATING MANDREL ASSEMBLy 

ROTATIN6 
MAN.OREL A.SS 'Y. 
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IN·-LINE CONTROL OF BACTERIA BUILD-UP IN PROCESSING 

AMIHUD KRAMER 

Departm ent of 1-lort'icultllrP., University of Maryland 

In setting up any control system, it is first neces

sary to define exactly what is to be controlled; find 

a precise, accurate, and rapid testing procedure; set

up control stations where the tests are to be taken 

and post results so that action can be taken promptly 

when needed. 

Definition. 
In this discussion our problem may be defined as 

the detection and prevention of bacterial build-up 

anywhere in the processing line that may result in 

the production of an unwholesome, spoiled product. 

Although bacterial spoilage may b e eliminated by 

the application of excessive heat or acidification, such 

excessive treatments may play havoc with flavor, 

color, texture, and other quality attributes of the 

food. The ultimate goal of providing a good quality 

end product may, therefore, be accomplished only by 

the use of sanitary materials and by maintaining 

sanitary manufacturing conditions. These may b e 

controlled by routine testing for bacterial build-up. 

T esting P·rocedures . 
The absolute test of the effectiveness of the process 

is the quality and performance of the finished prod

uct If no cans of product have swelled, or found 

to be off-flavor, or otherwise adversely affected by 

unsanitary conditions, then it can be said that the 

process is under conh·ol; however, if some of the 

cans are lost as a result of swelling or other detri

mental changes, the damage will have already b een 

done irretrievably. Thus, the test must be one that 

will predict rather than measure the final quality 

and performance of .. the finish ed product. 

In selecting an appropriate tes t procedure we must 

consider not only precision, that is , 'vvhether dupli

cates check out closely; but also accuracy, that is, 

whether the test does in fact predict the ultimate 

quality and performance of the finished product 

The time required to complete the test is also of 

major importance. If a test can b e performed within 

fifteen minutes of the time the sample is obtained 

and the results indicate that some difficulty may b e 

encountered, there may yet b e time to change the 

process to maintain the quality of the finished prod

uct However , if a time lapse of days is required 

before test results are obtained, large quantities of 

product may have been manufactured during this 

incubation period, which may end up in a hazardous, 

perhaps unsalable condition. 

\Vhen comparing the plate count method to the 

direct microscopic method in terms of these three 

criteria, we find that the plate ·count method is per

haps more precise, undoubtedly more accurate since 

it counts only live bacteria, but much slower; the 

results becoming available generally in no less than 

24, usually 48, hours after sampling, whereas, there 

is no time required for incubation when the direct 

microscopic method is used. 

It should be pointed out that all bacteriological 

tests, and other microanalytical tests such as mold 

or insect fragment counts, appear to suffer from lack 

of precision; that is, reproducibility, when in fact they 

may be quite precise, but duplic'ates may vary widely 

because of the inadequacy of the sample. It should 

be recognized that the occurrence of such things as 

bacterial spores or mold filaments in foods is in the 

nature of a rare accident. Under such conditions 

the characteristic frequency distribution is the Pois

son. The standard deviation of the Poisson dish·i

bution is the square root of the mean occmrence. 

Thus, for example, a sample having a h·ue average 

count of 4 would have a standard deviation of the 

square root of 4 or 2. This _means that if one determi

nation were made there would be about 2 chances 

out of 3 that the actual count would be 4 ± 2, and 

about 1 chance in 3 that the count would be less 

than 2 or more than 6. There would even be a re

mote chance (about 1/ 100) of the count exceeding 

IO or being 0. This chance for error has nothing 

to do with the precision or the accuracy of the test 

method itself. It is simply due to the nature of the 

material which is being examined which no improve

ment in the method will alleviate. The only oppor

tunity for reducing this error is by increasing the 

number and frequency of sampling. The more tests 

that are made, the more closely will the average 

value of such tests approach the true value for the 

lot. 

In view of the urgency of obtaining results while 

the product is still in the production line, it is sug

gested that the plate count methods be reserved for 

survey types of investigations, such as those con

ducted by the National Canners Association in order 

to detect specific sources and locations of contami

nation . Such investigations may indicate the appro

priate place where further routine quality control 

type testing is to be made, preferably by the direct 

microscopic method, for no other reason but that the 

results will be immediately available. 

, 
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Control Station. 
The tests should be made and the results posted 

as closely as possible to the location in the production 

line where the problem may exist, and where cor

rective action can be taken, r ather than in a central 

laboratory which may be far removed from the line. 

The complete survey should reveal whether the 

contamination is inh·oduced with the raw material 

or other ingredients, whether bacteria grow on sur

faces of equipment or are built-up as a result of ac

cumulation of product or water. Surveys most fre

quently indicate the following equipment as sources 

of bacterical contamination: washers, pumps, flumes, 

pipes, tanks , dewatering screen s, conveyor belts, 

picking tables, quality graders, blanchers, filler hop

pers, filler spouts, mixing tanks, blending tanks, bon

ing tables, dicers, closing machines, blanching or 
cooling water. 

The location of the control station can then be 

established intelligently on the basis of the informa

tion provided by the survey. This may consist of 

one particular spot vvhere the sample is taken, which 

the survey indicated is a particularly troublesome 

point in the line or several spots may be indicated, 

where samples may be removed or material collected 

in any other manner would be utilized for a direct 

microscopic count. 
How many tests should b e made and how fre

quently · they should be made will depend entirely 

on the precision required, and the probability of a 

change in the situation. For example, if it is found 

that a count of less than 6 is satisfactory, and the 

typical count is ordinarily 0 or 1 (except when 

something goes out of control) there is no particular 

reason for making more than one test during a given 

time interval. If on the other hand typical counts 

are abotit ' 4, there would b e a probability of getting 

a value greater than 6 too frequently by chance 

alone to rely on a single count . In such a situation 

it would b e advisable to make perhaps four or five 

cotmts at one time and report average values. All 

the information available on the characteristics of 

the process should be utilized to make the counts 

where and when they will b e most useful. For ex

ample, if it is known that counts are generally high 

at the beginning of an operation, or immediately fol

lowing a meal break, testing should be concentrated 

at such times. If th'e use of a new lot of raw material 

may cause a shift in count levels , testing should b e 
increased at such times. 

