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We'll make stubborn stains do a fast disappearing act for you ... as we have 
for ot~er food processors like the one who gave us his ham molds. 
His problem: difficult processing stains on molds like the one shown above on 
the left. It had already been cleaned by regular methods. 
Uncleanable? Not at all. 
His local Pennwalt representative had a similar mold spotless and gleaming in no 
time, using a special cleaner from our wide·ranging line of B·K® cleaners and 
sanitizers. A quick soak and rinse had this and other molds looking like new. 
Have you a nagging problem with cleaning plant utensils and equipment? 
Chances are we've got the cleaner ready to go right off the shelf. In the rare 
instance where we're stumped, we'll put our scientists to work on it at 
Pennwalt's Technological Center until they come up with the cleaner to do the job. 
Let's hear from you. You have nothing to lose but your stains. 

Dairy and Food Department, Pennwalt Corporation, 
Three Parkway, Philadelphia, Pa. 19102. 

liJEt+JW\LT 
CLEANERS & SANITIZERS 
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She has all 
the right connections 

® 

Transflow, of course I 
Yes, her "connections" are all transparent TRANSFLOW 

products- "clearly" the best way to handle milk, from 

teat to tank truck. Made from materials especially devel

oped for use with milk- not adapted from other applica

tions- TRANSFLOW products won't age, oxidize or flake 

and, of course, meet all FDA (Food and Drug Adm inistra

tion) requirements as well as all criteria in the 3·A* Plastics 

Standard . 

TRANSFLOW INFLATIONS AND SHEllS 
"See·Through " design cuts milking time up to 33% , lets 

you see at a glance how each quarter is mi lki ng, helps elim· 

inate harmful over·milking. TRANSFLOW Inflations and 

Shells fit all cows, all milking machines. 

1TRANSFLOW VACUUM TUBING 
Outlasts rubber 5 to 1, yet is priced lower, in most cases. 

Choice of clear or black. Single , twin or "Siamese" styles 

to fit any milker. Be sure it's genuine TRANSFLOW- look 

for the stripe! 

TRANSFLOW M-34R MILK TUBING 
As clear as glass, as flexible as rubber- the "standard" 

for milking machines, portable transfer systems and dump

ing stations, clean ·in·place units. Always look tor TRANS

FLOW 's " Blue Stripe of Quality!" 

TRANSFLOW M-34R TANK TRUCK HOSE 
Supplied as standard equipment by virtually every manu

facturer of tank trucks. Identified by a blue stripe- look 

furill · 

For complete information about any TRANSFLOW p~oduc~, 

see your dealer or write Norton Plastics & SynthetiCS DI

vision, Akron, Ohio 44309. JZ·199 

"International Associ ation of Milk, Food and Env ironm ental Sanitarians; U.S. Public Health Service; The Dai ry Industry Committee. 

PLASl/CS AND SfNlHEnCS 0/V/S/QN 
FORMERLY U.S. STONEWARE INC. AKR/J/1. OHIO 
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The ANALYTAB SYSTEM for 
ENTEROBACTERIAC·EAE 

fNH:ROBACTE RIACEAf 

in less than a minute, 20 * biochemical tests are 
performed, simply ... conveniently ... 
economically!! Identification may be obtained 
within 18-24 hours or in as little as 3-6 hours using 
a dense suspension. Reactions are~ clear-cut 
and easy-to-read . 

Stable at room temperature, the ANAL YTAB 
SYSTEM is always ready to use, and eliminates 
the need for much prepared media, refrigeration 
and storage space. Five individual organisms may 
be identified on each plate. 

• Nit rate reduction test is also included. 

TESTS PERFORMED 

1 ONPG 
2 Arginine 
3 Lysine 
4 Ornithine 
5 Citrate 
6 H2S 
7 Urease 
8 Tryptophane 
9 Indole 

10 Acetoin (VP) 

11 Gelatin 
12 Glucose 
13 Mannitol 
14 Inositol 
15 Sorbitol 
16 Rhamnose 
17 Saccharose 
18 Melibiose 
19 Amygdaline 
20 Arabinose 

We invite you to request complete information on the Analytab System. 

API 
ANALYTAB PRODUCTS INC. 

ANALYTAB PRODUCTS, Inc. 
Nine Nineteen Third Ave. 
New York, N .Y. 10022 
{212) 758-2742 
Dept. MFT 
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... from the ''original supplier'' 
STANDARD METHODS MEDIA 
All Difco Standard Methods Media conform to published specifications for the 
examination of water, sewage, dairy products and foods. The world 's most inclusive 
line-all your standard methods media available from one source, Difco Laboratories. 

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

DIFCO 
LABORATORIES 
DETROIT MICHIGAN 48201 USA 
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BACTERIOLOGICAL TESTING OF MILK FOR REGULATORY PURPOSES
USEFULNESS OF CURRENT PROCEDURES AND RECOMMENDATIONS 

FOR CHANGE 
V. PASTEURIZED MILK' 

H. c. OLSON 

Department of Animal Sciences and IndustrrJ 
Oklahoma Stat.e University 

Stilltwter, Oklahoma 74074 

( Heceived for pub li cation October 22, 1970 ) 

AOSTRACT 

Proper pasteurization and elimination of contamination sub
ser1uent to h eat treatm ent suffice to ensure th e consumer a 
milk supply that is free from pathogens and which has good 
shelf life . Bacterial plate count standards have remain ed 
practically unchanged during the past few decades in which 
many advances in processing and sanitary control have evolved. 
Standard Plate Counts and Coliform Counts on pasteurized 
mi lk are not reliable indices of either the safety or shelf life 
of the product. Current standards for these counts should 
be lowered in order to be commensurate with the counts ob
tained in well operated plants. However, low Standard Plate 
Counts and negative Coliform Counts are no assurance that 
post-pasteurization contamination has not occurred . The CVT 
Count and the 5-clay-45 F Count are useful for detecting 
post-pasteurization contamination , with the latter count very 
useful for predicting shelf life. Satisfactory sanitary control of 
milk processing can be attained by app li cation of these tests 
on a daily basis in a wel l eq uipped and staffed plant laboratory. 

Since the first published reports of bacterial counts 
on milk in 1892, great changes have taken place in 
methods for production, processing, and distribution 
of milk as well as in methods for controlling the sani
tary quality. With the prime objective of public 
supervision of milk supplies b eing that of protection 
of consumers, any discussion on this subject should 
maintain this objective as the central theme. VVe in 
the dairy industry can be proud of progress that has 
been made in improving the sanitary quality of our 
products but we should b e conscious of even greater 
progress in the future. 

Milk-borne epidemics were rather common 30 to 
40 years ago but are now rather rare and are general
ly confined to raw products as the sources of infection 
(14). From information we have there has been only 
one epidemic of disease traceable to pasteurized milk 
reported in the last 20 years or more (13). This is 
evidence of what can be attained by the combined 
efforts of regulatory agencies and dairy plants. 

vVe are all aware of the great changes that have 
occurred in methods of producing, processing, and 
nierchandising of milk during the past several years. 
Some of these changes have compelled us to change 

'Presented at th e Annual Meet ing of the Am erican Dairy Sci
ence Association, Gainesvi ll e, F lorida, .Tune 29, 1970. 

our methods of tes ting for adequate sanitary control. 
\Vhile protection of the consumer from milk-borne 
diseases is foremost in any sanitary control program, 
the problem of a ttaining good shelf life has been one 
of grea t concern in recent years. Changes that have 
occurred in our industry have largely eliminated some 
old problems but, on the other hand, have created 
new ones or amplified others . 

The change from the low temperature holding 
method of vat pasteurization to high temperature -
short time processing has largely eliminated the prob
lem of the;mophiles and "pin point" colonies. Like
wise, adoption of single service containers has large
ly eliminated a source of contamination which some
times proved v:-ry h·ou blesome. The increasing use 
of automated in-place cleaning has resulted in uni
formly good cleaning and sanitizing procedures by 
removing variations in effectiveness in manual clean
ing caused by differences in h·aining, diligence, effi
ciency, and integrity of the personnel involved. Also, 
research has developed cleaners and sanitizers that are 
more effective than those used several years ago. 
The change to fewer and larger milk plants has re
sultec;l in elimination of many small plants that did 
not l~ave facilities and p ersonnel necessary for prop
er processing, sanitary control, and handling of milk. 

The milk marketed cmrently must be of much bet
ter sanitary quality than formerly_ because of the 
sh·ess to which it may be exposed in passing from the 
processing plant to the consumer's . table. Much. of 
the milk is marketed through stores and supermark
ets which are often several hundred miles from the 
source. The long hau ls, infrequent deliveries neces
sitating storage, and unsatisfactory refrigeration con
ditions during transportation and storage at the 
retail outlet are often such that only milk with a 
long shelf life can withstand the rigors of such h·eat
ment. Furthermore, the increasing use of multiple 
quart containers together with pmchases at stores 
and supermarkets adds up to less frequent purchases 
and lengthens the period between processing and 
eventual consumption. Thus, the milk we market 
today must be of such quality that it can witl~stand 
adverse conditions to vvhich it may be exposed. A 
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bad carton of milk is not only a stigma for the plant 
whose name appears on the package but also maTs 
the good image of the milk industry. 

\iVhile we have b een emphasizing the importance 
of long shelf life as an a ttribute of milk we must b e 
conscious of the fact that any methods used for con
trolling contamination with spoilage organisms also 
serve to eliminate the sources of pathogens that could 
possibly contaminate the milk. 

Before proceeding further, we would like to inject 
the following quotation: 

'· Pasteurized mille-Milk of this class shall come from 
cows free from disease as determin ed by physical exam
inations by a qualified veterinarian and shall be pro
duced and handled 11 nder san ita ry conditions such that 
the bacteria l count at no time exceeds 200,000 per cubic 
centim etre. All milk of th is class shall be pasteurized 
under offical supervision, and bacterial count shall not 
exceed 10,000 per cubic centimetre at th e time of de
livery to th e consum er." 

The regulatory standards given for bacterial counts 
are not greatly different from those we have today. 
It is interes ting to note that the above quotation ap
peared in Public Health Reports in 1913 (7). 

In discussing current procedures for controlling the 
sanitary quality of milk we rely mostly on our ex
periences in this field. Our main concern in work
ing with various milk plants is to attain good product 
shelf life as well as to satisfy requirements of regula
tory agencies in regard to Standard Plate Counts 
( SPC ) and Coliform Counts. 

STAi'.'DAHD PLATE CouNTS 

Several investigators (1 , 2, 4, 11 , 12) have attempt
ed to demonstrate the correlation b etween SPC and 
shelf life but all concluded that no close correlation 
existed. The present standard for SPC is, in our 
opinion, very liberal. ·with the use of pasteurization 
e>.."Posures of 165 to 175 F for 16 sec, which is com
mon in the plants in, om area, we have observed that 
most SPC's were < 1,000/ ml (10). vVe b elieve lower
ing the standard count for pasteurized milk would 
be realistic and would not be detrimental to any plant. 
On the other hand, lowering the standard for the 
count on pasteurized milk would b e no insurance of 
a better and safer milk because it is types rather than 
numbers of bacteria that determine whether the milk 
is free of pathogens and h as good shelf life. Our 

attitude on Standard Plate Cow1ts is to be certain 

that we comply with the regulatory standard and not 

to use them to evaluate the overall sanitary quality. 

CoLIFOHU CouNTs 

Coliform counts have been valuable in the past 
for detecting contamination or deficiencies in pas-

teuriza tion but currently we do not consider them 
sensitive enough to be used as the sole measure of 
contamination since the medium employed is selec
tive for this group of organisms and does not detect 
many of the types that cause spoilage in milk at re
frigeration temperatures. Furthermore, we believe 
that a standard of < 10 coliforms / ml in the fr eshly 
pasteurized milk is entirely too liberal. Since coli
forms are killed by proper pasteurization (3 ), presence 
of any coliforms would indicate contamination subse
quent to the heating process. In plants we assist in 
controlling the sanitary quality we sh·ive for negative 
coliform tests and we find that this goal is nearly 
always attainable. 

Although coliforms indicate contamination (6), 
there is no close correlation between coliforms and 
the shelf life of milk (8) and we b elieve that these 
counts are inadequate for satisfactory sanitary conh·ol 
of milk quality. A negative coliform count and a low 
SPC is no assurance that there has been no post
pasteurization contamination and that the milk will 
have good shelf. Again, it is types rather than num
bers that determine how well the milk will keep. 

CRYSTAL-VIOLET-T ETilAZOLlUi\f COUNTS 

vVe have found that a medium which res tricts 
growth of organisms normally surviving pasteuriza
tion while permitting growth of gram-negative types 
which are common causes of spoilage is more useful 
than coliform counts for detecting post-pasteurization 
contamination (9 ). This medium ( CVT ) contains 
crys tal violet to inhibit the thermoduric organisms 
and 2, 3, 5-triphenyl tetrazolium chloride to add a 
distinctive color to colonies of gram-negative organ 
isms . Since this medium detects gram-negative or
ganisms in addition to the coliforms, it is much more 
useful than the coliform count. H ere again, since it 
is types rather than numbers that determines the rate 
at which milk will spoil under refrigerated storage, a 
negative CVT test is no assuran ce of good shelf life, 
nor is a relatively high CVT count indicative of poor 
shelf life, although our inves tigations have shown a 
fairly good correlation between these counts and the 
keeping quality of refrigerated milk (12). The CVT 
count was developed to detect contamination and we 
use it primarily for this purpose. We like to determine 
the CVT count on the first carton from each filling 
machine as a measure of the overall efficiency of 
cleaning and sanitizing the equipment. 

FrvE D AY - 45 F CouNTS 

The 5 day - 45 F count (5) involves plating of milk 

initi~lly and replating after holding the milk for five 

days at 45 F . This method detects organisms likely 
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to cause spoilage but which may have been present 
in numbers too low to be detected by counts on the 
fr esh milk. \iVe b elieve that this is the best method 
for determining the overall sanitary quality of milk 
and also that this is the b es t method of predicting 
shelf life. In different trials we have found cor
relation coefficients of 0.80 to 0.95 betvveen these 
counts and shelf life (12) . 

D AmY PLANT LABORATORIES 

It is our belief that all milk plants should maintain 
control laboratories with sufficient equipment and 
trained personnel to maintain strict sanitary control 
over their products. \ iVe have found it essential to 
conduct counts every day on every product in order 
to prevent laxity on the part of plant personnel. We 
believe that sampling only at intervals is insufficient 
for adequate supervision. Since it is impractical for 
reg•1latory officials to maintain a daily watch over 
every plant, it does not seem unreasonable to require 
the plants to make daily tests and then make their 
records available for inspection at all times. Regu
latory officials can be very helpful to the plants in 
maintaining a satisfactory sanitary control program. 

REcoMMENDED CHANGES 

On the basis of our experience with the sanitary 
control of milk, we believe that the following sug
ges ted changes should be considered : 

(a) Standard Plate Counts-Lowering the regula
tory standard to a more realistic level on the 
basis of counts prevailing in well operated 
plants. 

(h) Coliform Counts-Lowering allowable count 
to a considerably lower level. A negative coli
form count in 3 out of 4 samples is not un
reasonable. 

(c) Requiring all plants to maintain a laboratory 
staffed with trained personnel and requiring 

them to make their records of counts available 
for inspection by regulatory officials. 

In the future, more sensitive tests for detection 
of contamination and measurement of overall clean
ing and sanitizing procedures may be developed . \ iVe 
should take note of these and change our methods and 
standards in line with these developments. 
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BACTERIAL CONCENTRATIONS IN RAW MILK, IMMEDiATELY AFTER 
LABORATORY PASTEURIZATION AND FOLLOWING 10 

DAYS STORAGE AT 7.2 C' 
G. H. \ iVATIIOUS Jn!, s. E. B AHNARD", AND \V. vV. CoLE~IIAN II' 

Division of Food Science and Industry 
Th e Pennsulvania State University 

Unil;ersity Park, Pen nsylvan ia 16802 

(Received for publication September 21, 1970 ) 

ABSTACT 

No relationship was found among bacterial counts on raw 
milk samples, tbe them1oduric counts fo llowing laboratory 
pasteurization, or subsequent growth in pasteurized por
tions held at 7.2 C for 10 days. Considerable variation in 
numbers of bacteria in raw milk samples from farms sup
plying various p lants was found . Also, thermoduric cow1t 
ranges varied greatly among various plant supplies. To 
psychrophilic organisms were recovered from 1 ml portions 
of freshly pasteurized samples. After 10 days storage at 
7.2 C, 10.4% of the samples showed viable psychrophilic 
organisms. This agrees with findings by others and suggests 
that temperatures below 7.2 C shou ld be recommended for 
storage of pasteuri.zecl milk. The number of organisms sur
viving pasteurization and subsequen tl y growing in refriger
ated samples varied widely among the eight p lant supplies. 
This suggests that quality programs advocated by th e vari
ous plants may have a selective ac tion in bacterial destruc
tion and survival of organisms able to grow at a low tempera
ture. 

Current consumer oriented publicity on freshness 
of foods available for sale in stores has created the 
general impression that age per se of a food is clos
ly related to acceptability. So far as fluid milk is 
concerned, the question of dating of retail packages, 
long a relatively dormant subject, has been reopen
ed. 

Witter's . (11) r ev i e "" of psychrophilic bacteria 
shows either laboratory or commercial pasteuriza
tion effective in des troying them in the concenb:a
tions usually found in milk. Dab bah et al. ( 4) found 
a psyclu-ophilic organism that was inactivated when 
heated at 55 C for 30 min, but growth was initiated 
when this organism was held at 20 C for 48 to 72 
hr in a selective medium. It is significant that Dab
bah et al. were unable to find smviving organisms 
when the test culture was heated at 60 C for 30 min. 

'Authorized for publi cation as Paper No. 3838 in the Journal 
Series of the Pennsylvania Agriculture Experiment Station 
on September 4, 1970. 
2Professor of Food Science and Industry, The Pennsylvania 
State University, University Park, Pennsylvania. 
"Associate Professor of Dairy Science Extension , The Penn
sylvania State University, Uni versity Park, Pennsylvania. 
• Assistant in Dairy Science, The Pennsylvania State Uni
versity, University Park, Pennsylvania. 

Grosskopf and Harper (7) found that fluid pas
teurized milk aseptically packaged and stored at 4.4 
C had a shelf life of 4 weeks. Subsequent loss of 
quality was attributed to growth of a spore-forming 
microorganism. They isolated other psyclu-ophilic 
spore-formers able to survive even ultra high tem
perature pasteurization from about 25% of producers' 
milk supplies. This suggests that these organisms 
are associated with ultimate spoilage of pasteurized 
milk even when milk is protected from post-pasteuri
zation contamination. 

Many studies (2, 3, 5, 6, 8, 9, 12) have shown that 
as the storage temperature of pasteurized milk in
creases the bacterial population also increases, and 
have indicated that pasteurized milk should be held 
at 5 C or below to achieve maximum shelf life. 

MATERIALS AND . Iv(ETHODS 
~' j r . , 

Milk samples representing all of , the farm supplies from 
eight Pennsylvania processors were collected. lvlilk producers 
per processor varied f1:om 17 to 162. Except for Plant F , 
which had can shippers, samples were collected from farm 
tanks by truck drivers. Samples from Plant F were col
lected from t)1e weigh vaL. Steril e paper sampling pipettes 
and sterL! e screw capped tubes were furnished for sample col
lection . Immecliately after collection sampl es were cooled 
in ice and delivered to the Pennsylvania State University 
Creamery Laboratory. 