Report·ing. 
l Results obtained at the control stations should be 

posted immediately on the control charts so that 

action may be taken promptly whenever counts go 

out of control. For the greatest usefulness and like

lihood of success, the results should not go into a 

laboratory notebook only, but should be posted 

prominently at or near the location where action if 
needed would be taken. Posting the data in the form 

of a control chart makes it possible to view the 

progress of the production operation on a continuous 

basis, indicating clearly and promptly when action 

should or should not be taken, and also indicating 
developing trends which may point to action even 

before the situation has gone out of control. In 

Figure l is an example of a P chart which would 

apply to such counts. vVe assume that the counts 

on the average are about 5 and in order to obtain 

the desired precision, we average 5 counts. W e set 

our upper and lower control limits as follows: 

3y ~ 
11 

where c is the average count; · and n is the number 

of tests averaged. Thus in our example: 

3\11.- = 3 
0 

Thus, the upper conh·ol limit is 5 + 3 = 8 and the 

lower control limit is 5- 3 = 2. vVe decide that these 

five tests should be done at h ourly intervals, and 

come up with the r esults shown in Figure l. 
Thus in practice we decide to take five samples 

within an hour period, and post these individual re

sults in the lower part of the Figure, opposite the 
spaces filled under "Samples", l. .. 5, for "Time" 8. 

vVe then sum these five counts as shown in the 

Figure in the row starting with the symbol "~". Next 

the mean of this sum is obtained by dividing the 

sum ( ~) by the number of individual tests ( 5), and 

this is recorded in the next line starting with the 

symbol "P". This mean value is then located on 

the control chart shown as the upper part of Figure 

l , where the vertical axis is the scale of counts, and 

the horizontal axis is time in hours. 
Note that the first set of five tests taken at 8 a.m. 

averaged 11, indicating an out of control situation 

which apparently was corrected by 9 a.m. Although 

the remaining averages shown did not exceed the 

upper control limit of 8, the trend is unmistakable, 

thus it would be well worthwhile to take fmther 

action by 2 or 3 p.m., without necessarily waiting for 

a given average to again exceed the count of 8. 

Act'io·n. 
The control chart will indicate when action should 

be taken . It may or may not point directly to the 

specific action to be taken. If, for example, the 

results are taken from a test of a conveyor belt which 

is continuously dipped in a sanitizing solution, it 

may be obvious that the solution should be changed 
or more material added. In other instances the cause 

of the build-up may not b e obvious, so that something 
of an investigation may b e required before the cause 

of the build-up is found and corrected. The follow

ing are some suggestions given by G. A. Vacha, 
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STATISTICAL QUALITY CONTROL CHART 
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P= 
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Sam p les 
I 17 4 2 I 4 7 3 3 10 6 4 10 

2 12 7 0 6 2 4 5 6 4 6 10 6 

3 6 2 I 4 5 8 2 3 5 8 8 5 

4 10 0 4 7 2 2 6 5 5 3 7 10 

5 10 2 3 2 2 4 4 8 6 7 6 9 

r 55 15 10 20 15 25 20 25 30 30 35 40 

p II 3 2 4 3 5 4 5 6 6 7 8 

T i me 8 9 10 II 12 I 2 3 4 5 6 7 

F igure l. A statistical quality control chart for recording cow1t levels. Individual counts taken at specific tim e intervals 

are recorded, summed, and averaged in the lower part of th e Figure, and the mean count values posted on the chart. 

UCL is the upper control limit. P is the desired mean count, and LCL is the lower control limit. 

Minnesota D eparhnent of Agriculture for action 

which may minimize contamination: 
l. Before cleaning dismantl e or open the equipm ent as far 

as possible. 
2. Disconn ect lines where possible or open cut-outs to 

avoid washin g debris from one piece of equipment to the next. 

3. Remove as much was te as possible with brush shovel 

broom or other appropriate tool. ' ' 

4. Rinse surfaces to ·•be cleaned with water to remove food 

residues. 
5. Clean surfaces with hot water with an added detergent 

specifica lly formulated for the removal of a particular type 

of soil. Use cleaning aids such as high pressure or brushes 

to remove tenacious deposits . 

6. Complete the cleaning by thoroughly flushin g with hot 

water to remove detergent residues, and final ly rinse with 

cold water to cool equipm ent below 80 F. 

7 . Al low equipment to drain and air-dry. 

8. Do not depend on high pressure steam to sterilize 

equipm ent; in many instances the steam spreads contami

nation b y blowin g it from crevices and cracks onto equipm ent 

which has been cleaned. 

9. Before resw11ing operations, sanitize equipm ent by rins

ing or spraying the equipment with a chlorine solution which 

contains 100 to 200 parts per miUion. 

10. Sanitize in sam e mann er water pipes used for re

circulating wash water and for pumping peas, corn, etc., as 

well as brines and syrup. 

11. Avoid contamination of equipment by spatter from 

floors or from contaminated equipment. 

12. Keep hoses used for rinsing equipm ent off the floor. 

13. Make sure that water used for brine, syrups and for 

cleaning is free from contamination. ' Vater storage tanks 

must be frequently drain ed, cleaned and sanitized so as to 

eliminate bacterial build-up. 
14. Thoroughly back-wash and sanitize regularly water 

filters and water softeners. Bacterial build-up by accumu

lation and actual growth is very common in such equipment. 

15. Eliminate dead ends in water pipes, brine and syrup 

pipes and pipes used for transferring foods from one place 

or equipment to anoth er. 

16. Eliminate dead ends in flwn es, sharp curves, bad 

solder and welded joints. 
17. Provide in-plant chlorination and maintain a chlorine 

residual of 1 ppm in the plant water supply. Provide con

trols so the chlorine content can be increased to 25 ppm 

or higher during cleaning operations. 

18. Eliminate scale from the surfaces of pipeline blanchers, 

water pipes and equipment surface. Such deposits may 

hru·bor thermophiles and other types of microorganisms. 

19. Keep viners clean so as to reduce the contamination 

of peas and lima beans. 

20. Pea boxes, bins, etc . must be in good repair and 

washed after each t~ip to the plant. Rinsing the boxes 

and bins with a chlorinated final rinse is recommended . 

21. Clean daily and sanitize corn huskers and cutters. 

, 
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22. Replace wooden husker and cutter bins with metal 

ones, and clean and sanitize daily. 

23. Keep cooling tru1ks clea11 and chlorinate cooling tanks 

or Callais. Satisfactory chlorine residual is 2 to 5 ppm. 

24. During cmmin g ru1d freezing operations periodicall y 

rinse equipment, conveyor belts, p icking tables with water 

to prevent accumulation of debris, thereby physicall y re

moving lru·ge nun;bers of microorganisms. 

NEW S AND EVENTS 

25. During a breakdown, rinse off equipment and cool 

it clown below 90 F so as to arrest bacterial growth . 

26. During short period shutdowns keep washers, dewater

ing screens, blanchers and similar equipment n.um ing, a11d 

c:col down to below 90 F. 

27. Use only sugar, starch, salt, spices which h ave been 

tested and approved by a reliable laboratory. 

11 AND THIS IS PO RTLAND!11 

SITE OF IAMFES 51 ST ANNUAL MEETING 

Portland, Oregon, located near the head of the river 

navigation for deep-sea vessels, is the Columbia Empire's 

gateway to the seven seas of the world . It is a thriving 

industrial and seaport c ity of some 402,300 people, a 

transportation hub of rail s, steamship and a irplane rou tes. 

Majestic Mt. Hood, 62 miles d istant, 11,245 feet h igh, 

snow covered the year round is clearly visible from th e 

city. 

A CITY is a horde of n atives in an orderly jungle, 

its air heady with t11e pungent perfume of indush-y 

and raucous with the cry of the untamed taxicab . 

It is a seat of government, a hub of commerce, a 

center of entertainment and learning, and a rainbow 

terminus where some find a pot of gold and some 

~nd a pot of free mission stew. 

It is churches and theaters, parks and parking lots, 

freeways and alleys, hotels and suburban Edens. 

It is a p otpourri, spiced by variety. 

To the dweller in this concrete honeycomb it's a 

The Columbia River has carved one of the world's most 

beautiful and majestic gorges through the heart of t he 

Cascade Mountains. Here at Crown Po int the Gorge 

stretches in magnificen t panorama. Across t he river 

loom the Washi ngton sho res. Crown Poi nt, 24 mi les east 

of Portland, Oregon, is 750 feet about the river. 

place to take a vacation from (but to return to in

evitably with fascination ), and to the country dweller 

the city is a mecca to visit as often as an excuse can 

be found. 

All of these things are of a metropolitan atmosphere. 

But a city can have something else - undefin able 

but perhaps b est called personality. It is this in

tangible attribute that inspires people to refer to a 

population center as "The City," with the capital 

letters apparent even in their speech . 

Every state has a t least one such metropolis. In 
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Oregon, it's Portland, a city that is many things to 

many persons. 
"Why do Portlanders n eed vacations?" a recent 

newcomer asked, and he was more than half serious. 

"They live in the kind of place most people look for 

when they're vacationing." 
A remark like this can jolt a native Portlander into 

a new awareness of his surroundings. Perhaps no

where else are there so many people who take for 

granted a setting so spectacular. 
There are few places in Portland from which tl1ere 

is no view of Mt. Hood, the craggy, snow-capped 

11,245-foot peak that is the highest point in the 

state and a winter wonderland that is little more 

than an hour's drive from downtown Portland. On 

its slopes can be found skiing all year around - it's 

best from November to May - and activities to in

trigue the hiker, mountain climber, camper, huckle

berry picker and those who perfer the less physical 

pastimes like picking olives from martinis and star

ing pensively into the giant stone fireplace in Timber

line Lodge. 
Only a little farther in the opposite direction from 

Portland is Oregon's unspoiled coast, where only 

whim and pocketbook dictate whether a visitor throws 

himself into the informal hubbub of a resort to·wn 

or walks in solitude on a beach of white sand where 

the only sounds are the sigh of surf and the reedy 
cries of gulls. The camera and the artist's easel are 

as pertinent as the clam shovel in a b eachgoer's gear. 

Portlanders and their visitors need not go that far 

for water fun. If a tugboat captain rams one of 

the eight bridges tl1at span the vVillamette River on 

its course through the city, he can blan1e tl1e dis

h·action of damsels sunning tl1emselves on the decks 

of pleasure craft. These boats rub gunwales with 

sternwheelers, ocean-going freighters and tankers and 

the excursion boats that ply both the Willamette 

and the nearby Columbia River. A look at Port

land's port is as easy as a walk to the foot of any 

east-west sh·eet. 
To visitor can ever forget an excm·sion boat ride 

up the Columbia, for a mid-river vantage point per

haps offers the most breath-taking view of the tower

ing, timber-topped cliffs and tl1e white plumes of 

waterfalls that make the Columbia Gorge a scenic 
wonder. Rooster Rock State Park, a swimming and 

boating paradise only 23 miles east of Portland in 

the Gorge, is the second most frequently visited of 

Oregon's state parks, and it is an afterwork spa for 

many Portlanders who enjoy the relaxation of a swim 

and a beach b arbecue supper, followed by the deep 

peace tl1at comes with sunset on a beach dotted with 
the dying embers of campfu·es . 

While stream and lake angling, deep sea fishing, 

hunting and other outdoor sports are readily avail

able, many a guest of Portland does not have tl1e 

time for or inclination toward such activities. For 
these, the city itself offers diversion in abundance. 

The badge of tl1e conventioneer is seen in very 

corner of the meh·opolitan area, be its wearer ¥! 
search of night life, unusual cuisine, theater, sy~
phony, art, golf, chmch services of his denomination , 

scenic chives or simply a look at the blooms that 

have made Portland known as the City of Roses. 

Has he a taste for crawfish?. H e can find them, 

prepared to succulent perfection by an expert chef. 
Does his palate yearn for French, Mexican, Chinese, 

Italian, Japanese, Swedish, German, Polynesian or 
Western "chuckwagon" delicacies? No problem, for 

Portland's cosmopolitan cookery embraces everything 

from steaks to sauerbraten, from pizza to prime rib, 

from chicken cacciatore to chow mein and from but

termilk to Bavarian beer. He can dine in a sedate 

Victorian home, a South Sea garden of bamboo and 

waterfalls, a candle-lighted Early American inn or a 

contemparary lounge with a view. 
These things are within a short distance of the 

major hotels . So are the night spots, the movie 

theaters , the Civic Theater with its stage plays, the 

Auditorium with its local and visiting symphony 
orchesh·as and solo artists, the Art fuseum witl1 its 

fine collection of Northwest Indian artifacts, the 

Oregon Historical Society's mus e um and library, 

chmches of all denommations and the International 

Rose Test Gardens established in 1917 and one of 

only a handful of such gardens currently operating in 
this country. 