Standard Plate Counts were immed iately made on th e raw 
s~.mples . Thermoduric and psychrophilic counts were made 
after laboratory pasteurization at 62.7 C for 30 min and fo l
lowing 10 days storage at 7.2 C. Prior to pasteuriza tion , the 
original samples were subdivided for each bacterial determ
ination to prevent contamin ation and subsequen t growth of 
stored samples. Portions to be laboratory-pasteurized were 
completely submerged in a thermostatically controll ed water 
bath to insure heating of all mi lk contact surfaces. 

All bacterial determinations were mad e in conform ity with 
procedures outlined in Standard Methods for the Examination 
of Da.iry Pmducts (1 ). A wide range of dilutions was used to 
attempt to have plates with 30-300 colonies, but th e many 
low counts, especially on pasteurized milks, made it necessary 
in some instances to use data from plates with less than 30 
colonies. 

HESULTS AND DISCUSSION 

Bacterial counts on the raw samples are shown 

, 
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TABLE l. PEHCENTAGE DJSTHlBUTION OF STANDARD PLATE COUNTS ON 500 HA\V l\IILK 

SAl\I PLES FHOM EIGHT DATl~Y P LA NTS 1 

Plant % 
Count ran ge L\ B c J) E 

of 
J.' (; H Tota l 

Up to 1,000 4.9 0 0 6.7 0 0 0 1.3 1.8 

1,001 - 10,000 62.7 41 .4 42.6 26.7 7.7 5.9 34.6 50.0 46.0 

10,001 - 100,000 28.2 54.3 40 .4 53.3 69.2 23.5 57.7 39.7 42.8 

> 100,000 4.2 4 . .3 17.0 1.3.3 23.1 70.6 7.7 9.0 9.4 

Total % 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

1 No. of sample s from each plant: A , 142; B, 162; C, 47; D, 15; E, 13; F , 17; C, 26; and H , 78. Total 500. 

TABLE 2. PEHCENTAGE D!STlUB UTION OF THEHMODUHlC COUNTS ON 500 
1vi1LK SAi.\1PLES FHOM EIGHT DAIRY PLANTS 

Coun t range A ]3 c 

To 100 
l. '' 58 .4 45.7 57.5 
2. 11 .36.6 38 .. 3 48 .9 

101 - 1,0CO 
l. 29.6 32.7 25.5 
2. 28.9 26.5 31.9 

1,001 - 10,000 
l. 11.3 17.3 10.6 
2. 17.6 20.4 12.8 

> 10,000 
l. 0.7 4.3 6.4 
2. 16.9 14.8 6.4 

"l. On day o f pasteuri zation. 

"2. Aft e r 10 clays s t o rage at 7.2 C . 

in Table 1, as well as the number of samples from 
each plant. Data are presented in per cent of 
samples from each plant fallin g within the various 
count ranges. 

Considerable variability is evident in the bacter 
ial concentrations in milk samples - from the eight 
plants, probably reflecting the quality control pro
grams in effect. 'While 90.6% of the samples had 
Standard Plate Counts of < 100,000 per ml, in a 
few instances excessive · counts were apparent. This 
is especially true with Plant F. Since the U.S.P.
H.S. Grade A (10) bacterial standard for raw milk 
at the farm level is not > 100,000 per ml, it is evi
dent that several of the plants had non-complying 
supplies. 

Standard Plate Counts on the laboratory pasteuriz
ed samples on the day of pasteurization and follow
ing 10 days storage at 7.2 C are shovvn in Table 2. 
As with the plate counts on the raw supplies, con-

P lan t % 
of 

D B F G H Tota l 

46.7 38.4 5.9 7.3.1 65.4 53.4 
53.3 30.8 5.9 57.7 51.3 41.0 

33.3 30.8 ll.8 15.4 24.3 28 .2 
26.7 30.8 17.6 30.8 35.9 29.2 

20.0 30.8 23 .5 7.7 7.7 13.6 
20.0 38.4 29.4 7.7 ll .5 17.6 

0 0 58.8 3.8 2.6 -4.8 
0 0 47.1 3.8 1.3 12.2 

siderable variability was evident among the thermo
duric concenh·ations on shipper's supplies of the vari
ous plants . 

The most interes ting fact evident from Table 2 
is that increases in counts on laboratory pasteurized 
milks varied so greatly among the various plant 
supplies . Plant A had the highes t percentage of 
raw milk supplies with counts of < 10,000/ ml, with 
only 0.7% of the plate counts on fresh ly laboratory 
pas teurized portions above 10,000/ ml. However, 
after 10 days storage at 7.2 C, 16.9% of the Plant 
A supplies exceeded this level. Plant · B yielded 
roughly similar data. Plant F , with the highest per
centage of high count raw milk samples also had 
the highes t per cent with thermoduric counts 
> 10,000 per ml, but after 10 days storage at 7.2 C the 
percentage had chopped . In total, counts > 10,000/ ml 
on the pasteurized samples increased from 4.8 
to 12.2%, with supplies from Plants A and B being 
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TADLE 3. P EHCENTAGE DISTHillUTION OF DACTEHIAL COUNTS ON 
500 l\HLK SA l\IPLES FHOM EIGHT DAIHY PLANTS 

---·-------------------
SP C per ml Pasteurized 

·-P sychrophilic Count 
Raw I'asteurized per ml 

Count range 0 days 0 days 10 da ys2 0 days 10 days' 

----
< 1 100 89.6 

1 - 100 0.2 53.4 41.0 0 0.8 

101 - 1,000 1.6 28 .2 29.2 0 2.6 

1001 - 10,000 46.0 13 .6 17.6 0 2.0 

10,001 - 100,000 42 .8 4.8 12.2 0 5.0 

> 100,000 9.4 

Total per cent 100.0 100.0 100.0 100.0 100.0 

"After l clays storage at 7 .2 C. 

entirely responsible for the change. 
As shown in Table 3, no recoverable psychrophiles 

were found in 1 ml portions of any of the freshly 
laboratory-pasteurized samples. After 10 days stor
age at 7.2 C, 89.6% of the samples still had < 1/ ml, 
and in no instance did the concenh·ation of psychro
philes exceed 100,000/ ml. Perhaps the most impor
tant observation is that 95% of the samples had 
psychTophilic counts of 10,000/ ml or less after 10 
days storage at 7.2 C . 

The data from this study confirm the observations 
of many that freshly pasteurized milk contains few 
if any psychrophilic organisms surviving pasteuriza
tion that are recoverable using methods as advocat
ed by Standard Methods. Some organisms surviv
ing pasteurization and capable of low temperature 
growth over extended times have been observed by 
other workers. The data in the study supports these 
findings, with 10.4% of the samples showing micro
organisms recoverable after 10 days storage at 7.2 C. 

Previous work (2, 3, 5, 6, 8, 12) suggested that 7.2 
C is less satisfactory than lower temperatures if 
milk is to be held for extended periods. Rather ob
viously, the higher the storage temperature the great
er likelihood for bacterial multiplication . The find
ing that milk from shippers supplying certain plants 
appeared to harbor organisms capable of surviving 

pasteurziation and subsequently growing at low 
temperatures suggests that quality programs advo
cated by these plants may have resulted in selective 
destruction of microorganisms. The data also sug
gest that no relationship existed between high b~c
terial levels of raw milk and subsequent growth in 
laboratory pasteurized portions held under the con
ditions indicated. 
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ABSTHACT 

Collaborative studies were done to establish the experi
mental error (replicate variance) and th e among-analyst vari
ance of three modifications of the Direct Microscopic Somatic 
Cell Count and the Electronic Somatic Cell Count when used 
in laboratories that test milk routinely. The lowest total 
variance of logarithms of 0.00639 was obtained wi th the elec
tronic procedure, followed by 0.00964 for the field counting 
modification of the Direct lvlicroscopic Somatic Cell Count. 
The strip-reticle modification of the latter procedure had a 
total variance of 0.01 251, and th e Direct Microscopic Somatic 
Cell Count modification that involves counting all somatic 
cells on one strip without the use of a reticle had a variance 
of 0.03041. The coeffi cients of variation for the experim ental 
error for the Electronic Somatic Cell Count and for the field 
counting, strip count with reticle, and strip count without 
reticle modifications of the Direct lvlicroscopic Somatic Cell 
COLmt were 8, 17, 14, and 17%, respectively. 

The abnormal milk program promulgated by the 
Food and Drug Administration requires that milk 
which exceeds celiain screening test scores b e tested 
by a confirmatory procedure to establish the somatic 
cell count. At present, there are two approved .meth
ods for confirmatory testing; namely, the Direct 
Microscopic Somatic Cell Count and the Elech·onic 
Somatic Cell Count (6). The microscopic procedure 
has three alternate techniques for counting somatic 
cells and these are (a) counting the cells in a given 
number of microscopic fields (2), (b) counting the 
cells in one fi eld-wide strip across the diameter of a 
1-cm' area circular film (2), or (c) counting the num
ber of cells that appear b etween the lines of a reticle 
when the horizontal and verticle diameters of h vo 
replicate milk films are traversed (3) . vVe have re
ceived many requests ·for an evaluation of the relative 
precision of these techniques when used in routine 
tes ting laboratories. This paper reports the results 
of collaborative studies on the precision of the direct 
microscopic and electronic somatic cell counting pro
c~dures when done in routine testing laboratories. 

M AT EIUALS AND METHODS 

Direct M icroscop ic Somatic Cell Cotmt 
States were selected by use of a random number table. 

The state-designated Milk Laboratory Survey Officer( s) was 
asked to nam e analysts in milk testing laboratories who were 
qualifi ed to count milk somatic ce'lls microscopically, and 
each anal yst was asked to participate in the collaborative 
study. Fifty-four agreed to participate. 

T en samples of 48-hr old bulk tank milk were obtained 
from farm tanks and were used to make milk film s in both 
known and blind duplicates for a total of ·10 film s to be 
counted b y each anal yst by each of three counting procedures. 
Milk film s were prepared by use of a metal syringe in ac
cOI·clance with the procedure described in Standard Methods 
for the Exami:nation of Dairy Pmdt1cts (1 ). The slides were 
packaged and sent to each analyst together with instructions 
for counting the films. Each analyst stained his own slides 
usin g the Levowitz-\Veber modification of the Newman
Lampert stain (1) . Complete sets of data were returned by 
26 analysts. All strip-reticle counts were made with the 4-mm 
reticle. 

The objective of the statistical analysis of results from this 
study · was to obtain estimates of th e two variance com
ponents, th e experim ental error (error on blind replicates by 
one analyst ) , and the variation between the analysts in the 
study. These components are simil ar to those proposed by 
Youden (7) for the AOAC; he refers to these as random and 
systematic error, respectively. 

Electron·ic Somatic Cell Count 
The technique developed in our laboratories for using a 

Coulter' Counter to count somatic cells (6) was evaluated for 
precision in milk testing laboratories b y selecting laboratories 
in the United States that indicated a desire to use this pro
cedure for routine testing of milk samples for somatic cells, 
and which agreed to participate in a collaborative study of 
the precision of th e method. These laboratories composed the 
total known population of laboratori es usin g the E lectronic 
Somatic Cell Count proced ure. 

A series of fo ur sets of 20 samples each was sent to all 
participating laboratories, and the results were obtained. The 
Coulter Counters were ca librated either by a representative of 
Couler Electronics or by th e laboratory using the counter. An 
indication of the somati c cell count was in cluded with the 
initial set of 10 samples so that the participating laboratories 
could check th e calibration of their instruments. These data 
were not used in th e calculation of th e results from the study 
inasmuch as count inform ation was given the participants. 
Following this, a series of four sets of samples, each con-

'Mention of commercial products implies n either endorsement 
nor criticism by th e Food and Drug Adm inistration. 
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TA BLE 1. Col\r PONENTS OF VAlHAN C E OF n -m E E l\ IODIF ICATION S 

O F TI-IE D mEc T M 1c noscoPJC SoMATIC CELL CouNT 

Modi fi ca tiou of DMSCC 

Component of 
varia nce Fi eld coun t Stri p count 

Str ip - t·eti cle 
count 

----- --- (Variance ) ----- ---

Experim ental error 0.00527 (2:i 0) " 0.00567 (250) 0.00357 (2:i0) 

Among-ana lysts 0.00437 0.02474 0.00894 

Total variance 0.00964 0.03041 0.01251 

---- ( Coefficient of variation ) - --
( %) 

Experim ental error 17 17 14 

"Degrees of freedom. 

T A BLE 2. EFFECT OF COU NT ING O N E, TWO, A N D FOUR STlUPS 

ON TH E EXPE Hll\IENTAL EHHOH OF THE STHIP HETICL E 

l\IODIF ICATJO N O F THE DMSCC 

Experi mental error 

Strins 
Co unted 

2 

4 

Va r iance 

0.00684 (2<:; 0)" 

0.00437 (230) 

0.00357 (2:;0 ) 

"Degrees of freedom. 

Coeffcient of 
varia ti on 

19 

15 

14 

DMSCC/ ml 

Geomet ric 
mean Ra nge 

1,400,000 630,000 -
1,900,000 

1,400,000 690,000 -
1,800,000 

1,400,000 730,000 -
1,800,000 

TABLE 3 . T IM E HEQ UIIIED TO CO UNT THE SOMATIC CELLS I N 

ONE SAJ\'IP LE B Y EACH OF TI-lH EE COUNTING MODIFICATIONS OF 

THE D rnECT !viic HOSCOPl C SoMATIC CELL CouNT 

i\fodifi cati on of the Di\ISCC 

Field 
count 

Average counting tinie ( min ) 4.7 
Range of counting t imes (min) 2-10 

Stri(l 
count 

6.2 
3-20 

Stri]l -J'cti clc 
count 

8.3 
3-18 

ta ining 10 samples in blind duplicate, was sent to each lab
oratory over a period of approximately 1 year. 

Th e statistical analysis of the data was primarily concerned 
with the same parameters as those obtained from th e study 
of the microscopic counting procedure; namely, the experi
mental -error and th e variation between analysts. All cotmts 
were transfo rm ed to log ,o and it· was assumed that th ese 
transformed values were normally dist ributed . Variances are 
reported in log units. 

R ESULTS AND D ISCUSSIO 

Data from 26 analysts were used for the initial 
calcul ation of means, variance among analysts, and 
the experimental error of the three modifications "of 

the Direct Microscopi c Somatic Cell Count. After 
these calculations were performed, one analyst was 
found to have extremely large experimental error 
valu es on all three modifica tions, and his data were 
deleted as outliers . All vari ance values were rkcal
culated using the data from 25 analysts (Table 1). 
The total variance of the strip-count modification 
without re ticle was large primarily because of an 
exceptionally high variance . among analysts. This 
was caused by the low counts recorded by four an
alysts for all samples examined by this modifi cation. 
The among-analyst variance was about one, four, 
and two times as large as the experimental error for 
the field, strip, and strip-reticle modifications, re
spectively. This component has generally been the 
major one for the studies we have done on the Stand
ani Pl ate Count (4, 5) and on confirmatory tes ts for 
somatic cell coun t. The experimental error or the 
variation in results each analyst obtained between 
blind duplicates th at he tes ted was slightly less for 
the strip-reticle modifica tion than for the other two 
methods of counting (coefficient of variation of 14% 
opposed to 17%) . 

Since the strip-reticle method involves counting 
1our strips on two films, data were obtained regard
ing the effect on experimental error of counting a 
horizontal and a verticle diameter-wide strip on one 
film as well as, more simply, counting a single hori
zontal strip on one film (Table 2 ). Counting a single 
strip was inferior in precision to a count involving 
fo ur strips as measured by experimental error . There 
was little difference betvveen the experimental errors 
obtain ed for a count involving two as opposed to four 
strips. 

The time required to count one sample (no con
sideration was given to slide preparation time) by 
each of the modifications was obtained from the an
alysts ( Table 3 ) . A wide range of counting times 
was reported; the fi eld counting modification gave 
the shortest average counting time for the 25 an
alys ts. 

Experimental error was calculated for each lab
oratory participating in the collaborative study of 
the E lectronic Somatic Cell Count for each set of 
split samples (Table 4 ) . In general, the experimental 
error was low for all laboratories with an occasional 
exception . The experimental error expressed as vari
ance was 0.00133, or the coeffi cient of variation was 
8%. 

Since~ tb~ major component of variance has been 
the among-analyst component for most techniques 
we have collaboratively tested, we calculated this 
valu e for the Electronic Somatic Cell Count and 
found it to be 0.00506 or almos t four times the ex
perimental error component. The total variance for 

' •• I 
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TABLE 4. EXPEHJMENTAL E RROR FOH FOU l! SET S OF S,\i\IPL ES SENT T O E IGHT LAI30HAT01l iES FOil ELECTHONJC SO:\IATlC CELL COUNT 

Ex pe rim enta l en ora 

Sa mpl es 
Coefficient 

of variation on 
pooled resu lts 

La boratory Set 1 Set 2 

1 0.00129 (10) h 

2 0.00098 0.00023 

3 0.00079 0.00079 

4 0.00232 0.00169 

5 0.00083 0.00089 

6 0.00084 0.00035 

7 0.00530 0.00123 

8 0.00023 

Set 3 Set 4 

0.00118 0.00026 
0.00050 

0.00059 0.00012 
0.00023 0.00100 

0.00425 

0.00533 0.00028 

0.00070 0.00092 

0.00377 0.00062 

Pooled 

0.00091 (3 0) 
0.00051 (30) 
0.00057 (40) 
0.00131 (40) 
0.00199 (30) 
0.00170 (40) 

0.00204 (40) 
0.00153 (30) 

(%) 

7 
5 
5 
8 

10 
9 

11 
9 

Pooled 0.00176 (70) 0.00077 (TO) 0.00196 (GO) 0.00099 (SO) 

"The overall error was 0.00133 with 280 degrees ul' freedom an d an 8% coefficient of variation. 

"Degrees of freedom. 

the Elec tronic Somatic Cell Count was the sum of 

the two components, or 0.00639. As was true in the 

collaborative study of the Direct Microscopic Count, 

all data were from laboratories engaged in the routine 

testing of milk. Data from our laboratory were not 

included since we are not engaged in routine an

alyses. 
V\Then the data on precision of the microscopic and 

electronic testing procedures for milk somatic cells 

are compared, the total variance of 0.00506 for the 

electronic count is substantially lower than that for 

any of the microscopic procedures. \iVe believe this 

is the result of the larger sample counted in the 

electronic procedure and the objectivity of an elec

tronic count. Undoubtedly, lack of fatigue is a 

factor in the electronic procedure and enables a 

lower total variance. 

An evaluation of the relative precision of the three 

modifications of the Direct Somatic Cell Count to

gether with a consideration of the time spent in per

forming the counting phase of the procedure indicate 

there is little difference with the exception of the 

among-analyst variance in the strip-counting modi

fication without reticle. This lack of difference is 

further substantiated by the observation that the 

among-analyst component of variance for the field 

counting modification is lower in this study than one 

would anticipate from other unpublished data we 

have on the precision of this modification when used 

~n routine testing laboratories. 

' To put the absolute value of the variance in per

spective, variance results from split samples of milk 

sent to routine testing laboratories for testing by 

Standard Plate Count typically give an experimental 

error of abou t 0.00500 expressed as variance of log'" 

count per milliliter and an among-analyst variance of 

0.00700 for a total variance of 0.01200 (4, 5). Thus, 

the electronic procedure had about one-half the total 

variance of the Standard Plate Count when done on 

milk products. The field counting modification of 

the Direct Microscopic Somatic Cell Count had 

about three-fourths the total variance of the Standard 

Plate Count, and the strip-reticle modification gave 

a total variance about the same as that of the plating 

procedure. 
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REPORTIOF THE COMMITTEE ON FOOD 
EQUIPMENT SANITARY STANDARDS, 

1969-1970 

The IAMFES Committee on Food Equipment Sanitary 
Standards, known hereafter as the Committee, is charged with 
the responsibility of cooperating with other interes ted lwalth 
organizations and related industries in the fomwlation of sani
tary standards and educational materials for the . fabrication , 
installation, and operation of food equipment and fo present 
to the membership those standards and educational materials 
which the Committee recommends be endorsed by the Associa
tion . 

The purpose of thi · cooperative p rogram is to aid industry 
in improving th e design, construction, and installation of 
equipment so that it will lead to easy cleaning and proper 
ftmctioning when placed into service in food establislunents. 
It is the Committee's. furth er p urpose to cooperate with in
dustry in the preparation of standards or guidelines which 
public h ealth agencies will accept, thereb y securing uni
fomlity in th e manufacture and nationwide acceptance of 
such equipm ent. . 

The following report will ou tlin e th e Committee's activities 
during the past year in working with two health and industry 
organiza tions (National Sanitation Foundation's Joint Com
mittee on Food Equipment Standards and th e National 
Automatic Merchandisiiig Association's Automatic Merchan
dising Health-Industry Council ) and progress in m eeting its 
purposes and objectives. It is expected th ese organizations 
will be th e two groups that the Committee will work with 
durin g the coming year. 

NATIONAL SAN ITATION FouNDATION (NSF) 

The Committee was rep resented at the 1970 meeting of 
the National Sanitation Foundation's Joint Committee on 
Food Equipment Standards, where action was taken on several 
proposals; and prior to the meeting, the Committee reviewed 
and submitted comm ents on each draft of these proposals. 
Since the meeting, the Committee h as also reviewed and sub
mitted comments on proposed changes to standards. 
Basic cri.teria for special equipm ent and! or devices 

At the r equest of the Joint Committee, th e JSF staff re
viewed the definitions now contained in the various NSF 
Food Equipment Standards and Criteria as well as ' those 
coiiltained in the NAMA, BISSC and 3A Standards for th e 

pmpose of promoting a higher degree of uniformity of inter
pretations and applications. The proposed basic definitions 
for the terms accessible, cleanable, food, food contact surfaces, 
non-food contact surfaces, readily accessible, readily re
movable, sanitizin g, sealed, smooth , splash zone, and toxic 
with some modifications were recomm ended for approval by 
the public h ealth representatives. These basic definitions 
eventually will be incorporated in each of the NSF Standards, 
and hopefully will be incorporated in other National Food 
Equipmen t Standards. 

Standards for soda fountain and fo od serv ice equipment 
At the 1968 Join t Committee meetin g, the public h ealth 

representatives recomm end ed that all wheeled utensil storage 
equipmen t be tightl y enclosed to a height of 18 inches from 
the floor. However, during the past two year , industry re
viewed this proposal and experiencin g some difficulty to com
p ly th erewith received approval by a majority of the public 
health representatives at th e 1970 Joint Committee meet
ing to recind th e previous recomm endation. The action taken 
previ9usly probably should have provided greater safeguards, 
as the PHS Code is not only concerned with protection of 
clean utensils from splash but also from all other fom1s of 
con tamination . 

Standard for cookin g ancl ·warming equ:i.pment 
The NSF staff's survey of industry and users of equipment 

as to the need and feasibility of thermometers in cooking and 
warming equipment was reported to th e public h ealth rep
resentatives. Because of solid opposition from both the man u
facturers and users of cooking and warming equipment to this 
proposal at the present time, no action was taken to amend 
Standard No . 4. However, the Joint Committee requested the 
Foundation to continu e exploring ways and means of sensing 
and indicating food tempera tures, with particular attention 
to hot food storage cabinets. It is believed that all food 
tempera ture control equipm ent (hot and cold ) should be 
equipped with appropria tely located accmate temperature 
indicating equipment, and the appropriate standards will be 
so amended in the near future to accomplish this p ublic 
health objective. 

(Continued on Page 293) 
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THE MICROBIAL CONTENT Of SOME SALADS 
AND SANDWICHES AT RETAIL OUTLETS .. " 

L. 1 . CHRISTIANSE~2, AND 1 . s. KING 

Dcp:ntme1<t of Food Science 
No rth Carolina State University 

Rale igh 27607 

( Heceived for publica tion December 9, 1970 ) 

ABSTRACT 

Samples of commerciall y prepared saLtds and sandwich es 
were examined for microbial content. Total c::>unts varied 
considerably among the samples of different prcducts and 
between samples of th e same type product. Pimento cheese 
spread had the highest median count ( 5.4 X 106 I g) and 
cole slaw had the lowest median count ( 3.6 X 103

) for th e 
salad products. M eel ian counts for th e different type sand
wiches ranged between 1 X 105 and 2.7 X 105/ g. Approx

imately 40% of th e samples contain ed < 10 coliforms/ g. The 
median yeast and mold counts for these products generall y 
were < 1 X 10' / g. Approximately 39% of th e salads and 
60% of the sandwiches contained coagu lase positi ve staphy

lococci at levels which exceeded 1 X 10' / g for some salads 
and 1 X 106 / g in one sandwich. Possibl e Salmon ella iso

lates were obtained from one salad sample and two sand
wiches. Two salad samples and one sandwich were positive 

for Clost-ridiwn p e1jringens. 

. Commercially prepared salads and sandwiches are 
included in a large group of products !mown as con
venience foods . i\1Iany of these, including the salads 
and sandwiches, are not heated or otherwise proces

sed to ensure the absence of pathogenic and spoilage 
organisms in the finished product. Thus, the mi

crobiological quali ty of these foods depends on the 
quality of the raw materials, sanitation practices dur
ing production, and the amount of microbial growth 

in the finished product. 

Little information is available concerning the mi
crobial content of conm1ercially prepared salads and 
sandwiches. Prewrapped sandwiches ( 108 samples ) 
purchased in the Cincinnati, Ohio area were includ
ed in a study of different market foods (6). Total 
cotmts for these sandwiches ranged from less than 10 
to 3 X 10'/g. Coliform counts ranged from less than 
10 to 4.6 X 10'/g with a mean of 4.3 x 10"/g and 

a median of 9/ g. No salmonellae or shigellae were 
detected. These sandwiches had a 16.7% incidence of 

'Paper No . 3350 of th e Journ al Series of the North Carolina 
State University Agricultural Experi ment Stati on, Haleigh, 
North Carolina. 
2Hresent address : Swith and Company, Research and Develop
ment Center, Oak Brook, Ill . 60521. 
"The use of trade names in this publication does not impl y 
endorsement by th e North Carolina Agricultural Experiment 
Station of th e products named, nor criticism of similar ones 

not mention ed . 

coagulase-positive staphylococci and 9.2% contained 
Clostridium peTfTingens. 

The purpose of the present study was to deter
mine the microbial content of some locally produc

ed salads and sandwiches as they appear on the re
tail market in an attempt to gain some insight into 
potential microbiological problems associated with 
these products . 

MATE HI A LS AND M ETHODS 

Collection of samples 
Samples were purchased from retail outlets in the Ral eigh, 

North Carolina area. The non-sandwich products were sold 
from refri gerated disp lay cases. Most sandwiches were dis
p layed and sold at ambi ent temperature. All samples were 
transported to the laboratory packed in ice and then h eld 
at 4 C for up to 24 hr before microbiological assays were 
made. 

Preparation of samples for analysis. 
One hundred grams of sa lad was asepticall y weighed into 

a sterile, chilled \•\farin g Blendor bowl containing 300 ml of 
sterile distilled water. Following 2 min of high speed blend
ing, the pH of the sample was measured and then adjusted 
to 7.0 with sterile 2 N NaOH. Sandwich samples were pre
pared similarly to th e salads, except that the entire sandwich 
was weighed and blend ed with sufficient steril e distilled 
water to make a 1 :4 dilution . 

After adjusting th e pH, b lended samples of salads and 
sandwiches were d iluted as required for microbiological 
analyses in sodium phosphate buffer. Appropriate dilutions 
were plated in dupli cate 

1
for all p late counts. 

M icrov iological analyses ancl ·media 
Tota l counts were determin ed on pour pla tes of Plate 

Count Agar ( Di fco ) .· Dilutions of 10- ' to 10-' of sample 
were p lated and p lates in cubated at 32 C for 48 hr. Violet 
Heel Bile · agar ( Difco and BBL ) was used for enumerating 
coliforms. Pl ates were inoculated with 10-' through 10-• 
dilutions of th e food materia l and counted after 18-24 lu: of 
incubation at 35 C. Yeasts and molds were enumerated b y 
plating 10-' through 10-" dilutions of sample on Potato 
Dextrose Ag{u· ( PDA, Difco ) acidified to pH 3.5 with ste'rile 
10% tartaric acid and Cooke Rose Bengal Agar ( Difco ). con~ 
taining 35 11-g chlortetracycline/ mi. The plates wefe ":lncu$at
ecl at ambient tempera ture (ca. 23 C ) for 5 clays. Sam pi s 
were diluted from 10-' to 10-5 and pla ted on spread plates 
of Tellurite . Polymyxin E gg Yolk Agar ( TPEY, BBL ) for 
enum eration of staphylococci. Typical staphylococcal, colonies 
were counted after 24 and 48 hr incubation at 35 .. ; These 
colonies or a representa tive number were transferred into 
Brain H eart Infusion Broth ( BHI, BBL) and incubated at 
35 C for 24 hr. Tube coagulase tests were don e on the 
broth cultures using rabbit coagulase plasma ( BBL ). The 
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TADLE l. THE pH OF PHEPAHED SALADS 

~o. of pH Median 

rr·odnd. samples rnn ge plJ 

Pimento cheese 10 4.9-5.7 5.4 

Ham salad 8 4.7-5.0 4.8 

Chicken salad 10 4.5-5.9 5.2 

Bar-B-Q pork 19 4.5-5.8 5.0 

Potato salad 11 4.2-5.2 4.7 

Cole slaw 5 4.0-4.5 4.2 

number of coagulase-positi ve staphylococci was determined by 

multiplying the staphylococcal colony count on TPEY by the 

fraction of coagulase-positive isolates for each sample. For 

detection of Salmon ella a 100-ml aliquot of th e blended pH

adjusted sample ( 25 g of food material ) was transferred to 

400 ml of Lactose Broth ( Difco) prepared at 1.25 X th e 

concentration recommended by th e manufacturer. Following 

incubation, 1 ml of th e lactose broth culture was transferred 

to 9 ml of Se lenite Cystine Broth (BEL ). Streak p lates on 

Brilliant Green Agar, Bismuth Sulfite Agar, and Salmonell a 

Shigella Agar, all Difco products, were prepared from Sele

nite Cystine tubes showing growth. Suspect colonies from 

the selective media plates were transferred to Triple Sugar 

Iron Agar ( TSI, Difco ) slants . Suspect isolates from th e 

slants were tested for urease and lysine decarboxylase activity 

by inoculation into Urease Test Broth (BEL) and Lysine 

Iron Agar (Difco and BEL) , respective ly, and for their 

ability to ferment lactose and dulcito] in ferm enta tion tubes 

of Purple Broth Base ( BEL) containing 1% carbohydrate. 

All of the above tests were incubated at 35 C for 24 hr. Sus

pect isolates also were tested for agglutination with Salmonel

la 0 polyvalent antiserum (BEL). A direct plating and an 

emichment technique were used to detect Clostridi um ·per

fri.ngens. For direct plating, pour plates were made on Sul

fite-Polymyxin-Sulfadia zine ( SPS) agar (2) prepared from the 

individual ingredients. Enrichment cultures were prepared 

by transferring 8 ml of blended sample into tubes containing 

8 ml double strength Fluid Thioglycollate Broth ( Difco). The 

tubes were incubated at 35 C and observed daily for 7 days 

for gas production. Streak p lates were prepared from the 

gassing tubes on SPS agar. All plates were overlaid with 

SPS agar and incubated in Gaspak jars (BEL) at 35 C. Plate; 

were checked after 24 hr, tl10se with no growth were incubat

ed an additional 24 hr in recharged jars. Representative 

isolates from both types of p lates were tested for motility, 

and ability to reduce nitrate, liquify gelatin , and from 
spores. 

RESULTS 

pH 
The pH of the blended salads ranged from 4.0 to 

5.9 (Table 1). Approximately 58% of the samples 

had values of pH 5.0 or less . Only 15% of the samples 

had a pH >5.5. Some products (chicken salad, 

Bar-B-Q pork, and potato salad) exhibited ranges 

of 1 pH unit or more. 

The pH values for sandwich samples are not given. 
Because of the heterogeneous natme of the prod

ucts, the pH of the blended samples would not 
be meaningful. 

Total counts 

Total counts ranged from a few hundred to near

ly a billion organisms per gram (Table 2). Approxi

Jnately 36% ( 19 of 53) of the salad samples and 16% 

( 10 of 62 ) of the sandwiches had counts greater than 

a million per gram. Only seven of the salads and 

no sandwiches had < 1,000 organisms per gram. 

Coliform counts 

Approximately 57% of the samples contained < 100 

coliforms/ g and 40% contained < 10/ g. Only 12% 
had counts > 1 X 10" coliforms/g. 

Yeast and mold counts 

Counts on acidified PDA and Cooke Rose Bengal 

Agar did not differ significantly. The data shown 

in Table 4 were obtained on PDA. The yeast and 

mold counts ranged from <100 to 3.8 X107/g. Only 

six samples (one of pimento cheese, one Bar-B-Q 

and four ham sandwiches) had counts > 1 million 

p ::'r gram. Ten samples contained < 100 yeasts and 
molds per gram. 

TABLE 2. TOTAL COUNTS l N SO.lllE PHEPAHED SALADS AND SAND\ VlCHES 

i\o. of nange of Median 
Product samples count/g count/~ 

Salads 

Pin1ento cheese 9 1.4 X 103-2.9 X 107 5.4 X 106 

Ham salad 7 8.0 X 102-8.7 X 106 1.5 X 10' 

Chicken salad 8 1.2 X 104
- 1.4 X 107 6.7 X 105 

Bar-B-Q pork 15 1.0 X 102-8.0 X 10' 3.0 X 105 

Potato salad 9 4.0 X 102
- 1.2 X 105 1.5 X 104 

Cole slaw 5 5.0 X 102
- 3.4 X 10'' 3 .6 X 103 

Sandwiches 
Chicken salad 15 6.6 X 103-2.4 X 106 2.7 X 105 

Ham and chopped ham 20 2.6 X 104-7 .0 X 108 1.3 X 105 

Ham salad 7 1.5 X 10''-1.8 X 105 l.l X 105 

~~liscellaneous" 20 1.3 X 103-5.3 X 107 1.0 X 105 

"The miscellaneous sandwiches included roast beef, egg salad, bologna, sliced turkey, cheeseburger, and smoked sausage 
sandwiches. 

, 
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TABLE 3. COLIFOHl\I COUNTS IN PHEI'AH ED ~ALADS A ND SA N IJWJCHES 

Produ ct 

:\o. of samples 
with detectable 
coli forms/total 

Range of 
counts/ !;' 

Median 
counts/ {;' 

Salads 

Pimento ch eese 
Ham sa lad 
Chicken salad 
Bar-B-Q pork 
Potato salad 
Cole slaw 

5/ 9 
6! 8 
6! 8 

10/15 
1/ 9 
0! 5 

< 10-3.5 X 10" 
< 10-1.5 X 10'' 
< 10-2.5 X 10'' 
< 10-1.6 X 10'' 
< 10-2.0 X 10' 

2.0 X 10' 
3.0 X 102 

1.9 X 103 

2.0 X 101 

< 10 
< 10 

Sandwich es 

Chicken salad 
Ham and chopped ham 
Ham salad 
Miscellaneous'' 

14115 
ll/20 
617 

11/20 

< 10-5.7 X 10" 
< 10-5.6 X 102 

< 10-5.0 X 102 

< 10-1.2 X 105 

3.3 
1.5 
1.6 
4.0 

X 102 

X 101 

X 102 

X 101 

"Th e miscellan eous sandwiches included roast beef, egg salad , bologna, sliced turkey, cheeseburger, 

sandwich es. 

and smoked sausage 

TABLE 4. YEAST AND MOLD C O UNTS I N PREPM1EIJ SALADS AND SANDW LCHES 

~o . of samp les Hangc of :.\led ian 
Produ cts with counts/total counts/g count/g 

Salad.~ 

Pim ento cheese 8/ 9 < 100-3.4 X 106 3.6 X 103 

Ham sa lad 8/8 4.0 X 102-1.6 X 10' 1.2 X 103 

Chicken sa] ad 8/ 9 < 100-l.l X 105 1.0 X 10'' 

13ar-B-Q pork 13/ 15 < 100-9.1 X 106 2.0 X 102 

Cole slaw 2/ 5 < 100-2.0 X 102 < 100 

Sandu;iches 

Chicken salad 15/15 4.0 X 102
- 1.7 X 10" 8.2 X 10" 

Ham and chopped ham 20/20 2.0 X 102-3.8 X 10' l.l X 10' 

Ham salad 717 3.9 X 103-1.4 X 10" 9.9 X 103 

Miscellan eous" 14/ 18 < 100-5.6 X 106 8.7 X 10" 

"Th e miscellaneous sandwiches includ ed· roast beef, egg salad, bologna, sliced turkey, cheeseburger, and smoked sausage 

sandwiches. 

Coagulase posit·ive staphylococci. 
Approximately 76% of the samples contained or

ganisms which developed as typical staphylococcal 
colonies on TPEY agar. Hovvever, coagulase posi
tive isolates were obtained from only 50% of the 
total samples, i.e. , approximately 39% of the salads 
and 60% of the sandwiches. For the salads, the in
cidence of these organisms was highest for chicken 
salad with 6 of 10 samples containing the organisms 
and lowest for cole slaw, 1 of 5 samples ( T a1ble 5 ) . 
For the sandwiches, coagulase positive staphylococci 
were isolated from 5. of 7 ham salad sandwiches (the 
highest incidence) and 10 of 19 sliced and chopped 
ham sandwiches (the lowest incidence). The de
tectable counts of these organisms in the salads 
ranged from 1 X 10' (the minimum detection level) 
i;t1 one sample of potato salad to 2 x 105/ g in a 
sample of pimento cheese spread and a sample of 
chicken salad. Counts for sandwiches ranged from 
1 x 102/ g in one ham salad sandwich to 3 x 10"/ g 
in a ham sandwich . 