The test gardens, located in ViTashington Park, con

sist of a series of display beds in which new varieties 

of roses from many parts of the United States and 

from countries abroad are carefully nursed by Curator 

Rudy Kalmbach, an expert on rose culture. 
Portland is a city of greenery. It is emerald-stud

ded with parks and golf courses. The tree-canopied 

Park Blocks, a verdant strip through the h eart of the 

business district, serve as a campus for Portland State 

College students and as an oasis of grass, fountains 

and park benches for foot-weary shoppers, tourists 

and citizens who seek a quiet haven in which to 

enjoy a book or newspaper, feed pigeons or just 
plain loaf. · 

Tot only in the Park Blocks but elsewhere in the 

city it vvould be difficult to throw an inkwell without 

hitting a college sh1clent. Portland's intellectual cli

mate is warmed by Reed College, which has an 

international reputation as an incubator of Rhodes 

scholars; Lewis and Clark College, the University 

of Portland, Cascade, Multnomah and ' iVarner Pacific 

Colleges, and the University of Oregon's Medical and 
D ental Schools. 

Anyone who knows Portland h·ies to be on hand in 

June. Early in tl1at month each year the entire 

population willingly drops city sophistication to par -

, 
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ticipate in a week of infectious fantasy. During the 
annual Rose Festival, the bemused mayor and city 
commissioners find themselves subjects of a teenage 
Queen of Rosaria, chosen and crowned in elaborate 
ritual. Parades, pageantry, stadium shows and more 
events than any one person could witness in seven 
days make the fete a carnival that yearly draws 
visitors from many states and Canada. 

From farther away than that have come many 
of the residents of Portland's modern zoo, an artisti
cally designed ath·action that fascinates even those 
urbanites who are somewhat blase about being stared 
at by monkeys and beaTs. A former golf course, the 
new zoo shows off animals from all corners of the 
earth in natural, unbarred grottoes. 

Prime attractions are the penguins, netted near 
the South Pole in a personal expedition by Portland's 
zookeeper, Jack Marks. Two miles of narrow gauge 
track winding through the zoo and linking it with 
Washington Park are kept shiny by constant passage 
of miniature trains, almost always hauling more adults 
than children. Moonlight rides carry passengers 
through scented firs in the cool of night, with a stop 
at a high point for a view of the light-jeweled city. 

For the convention visitor and his family there is 
leisurely shopping in nearly every district. Newest 

PETER L. MILLER ELECTED PRESIDENT OF NADEM 

Elected as directors of the National Association 
of Dairy Equipment Manufacturers at its 19th An
nual Meeting held at the Kenwood Golf and Country 
Club, Bethesda, Maryland, on May 19 to serve for 

; a three year term were Marvel J. Heinsohn, Sales 
Manager, Portersville Stainless Equipment Corp. , 
Portersville, Pennsylvania, and Walter Z. Meyer, Sales 
Manager, Food Processing Equipment Division of 
the Paul Mueller Company, Springfield, Missouri. 

Peter L. Miller, Vice President of the Chester
Jensen Company, Chester, Pennsylvania, was elected 
President of the Association at the Board of Directors 
meeting immediately following the Annual Member
ship Meeting on May 19. Walter Z. Meyer was 
elected Vice President and Marvel J. Heinsohn was 
elected Treasurer. 

Peter Miller succeeds Robert ·walker who is re
tiring President of NADEM and President of ·walker 
Stainless Equipment Company, New Lisbon, \Viscon
sin. 

·l 
At the Board of Directors meeting on May 19, John 

Marshall was re-appointed as Executive Vice Presi
dent and the firm of Fistere and Habberton was 
again retained as General Counsel for the ensuing 
year. Other members of the Board of Directors are 

of the giant marts is the Lloyd Center, complete with 
deparhnent stores, shops of every description, restau
rants, markets, a cocktail lounge overlooking an ice 
skating arena, an ultra-modern hotel and a park. 

Portland's restless vigor is evident in other new 
landmarks. An addition to the skyline is the $8,000,-
000 Memorial Coliseum, a striking architectural mar
vel of glass, concrete, steel and wood surrounded by 
vast parking facilities. It is designed to handle any
thing from a hockey game to a regional basketball 
tournament, and from a local meeting to a national 
convention session. 

A ne\ov airport terminal is the first part of P01tland 
seen by visitors who arrive by air, and an impressive 
introduction it is - with acres of lobby, escalators 
betwe: n all levels, coffee shop, restaurant, cocktail 
lounge, shops and observation deck. A persistent 
rumor is one that a newcomer spent a week living in 
one of the plushy furnished conference rooms, con
vinced he was in a fine Portland hotel - but this 
story is given no credence by airlines officials. 

Anyone who visits this Oregon metropolis is likely 
to talk about it for some time. Many of the staunch
est boosters among Portland's permanent residents are 
those who came on what they intended to be a visit. 
They came, they saw and they were conquered. 

James Brazee, Vice President for Sales & Marketing, 
CP Division, St. Regis, Chicago, Illinois, Emil Ho\>ve, 
Manager Market Development, Ladish Company, Tri
Clover Division, Kenosha, \ 1Visconsin, and Robert 
Walker. 

CONGRESSIONAL HEARINGS ON FEDERAL 
GOVERNMENT PAPERWORK 

Congressman August E. Johansen of Michigan, Act
ing Chairman of the House Subcommittee on Census 
and Government Statistics of the Post Office and 
Civil Service Committee, presided at the Public Hear
ing held in the Cannon Building June 1, 1964, con
cerning the problem of the federal government "Paper 
Work Jungle." 

He welcomed the first witness, John Marshall, 
Executive Vice President of the rational Association 
of Dairy Equipment Manufacturers, \Vashington, 
D. C., who is also the Regional Vice Chairman of the 
Manufacturing Trade Association Group of the Na
tional Industrial Council and Chairman of its World 
Trade Committee, a group representing more than 
75,000 plants engaged in the manufacture of ma
chinery, equipment, etc. 

Mr. Marshall stated that his association which rep-
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resents 38 major manufacturers of industi·ial dairy 
plant processing and packaging machinery and equip
ment most of whom are considered as small businesses 
are greatly interested in cooperating with the Bureau 
of Census of the Department of Commerce and with 
the Deparhnent of Agriculture in completing neces
sary forms to secure relatively complete and reason
ably accurate industi·y statistics. Such statistics are 
important to both industry and government since the 
dairy industry is not only one of the largest farm 
enterprises representing a return to dairy farmers 
of nearly five billion dollars of cash income each 
year or about 117 of the total income of all farms. 