Preliminary experiments have indicated that staph
ylococci may not be able to grow in the salads. 
Commercial samples of chicken salad (pH 5.2) , 
pi men to cheese ( pH 5.4 ) spread, and ham salad 
(pH 4.8 ) inoculated with approximately 10" coagu
lase positive staphylococci/ g were incubated at 4 
and 37 C. At 37 C, daily counts on TPEY reveal
ed a steady decrease in the number of staphylococci 
in each of the three products. In chicken and ham 
salad, the staphylococcal count decreased to <100/g 
in 4 days. In pimento cheese, staphylococci could 
be detected after 7 but not after 8 days of incuba
tion. The rate of decline was much slower at 4 C 
than at 37 C. After 15 days of storage at 4 C, the 
staphylococcal count was 5.4 x 104/ g in chicken 
salad, 9. 0 x 104 in ham salad, and 5·.0 x 105 in pi

mento cheese spread. 
Total counts were determined for samples held at 

37 C. The count in chicken salad increa·sed from 
an initial level of 1.1 X 10' to a maximUm of 5.3 X 

10"/g after 2 days. In 3 days the count in ham 



292 CHRISTIANSEN AND KING 

TABLE 5. COAGULASE POSIT IVE ST APHYLOCOCCI COUNTS l N 

Pl\EPAHED SALADS AND SANDWIC HES . 

'Xo of Range of coun ts/g 
sampl es with in samulcs co ntainiug 

Produ<:t count s/total the organism 

Salads 
Pimento cheese 6/13 2 X 103-2 X 105 

Ham salad 2/ 8 1 X 104 -2 X 10'' 
Chicken salad 6/10 3 X 103-3 X 10'' 
Bar-B-Q pork 5/19 3 X 103-2 X 10' 
Potato salad 5/ ll 1 X 10•-s X 10" 

Cole slaw 1/ 5 1 X 103 

Sandwiches 
Chicken sa lad 9115 2 X 102-2 X 10'' 
Ham and chopped ham 10/ 19 4 X 102-3 X 106 

Ham salad 5!7 1 X 102-2 X 10'' 
Miscellaneous" 14/21 1 X 103-2 X 105 

"The miscellaneous sandwiches included roast beef, egg salad, 
bologna, sliced turkey, cheeseburger, and smoked sausage 
sandwiches . 

salad increased from 5.0 X 106 to 8.1 X 10'/g and in 
pimento cheese from 5.1 X 10" to 3.0 x 10". 

Salmonella. 

Organisms tentatively classified as Salmonella were 
isolated from only three samples, one sample of Bar
B-Q, one roast beef sandwich, and one cheeseburger. 
These isolates produced acid butts and alkaline slants , 
but were H,S negative on TSI agar; were urease 
negative and lysine decarboxylase positive; did not 
ferment lactose; were plus-minus in terms of dulcitol 
fermentation ; and agglutinated poly-o-somatic anti
serum. 

Clostridiwn perf'ringens 
Clost1'icUu.m perfringens was isolated from three 

products, two samples of Bar-B-Q and one smoked 
sausage sandwich. For the two Bar-B-Q samples, 
C. pe1jringens was detected by the direct plating 
technique at concentrations of 12 and 60/ g. o 
C. perfri·ngens isolates were obtained from the en
richment cultures .made from these two samples. 
For the smoked sausage sandwich, the organism was 
detectable by emichment culture .but not by direct 
plating. The lowest dilution of sample plated was 
1:4. 

DISCUSSION 

Refrigeration storage and the generally low pH 
of the salads would inhibit growth of most micro
organi~r31s . Lactic acid bacteria, some of which are 
both psychrophilic ancf acid tolerant, might grow 
and conh·ibute to the total count. Yeasts and molds 
also might- be able to· grow in these products . How
ever, · except for high coun ts in a few samples, the 
yeas t and mold counts in most of the salads did not 
indicate extensive growth of these organisms. Im-

proper refrigeration would enhance the possibility 
for growth particularly in samples with the higher 
pH ·Values . 

Inaredients such as natural Cheddar cheese used 
b ' in pimento cheese spread by some producers ahd 

raw v: getables used in many of the salads and sand
wiches may have contributed to the high total counts 
in some of tbese products. These ingredients often 
have high microbial populatiOI}S (6). 

There is the possibility that initial contamination 
levels of salmonellae and coliforms were higher than 
those found in samples obtained at the retail level. 
Acetic acid (vinegar ) is added to all the salads. 
Apart from lowering the pH, acetic acid has an in
hibitory or even lethal effect on some coliforms and 
salmonellae (3, 4, 5). 

i\llicrobial growth in the sandwiches is possible 
since the sand•vViches may be held at room tempera
ture for several hours before sale. Although parts 
of th -:: sandwich would have conditions similar to , 
those in the salads (i.e. low pH and the presence of 
acetic acid ), the heterogeneous nature of the sand
wich seemingly would provide areas where these 
factors ,;v·ould have little effect on growth. Hall et 
al. (6) found that the mean total count of sandwiches 
increased from an initial level of 4.2 X 106 / ml to 
:2 x 10' after 48 hr storage at room temperature. 
Although this storage time may have been excessive 
from a practical viewpoint, the results do show that 
growth can occur in the sandwiches. 

The h'tle incidence of coagulase-positive staphylo
cocci in these foods no doubt is higher than the 
sta ted value since staphylococci present at levels of 
less than 1 x 102 I g would not have been detected 
by the methods used. Also. because of the tendency 
for staphylococci to be killed when inoculated into 
some of the salads, the levels of these organisms 
found in retail samples may be lower than the levels 
initially contaminating the products. 

Staphylococci probably would be unable to grow 
in properly refrigerated salads. Also, as suggested 
by preliminary h·ials, growth is unlikely even in 
salads held at 37 C. Thus, the levels of coagulase
positive staphylococci found in the salads appear to 
originate in rm¥ materials and/or from contamina
tion during production, giving cause to question the 
quality of the raw materials and the sanitation prac
tices. Growth cif staphylococci in raw materials 
could be accompanied by production of enterotoxin 
vvhich '~'ould be introduced into the final product. 

Comments concerning somces of staphylococcus 
contaminatiori of salads also would apply to sand
wiches. In addition, given that the sandwiches may 
be held at room temperature for several hours there 
is the potential danger of growth and enterotoxin 
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production in these products. Hall et al. (6) dem

onsb:ated that staphylococci could grow in sandwich

es held at room tempera ture for 48 hr, although the 

populations did not reach hazardous levels. Sand

wiches in this experiment were contaminated with 

coagulase-positive staphylococci at levels detectable 

by enrichment culture only. Following incubation , 

counts had increased but the highes t count was only 

5.8 x 10" staphylococci/g. Perhaps the staphylo

cocci were inhibited or outgrown by other organisms 

in the sandwiches. The poor competitive abilities 

of staphylococci are well knovvn. As indicated above, 

staphylococci were present in very low numbers, 

whereas the initial mean total count of these sand

wiches was 4.2 X 10"/g. In the present study the 

staphylococcal contamination levels were much high

er than in the above study. The higher popula

tions would not only enable the staphylococci to 

compete more effectively, but also would increase 

the likelihood of the organisms being located in an 

area of the sandwich where pH or other factors 

would not affect growth. 

REPORT OF COMMITTEE ON FOOD 

EQUIPMENT SAr ITARY STAr DARDS 

1969-1970 

Continu ed from Page 288) 

Standard for (so ft ice cream ) d ispensing freezers 

The Joint Committee in 1967 initiated a comprehensive 

review of Standard No. 6 because of th e numerous changes 

in the ice cream fi eld within th e past 5 years. This review 

has been completed , and numerous revisions, including those 

mandating faci.lities to assure continuous storage of tl1e ice 

cream mLx (wheth er integra ll y or remotely located) at sa fe 

temperatures, have been approved by th e Joint Committee. 

These revisions which have been und er considera tion for 

several years by both public health and industry members 

were made for th e purpose of updating the Standard and 

making it more app licabl e to public health , industry, and 

consumer needs. 
During th e final review of th e proposed revisions to Stand

ard No. 6, the public health representatives expressed a need 

for caution ing users of this equipment that use of the freez

ers for other th an dairy products, particularly for acid type 

foods, might result in food poisoning caused by d issolution 

of the heavy metals fo und in such equipm ent. Furthermore, 

they requ ested th e Foundation to review this matter with the 

manufacturers of the freezers to determin e th e feas ibility of 

requiring a cautionary statement in their instruction manual 

and on the cleaning instruction label. Should this not suffice 

to prevent a food-bor.ne incident From the heavy metals, it 

would probably necessitate a change in th e Standard requiring 

use of oth er materials. 

Standard for walk-in and reach-in refri gerators and freezers 

After several years of discussions and studies by both public 

ACKNOWLEDGEMENT 

The authors appreciated th e technical assistance of Mrs. 

Linda Roberts. This investigation was supported, in part, 

by Training Grant ES-61 from the Division of Environmental 

Health Sciences, Nat iona l Institutes of Health , United States 

Public Health Service. 

H. EFEHENCES 

1. American Public Health Association . 1960. Standard 

methods for th e examination of dairy products, 11th eel . Amer. 

Public H ealth Ass., New York, N.Y. 

2. Angelotti , H., H. E. H a ll , J. .tv!. Foter, and K. H . Lewis. 

1962. Quantitation of ClostricUum petjringens in foods. Appl. 

Microbial. 10:193-199. 

3. Brownlie, L. E. , and F. H. Gratl. 1967. Effect of 

food intake on growth and survival of salmonellae and Esche

·richia coU in the bovine rum en. J. Gen. Micro bioi. 46:125-134. 

4. Goepfert, J. M., and R Hicks, 1969. Effect of volatile 

fatty acids on Salmonella typhimurium . J. Bacterial. 97 :956-

958. 
5. Goepfert, J. M., N. F. Olson, and E. H. Marth. 1968. 

Behavior of Salmon ella typhimurirnn during manfacture and 

curing of Cheddar cheese. Appl. Microbial. 16:862-866. 

6. H all , H. E. , D . F . Brown, and K. H. Lewis. 1967. 

Examination of market foods for colifom1 organisms. Appl. 

Micro bioi. 15:1062-1069 . 

and industry representatives and fa ilure b y many members 

of the industry to comply with the requirement, effective 

July l , 1969, tha t a ll joints and seams in the food zones (the 

food zone is defin ed by Standard No. 7 to include the entire 

interior of a reach-in refrigerator or freezer) should be filled 

to conform with Item 3.01 has been rescinded by action of 

a majority of the public health representatives. F urthermore, 

they approved an amendm ent to Item 4.052 stating that 

"Open joints and seams in the walls and ceilings need not 

be fill ed and finish ed to conform to Item 3.01". This latter 

statement would contradict the following first sentence in 

Item 4.052: "Joints and seams in tl1e food zone shall be 

closed and sealed." 

This Comm ittee objected to rescinding the statement re

q uiring joints and seams to compl y with Item 3.01 and to 

th e above amendm ent to Item 4.052 especially witl1out fur

ther amending th e Standard to . delete tl1 e concept that the 

entire interior of a reach-in refri gerator or freezer is consider

ed a food zone. 

New standards 
The proposed Standards for Dinnerware; Air Curtains for 

Entrance \Vays to Food Service Establishments; Lan1inated 

Plastics for Surfacing Food Service Equipment; and Pots, 

Pans, and Utensil Spray-Type \ lilashing Machines were 

thoroughl y reviewed, appropria tely amended, and finally 

recomm ended for adoption by the Joint . Committee. The 

manufacturers and users of such equipm en.t and/ or utensils 

and p ublic h ealth representatives have long recognized the 

need for properl y designed and constructed food service 

facilities of the nature. However, the application of the 

Standard for Lamina ted Plas tics will be limited to use :in 

equipm ent evaluated und er Standards Nos. 1 and 2; and the 

(Continued on Page 299 
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USE OF YEAST BETA-GALACTOSIDASE IN MILK 
AND MILK PRODUCTS' 
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( Received fo r publication September 25, 1970 ) 

ABSTHACT 

Experimen ts were carri ed out to study fac tors affectin g the 
enzyme activi ty of ,a-ga lactosidase of Sacclwmmuces fragil is 

RRL Y-1109 in milk products. Both the type of lactose
containing substrates and their method of p reparation greatly 
affected ,a-galactosidase ac tivity. Lactose in an aqueous solu
tion was h ydrolyzed more easily than it was in milk products. 
Of milk products tested, whey was the best substrate for the 
enzyme. Milk solids, other than lactose, exhibited some in 
hibitory effect on h ydrolysis of lactose by the S. fragilis {!

galactosidase. The maximum rate of hydrolysis in milk 
products was obtained when milk or whey was fortified with 
0.1 !vi potassium sulfa te and 10-• M man ganese chloride. 

Nonfat dry milk and whey powders, in which portions of 
the lactose were hydrolyzed to simple sugars, were prepared. 
These products were of good flavor, appearance, and stability. 

Use of f3-galactosidase in dairy products is one of 
the most promising apvlications of enzymes in food 
processing. Hydrolys is of lactose by f3 -galactosidase 
( commonly called "lactase") will alleviate the prob
lems of low solubility and lack of sweetness which 
are often experienced in concentrated milk products 
and ice cream. Pomeranz (6) has reviewed the pos
sible ways in which this enzyme might b e utilized 
in the food industries. 

In earlier studies of lac tose hydrolysis in dairy 
products . the f3-galactosidases from lactose-ferment
ing yeasts were generally used (7, 9, 12, 13, 15). Some 
fac tors affecting hydrolysis of lac tose by these en
zymes have been ryported. However, the specific 
strains of yeast from which these f3-galactosidases 
were obtaim·d were never indica ted. 

Previous studies have shovvn that f3-galactosidases 
from various lactose-fermenting yeasts vary in some 
o~ their chemical and physical properties (3, 18). This 
iiwestigation was made primarily to study the fac
tors affec ting /3-galactos idase activity of Saccha1'0my
ces fra gilis Y-1109 in milk and milk products. In 
addition, studies were also made on properties of 

· dried milk products in which a portion of lactose 
had been hydrolyzed by /3-galactosidase. 

'Research supported by the Coll ege of Agricu ltura l and Life 
Sciences, University of Wisconsin, Madison and hy th e Co
operati ve State H.esearch Service, Un ited States Department 
of Agriculture. 

ifATEIUALS AND METHODS 

Orga11-ism. 
Saccharomyces fm gilis NH.H.L Y-1109 was obtained from 

USDA Northern Utiliza tion Research and Development Divi
sion Laboratories . The yeast was maintained by occasional 
transfers on slants of agar medium containing 20 g lactose, 
5 g yeast extract, and 15 g agar per liter . 

Growth 
Studies of the enzyme from S. fragil-is Y-1109 were made 

with enzyme extracted from large quantities of dried yeast 
produced in the Universit)' of \Visconsin p ilot plant. Saccha'I'O
myces fragilis Y-1109 was grown on a medim11 containing 
100 g lactose, 5 g yeast extract, 3 g K,HPO., and 1 g am
monium sulfate per liter. The pH of the meditm1 was ad
justed to 4.5 with phosphoric acid. A 750 gal stainless steel 
ferm entor with mechan ical agitation was used to grow 400 
gal quantiti es of yeast culture. The medium was inoculated 
with 45 l of S. fra gilis culture, which h ad been actively grow
ing in a sterile medium for 12 hr. The temperature of th e 
fermentation was maintained at 28 C, the pH maintained 
at 4.5 by addition of ammon ia, and the aeration rate held at 
40 ft3 per min . \ Vhen maximum growth was reached, yeast 
cells were h arvested and washed in a DeLaval PX-309 sludge 
separator . The yeast cream obtained was spray-dried accord
ing to the method of Stimpson (14) on the University of 
'vVisconsin tower dryer (2) to obtain a ,8-galactosidase-active, 
zymase-inactive, preparation. 

Cell-free extTacts 
All extractions were carried out in a cold room at 5 C. 

Potassimn phosphate buffer ( 0.1 M at pH 7.0) containing 
10-' M .MnCI, was used routinely in extraction of th e enzyme. 
The procedure for extracting the enzyme from the dTied 
yeast cells consisted of mechanically agi tating a 10% ( w/ v) 
yeast slurry in the pH 7.0 buffer for 16 hr. Approximately 
5% ( w I v ) sterile sea sand was added to aid in disruption of 
the yeast cells. Cell-free extracts were obtained by centri
fuging the treated cell preparation at 1000 X g for 15 min . 

Enzym e ancl lactose assays 
Enzymatic activity was determined b y th e amount of glu

cose released from hydrolysis of lactose. The procedure in
volved two steps: hydrolysis of lactose in dairy products by 
the enzyme prepara tion, and microdetermination of glucose 
in the hydrolysis products. 

Hydrolysis of lactose was perfo rmed in test tubes in a 
water bath at 40 C. Two and one-half milliliters of milk or 
whey, fortified with 10-'' M MnCI,, were placed in the test 
tubes and equilibrated in the bath. All mi lk products were 
adjusted to pH 6.5 with either phosphoric acid or potassium 
hydroxide. The quantity of enzyme extract added to the 
milk product was th e extract obtained from a measured 
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amow1t of dried yeast celb equiva lent to 2% of th e lactose 

content of th e product. After a 1 hr incubation period, th e 

activity was stopped by heating the tubes in a boilin g water 

bath for 5 min. Proteins in the hydro lyzed milk and whey 

samples were removed by the method of Somogyi (11 ). The 

di luted supernatants were analyzed for glucose. 

For the determination of glu cose, 1.0 ml aliquots of t he 

diluted supernatants were p laced in test tubes. A 4 .0 ml 

aliquot of Clucostat reagent (\Northin gton Biochemical Corp. ) 

was delivered into each tube, and th e tubes were incubated 

at 25 C for 10 min. One drop of 4 1 HCl was added to 

stop the reaction, and the optical density was recorded at 

400 m/L. A standard curve was prepared with glucose. All 

values reported were measured with '[ n+ + added to th e 

milk product and were corrected fo r th e di lution effect from 

add ing the enzym e solution to th e milk and whey samp les. 

The concentration of lactose in the dairy products vari ed 

considerably in the various studi es but the enzym e to lactose 

ratio was always constant. Th us, to obtain true comparisons 

enzyme activities were reported as per cent of lactose hydro

lyzed. 

Lactose in the mi lk products was determined by th e 

method of Lawrence ( 4). 

Production of dried , enz ym e-treated milk 7Jroducts 

Raw skimmilk and wh ey were obtained from the Un iversity 

of \Visconsin dairy plant and vat-pasteurized at 74 C for 30 

min. The pasteurized skimmilk was divided in equal parts 

of which one was concentrated to contain 15% lactose. The 

other was cooled and stored at 5 C until ready for treatment 

with enzym e. The skimmilk, whey, and skimmilk concentrates 

were adjusted to pH 6.5 with phosphoric acid or potassium 

hydroxide, and 10-• M MnCI, th en was added to each sampl e. 

Th e three samples were brought to 40-45 C and ce ll-fre~ 

extract of S. fragilis was added. The quantity of th e enzyme 

extract added was the extract obtained from a m easured 

amount of dri ed yeast cells equi valent to 2% of the lactose 

content of th e product. \Vhen th e desired amounts of lactose 

hydrolysis were achi eved , samples of the product were removed 

from the incubatin g vat and enzyme activity was arrested by 

heating them at 74 C for 10 min. Th e samples were th en 

concentrated to 30% solids. The various hydrolyzed skim

milk concentrates were dried in a Necro-Niro portabl e spray 

i drying unit. The inlet temperature was 170-180 C and the 

outlet temperature was 75-80 C. The atomizer was rotated 

at 50,000 rev/ min. Samples were stored at room temperature. 