He stated that in 1962 the latest available Bureau 
of Census data showed that our members' customers, 
that is, milk processing plants, employed more than 
275,000 persons whose total payroll exceeded 1 billion 
415 million dollars and the value of shipments from 
these plants of all dairy products exceeded 11 billion 
450 million dollars that year. 

Mr. i\llarshall commended the Committee for its 
interest in the paper work problems of businessmen, 
and for providing a forum where their complaints 
could be heard. 

i\IIr. Marshall's complaint to the Committee was 
that while for many years his members had been 
filing numerous government reports required of such 
manufacturers, that it was impossible to obtain from 
any government bureau either ( 1 ) the dollar value 
of industrial dairy plant processing and packaging 
machinery and equipment manufactured annually in 
the United States, or (2) the dollar value of imports 
of such equipment which we know am01mts to tlu·ee 
to five million dollars or more per year . He further 
stated that it was most annoying and beyond com
prehension to find top government career officers 
charged with the responsibility of establishing policy 
to permit of tabulation of reasonably adequate and 
correct data, throw stumbling blocks in his way and 
seemingly use means to delay government action to 
compile such infortnation from reports now being 
filed. 

Congressman Johansen stated that the Subcommit
tee would look into these charges when it calls in the 
federal agencies later this month. 

FOOD FORUM FO.R TOP MANAGEMENT 
TO BE FEATURE OF DAIRY & FOOD 
EXPOSITION IN CHICAGO IN FALL 

"Food and the Future: Concepts for Planning" 
will be the theme of a two-day industry-wide forum 
for top management of food processing operations, 
October 8-9, 1964, at i\IIcCormick Place in Chicago. 

The forum will occur on the final two days of the 
Dairy and Food Industi·ial Exposition, October 4-9 

at McCormick Place, and persons eligible to attend 
the Exposition will also be eligible to participate in 
the seminar. 

Four major speakers have already been retaW.e d 
to address the seminar. These are: 

Dr. James R. Bright, Professor of Business Ad
ministration, Harvard Graduate School of Business, 
who will discuss the impact of technological change 
on the food industry; 

Dr. E. M. Foster, Professor of Bacteriology of the 
University of :wisconsin, who will discuss microbi
ology of the food supply and environmental control 
in the food industries; 

Dr. A. T. McPherson, Physical Sciences Adminis
ti·ator, U. S. Deparhnent of Commerce, a recognized 
expert on synthetically produced nutrients, who will 
discuss possible chemical bases for the food supply 
of the next century; and 

Dr. R. G. H. Siu, Chairman of the Army Research 
Council, Deparhnent of Defense, ·washington, D. C. , ' 
whose subject is yet to be announced. 

The forum is sponsored by Dairy and Food In
dustries Supply Association, which is also the sponsor 
of the Dairy and Food Industrial Exposition. The 
Exposition, with more than 300 exhibits of supplies, 
equipment, and services for the dairy and food proc
essing industi·ies, will occupy the entire seven-acre 
exhibit level of McCormick Place. 

The forum sessions will be held in the meeting 
rooms on the registi·ation level of McCormick Place. 
Admission will be by badge only and advance reser
vations will be r equired for forum attendance. 

Further program details and reservation procedures 
will be announced at a later date. 

LITTER JAM 

This year's highway litter, if laid end to end, would 
create the world's record traffic jam. 

In fact, it would bring all traffic to a dead stop 
on the preferred 3,000-mile route between New York 
and San Francisco, reports Keep America Beautiful, 
Inc., the national anti-litter organization. 

KAB says the rubbish that will be dumped on 
streets and highways in 1964 if concenti·ated would 
bury the ti·anscontinental route a foot deep in dis
carded wrappers and cartons, paper cups, plates, 
tissues, cans, bottles, garbage and such assorted trash 
as old mattresses and automotive parts. 

KAB based its graphic picture of the national "litter 
harvest" on an estimate from the U. S. Bureau of 
Public Roads, that up to 20 million cubic yards of 
litter will be dumped this year bn the nation's streets 
and highways. 

"It will cost taxpayers over a hundred million 
dollars to clean up the highway mess this year," said 

( •• I 
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Allen H. Seed, Jr. , executive vice president of KAB . 
"And the cleanup won't be permanent! The only 
real solution is education. 

"We can all give a hand," Seed continued. "Put 
a litterbag in your own automobile and use it. \Vhen 
the bag is full , empty it in a trash receptacle along 
the way, or take it back home with you and get rid 
of it there. It may seem like a very little thing to 
do. But today's highway litter jam is made up of 
'little things' - millions and millions of them! If each 
person will just dispose of his own litter properly, 
there would be no highway litter problem." 

THIRD DRAFT OF PHS MILK 
ORDINANCE TO BE CIRCULATED 

Public Health Service representatives and 12 milk 
sanitation specialists met in \Vashington, D. C. , June 
1-5, to review the draft of the proposed Pasteurized 
Milk Ordinance and Code - 1964 Recommendations 
of the Publ·ic H ea.lth Service. 

Seventeen hunch·ed copies of the draft had b een 

distributed in March to the States, selected communi
ties , and all segments of the dairy industry for critical 
review and comment. 

At the Washington meeting, personnel of the Milk 
and Food Sanitation Branch of the Service's Division 
of Environmental Engineering and Food Protection, 
and a panel representing the fields of milk sanitation 
administration, technology, enforcement, and educa
tion, evaluated the comments and recommendations 
received. 

Following this review, the panel recommended for 
further study the preparation of another draft of the 
proposed revision, incorporating many of the sug
gestions. 

The Service endorsed the panel's recomm endation 
and anticipates completion of the draft rewrite by the 
latter part of August for dish·ibution to milk regul atory 
agencies and the dairy industry for review. 

If necessary, the panel will be reconvened during 
the Fall to assist the Service in completing the re
VISIOn. The panel includes the following members: 

Mr. Harold J. Barnum, Chief, Milk Sanitation Sec
tion, Environmental H ealth Services, Denver D epart
ment of Health and Hospitals , 659 Cherokee Street, 
D enver, Col01·add 80204. 