H ydrolyzed whe)' was spray dried in the experim ental 

tower dryer of the University of \ Visconsin (2). Th e product 

was atomized through a Spraying Systems 62-21 pressure 

nozzle at either 1500 or 3500 psi ( 1500 psi with high pressme 

pump and 2000 psi with compressed air from a Corblin 

A2CV250 two stage diaphragm type compressor ) . In let air 

temperatures were maintained at 150-155 C. Outlet air 

temperatures ( at th e point of powder and air separation ) 

were maintain ed at 98-100 C. Powders were stored in 

polyeth ylene-lined barrels at room temperature. 

Analysis of pou;d ers 

Bulk density was determined as th e weight per mill il iter of 

a light ly tapped 50 g sample. Moish1re in the powders was 

determined by th e toluol disti]]ation m ethod (5). Solubility 

ind.ex was m easured by the method prescribed by the A.m eri

cm; Dry Mi lk Institute (1). Glucose in th e powders was deter

mined with C lucostat reagent. Th e fl avor of these dried h y

drol yzed milk products was evaluated by a trained taste 

panel. Powders were reconstituted with deionized water to 

make solutions containing 1G% total solids. 

R eagents 

C lucostat reagent was obtained from 'Northington Bio

chemical Corp. ( Freehold N. J.). All oth er reagents used in 

this investi ga tion were analytical reagent grade. The various 

milk prod ucts used in this study were obtained from the 

Department of Food Science, University of '"' isconsin , and 

were of th e highes t q uality. Deionized distill ed water was 

used for all exp eriments. 

RESULTS 

Lactose hydrolysis ·in m-ilk products 

The type of lactose-containing food products, used 

as the substrate for S. frag'ilis {3-galactosidase, great

ly influenced the extent of lactose hydrolysis (Table 

1). Enzyme activity was determined both with and 

without 10-• i\II MnCJ, added to . the milk products. 

The lactose content of all products was adjus ted to 

.5% by dilution of the products with deionized water. 

The pH of milk products was adjusted to 6.5 by ad

di ti on of either phosphoric acid or potassium hy

droxide. Enzyme activity with Mn++ was greater 

than in its absence. The extent of lactose hydrolysis 

was greatest in the lactose buffer solution and least 

in the whole milk. 

In previous studies (18), it was found that {3-galac

tosidase from S. frag'il·is Y-1109 required Mn ++ as a 

cofactor to produce a stable enzyme assay when us

ing lactose solutions . Studies of the enzyme-time

product relationship were made to determin e if 

Mn++ also was necessary for a stable enzyme system 

in milk. The amount of glucose liberated from lac-

TAJJLE 1. THE I N FLUENCE O F VAIUOUS LACT OSE-CONTAIN JNC 

S UIJSTH.ATES ON THE HATE OF HYDHOLYSJS OF LACTOSE. 

Subst;·ntea 

Lactose solution 
\ Vhey 
Skimmi lk 
Whole milk 

L actose hyclrolyzed {% ) 

Without Mn++ 

7.8 
7.2 
6.3 

With i\.ln ++ 

13.5 
9.8 
8 .2 
6.8 

'Lactose con tent adjusted to 5% in all samples 

TABLE 2. E NZYi\IE -TII-lE HELATIONSHJP WITH SKJ M MJLK 

AS SU llSTHA TE. 

Quantity Tim e Lactose hydrOlyzed {% ) 

of of 
Sldmmilk 

enzy me hydrolys is S li immilk 

(ml) (min) + 10-' M ~rn++ 

0.500 7.5 3 .6 6.1 

0.250 15.0 3 .4 6.1 

0.125 30.0 2 .1 6.0 
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tose in skimmilk was measured both with and with
out addition of 10-• M MnCh to the skimmilk. H y
drolysis was conducted for 1 hr at 40 C. Table 2 
shows that Mn++ was necessary to produce a rela
tively stable enzyme system and a cons tant value for 
the enzyme-time relationship in milk. 

5 

l' igurc l. H ydrol ys is of lactose in skimmilk and whey. 
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Figure 2. Effect of enzyme concentration on the rate of 
lactose h ydrol ysis in skimmilk. 

In another study (19 ), the effect of heat h·eatment 
of milk on rate of lactose hydrolysis by /3-galactosi
dase was determined by an analysis of the enzyme 
activity in lots of skimmilk subjected to heat h·eat
mc: nts ( 30 min ) ranging from 62.8-85.0 C. In rawt 
skimmilk 8.6% of the lactose was hydrolyzed. The 
maximum enzyme activity, 9.9% lactose hydrolyzed, 
was obtained with a heat h·eatment of 74 C for 30 
min . T emperatures > 74 C had no additional effects 
on hydrolysis of lactose in skimm'ilk. 

The rate of lactose hydrolysis by S. fmgilis /3-
galactosidase in both skimmilk and whey was de
termined hourly over a 4 hr p eriod. Both the skim
milk and whey solutions had a pH of 6.5, contained 
5% lactose and 10-" ~vl J\1InCb, and w ere given a heat 
treatment of 74 C for 30 min. Figure 1 shows that 
the enzymatic hydrolysis of lactose in skimmilk and 
whey did not follow zero-order kinetics as it did in a 
lactose solution (18). 

To determine the effect of concenh·ation of milk 
solids on the activity of /3-galactosidase in milk and 
whey, dried whey and high-hea t nonfat dry milk 
( DM ) were reconstituted with deionized water 
containing 10-' M MnCb to various concenh·ations 
of total solids. To each of the samples, enzyme was 
added at a concentration of 2% of the lactose con
tent and enzyme activities were determined. Table 
3 shows that maximum hydrolysis of lactose was ob
tained in reconstituted whey vvhich contained 20% 
total solids and in reconstituted DM which con
tained 20-30% total solids . These concenh·ations of 
milk and whey solids were equivalent to approxi
mately 10-15% lactose in solution. 

To determine the effect of milk solids other than 
lactose on lactose hydrolysis by the S. fmgilis en
zyme, dried whey, low-heat NDM, and high-heat 
NDM were reconstituted with deionized water con
taing 10-" M MnCh to various concenh·ations of 

TABLE 3. EFFECT OF TOTAL SOLJIJS CONTENT OF RECONSTITUTED 

NDM AND WHEY ON T H E HATE OF LACTOSE HYDROLYSIS. · 

l'ro<luct 

Reconstituted whey 

Reconstituted 1 DM 
( high heat ) 

Total solids 
iu prod uct 

(% ) 

5 
10 
20 
30 
40 

5 

10 
20 
30 
40 

Lactose 
h.rdro1.v?.ed 

(% ) 

9.5 
9.8 

10.4 
9.6 
9.4 

9.4 

9.7 
10.2 
10.3 

9.8 
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TADLE 4. EFFECT OF MILK SOLIDS OTHEH THAN LACTOSE ON 

THE HATE OF LA CTOSE HYDHOLYSIS. 

Mill< solids othe r F..... ..., 

l' rodt\ct• 

Reconstituted whey 

Heconstituted NDM 
(low heat ) 

Reconstituted NDM 
(high h eat) 

than lactose · 
ill ])rodu ct 

(% } 

3.6 
2.7 
1.8 
0.9 

10.0 

7.5 
5.0 
2 .5 

10.0 

7.5 
5.0 
2.5 

"Lactose content adjusted to 10% in all samples 

Lactose 
hydrolyzed 

(% } 

10.3 
10.5 
11.1 
12.9 

7.3 

8.6 
10.1 
11.9 

9 .5 

9.9 
10.6 
11.5 

T AilLE 5. EFFECT OF ADDITlON OF POTASSIUM TO MILK OF THE 

HATE OF LACTOSE HYDHOLYSJS. 

Concentration of Lactose 
K+ added hy dro I zed 

(moles /!} ( % } 

None 8 .0 

0 .05 8.4 

0.10 8.9 

0 .20 8.8 

0 .50 7.9 

solids. These concenh·ations were equivalent to 10, 
i 7.5, 5, and 2.5% lactose in solution. Lactose was 

then added to the samples to adjust the lactose con
tent of all samples to 10%. Table 4 sho·ws that as the 
milk solids other than lactose were decreased, the 
rate of hydrolysis of lactose in the milk products in
creased. Enzyme activity when using low-heat D
M was generally less than \ovhen using high-heat 
TDM or whey. 

Addition of lactose activators (16), such as sodium 
sulfite and sodium bisulfite, had no effect on en
zyme activity when 10:·l td MnCb was added to the 
milk products. Potassium metabisulfite slightly in
creased ,B-galactosidase activity, but it was later 
found that this increase resulted from addition of 
potassium ions. 

dditional studies on the effect of potassium ions 
on ,B-galactosidase activity in milk were conducted. 
To heat-h·eated skimmilk containing 5% lactose and 
J.O-' M MnCh, various amounts of K+ were added 
in the form of potassium sulfate. The addition of 
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0.1 M K+ gave the maximum rate of lactose hydroly
sis in skim milk (Table 5). 

The rate of lactose hydrolysis in heat-treated skim
milk containing 10-• :M Mn++ and 10-1 M K+ was 
determined by adding ,B-galactosidase in increments 
of 1, 2, and 4% of the lactose content. Samples were 
incubated at 40 C and aliquots were removed for 
glucose analysis hourly over a 4 hr period. Figure 
2 shows that, under optimum conditions, tl1e S. fra
gil·is ,B-galactosidase in skimmilk did not follow tl1e 
zero-order kinetics observed in lactose solutions. 
Rather, mixed-order kinetics was observed. In
hibition of the ,B-galactosidase by the hydrolysis 
products was evident above 40% hydrolysis. 

D·riecl hydrolyzed m-ilk pmclucts 
Tonfat dry milk (NDi\11) powdets were pTepared 

in which 0, 15, 30, or 45% of the lactose in the pro
duct was hydrolyzed to the corresponding mono
saccharides. The resulting milk powders were of 
good appearance and stability. Dried whey pow
ders also were prepared in which 50% of the lactose 
was hydrolyzed. The powders had a satisfactory 
light color but were rather hygroscopic. The gen
eral characteristics of these dried modified milk 
products are shown in Table 6. In general, as the 
p ercentage of lactose hydrolyzed in the product was 
increased, the moisture content of the powder in
creased and the bulk density decreased. 

Flavors of the resulting D:tvi and whey powders 
were generally good. The powders did not have 
the "yeasty" or "malty" flavor sometimes associated 
with hydrolyzed milk concentrates. However, as 
the percentage of lactose hydrolyzed in tl1e DM 
powders increased, the sweetness increased. 

TABLE 6. CHAHACTEHISTICS OF DHIED i\'fODIFIED NflLK PHODUCTS. 

I.Ja ct.ose Bul k 
hydrol.'·zecl density 

Sample ( % } (g/ml} 

Nonfat dry milk" 
1 0 0.58 
2 15 0.56 
3 30 0 .52 
4 45 0.50 

Nonfat dry milk" 
1 0 0.58 
2 15 0.51 

3 30 0.50 

4 45 0.50 

Dried whey 
1c 50 0 .46 

2'' 50 0.22 

"Hydrolyzed b efore concentration. 
"Hydrolyzed after concentration. 
"Spray-dried with no injected gas. 
''Spray-dried · with injected ·gas. 

Solu bili ty 
l\Ioisture index 

( % } (ml} 

2 .9 0.04 
3 .4 0.10 
3.7 0.08 
3.8 0.07 

2.9 0.04 
3 .0 O.Q6 
3.1 O.D7 
3.6 0.08 

3 .6 2.00 
4.0 1.80 
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DISCUSSION 

Beta-cralactosidase from lactose-fermenting yeasts 

has bee~1 extensively studied for possible use in the 

food industry. Several workers (7, 9, 13, 17, 19) have 

reported vario.us factors affecting lactose hydrolysis 

in milk products. Studies were conducted to de

termine if all of these factors affected the enzyme 

activity of S. fra giUs Y-1109. The type of lactose 

containing substrate greatly influ enced the rate of 

lactose hydrolysis by the S. fra g·ilis enzyme. Lactose 

in aqueous solution was hydrolyzed more easily than 

it was in milk produ cts. Of the milk products tes t

ed, whey was the bes t substrate for the yeas t en

zyme. This agreed with the effect of substrates re

ported by Reed (8) . i\Janganese and potassium had 

to be added to the milk products to provide maxi

mum hydrolysis and a stabl e enzyme system. Lac

tase activators, such as sulfites and bisulfites, had 

no effect on enzyme activity when Mn ++ was added 

to heat-treated milk. H.eed (8) reported that patent 

literature showed activation only in unpasteurized 

milk or whey when reducing compounds were add

eel. 

Sfortunato and Conners (10) reported that un

pasteurized milk products contained some material 

which suppressed enzyme activity. In the present 

work, this suppressor of enzyme activity in milk 

products also was observed. This enzyme suppres

sor was inactivated with a heat treatment of 74 C 

for 30 min. 

Very littl e previous work has been reported on 

the effec t of concentration of milk solids on lactose 

hydrol ysis by the yeast enzyme. Maximum hy

drolys is of lactose by the S. fra gilis enzyme was ob

tained when milk products were concentra ted to con

tain 15% lactose. However, milk solids other than 

lactose were found to either inhibit or suppress /3-

galactosidase activity .in milk products. One would 

expect that maximum rates of lac tose hydrolysis 

would then be obtained by hydrolyzing whey or milk 

containing added in crements of lactose. This gen

eral procedure was used by Sfortunato and Con

nors (10) as the basis for a patent on lactose hytlro

lysis in milk products . 

Beta-galactosidase from S. fragil-is Y-1109 has l~een 

shown to actively hydrolyze lac tose in various milk 

produ cts. The enzyme was most efficient at hydro

lysis levels below 40%. Above 40%, the rate of hy

drolysis of lactose by the yeast enzyme proceeded 

more slovvly. 

The potential use of /3-galactosidase for production 

of dried hydrolyzed milk products has been report

ed by several workers (7, 9, 13). Potter and ·webb 

(7) reported that powder prepared from hydrolyzed 

skimmilk was sweeter, more hygroscopic, and had 

more tendency to darken than powder prepared 

from normal skimmilk. Sampey and Neubeck (9),, 

however, obtained milk powders of good appearance· 

and stability. In the present study, we found that 

powders having up to 50% of the lactose hydrolyzed 

were of the same appearance as normal NDM. As 

the percentage of lactose hydrolxzed in the products 

increased, the products became more hygroscopic. 

There was littl e evidence of caking or clumping in 

the modified ND!vi powders . However, there was 

some clumping evident in the dried hydrolyzed 

whey. 
Results of this study indicated that portions of lac

tose in milk and whey can be hydrolyzed to pro

vide dried milk products with increased sweetness 

plus good flavor and stabi lity. These sweeter dried 

products have a great potential use in ice cream, bak

ed goods, candies, and any other food products in 

which milk or whey solids and sugar are incorpor

ated. With addition of these dried modified pro

ducts , less sugar would have to be added, thus of

fering substan tial savings in ingredient costs. 
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REPORT OF COMiviiTTEE ON FOOD 

EQUIPMENT SANITARY STA DARDS 
1969-1970 

(Continu ed from Page 293) 

ai r curtains are intended to prevent fl ying insects from pass

ing through an opening and are not intend ed to exclude cats, 

dogs, or other an im als nor to serve as a replacement for a 

security door. 
The proposed Standard for Commercial Cooking Equip

ment Exhaust Systems which was recomm ended for adoption 

by the Joint Committee at its 1969 m eeting was reviewed 

once again by the Comm ittee. One of the major changes made 

in this fin al review was in the m ethod used in calculating the 

quantity of air to be exhausted from a canopy type hood. 

This method led to th e adoption of the following terminology 

and three formulas : 
"Q"-Shall mean the total quantity of air required 

to be exhausted by th e ventilating system in cubic 

feet per minute. 
"A"-Shall mean the cross section of the p lane ex

tendin g over th e canopy hood opening in square feet. 

"P"-Shall mean th e perim eter of the open sides of 

the canopy hood. 
"D"-Shall mean the distance between th e cooking 

surface and the face of the hood. 
Q 150 A ( Open four sid es) 

Q = 100 A ( Open three sides or less) 

Q = 50 PD 
It was also agreed that th e NSF T est ing Laboratory in 

evaluating oth er than canopy type hoods would require th e 

manufacturer to indi cate on hi s eq uipment th e basis fo r 

comparative testin g, i.e. , 150 A, 100 A, or 50 PD. Furth er, 

the T esting Laboratory Listing would indicate the basis of 

qualifica tion. 

PoliciCli and procedures for the NSF ]oint Collllllittee 

The NSF Joint Committee on Food Equipment Standards 

beli eving it would fun ction better and more efficiently under 

a set of written policies and procedures developed such and 

recommended to th e National Sanitat ion Foundation that 

~ uch written procedural guide lin es be adopted. \ Vith some 

minor modification, th e Foundation adopted th e proposed set 

of written policies and procedures fo r the' Joint Comm ittC'f• 

in 1966. 
Since the Foundat ion's adoption of th ese written policies 

and procedures, periodicall y, a q uestion is raised at NSl' 

Joint Committee meetings as to who is p ermitted to vote on 

approving or amendin g a standard or criterion. Accord ing to 

th e NSF Manual on Organiza tion-Structure-Poli cies for Joint 

Committees : NSF Standard~ are pub lic hea lth sanitation 

standards and as such must be acceptable to th e professional 

public health representat ives on Comm ittees . Therefore, the 

p rofessiona l representat ives of public hc<l lth nre asked to 

vo te on the pub lic adequacy of a proposed standard. The in

dmtry and oth er li aison members of the Committee are invit

vd to present their recommendations and freely advise on 

18. vVendorff, \~1 . L., C. H. Amundson, and N. F. Olson. 

1970. 1 utrient requirements and growth conditions for 

production of lactase enzyme by Saccharomuces fra gilis. J

ll lilk Food T cchnol. 33:451-454. 

19. \ Vendorff, \ •V. L., C. H. Amundson , and N. F. Olson. 

1970. Th e effect of heat treatment of milk upon th e hydro

lyzability of lactose by th e enzyme lactase. J. Milk Food 

Techno!. 33:377-379. 

th e port ions of th e Standard in which they have an interes t 

and on which they h ave competent technica l background. 

However, all m embers of th e Joint Committee (Industry and 

Public H ealth) have an equal right to object to the adoption 

of a standard by th e Board of T rustees of th e Na tional Sani

tation Foundation. 

A review of th e aforementioned material taken from the 

NSF Policy and Procedural Manu al fo r Joint Committees 

served to clarify this ma tter and should prevent need for 

furth e r Lli scussion at future Joint Committee meetin gs . 

NATIONAL AuTOUATTC MEnCHANn rs rNG Assoc: tA TJON ( NAMA) 

The Na tional Automatic Merchandising Association's Auto

matic Merchandisin g H ealth-Industry Council ( AMI-IIC) 

he ld its 14th annual meeting durin g October 1969, and this 

Association and oth er public h ealth organi zations and th e 

affected industries were represented and participated in 

AMHIC's discussions. 