Mr. George Bauer, Director, Department of Public 
Health and W elfare, Springfield, Missouri. 

Mr. Paul Corash, Executive Director, Meh·opolitan 
Dairy Institute, Inc., 60 East 42nd Street, New York 
17, New York. 

Mr. \ iVilliam A. Dean, Jr., Bowman Dairy Company, 
140 West Ontario Street, Chicago 10, Illinois . 

Mr. G. A. Homan, Vice President, Sales, i\!Iilk Plant 
Division, The DeLaval Separator Company, Pough-

keepsie, New York. 
Mr. Shelby Johnson, Director, Food and Drug 

Program, Division of Environmental H ealth, Depart
ment of H~alth, 275 East Main Street, Frankfort, Ken
tucky 40601. 

Robert W . Metger, DVM, Director of Quality Con
trol, Dairymen's League Co-Operative Association, 
Inc., 402 Park Street, Syracuse, New York. 

!v[r . Alfred E. Reynolds, Chief, Bureau of Dairy 
Service, State D : partment of Agriculture, 1220 N. 
Street, Sacramento, California 95814. 

Mr. Elbrege D. Sullivan, Vice President, Central 
Oklahoma Mi1k Producers Association, Route No. 2, 
Lawton, Oklahoma 73501. 

Mr. Clinton Van D evender, Supervisor, Milk Con
trol Program, State Board of ·Health, Jackson 5, Missis
sippi. 

J\i[r. H . H. Vaux, Director, Division of Dairy Prod
ucts , Indiana State Board of H ealth, 1330 We~t 

iVh chigan Street, Indianapolis , Indiana 46207. 
Dr. K. G. Weckel, Professor, Dairy and Food In

dustries, Babcock Hall, The University of \i\Tisconsin, 
Madison, Wisconsin 53706. 

KOSIKOWSKI DECORATED BY 
FRENCH GOVERNMENT 

A Cornell University professor, Frank V. Kosi
kowski of the dairy and food science department, has 
been decorated by the French Government "for serv
ices rendered to the science of dairying, both in your 
homeland and in the international field." 

Presentation took place during an international 
meeting on dairy education sponsored by the Food 
and Agriculture Organization of the United Nations 
in Paris, June 2-8. In attendance were some 100 
scientists and teachers from more than 40 countries. 

Kosikowski received the "Croix D'Officier Du 
Merite Agricole," a decoration established by Na
poleon III . He is only the second American to have 
received this since its establishment. 

In a speech delivered at the presentation, a rep
resentative of the Minister of Agriculture of the 
French Republic said, in part, of the Cornell pro-
fessor: 

"You have contributed to the advancement of 
knowledge by at leas t 130 scientific publications on 
dairying and food in general, including a book in 
collaboration with M. l\IIocquot, head of the Milk 
Research Centre at Jouy-en-Josas. 

"You have also carried out numerous missions: In 
France and Europe in 1952 and 1955; in Ireland in 
1959; in Puerto Hico in 1961; in Denmark in 1962; 
and in Italy in 1963. 

"In your capacity of consultant at F AO, you have 
devoted a great deal during the past 12 months to 

------------------------------------------------
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the preparation of this international meeting on pro
fession al teaching and h·aining which shows every 
sign of being a great success. 

"It is these outstanding merits and this devotion 
to the cause of teaching and research in dairying, to 
which such significance is attached by M. Pisani, 
the French Minister of Agriculture, and by the Di
rector General of Agricu1tural Education, M. Sou
pault, that the French Government wishes to honour 
in conferring this distinction, seldom bestowed on 
foreigners." 

LANGLOIS APPOINTED ASSISTANT PROFESSOR 
AT UNIVERSITY OF KENTUCKY 

Dr. Bruce E. Langlois has been appointed assistant 
professor of D airy Science at the University of Ken
tucky. Dr. D . M. Seath, chairman of the D eparhnent 
of Dairy Science at the University made the announce
ment recently. Dr. Langlois assumed his new duties 
the first part of June. 

Dr. Langlois will work in the field of dairy bac
teriology. H e will be continuing a project on market 
qualiti~s of fluid milk as well as initiating other proj
ects both in the field of bacteriology and biochemis
try. The appointment combines both research and 
teaching duties . 

Born in New Hampshire, Dr. Langlois received the 
Bachelor of Science degree from the University of 
his native state in 1959. H e mOljored in Dairy Tech
nology. He then moved to Purdue University where 
he earned the Ph . D. degree in 1962. His disserta
tion was based on a study of free fatty acids in the 
swiss-type cheese produced at Purdue. 

After receiving his advanced degree, Dr. Langlois 
was appointed an assistant professor at Purdue and 
worked on a number of projects involving insecticides 
in poultry and dairy products. He has published 9 
papers in the past . several years dealing with resi
dues of the materia! in food and methods of identi
fication of the pesticides. 

Dr. Langlois is married and the father of one child. 
H e is a member of the American Dairy Science 

Association and Sigma Xi. His appointment fills a 
vacancy in the D epartment of D airy Science created 
by the untimely death of Dr. W . E. Glenn. 

ISM ANNOU NCES ANNUAL 
CONFERENCE p,ROGRAM 

The Institute of Sanitation Management has an
nounced the complete program for its forthcoming 
Sanitation Maintenance Conference. The Conference 
will be held September 21-24, at the Hotel Commo
dore in New York City. The accompanying Sanita-

Classified Ad 
FOR SALE 

Single Service m il k sample t ubes. For fur the r inforn\a
tion and a cat alogue please write, Dairy Technology, Inc., 
P. 0. Box 101 , Eugene, Oregon. 

CLEAN 
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Britex DRINK 
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tion Maintenance Show will be held September 20-
22, also on the b allroom floor of the Commodore. 

Registration fees will be $10 for members, $15 for 
non-members for the full Conference, with fees of $5 
for members and $7 for non-members for any one 
day. There is no fee for visiting the Show exhibits. 

A total of 8 sessions will be held dming the Con
ference, but with many concurrent "Cracker Barrel" 
sessions, the actual number of individual meetings 
totals 26, with 32 different subjects up for discussion. 
The Cracker Barrel sessions are also designed as in
formal meetings, so that a far wider range of sub
jects will be taken up than appears on the program. 