The aftern oon of t·he f irst clay was reserved solely for a 

meeting of th e p ublic health representatives and was used 

by th em to d iscuss and clarify th eir view on public health 

objectives and poli cies to b e fo llowed in th ei r work with 

th e entire membership of the AMI-IlC. T he Cha irm an of 

th e IAMFES Food Equipment Committee was re-elected 

Chairman of the Pub lic H ealth Group and a lso served as 

Co-Chairman of A!I IHJC d urin g 1969-1970. 

Evaluation 111111111al and checklist 
Th e members of AMI-IIC received a report that no re

q uests for chan ges in th e E valu ation Manual or C hecklist 

had been received clmin g the year, but that changes would 

p robabl y be forth coming in the areas of cut-off controls loca

tion and tes tin g and in ice-maker design and construction. 

However, durin g the Council meeting tentative approva l 

was given to am end ing Section 505.2 of th e Manual to read 

as fo llows: "lf a cup storage turret or magazine is so located 

that splash or sp ill age m ay contamin ate th e stored cups, such 

tmrct or magazine shal l be equipped with a fitted , over

lapped lid or cover." T entati ve approval was also given 

to amending Section 603 .1 of th e Manual to read as follows: 

"Jn those vendin g machin es in which fa il ure of th e check 

val ves upstream from th e carbona tor would result in the 

backflow of carbon diox id e or carbonated water in to poten

tia ll y-tox ic tubing or components inside th e mach.ine or 

outsid e, an air gap, atmospherically-vented valve or other 

ventin g device shall be installed between th e check valves 

and any potentia lly- toxic water contact surfaces upstream . 

NOTE: A brass pump housing shall not b considered to 

be "potentially-toxic" in a sys tem which .i s otherwise free 

from copper or other materials listed in 602.3 ." The latter 

proposal if not in exact wordin g but at least .in p rinciple 

w.ill be approved b y the NAMA and SF. However, rep

resentati ves of the TSF Join t Committee and AMI-IIC h ave 

c1 ucstionecl the ndvisability of th e form er ( 505.2) am endment. 

Continued on Page 306 ) 



300 ] . Milk Food T echnol. , Vol. 34, No. 6 (1971) 

CHARACTERIZATION OF BETA-GALACTOSIDASE 
FROM SACCHAROMYCES FRAGIL IS' 

w. L. 'WENDORFF AND c. H. AMUr-..'DSON 

Department of Food Science, Un -iversity of ',Yisconsin , 
Madison, '~f·isconsin 53706 

( Heceived for publication October 9, 1970 ) 

ABSTRACT 

Studies were made on physical and chemical character
istics of fl -galactosidase in cell-free extracts of Saccharomyces 
fragilis Y-1109. The enzyme was stable at pH 6.0-7.0. When 
frozen in buffer solution, it was stable for more than 3 
months but at 51 C, it lost 96% of the activity in 10 min. 
The optimum pH for lactose hydrolysis at 37 C wa_s 6.5. 

The enzyme was activated by K+ while Mn++ served as 
the cofactor for the enzyme. Manganese appeared to be 
important in maintaining the integrity of the secondary and 
tertiary structure of the enzym e molecule. Inactivation of the 
enzyme by urea indicated the importance of secondary and 
tertiary structure in the enzymatic fun ction of the yeas t 
fl-galactosidase. 

Beta-galactosidase appeared to be a sulfhydryl enzyme 
since h eavy metals, p-chJoromercuribenzoate, and iodoacetate 
inhibited tl1 e enzyme. Cysteine and galactose were competi
tive inhibitors of the enzyme, whereas glucose and various 
am ines were non-competiti ve inhibitors. 

Lactose-fermenting yeasts are excellent sources of 
,a-galactosidase (E. C. 3.2.1.23 ,8-D-galactoside gal
actohycholase) and have commonly been used for 
its preparation (2, 3, 11, 12, 16, 17). A surv ey of 
eight sb:ains of lactose-fermenting yeasts obtained 
from the USDA 1 orthern Regional Research and 
Utilization Laboratory has shown that Sacchammyces 
fragilis Y-1109 produces large quantities of enzymes 
(19, 20). 

The present study began as an attempt to isolate 
and purify the ,8-galactosidase from the yeast. Our 
attempts were complicated by the lability of the 
enzyme to many treahnents involving precipitation 
of the enzyme or reaction of the enzyme with ion
exchange resins. Therefore, studies of the physical 
and chemical characteristics of ,a-galactosidase were 
conducted on cell-free exh·acts of S. fmgilis Y-1109. 
This report presents some of the physical and chemi
cal properties of the {3-galactosidase from this S. 
fragilis sh·ain. 

MATERIALS AND i\lf ETHODS 

Organism 
Saccharomyces fragilis NHH.L Y-1109 was obtained from 

USDA Northern H.egional Hesearch Laboratories. The yeast 

'Hesearch supported by tl1e College of Agricultural and Life 
Sciences, University of Vilisconsin, Madison and by the Co
operative State Hesearch Service, United States D eparhnent 
of Agriculture. 

was maintained by occasional transfers on slants of agar 
medium containing t11e following ingredients per liter: lactose, 
20 g; yeast extract, 5 g; and agar, 15 g. 

Growth 
Studies to characterize t11 e enzyme from S. fragiUs Y-1109 

were made wiili enzym e extracted from large_. quantities of 
dried yeast produced in tl1e Univ.ersity of . vVisconsin bio
chemical pilot plant. Saccharomyces fra.gil-is Y-1109 was 
grown on a medium containing the following ingredients per 
liter : lactose, 100 g; yea~ t extract,.· 5 g; K,HPO.,, 3 g; and 
ammonium sulfate, 1 g. The pH of the medium was adjusted , 
to 4.5 with phosphoric acid. A 750 gal stainless steel fer
mentor with mechanical agitation was used to grow 400 gal 
quantities of yeast culture. The medium was inoculated with 
45 l of S. fragi.lis culture which had been actively growing 
in a sterile medium for 12 hr. The temperature during 
fermentation was maintained at 28 C, the pH was main
tained at 4.5 by addition of ammonia, and th e aeration 
rate was held at 40 cfm. vVhen maximum growth was 
reached, yeast cells were harvested and washed in a D e 
Laval, PJ\>309, sludge separator. The yeast cream obtained 
was spray-dried according to th e method of Stimpson (15) 
on th e University of vVisconsin tower dryer (1) to obtain a 
fl-ga lactosidase-active, zymase-inactive, dried preparation. 

Buffer solutions 

Potassium phosphate buffer (0.1 M at pH 7.0 ) was used 
routinely to extract the enzyme, whereas potassitm1 phosphate 
buffer ( 0.1 M at pH 6.5) was used in the enzyme assay 
substrate solution. Manganese chloride ( 10-4 M) was used in 
the buffer solution in tl1e experiments indicated . 

Cell-free extracts 

All extractions were carried out in a cold room at 5 C. 
The procedure for extracting tl1e enzym e from the dried yeast 
cells consisted of m echanically agitating a 10% ( w / v) yeast 
slurry in a pH 7.0 buffer for 16 lu·. Approximately 5% (w/v ) 
sterile sea sand was added to h elp disrupt th e yeast cells. 
Cell-free extracts were obtained by centrifuging th e broken 
cells at 1000 X g for 15 min. 

Enzyme ancl p-rotein assays 

Enzymatic activity was determined by the amount of glu
cose 1·eleased from the hydrolysis of lactose. The procedme 
involved two steps: h ydrolysis of pure lactose by the t est 
preparation, and microdetermination of glucose in the hydrol
ysis products. 

The procedure for h ydrolysis of lactose was a modification 
of the met11od of Jasewicz and 'il.' asserman (8). Hydrolysis 
was performed in test tubes in a water bath at 37 C. One 
milliliter of a 5% ( 0.139 M) lactose solution in 0.1 M potas
sium phosphate buffer of pH 6.5 and 0.8 ml of th e buffer 
solution were mixed and equilibrated in the bath. The total 
t est volume was brought to 2.0 m I by addition of 0.2 ml 
of a buffer-diluted cell-free extract containing the equivalent 
of 10 mg of dried yeast cells per milliliter. After a 15 min 

r 
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Figure l. Effect of pH on stability of S. frag ilis enzyme; 

0.1 M potassium phosphate solution. 

incubation p eriod, the acti vity was stopped by h eating the 

tubes in a boiling water bath for 5 min . The denatured 

protein residue was removed by centrifugation, and the su

pernatant was analyzed for glucose. All values repor ted were 

measured with Mn++ present in th e buffer, unless stated 

otherwise. 

To detem1ine glucose, 1.0 ml aliquots of a l: 20 dilution 

of the supernatants were placed in test tubes . A 4.0 ml 

aliquot of Glucostat reagent ( \•Yorthington Biochemica l Corp.) 

was delivered into each tube, and the tubes were incubated 

at 25 C for 10 min. One drop of 4 N HCl was added to 

stop th e reaction, and the optical density was recorded at 

400m,u. A standard curve was prepared with glucose. A 

unit of j'J-galactosidase, as defined by Jasewicz and \•Vasserman 

(8), is the amount of enzyme which will liberate 1 ,um of 

glucose from lactose in 15 min at 37 C. In characterization 

studies on the enzyme, enzyme activity was reported only in 

,umoles of glucose liberated per ml of reaction per 15 min. 

With o-nitrophenyl-/3-n-galactoside ( ONPG ) as substrate, 

the o-nitrophenol released was determin ed spectrophotometric-

; ally by a modification (14) of the procedure described by 

Lederberg (9). The reaction was carried out in a volume of 

3 .0 ml with a final concentration of 0.001 IYL 0 PG and 0.05 

M phosphate buffer (pH 7.0 ). After incubation at 37 C 

for an appropriate period of time, ( 5-10 min ) depending 

upon the activity of the extracts, 2.0 ml of 1 M K,co. were 

added to stop the reaction and to develop the color of 

the o-nitrophenol released. The amoun t of o-nitrophenol 

released was measured at 420 m,u with a Beckman model 

DU spectrophotometer. The values obta in ed were expressed 

as ,umoles of o-nitrophenol released. 
The Lowry Folin-phenol method (1 0) was employed to de

termine total protein. Standard curves were established with 

crystal lized bovine serum ;l lbumin . 

Reagents 

Glucostat reagent was obtained from \~Torthington Bio

chemical Corp. (Freehold , N. J. ) ; o-nitrophenyl- j'J-o-galacto

py!'anoside ( 0 1PG) was obta in ed from Mann Hesearch Lab

oratories, Inc. (New York, N. Y.); and crystallized bovine 

serum albumin was acquired from Nu tritional Biochemical 

Corp. ( Cleveland, Ohio ). All other reagents used in this 

investigation were analytica l reagent grade. Deionized distill

eel water was used for all experiments. 

R ESULTS 

Stability of enzym e 
Beta-galactosidase in cell-free extracts of S. fmgiUs 

was stable for at leas t 3 months when stored at -20 
C, whereas , it was stable only 2-3 weeks at 5 C. 

The effect of pH on stability w as examined by in

cubation of the enzyme in the absence of lactose 

for 30 min at 25 C at various pH values. After the 

incubation period, the pH was readjusted to 6.5. Then 

the amount of enzyme activity re tained was deter

mined under standard conditions. The enzyme was 

relatively stable from pH 6.0 to 7.0 (Fig. 1 ). At 

pH 5.0, the enzyme was precipitated as a white 

flocculent material and enzyme activity was com

pletely lost. 'When this materia'l was resolubilized 

by addition of alkali , enzyme activity was not re

stored. 
Stability of yeast ,8-galactosidase toward heat was 

measured at 51 C without Mn++ added and at 51 and 

56 C with Mn++ added to the buffer. Samples of 

cell-free extract in phosphate buffer, with and with

out Mn ++, were held at 51 or 56 C and aliquots of 

the extracts were removed a t various time intervals 

and assayed by the standard procedure. Figure 2 

shows that the enzyme is relatively h eat-labile at 

51 C. Addition of Mn++ to the cell-free extract at 

51 C provided some protection against hea t inactiva

tion of the enzyme. 

Table 1 shows the effect of dialysis on enzyme 

activity of cell-free extracts. Ten-milliliter aliquots 

of cell-free extract were dialyzed over a 24-lu- period 

against three 1000-ml changes of either water or 

various buffer solutions at 5 C. Specific activities 

w ere measured both with and without 10-• M Mn++ 

in the assay buffer. The S. fmgilis enzyme was ir

reversibly inactivated by prolonged dialysis against 

distilled water. i\!Iercaptoethanol and Mn++ gave 

some protection against the dialys is effect, where

as Mg++ and buffer gave little protection when as

sayed in the absence of Mn++. When Mn++ was 

added to the assay buffer , exh·acts dialyzed against 

the various buffers showed no appreciable differ

ence in activities. 
The results from the studies on stability of S. 

T AULE l. THE EFFECT OF DIALYSIS ON THE ,8- GALACTOSIDASE 

ACTI VITY OF S. FHAGJLI- EXTHACTS. 

Dia lys is for 24 br ag;liu st 

Control (not dialyzed ) 
Distilled water 
Phosphate buffer, pH 7 .0 
Buffer + l 0-2 M mercaptoethanol 
Buffer + 10-~ 'M MgCJ, 
Buffer + 10-" M MnCI2 

Specific acti\'ity 
(units/mg) 

1\'ithout Un++ \\'i!h Mn ++ 
49.5 

0 
11.5 
36.1 
13.9 
38.6 

71.5 
2.2 

65.9 
65.1 
63.5 
63.6 
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Figure 2. Thermal in activa tion of S. fragilis enzyme. 

fragiUs ,8-galactosidase indicated that the enzyme 
in phosphate buffer without Mn++ added was ex
tremely labile, but with i\lln++ added the enzyme 
was relatively stable to exh·eme conditions. These 
observations led to inves tigation of the enzyme-time
product relationship b ecause of the possibility that 
Mn ++ served as a cofac tor for the enzyme. Table 
2 shows that the enzyme, when assayed in phosphate 
buffer alone, did not yield a constant value for the 
enzyme-time relationship. \iVith 10-• M Mn++ add
eel, however, a constant relationship was obtained . 
Addition of IO-' fl,f i\tlg++ did not produce the same 
effects as Mn++, which indicated a unique specific
ity for the manganese ion. 

With the addition of Mn ++ as cofactor, the curve 
for the hydrolysis of lactose by S. frag-ilis ,8-galactosi
clase appeared to obey zero-order kinetics up to 
about 40% hydrolysis (Fig. 3 ) . The velocity of the 
reaction was directly proportional to enzyme con
centration, indicating the stability of the enzyme 
assay system when Mn++ was included in the buffer. 

TAilLE 2. R ELATION BETWEEN QUANTITY OF ENZYME A D 

TIME OF HYDHOLYSIS FOH S. fra gilis ENZYME. 

Quantity Time Glucose Iibera led 
of of (.umol es) enzyme hydrolys is 

(ml) (min ) Buffer Ug++ Mu++ 
0.40 7.5 5.0 5.4 6.5 
0.20 15.0 3.2 4.4 6.5 
0.10 30.0 0.6 1.5 6.6 
0.05 60.0 0.1 0.3 6.3 

Effect of pH 
The effect of pH on the rate of lactose hydrolysis 

was studied by using 0.1 M potassium phosphate so
lutions containing 1o-·• M MnCh. Maximum enzy.me 
activity was obtained between pH 6.3-6.5 (Fig. 4) . 
At pH 5.0, the yeast enzyme was irreversibly inacti
vated . 

Effect of temperature . 
The effect of temperature on the rate of lactose 

hydrolysis was examined over the range of 5-45 C. 
H.esults , p!otted in the conventional Arrhenius man-

60~------------------, 

F igure 3. Enzymatic hydrolys is of lactose by S. fragilis 
enzyme: initial substrate concentration, 0.07 M; enzyme con
centration , 1 mg per ml; pH 6.5; [K+ ] = 0.1 lYI ( Phos
phate); [Mn++ ! = 10-• M. 

ner ( log lc versus 1/ T; lc = zero-order velocity con
stant, T = absolute temperature), are shown in Fig. 
5. A deviation from linearity was observed above 
37 C. According to these data, the average energy 
of activation (13) over the range of 5-37 C was 12,-
900 cal per mole. 

Activation by ions 
Beta-galactosidase of S. fragilis vvas inactive when 

assayed in deionized water containing lactose. The 
enzyme was strongly activated by potassium and 
to a lesser extent by ammonium. Optimum activity 
was achieved with 0.1 M p otassium in the form of 
potassium phosphate. Manganese and magn esium 
both gave fmth er increases in hydrolysis rates, even 
in the presence of 0.1 M K+. The concentration of 
Mn++ used in the assay buffer was limited to 10-·• 
M b ecause of the low solubility of manganese phos
phate. Various anions studied in this investigation 
appeared to have no effect on enzyme activity. 
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Figure 4. Effect of pH on enzyme activity. 

Inactivation with ·urea 
· Enzyme activity of ,B-galactosidase was determined 

when varying concenh·ations of urea were added to 
the assay solution . The rate of lactose hydrolysis, 
when assayed in the presence of urea, progressively 
d ecreased as the urea concentration increased (Table 
3.) Inactivation by urea could not b e reversed when 
the assay solution was diluted with phosphate buf
fer containing 10-·' M Mn++. 

Inhibition 
The ,a-galactosidase of S. fragilis Y-1109 was in

hibited by several different types of compounds. The 
effect on enzym e activity of various metal ions in 
the presence of 0.1 M p otassium ion is shown in 
Table 4. In general, the heavy m etal ions inhibited 
the enzyme completely, whereas the monovalent 
cations inhibited the enzyme to a lesser degree. 
Ammonium ion, which by itself activated enzyme 

TABLE 3. lNACTIVATIO< OF S. fragili; ENZYME WITH UREA. 

>Iolarity 
of 

urea 

0 
1 
2 
3 
4 

% of th e 
'lrig inal activity 

100 
81 
48 

2 
1 

activity, inhibited ,B-galactosidase activity, when ade
quate K+ was present. 

In preliminary studies on purification of the S. 
frag'il·is ,B-galactosidase, it was noted that whenever 
cysteine was added to the buffer systems, enzyme 
activity d ecreased slightly. This effect of cysteine on 
enzyme activity was inves tigated by assaying the 
enzyme with various concentrations of cysteine add
ed to the solution . The pH of the solutions was re
adjusted to pH 6.5 with KOH before h ydrolysis. 
At 10-" M cysteine, 83% of the enzyme activity was 
left and at 10-2 M cys teine, only 55% of the activity 
remained. As shown in Fig. 6, the cysteine-inhibited 
system followed the kine tics of reversible ( competi

tive) inhibition. 
The instability of the enzym~ in the presence of 

heavy metals led to investigation of the effect of 
su lfhydryl inhibitors on enzyme activity. Various 
concentrations of iodoacetate or p-chloromercuriben
zoate (PCMB ) w ere added to the enzyme assay solu-

10~----------------~ 

>-r--z >-
~~ 
UL{') 
4::' 1.0 
w..J 
~~ 
>-' 
N~ 

~~ 

F igure 5. Arrhen ius p lot for lactose h ydrolysis . 

tion and the hydrolysis reaction was begun b y addi
tion of lactose. As shown in Table 5, PCMB, at a 
concentration of 10-' M, greatly inhibited enzyme 
activity but iodoacetate inhibited it to a lesser de
gree. Figme 7 shows that inhibition of the enz)'l~le 
by PCMB was reversible with excess subsh·ate, m
dicating a comp etition b etween the substra te and 
sulfhydryl reager.~t for the catalytic site of th en-

zyme. 
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TABLE 4. lNHlll!TlON OF POTASS!Ul\1-ACTIVATED S. fra gilis 
ENZYME UY OTI-IEH CATIONS . 