The Show will again open on Sunday, September 
20, from 1:00 p.m. to 5:00 p .m. , for those regish·ants 
who are unable to get away from their work during 
the weekday Show hours. On Monday, the exhibits 
will be open after the morning Conference sessions, 
from noon to 5:00 p.m. The final session of the 
Show will be h eld on Tuesday morning, from 9:00 
a.m. until noon, before the Conference opens. ISM 
reported a brisk sale of exhibit space, promising to 
match its first Show in 1956 at the New York Coli
seum. 

The Conference program has been so designed by 
the Chairman, Richard Ehmann of the Port of New 
York Authority, that there will be no major meetings 
running concurrently, and that no meeting will con
flict with Show hours. The emphasis will be on the 
intense, informal discussions that have developed 
over four years of the Cracker Barrel type of session. 

, 
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FOOD EXECUTIVES ADDRESSED BY 
EXPERTS ON INTERNATIONAL LAW 

Food law experts from Canada, :tvlexico and the 
United States were among the featured speakers at 
Foods On The Move '64, the fifth in the Food Update 
seminar series for food executives, held recently at 
the St. Moritz in New York City. 

Keynote speaker at the session devoted to inter
national food law developments was Franklin M. 
Depew, Esq., President of The Food Law Institute, 
Inc., whose organization is sponsor of the seminars. 
Mr. D epew discussed the work of groups and in
dividuals in different parts of the world to evolve 
generally acceptable food standards and thus pro
mote international h·ade. H e cited the leadership of 
Dr. Carlos A. Grau of Argentina in helping to de
velop the Latin American Food Code as being of 
particular value. Mr. D epew noted that educational 
forums such as Food Update have helped to alert 
American businessmen to both the hazards and op
portunities presented by developments in the field 
of international food law. H e observed that the in
formed counsel of American industry is essential if 
the United States Government is to b e h·uly effective 
insecuring the adoption of acceptable food standards 
by the Joint FAO-WHO Codex Alimentarius Com
mission (Food and Agriculh1re Organization-World 
H ealth Organization). While much progress has 
been made, Mr. D epew said, the Commission still 
faces difficult problems in attempting to develop 
safety and purity standards suitable for both techn
ologically advanced and developing countries. TI1ere 
is also general agreement on the need to proceed 
promptly with work in harmonizing existing stan
dards , he stated . 

John L. Harvey, Esq. , D eputy Commissioner, Food 
and Drug Adminish·ations, USA, spoke on recent 
and current matters concerning food laws and reg
ulations in this counh-y. In discussing food additives, 
color additives, and pesticides, Mr. Harvey pointed 
out that in order to protect the public health and 
safety, the need for adequate governmental inspec
tion and analytical conh·ol in these areas is approach
ing that now applicable to drugs. H e described how 
the FDA had recently been reorganized to provide 
better, more efficient consumer protection. Mr. Har
vey also discussed the FAO-WHO sponsored move 
toward international food standards from his vantage 
point as Chairman of the Codex Alimentarius Com
mission . The objectives of the Commission, h e said, 
include the establishment of food standards which 
-4\rill serve as a sound basis for international trade and 
aid in eliminating h·ade b arriers set up in the guise 
of "s tandards." H e also noted that the Commission 
aims at serving as the point of guidance and co
ordination for many different organizations already 

engaged in elaborating international food standards 
in order to utilize most effectively the wealth of ex
pertise in this field. 

Dr. L. I. Pugsley, Associate D irector, Food and 
Drug Directorate, Deparm1ent of National Health 
and \".lelfare, Ottawa, Canada, h·aced some of the 
principles of food legislation which have evolved over 
the years in Canada, and indicated how they have 
been consolidated in the present Canadian Food and 
Drugs Act. Dr. Pugsley also rep orted on the FAO 
regional seminar on food legislation held at Bangkok, 
Thailand, in 1962, which he attended as a consultant. 
The food regulatory legislation and methods of en
forcement used by each country represented at the 
regional seminar differed widely, Dr. Pugsley stated. 
Many of the governments we~.;e taking active steps 
to up-date their food legislation and to provide more 
comprehensive standards for foods. 'While the coun
tries are interested in laws to protect people against 
health hazards and deception, there is also much 
interest in the international marketing aspects of 
food legi,slation, especially in establishing grade stan
dards to · augment the reputation of their foods in 
world markets, Dr. Pugsley said. He also outlined a 
proposed model food law drawn up for the coun
tries in Asia and the Far East. 

Dr. Rafael Illescas Frisbie, Director of Food & 
Drug Control, Mexican !\1inistry of Health, spoke on 
the development of legislation covering foods, drugs, 
and cosmetics in his counh-y. 

Dr. Illescas noted that the Mexican food industry 
has expanded rapidly and includes a number of large 
American as well as national plants, but there is still 
a need for improvement capital and for modernization 
of production methods to keep pace with the grovving 
population. H e noted that imports to :Mexico are 
handled through the Secretariad de Indush·ia y Com
ercio, and all h·ade activities are guided and govern
ed by international commercial h·eaties . In outlining 
some of the factors to consider in exporting foods to 
Mexico, Dr. Illescas suggested that particular care be 
given to the size and nahu·e of prospective markets 
for relatively expensive ,imp orted foods and bever
ages. Dr. Illescas also cited the importance of con
sidering local food customs and tastes, remarking that 
the 'fusion of colonial Spanish foods and indigenous 
Indian foods has given rise to a genuine Mexican 
Cuisine. 

\Vith reference to the IX Latin American Food 
Congress which is scheduled to take place in Puerto 
Rico in 1965, Dr. Illescas indicated that he has pro
posed that all Latin American counh·ies prepare ad
dendum of their typical national food products, veg
etables, meats, and beverages, not presently covered 
by the existing Latin American Food Code ( Codigo 
Latinamericano de Alimentos). 

Dr. Kenneth Morgareidge, Vice President and As-
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FISKE CRYOSCOPE Mark Three 

What's 
New? 
Modern methods of processing demand 
increased vigilance to control the proper 
water content in the milk. 

The New FISKE CRYOSCOPE, Mark 
Three was developed to meet this need 
for additional precision and rapid test· 
in g. 

This new compact laboratory model is 
economically priced and is available for 
immediate delivery. 

Controlling water content to V2 of 1% 
not only improves the quality of your 
product but also can result in savings of 
1 cent to 2 cents a gallon. 

Write for details and name of agent 
nearest you. 

A dt:cisive factor in Fiske leadership in 
precision cryoscopy is continuous re· 
search and development. The Fiske CRY· 
OSCOPE is the instrument around which 
the official procedures are written. 