Ca lion 

None 
Na + , 10-' M. 
NH. + , 10-' M 
Li+ , 10-' M. 
Zn++, 10-' M 
Ca++, 10-' M 
Ca++ , 10-' iH 
Ag+, 10-' M 
H g++, 10-2 .M 

Enzyme activitr 
lun its/ml/15 min ) 

11.1 
4.7 
6.1 
6.7 

11.2 
3.3 
0 
0 
0 

Inhibition of 
K+ act h·ated enzyme 

( % ) 

58 
45 
39 
0 

70 
100 
100 
100 

TABLE 5. l NHlBITION OF S. fragilis ENZYME BY SULFHYDHYL 

AGENTS. 

Concentration Inhi bition 
Inhi bito r (moles/1) (% ) 

lone 0 

PCMB 1 X 10-• 86 
1 X 10-5 13 
1 X 10-" 11 

Iodoacetate 1 X 10-" 9 
1 X 10-" g 

1 X 10-5 8 
1 X 10-6 1 

TABLE 6. l NH IBIT ION OF S. fragi.lis ENZYME BY AMINE-~. 

Concentration Inhibition 
pH Amine (i\loles/1) ( % )a 

7.4 T ris 0.01 42 

7.0 Tris 0.01 17 

6.5 Tris 0.01 8 
7.4 Histidine 0. 1 26 

7.0 Histidine 0.1 14 

6.5 Histidine 0.1 9 

"Values are b ased on controls at each resp ective pH level. 

TABLE 7. ENZYME-TIME 1\ELATJONS!UP WITH ONPG 

AS SUDSTHA TE. 

Quantity T ime o-7'\i t rophenol liberated 
of of (tLmoles) 

enzyme h~·dro lys i s 

(ml) (m in ) Buffer )In + + 

0.60 5 8.2 11.3 

0.30 10 3.6 11.4 

0.15 20 l.l 11 .4 

The hydrolysis of lactose by S. fmgilis was found 
to be inhibited by histidine and tris ( hydroxymethyl ) 
ami.nomethane ( Tris) (Table 6.) The inhibition by 
these amines was unique in that they inhibited more 
strongly at alkaline than at acid pH. In further in
vestigations, it was found that the inhibition of en
zyme activity by these amines was of the non-com
petitive type and could not be reversed by excess 
substrate. 

The {3-galactosidase from S. fmgiUs was inhibited 
by high concenh·ations of both glucose and galac
tose. The enzyme activity of yeas t {3-galactosidase 
showed 7% inhibition when 0.01 M galactose was in 

the assay solution and 60% inhibition when 0.01 M 
glucose was in the assay solution. Glucose was 
found to be a non-competitive inhibitor of the en
zyme. In the presence of galactose, a competitive 
inhibition of the hydrolysis of lactose with the {3 -
galactosidase of S. fra.gilis Y-1109 was observed. 

Substrate specificity 
VVhen lactose was used as the subsh·ate, a typical 

~viichaelis -!VIenten relationship ~vas observed between 
the substrate concentration and the initial velocity 
(zero-order kinetics) of the reaction. The Michaelis 
constant (KM) at pH 6.5 was estimated from the 
Lineweaver-Burk plot (Fig. 8) to be approximately 
2.4 X 10-2 M and the maximum velocity of reaction 

0.5,.------ -----------. 

I zoA 
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" _J . 
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> 
" 
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F igure 6. Inhib ition of S. f ragiUs en zym e by cystein e . 
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Figure 7. Inhibition of S. fragilis en zyme by PCMB. 
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Figure 8. Lineweaver-Burk plot for lactose h ydrolysis. 

( Vmax) was found to be 11.6 fLmOles 1 ml/15 min. 
A study was conducted to determine if Mn++ was 

required by the enzyme for stable activity when 
ONPG was used as a subsh·ate. The enzyme-time 
relationship was compared both w i t h and witl1-
out Mn++ present in th assay solution. vVhen 
Mn ++ was not added to the phosphate buffer , the 
activity decreased with decreasing enzyme concen
trations (Table 7) . However, when Mn++ was 
present in the buffer, a constant activity was ob
tained indicating the requirement of Mn++ for a 
stable enzyme system. vVhen ONPG was the sub
sh·ate, the Michaelis constant (~1 ) for tl1e S. fra-

bailis ,B-galactosidase was 2.5 X 10-3 M and V was 
max 

0.66 fLmoles of o-nitrophenol liberated per minute. 

DISCUSSION 

Properties of ,8-galactosidase from different sh·ains 
of lactose-fermenting yeasts vary considerably. The 
,8-galactosidases of S. fragil-is Y-1109, Saccha.1'0myces 
lactis Y-1140, and S. lactis Y-1193 required l'vin++ to 
produce a stable enzyme system, whereas tl1e enzyme 
from Candida pseudotropicalis Y-83 was stable with
out addition of any metal ions (19, 20). An absolute 
requirement for magnesium ion for maximum hy
drolysis of ONPG by a S. frag·ilis ,8- galactosidase was 
reported by Gilmour (M. H. N. Gilmom, Diss. Absh·., 
17: 946, 1957), while Szabo and Davies (16) report
ed that manganous ion was essential for maximum 
hydrolysis by the S. fragilis (Jorgensen) enzyme. 
All of the S. fmg-ilis ,8-galactosidases, however, were 
activated by potassium ion when lactose was the 
substrate. 

The optimum l)H and temperature for lactose hy
drolysis by tl1e enzyme of S. fmgilis Y-1109 was with
in the range of other values reported for S. fragilis 
{3-galactosidases. The activation energy required by 

the yeast ,8-galactosidase was slightly less than values 
reported for yeast a- and ,B-glucosidases (5, 6, 7). 

Although various mechanisms have been proposed 
for the hydrolysis of ,8-n-galactosides by both bacteri
al and calf-intestinal enzymes (18), there is little in
formation available on tl1e nature of the functional 
groups involved in tl1e enzyme activity of yeast ,8-
galactosidase. The inactivation of S. fragilis Y-1109 
,B-galactosidase by heavy metals, which are sul
fhydryl binding agents, indicated the presence of 
sulfhydryl groups on the enzyme molecule. The 
possible involvement of some of tl1ese sulfhydryl 
groups in tl1e catalysis of lactose hydrolysis was in
dicated by the competitive inhibition of enzyme ac
tivity by PCMB. Inactivation .of the enzyme by 
urea suggested that tl1e secondary and tertiary struc
tme of the enzyme molecule must 1'emain intact to 
insme the hydrolysis of lactose by the yeast enzyme. 

The ,B-galactosidase of S. fragiUs Y-1109 also was 
competitively inhibited by cysteine. Wallenfels and 
Malhotra (18) felt that inhibition of enzymes by cy
steine could re~ult from tl1e presence of an enzyme
bound, heavy metal activator such as manganese or 
iron. In the present sh1dy, manganese served as an 
essential cofactor for S. fragilis ,B-galactosidase and 
possibly aided in maintaining the intach1ess of the 
secondary and tertiary structme of the enzyme mole
cule. VVhether or not Mn++ forms an integral part 
of the native ,8-galactosidase molecule can only be 
decided by examination of the pure enzyme of S. 
fmgilis Y-1109. 

The ,B-galactosidase from S. fragilis Y-1109 show
ed a greater rate of hydrolysis of lactose tlmn of 
ONPG. However, ONPG had a greater affinity 
than lactose for the enzyme. Michaelis constants 
( KM) calculated for the enzyme from S. fmgilis Y-
1109 were slightly higher than those reported by 
De La Fuente and Sol (4) for S. fragilis 189-KS. 
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REPORT OF CO:MMITTEE Or FOOD 
EQUIPMENT SANITARY STA DARDS 

1969-1970 

(Continued from Page 299 ) 

Both the NAMA and NSF are to be commended for work
ing togeth er on these two proposed changes in the evaluation 
programs as a continuing joint effort to develop uniform 
evalu ation gu idel ines. 

l ce-maker studies 
Tt has been recognized for severn ] years that in order to 

d ispense quality cold drinks from vend in g mach ines ice
making and dispensing equipment must be properly protected 
from contamination and be of cleanable construction . Studies 
to aid in accomplishing 'these features arc being carried out 
by a member of this Committee and other members of 
AM HIC to determine the bacteriological design and construc
tion aspects of current ice-making equipment being used in 
vending machines. The first draft of a report on the bacterio
logical study of three different ice-makers has revealed the 
following t entative conclusions: (a) that th ere is no single 
clean in g method that can be applied to all ice-makers, and 
that total " in-place" cleaning is not presently feasible; (b ) 
that access to certain components for cleaning and examina
tion is no t presently satisfactory; (c) that meltwater "refreez
ing" properl y cont rolled does not appear to be a problem; (d ) 
that a further look at other ice-m nker types would be benefi
cial; and (e) that operators should complete ly clean and sani
ti ze new machines before plac in g them in operation. 

T hese studies , which have h een underway for about 3 
years, are bein g continued; hut findings and recon mendations 
to construct nnd ma intain an even eas ier to clean ice-maker 
should soon be ava ilable to this Committee for consideration 
and review. 
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1970. The effect of h eat treatment of mil k upon th e hydro
lyzability of lactose by the enzyme lactase. J. Milk Food 
Technol. 33 :377-379. 
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Cut-off co ntrols for machines "tiending potent iallu hazardous 
foods 

It was emphasized during the Council meeting that effective 
and fun ctionable cut-off con trols and a rapid field test to de
termine the reliability of such controls are needed so that 
the public health officials and vending machine operator 
could determine whether a machine complied with the Federal 
Code in preventing the vending of any poten tially haznrdous 
foods which had beE'n stored in the machin e at unsafe 
temperatures. 

The USPHS Vending Code has provided th e Cut-Off Con
trol Hequirement to safeguard the food in two respects: 
(a) to interrupt vend ing of food if the machine has not re
covered safe temperatures within a specified period after 
]c}ading or serving; and (b) to discontinue vending after 
temperature stabl iza tions if, for any reason, the air tempera
ture has risen above safe limits in th e storage compartment. 
The first function is to guard against deli very of foods to 
the machine at illegal or dangerous temperatures. The second 
guards against power interruptions, system fa ilure, high 
th ermostat settings, etc. 

There h ave been several p roblems associated with these 
controls since 1957, earlier reported as mostly due to the 
operating personnel but more recently reported as due to 
failure of th e controls involving both th e manufacture ami 
the operator. These problems are listed and identified as fol
lows : (a) wide tolerances an d controls overlap ( problems of 
the manufacturers of th e controls ); (b) premature cut-off con
trols and discontinuat ion of vendin g due to a forgetful route
man ( problems of the operators) ; and (c) by-passing of con
trols, failure to provide access of controls for field testing 
( problems for the p ub lic health personn el ). 

(Continued on Page 311 ) 
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EFFECT OF POTASSIUM SORBATE ON YOGURT CULTURES' 

I. Y. H AMDA N, D . D. D EANE, AND J. E. K uNSMAN, Jn. 

Diuisio11 of A nimal Science 

Uniuersitu of ' •Vuoming, Laramie 82070 

( Received for publica tion F ebruary 2, 1971 ) 

ABSTl\ACT 

Th e effect of 0.05 and 0.10% potassium sorbate on acid 

and acetaldehyde production and grow th of three comm ercial 

yogurt cultures was studi ed. Either amount of p otass itun 

sorbatc retarded growth of both Lactobacillus bulgaricus and 

Streptococcus thermoph.ilus strains in th e commercial cultures 

and also d ecreased the rate of ac id production of cultures 

incubated at 45 C. Acetaldehyde in these cultures d ecreased 

durin g storage and d ecreased more in samples containing po

tassium sorbate. In a ll trials 0.1% potassium sorbate had a 

g rea ter effect than 0.05% on the above characteri stics of th e 

yogurt cultures. 

Sorbic acid and its salts have been found to inhi

bit grovvth of several different kinds of bacteria and 

fungi in foods (2, 7, 12). Moustafa and Collins (11 ) 

reported that potassium sorbate inhibited growth of 

Pseudomonas fra g-i in broth, skim milk, and half-and

half. They also found ( 4) the addition of 0.05 to 

0.10% potassium sorbate extended shelf life of cot

tage cheese. 

The effect of adding potassium sorbate to yogurt 

has not been reported. However, a patent was is

sued to Chenier (3) for use of fungicidal and/ or 

fungistatic agents such as sorbic acid in diluted fer

mented milk drinks made from yogurt; another pat

ent was issued to Corn Products Company (5) who 

claimed that addition of 0.03 to 0.2% by weight of 

sorbic acid, or its salts , to cultured milk products 

promoted growth of desirable bacteria and inhibit

ed the spoilage bacteria . 

This work was done to study the effect of po

tassium sorbate on production of lactic acid and 

acetaldehyde by yogurt cultures as well as on growth 

of the organisms used to make up yogurt cultures. 

ExP EHJMENT A L PnocEDU HEs 

Cultures 
Three combin ed comm ercia l yogurt cultures were used . 

Culture l\1 was obta in ed from Chr. Hansen's Labora tory', and 

cultures 403 and 405. came from Moseley La bora tory' . 

All cultures were mainta ined in fr esh mi lk with 3% added 

instant, non-fa t dry milk ( NFDl'vl ) . T he medium was pre

p ared by dissol ving the NFD 1 in w hole mi lk and autoclavin g 

a t 116 C for 10 min a t 15 psi. Th e cultures were transferred 

' Published with approval of th e Direc tor, \ Vyomin g Agricul 

tural Experiment Station, as Journ al Pap er 459. 

' l'vlilwaukee, \ Visconsin 

' Indianapolis, Indiana 

da ily, using 3% inoculum, and incubated a t 45 C. 

Prepamtion of yogurt 

F or each phase of th e stud y 1.5 I of fresh homogen ized milk 

were placed in screw-capped, 2-1 E rlenmeyer f lasks, fortified 

with 3% of instant N FDl'vl , and autoclaved for 10 min a t 15 

psi, then cooled to 45 C , and inoculated with 3% culture. T h e 

inocu lated milk was thoroughl y mixed and 150 m l were pour

ed into 8 oz pol yeth ylene cups and incubated at 45 C . Incu

bation was carried out until th e p,H of yogurt reached 4 .6 

in the control milk and th en a ll cups were pl aced in a 

refri gerator a t 4 C . This procedure provid ed an undisturbed 

cup of yogurt for examination at each observation tim e. The 

cups were he ld a t 45 C for 8 hr in those tria ls carried out 

to d etermin e the effect of potass ium sorbate on pH changes 

during incubation. 

Potassium sorbate was added at a level of 0.05 or 0.10% 

to the milk imm edia te ly b efore inoculation with the yogurt 

culture used. Control f lasks of milk, with no added potassium 

sorba te, were inocula ted to serve as controls. 

A 11alyt ical determinations 

The ch anges in pH and b acterial popu lation were detennin

ecl durin g incubation and storage of tl1 e yogurt cultures . Tbe 

aceta ldeh yd e con centration durin g storage a lso was determin ed. 

M easurements of pH were made in duplica te with a Corn

ing Mod el 12 pH meter, utili zin g th e expand ed scale featme 

of thi s instrument. Bacte ria l numbers were d etermined by 

plating di lutions of th e yogurt samp le on lactic agar as de

scribed b y E lliker e t al. (6) for enumerating Lactobacillus bul

garicus and on trypticase soy agar (1) to enum era te Streptococ

cus thennoph.ilus. All p lates were incubated a t 37 C and 

coloni es were counted afte r 72 hr. Aceta ldehyd e concentra

tion was d etermined by th e 3-m eth yl-2-benzothiazo lone h ydra

zone h ydrochloride test, as modified by Lindsay and Day (10 ). 

It was necessary, b ecause of high concentration of acetald e

h yde in yogurt sampl es, to reduce sampl e weight of ripened 

yogurt to less than 1 g. lt a lso was necessary to prep are a re

agent b lank a t each tes t period because of the color change 

w hich occurred in th e reagent blank h eld for m ore th an 

0.5 hr. 

Th e yogurt was eva lua ted organoleptically b y a panel of 

4 to 6 judges . Th e judges, in making th eir evaluation, classi

fied th e flavor qu ality of th e yogurt as: excellent, good, fa ir, 

or poor. C riticisms of fl avor a lso were noted . The yogurt 

samples were coded to prevent identification of the treat

m ent by th e judges. Since th e number. of sam plings m ad e 

was comparati vely sma ll , no statistical ana lyses of the evalua

tion were made; however, the judges' opinions w ere sum 

marized. 

R E SULTS Al'\'D DrscussiON 

Tabl e 1 shows the effect of two levels, 0.05 and 

0.1% of potassium sorbate on the acid production of 

thTee yogurt cultmes, 403, R1, and 405, dming 8 

hr of in cubation at 45 C. Samples h ea ted with 
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TABLE 1. EFFECT OF POTASSIUl'vi SORBATE ON pH VALUES OF THREE YOGURT CULTUHES DURING INCUBATION AT 45 C. 

Culture Rl Culture 403 Culture 405 

'L'ime of 
in cubati on A' B2 C" A B c A ll c 

(hr) 
(pH) 

0 6.30 6.30 6.30 6.20 6.20 6.20 6.30 6.30 6.30 

1 5.50 5.65 5.75 5.55 5.75 5.85 5.80 5.95 6.00 

2 4.75 5.00 5.10 4.75 4.90 5.15 4.85 5.05 5.25 

3 4.35 4.60 4.70 4.40 4.50 4.60 4.45 4.65 4.75 

4 4.10 4.40 4.50 4.20 4.30 4.40 4.20 4.40 4.50 

5 3.95 4.30 4.40 4.00 4.10 4.20 4.05 4.25 4.35 

6 3.95 4.20 4.25 4.00 4.10 4.10 3.95 4.10 4.20 

7 3.90 4.10 4 .20 3.95 4.00 4.10 3.95 4.10 4.15 

8 3.85 4.05 4 .15 3.90 4.00 4.05 3.90 4.05 4.10 

'Control, no potassium sorbate added 
20.05% by weight added potassium sorbate 
30.10% by weight added potassitun sorbate 

TABLE 2. EFFECT OF POTASSIUU SORBATE ON pH OF TI-mEE YOGURT CULTURES DURING STOHAGE AT 4 C. 