... .. FISKE ASSOCIATES, INC. 
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sistant Director, Food and Drug Research Labor
atores, Inc., Ne\v York, discussed presently emerging 
ground rules covering food additive petitions in the 
United States. He noted that heretofore the major 
effort in the field of food additive regulations has 
been in "clearing" old materials having well recog
nized uses but which could not be "generally recog
nized as safe" as interprted under the legal defini- . 
tion of a food additive. It seems reasonable to assume 
that this phase has now been nearly completed, and 
that henceforth the major emphasis will shift to new
er chemicals and those for which ex'Perience in com
mon use is not available, he stated. This h·end is al
ready evident in the decreasing number of new peti- · 

tions recorded in the .. Federal Regiter, he noted. Dr. 
Morgareidge also discussed classifications of food 
additives, the proper format for petitions, and some 
of the problems which manufacturers may encounter 
in filing and obtaining approval of particular ad
ditives. Looking ahead, he forsaw continuing, ex
panded use of additives along with a greater degree 
of governmental supervision and surveillance. H e 
also anticipated the ultimate passage of further leg
islation which will greatly augment the enforcement 
powers of FDA in the food additive field, especially 
in the form of expanded factory inspection author
ity. In addition, the format of petition writing may 
change somewhat as greater reliance can be placed 
on stopping a qu estionable product from reaching in
terstate commerce rather than on apprehending vio
lations after the fact. 

BETHEL, CONNECTICUT 
Creators o l 

~ Pre ci sion El e ctroni c Device• 

Sep-ko 
removes milk residues 

Sep-ko 
rinses residue free 

Sep-ko 
leaves pail s, strainers, 
tanks sparkling clean 

without acid rinsing . .• 
just cold water. 

Unmatched in the 
Milkhouse 

Tops in the u Home too ••• 

\ can tell a 
.\~Se ·kO 

00~~~
----::an his 
E~Nl 

1 ~~
l }1 ~ ~ I\ASK 6~u~R~~:PUER 

I / SEP-KO CHEMICALS, INC. 
I 3801 N.E. 5th St., Mpls . 21, Minn. 

1 I Sep·Ko Chemicals of Canada Ltd. 
r Toronto, Ontario, Canada 

, 



i 

lliPili!_liiil!llliil!l!lillli·i<· .... ~~~~~ .. ~~~ .. ~~~~~~~~iill!<iil!!l!! lllll!iil!iiiiiiii .. ll!<·lll!!"'"'"' ilfl!ll!l!iil!iiiililiiiiiiiiilliill"''""lil""·"·lll!! ""hill! IIIII m ·~• i§§jiiiliij@jj~~§@_~~-~~~~jiiiliij@jjiiiiiji\i!ljiij~@iii_i@L;:;;g_~i~ 

vlVew RAPID DISK METHOD 
for Detect·ion of 

PENICILLIN in MILK 
Reliable Sensitive Practical 

Direct assay method of Arret and Kirshbaum ( FDA ) for 

determining presence of penicillin in milk and dairy products. 

Media BACTO - ANTIBIOTIC ~IEDlUM 1 

BACTO - SPORULATING AGAR 

Inoculum 

Penic-illinase . 

Penicillin . 

B:\CILLUS SUBTILlS ATCC 6633 
Standardized Spore Suspension 
in 1 ml. ampuls 

_. BACTO - PENASE CO:\'CENTH.ATE 
in 20 mi. and 100 m I. vials 

13ACTO - PE NASE DISKS 
Standardized Impregnated D isks 

STANDAHDlZED l~! PH.EG?'-/A TE8 DISKS 

0.05 units, 0.1 unit an d other 
concentrations 

INFORMATION ON REQUEST 

DIFCO LABORATO R E S 
DETROIT MICHIGAN USA 

Why is the 
ADVANCED MILK CRYOSCOPE 

e the recogllized leader in cryoscopy? 

Complete details on the Ad
vanced Milk Cry oscope .are 
presented in this brochure. 
TVritP. today for your ropy. 

Here are a few user reasons: 
l. First. in Sales. 

2. Most Official & University users. 

3. Easies t and most Accurate to opera te. 

4. Only Advanced Mi lk Cryoscopes follow th e 
AOAC & APHA Methods (detai ls on req ues t ) . 

5. First "Hot-Line" Customer service: 
• Collect telephone - user to fa ctory expert 

• Largest stock of parts for same-day shipment 

• Only modular design for unplu g-&-repl ace 
service 

• Largest team of local sa les and service 
engineers 

• Most complete User's Guides 
• First and !Vlost Regional Schools and Work· 

shops- continued technician trainin g and 
certification 

6. Publishers of Milk Cryoscopy News . 

7. Only Cryoscope continually improved for per· 
fonnance - not just s tyle. Always follows 

· Uniform Universal Thermod ynamics. 

For l5 other exc lusive fea tures, write or call 
co ll ec t today. 

f7iiL2__ JJDVeiJNCED 
~ INSTRUMENTS,INC. 

43 Kennern Srreet 1 61 7 DEcatur 2-8:200 
Newton Highlands, Massachusetts, 02161 



For l<efll 
PROTECTION OF 
MILK CONTACT 
~~S~U~RFACES 

ro put clean milk into a pipe line is 
easy . '• . but, to deliver clean milk 
to a bulk tank requires certain 
safeguards against contamination 
by dust, insects and operational 
hazards. 

That's why this SURGE STAIN
LESS STEEL Milk Valve is built the 
way it is. This valve gets away from 
areas that can't be washed without 
hand brushing. It keeps the nipple 
in the milk hose instead of leaving 
it exposed. It protects milk contact 
surfaces against dirt and insects 
whether the valve is open or closed. 

And, it can be completely Cleaned
In-Place right along with the milk 
line. 

All rails, seals, bearing strips, the 
body, covers and even the screws 
and clamps are genuine stainless 
steel for years of smooth and leak
free usage. 

To get the whole story-you'll 
have to SEE one for yourself. 

A call to your nearest SURGE 
Dealer or a note to the Babson 
Office below will give us a chance to 
demonstrate. 

SURGE is a Babson Bros. Co . trademark 
© Bob son Bros. Co. , 1964 

BABSON BROS. CO. 2843 WEST 19th STREET 
CHICAG01 ILLINOIS 60623 

4 .. 
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