Cultu re Rl 

Storage A' B• ca 

( clays ) 

0 4.60 4.70 4.75 

1 4.35 4.55 4.50 

3 4.20 4.40 4.45 

6 4.10 4.30 4.40 

9 4.10 4.25 4.30 

14 3.90 4.10 4.15 

21 3.90 4.10 4.20 

28 3.90 4.10 4.20 

32 3.85 4.05 4.10 

'Control, no potassium sorbate added 
20.07% by weight added potassium sorbate 
30.10% by weight added potassitun sorbate 

A 

4.65 

4.35 

4.20 

4.10 

4.00 

4.00 

3.90 

3.90 

3.85 

either level of potassium sorbate had higher pH 

values than samples without potassium sorbate, re

gardless of the cultme used. Addition of 0.1% po

tassium sorbate retarded acid production more than 

did 0.05%. The effect of potassium sorbate on acid 

production was somewhat greater during the first 

4 to 5 hr of incubation than dming the remainder 

of the incubation period. A representative example 

for this effect is shmvn in Fig. 1. 

Table 2 shows the effect of potassium sorbate on 

Culture 403 Cultm·e 405 

B c B c 

(pH) 

4.75 4.75 4.60 4.60 4.70 

4.50 4.70 4.30 4.45 4.60 

4.35 4.45 4.20 4.25 4.35 

4.25 4.40 4.10 4.20 4.30 

4.20 4.35 4.05 4.15 4.15 

4.20 4.35 4.00 4.10 4 .15 

4.20 4.35 3.95 4.10 4.15 

4.20 4.30 3.95 4.10 4.15 

4.00 4.20 3.95 3.95 4.15 

acid production during storage at 4 C for 32 days. 

The initial pH of the yogurt containing added po

tassium sorbate generally was higher than that of 

the · conh·ol b ecause of the slight decrease in acid 

production in the sorbate-treated milk dming the in

cubation period prior to storage. All three cultures 

showed retarded acid production dming storage 

when h·eated with potassium sorbate. The pH of 

all conh·ols dropped to below 4.0- after the second 
,-

week of storage, whereas the pH of all samples con-

, , 
;~ 
I 

, 
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6.0 

5 .5 

CONTROL 
c,.._-c 0 :0 5 °/o 

c.-.o. --e.t. 0 . 1 0 °/o 

=a_ 5. 0 

4.5 

4 .0 

3 . 5~~~~~~~~ 

0 2 4 6 8 

TIME (HRS) 
Figure 1. Effect of added potassium sorbate on pH of 

culture Rl during incubation at 45 C. 

taining potassium sorbate remained about 4.0 even 
after 4 weeks of storage. If the pH of yogurt is to 
be used as an index of shelf life, these data indicate 
that the shelf life can be increased by the addition 
of potassium sorbate. 

The effect of added potassium sorbate on flavor 
evaluation during refrigerated storage of plain yo-

TABLE 3. EFFECT OF POTASSIUM SORBATE ON FLAVOR OF 

YOGURT MADE WITH CULTURE R1 AND STORED 

Storage 

(days) 

3 

6 

14 

21 

THREE WEEKS AT 4 C. 

lt"la,·oL' preference 
Potassjum 

sorbat e Good Fa ir Poor 

( Per cent ) 

0.00 75.00 00.00 25.00 
0.05 00.00 25.00 75.00 
0.10 25.00 25.00 50.00 

0.00 33.30 66.70 00.00 
0.05 16.65 66.70 16.65 
0.10 50.00 50.00 00.00 

0.00 00.00 100.00 00.00 
0.05 50.00 50.00 00.00 
0.10 50.00 50.00 00.00 

0.00 40 .00 40.00 20.00 
0.05 80.00 20.00 00.00 
0.10 80.00 20.00 00.00 

pH 

4.20 
4.40 
4.45 

4.10 
4.30 
4.40 

3.90 
4.10 
4.15 

3.90 
4.10 
4.20 

gmt made with culhue R1 is shown in Table 3. The 
flavor evaluations of the yogmt at zero days storage 
vvere inconsistent. The judges' principal criticism 
was that of "low acidity" or "lacking yogurt flavor". 
The pH of the yogurt, as shown in Table 1, ranged 
from 4.60 to 4.75 depending upon the culture used 
and amount of potassium sorbate added. The fla
vor of the samples containing potassimn sorbate was 
preferred over that of the conh·ol samples as the 
storage period lengthened. The most common fla
vor criticism, particularly with the conh·ol samples, 
after 2 weeks of storage was '1ugh acidity." The 
)~ogurt containing potassium sorbate had a more mild 
acid flavor than the control samples, and was, in 

W ,24 
0 
~ 20 
w 
0 
...J 
<! 
1-
w 
u 8 
<! 

2 4 
a.. 

- CONTROL 
1>----0 0 .05% 
-0. 10 % 

a.. OL-~--~--~~--~--~~~~ 
0 2 4 6 8 10 12 14 28 

DAYS STORED 
Figure 2. Effect of potassium sorbate on acetaldehyde con

centration of culture R1 during storage at 4 C. 

fact, criticized as slightly lacking in acid flavor the 
first 3 days of storage. An off-flavor characterized as 
"ash·ingent" or "slight chemical flavor" was noted 
by one of the judges in some yogurt samples con
taining 0.10% potassium sorbate and stored 14 days 
or more. This flavor was not observed in the yogurt 
to which 0.05% potassium sorbate had been added. 
The other cultures used responded in much the 
same way and developed a milder acid flavor follow
ing addition of potassium sorbate. 

Figure 2 shows the effect of potassium sorbate 
on the concenh·ation of acetaldehyde in yogurt cul
htre R1 during 4 weeks of storage at 4 C. The 
acetaldehyde concenh·ation was reduced in all three 
cultures containing added potassium so1·bate. Since 
acetaldehyde has been recognized as ·an important 
flavor component of good quality yogmt (8), the re
duction in acetaldehyde concenh·ation following ad
dition of potassium sorbate may be considered by 
some to be a reason for not adding potassium sor
bate to yogmt even though the rate of acid produc
tion dming storage was slowed thus increasing the 
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Figure 3. Effect of potassium sorbate on the growth of 

L. l~ 11lgaricus in culture 403. 

time required for the development of an undesirable, 
pronounced, acid flavor. The members of the judg
ing panel, however, did not consistently identify or 
indicate a preference for those yogurt samples with 
the higher levels of acetaldehyde. 

Potassium sorbate did retard the increase in num
bers of both L. bvlgaricus and S. therm ophiltts dur
ing an 8 hr incubation period at 45 C. This effect 
was noted vvith the strains of these organisms pres
ent in all three commercial cultures. Representa
tive growth curves for the L. bulga·rictts and S. ther
mophilus strains present in culture 403 are shown in 
Fig. 3 and 4, respectively. These show that both 
levels of potassium sorbate reduced the maximum 
number of viable. organisms attained by either or
ganism. The effect was less evident during the first 
2 hr of incubation . The greatest differences in cell 
count were found during the period the highest cell 
counts were obtained. The reduction in cell count of 
S. thennoph:ilus in yogurt containing potassium sor
bate was greatest when the pH reached 4.6 to 4.1. 
The maximum reduction in numbers of L. bulga:ricus 
occurred when the pH of the yogurt ranged from 
4.4 to 4.1. Maximum growth for S. thermoph:iltts 
with or without added potassium sorbate was reach
ed between the second and fourth h our of incuba tion 
whereas the maximum growth for L. bulgaricus wa~ 
reached at the fomth or fifth hour of incubation. A 
concenb·ation of 0.05 or 0.10% of ·potassium sorbate 
decreased the numbers of both organisms present 

throughout the incubation period. This reduction 
in numbers of the culture organisms by potassium 
sorbate may explain the reduction of lactic acid 
and acetaldehyde production as shown in the pre
vious exp eriments. In support of this contention, 
Keenan et al. (9) reported that acetaldehyde produc
tion by several single-sb·ain lactic organisms appear
ed to paraHel the increase in microbial population . 

It was evident from this study that growth and 
acid production of the lactic cultures used were 
inhibited by potassium sorbate. Thus, the decrease 
in pH that normally occurs during storage of yo
gurt was slowed, allowing a longer storage period 
before the flavor became more acid than desired. 
It also was found , however, that the concentration 
of acetaldehyde, a compound associated with the 
desired flavor in yogurt, decreased dming storage 
of the product. Addition of potassium sorbate low
ered the acetaldehyde content. The relative im
portance of these two effects would have to be as -
sessed in making a decision as to whether or not 
p otassium sorbate should be used in making yo
gurt. 
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In order to obtain solutions lo these cut-off control prob
lems, the members of the Council recomm ended the fol lowing 
course of action: (a) th e controls manufacturer will be asked to 
perform time-temperature tests on controls set at different 
cut-off points from 45 F to 80 F, or th ereabout; (b) a rapid 
fi eld test using tap water will be studied and reported by th :! 
manufacturers ( recent research studies by the manufacturer 
of the controls have indicated that additional studies will be 
needed to develop a practical fi eld test ); (c) NAMA will 
develop an instructional booklet for each model settin g fo rth 
the method of determining when the model has become " in
operative," as required by the Code and Manual; (d) the Com
mittee will have a report submitted to the ]'v[anual and Check
list Hevision Committee far enough in advance of the 1970 
AMHIC meeting to allow amendment of the Mam1.1 l, if 
necessary, or a recomm enuation for a Code change; and (e) 
the machine manufacturers, generally, agree that factory test 
procedure to carry out their responsibilities in this area of cut
off controls can be met, but first it must be evaluated against 
various models durin g th e next few months. 

Remanufactured vending machine evaluat ion progm m 
The Hemanufactured Vending Machine E valuation Pro

gram formerly has been known as the Other-Than-New Vend
ing Machine Evaluation Program . This Program of complete
ly rebuilding used vending machines and renovating them so 
as to not only meet the current requirements of the NAMA 
Vendin g l'viachine Evaluation Manual but also to make som e 
significant innovations in design has received favorable re
sponse from public health offi cials and vending machin e opera
tors. To elate, machines of two large companies have been 
evaluated under this program; and several other companies 
have indica ted a keen interes t in this relatively new progr: m. 

L9belin g guide 
As indicated in the 1969 Committee Report, the advent of 

the F air Packaging and Labeling Act, the W'holesome Meat Act, 
and the ' Vholesome Poultry Products Act has extended uniform 
Federal labeling requirements to a vast majority of foods p re
pared and packaged b y vending operators- even in intrastate 

and clos tridia. J. Bacterial. 63:487-494. 
8. Corner, F ., V. Palo, and M. Bertan . 1968. Changes 

of the content of volatile substances durin g ripening of yogurt. 
i\1[ il chwissenschaft 23 :94-100. 

9. Keenan, T. \V. , R. C. Li ndsay, M. E . Morgan, and E. 
A. Day. 1966. Acetaldehyde production by single strain lac
tic streptococci. J. Dairy Sci. 49:10-14. 

10. Lindsay, R C., and E . A. Day. 1965. H.apid quanti
tative method for determination of ace tald ehyde in lactic start
er cultures . J. Dairy Sci. 48:665-669. 

11. Moustafa, H . H ., and E . B. Collins. 1969. E ffects 
of selected food additi ves on growth of Pseudomonas fragi. 
J. Dairy Sci. 52 :335-340. 

12. Smith, D . P ., and N. J. Ho llin . 1954. Sorbic acid as a 
fun gistatic agent for foods. VII. Effectiveness of sorbic acid 
in p rotecting cheese. Food Hes . 19: 59-65. 

commerce. AMHIC h as already taken steps to develop a uni
form labeling guide in cooperation with the FDA and USDA 
for the purpose of aiding industry in complying with th es ~ 
Federal Acts and also to aid in promoting unif01 mity in their 
interpretation and application. Principles develop ed a r.d ap 
plied with these two agencies in developing guidelines to 
comply with the Federal labeling requirements may be used 
with possibly some minor modifications with foods vended 
only in intrastate commerce. 

The first draft of a proposed AMA Food Product Labeling 
Guide for Vending Operators has been presented to this Com 
mittee and to the F DA and USDA for review, comment, and 
approval. Tllis Guide wh en eventuall y approved by AMHIC 
nn e! the above Federal agencies should minimize interpretation 
problems for the vending machine operator and governmental 
offi cials and promote voluntary compliance with the appro
priate laws and regulations. 

Commissary constmction gu'ide 
The first draft of a Commissary Construction Guide w :1 ich 

i-; intended to advise vending machine commissary operator ; 
of basic commissary layout and construction requirements in 
their respective states and at th e Federal level has been re
vi ewed by this Committee and is currently being reviewed by 
1 AMA, FDA, USDA, and USPHS. The restaurant type re
quirements in this f irst d raft h ave been taken from the USPHS 
1962 Food Service Sanitation lvfanual, and the agriculture 
type requirements are those recom mended by USDA in vari : u; 
docum ents and advisory le tters to NAMA. Standards of both 
Federal agencies are included in the proposed Guide; bu t i : 
is hoped before the fi na l draft is completed that the USDA. 
F DA, USPHS, and NANIA can agree on single requirement 
statements in each p aragraph of the Guide which treats a 
specifi c subjct. 

Other edu cational m.aterials 
An informative and interes ting piece of literature develo1:ecl 

by NAMA-AMHIC in cooperation with this Committee sho lcl 
prove of interest to th e general p ublic and to m embers of 
industry anJ public h ea lth . T his publication, Copper Poison
ing P1·evention-A Guide for Post-Mix Soft Drink Equipm ent 
Operators, is intended to aiel th e vending iJ1dustry in prevent
ing a food-borne illness ca used by copper poisoning. The 
publication on coppor poisoning applies to both manual m d 

(Continued on Page 325) 
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E-3-A SANITARY STANDARDS FOR INLET AND OUTLET LEA K 
PROTECTOR PLUG VALVES FOR BATCH PASTEUR IZERS 

Serial #E-1400 

Fonnulated by 
International Assoc·iat ion of Milk, Food and Environmental San:itarians 

Un-ited States Public H ealth Service 
Un'ited States Departm ent of Agriculture 
Insl'it11te of American Poultry Industries 

Dairy and Food Inclustr ie~ Supply Association 

It is the purpose of the IAMFES, USPHS, USDA, IAPI, and DFISA in connection with the development 
of the E-3-A Sanitary Standards program, to allow an d encourage full fr eedom for inventive genius or new 
developments. Leak protector plug valve specifica tions which are developed and which so differ in de
sign, material, construction or otherwise, so as not t o conform with the following standards, but which in 
the opinion of the manufacturer or fabricator are equivalent or better, may be submitted at any time for the 
consideration of IAi'vlFES, USPHS, USDA, IAPI, and DFISA. 

MA T E RIA L: 
l. These valves shall be constructed of stainless steel, 

optional metal or equally corrosion-resistant metal 
th at is non-toxic and non-absorbent . (See Appen
dix for the composition of an acceptable optional 
metal alloy. ) 

DESIGN : 
l. The design of leak protec tor valves shall conform 

to the recommendations set forth in Section 7, 
i tem 16p (A ) 3 and 4 of the Grade "A" Pasteurized 
Milk Ordinance, 1965 Recommendations of the 
United States Public Health Service. 
An abstrac t of these requirements follows and 
drawings of acceptable valves are appended to this 
standard. 

( a ) All leak protector valves shall be provided 
with leak diverting grooves which when the 
valve is in a closed position, will prevent leak
age pas t the valve either by way of the valve 
seat or the plug channel. A closed position 
shall mean any position of the valve seat 
which stops the f low of produ ct into or out 
of the holder. It includes the "just-closed" 
position, which means that closed position of 
the plug in which the flow into or out of the 
holder is barely stopped. or any closed position 
within 5/ 64-inch thereof as measured along 
the maximum circumference of tl1e valve seat. 
It also includes the "fully-closed" positi~n , 
which means the closed position of the valve 
seat which requires the maximum movemen t 
of the valve to reach the fully-open position , 
and all positions between the "just-closed" 
and "fully-closed" position. Leak-protector 
grooves must begin to function within 5/ 64-

inch after the "jus t~closed" position is passed, 
in closing. 

(b ) All leak-protector grooves shall be at least 
3/ 16-inch wide and at least 3/ 32-inch deep 
at the center. Mating grooves shall provide 
these dimensions throughout their combined 
length whenever the valve is in , or approxi
mately in , the "fully-closed" position . All 
single-leak grooves, and all mating leak 
grooves vvhen mated, shall extend throughout 
the entire depth of the seat, so as to divert 
leakage occurring at all points throughout the 
depth of the seat, and so as to prevent air 
bindings. \ \lashers or other parts shall not 
obstru ct leak-protec tor grooves . 

(c ) All leak-protec tor valves shall be provided with 
a stop to guide the operator in closing the 
valve so that unpas teurized product may not 
inadvertently be permitted to enter the outlet 
line or the holder. The stop shall be so de
signed that the plug will be irreversible when 
the plug is provided with any grooves or 
their equivalent, unless duplica te, diametri
cally opposite grooves are also provided. In 
the case of 2-way, p lug-type valves ( i.e. those 
having only one inlet and one outlet ) , a 180° 
stop , or any combination of stops permitting 
two fully-closed positions, may be substituted 
for a 90° stop, provided that there are no 
air-relief grooves in the plug and that all leak 
grooves are located symmetrically with respect 
to the valve inlet. Stops shall be. so designed 

that the operator cannot turn the valve beyond 

the , stop position, eith e~· by raising the plug 
or by any other means. 

.. 
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A valve stop means a guide which permits 

turning the valve plug to, but not beyond, 

the fully-closed position. A goo stop means 

a stop so designed as to prevent turning the 

plug more than goo. A 180° stop means a 

stop which prevents turning the plug more 

than 180°. A valve with an irreversible plug 

shall mean one in which the plug cannot be 

reversed in the shell. 
( d ) Leak-protector inlet valves shall be provided 

with grooves to provide air-relief to the inlet 

line to the holder when the valve is in any 

closed position. 
(e) Leak-protector outlet valves shall be so de

signed as to prevent the accumulation of un

pasteurized product in the product passages 

of the valve when the valve is in any closed 

position. 
(f) Leak-protector outlet valves shall be S{) de

signed that the combined length of the inlet 

passage in the shell and of any passage of 

corresponding diameter in the pasteurizer 

does not exceed the diameter of the passage 

in the valve. 

CONSTRUCTION: 
l. All product contact surfaces shall be finished to 

an equivalent of not less than 120 grit properly 

applied . 
2. All parts having product contact surfaces shall be 

readily removable or shall be accessible for clean

ing and inspection. All exterior surfaces shall be 

smooth, easily cleanable, and self-draining. 

3. The diameter of the product passage and the di

mensions of the sanitary thread and of the fitting 

seal shall conform with the standards established 

for the similar counterpart in the "3-A Sanitary 

Standards for Fittings Used on :Milk and Milk 

Products Equipment and Used on Sanitary Lines 

Conducting Milk and Milk Products, Serial #080g," 

as amended. 

4. The stop may be cut or cast in the body and/or 

p lug. If a stop pin is used, it shall have: 

( a ) A minimum shear strength of 30,000 P.S.I. 

(b ) The pin shall be attached with a thread hav-

ing a Class 3 fit and a minimum length of 

1/ 2 inch. 

(c) The pin shall have a minimum diameter of 

not less than 5/16-inch O.D. throughout its 

entire length except at root of tlu·ead at 

threaded end . 

(d) The pin shall be made of material that will 

withstand the repeated impact that occurs 

in continued operation without breaking or 

becoming sufficiently distorted to cause im

proper register of the leak protector parts . 

5. The handle of the valve shall be at right angles 

to the direction of flow when in fully-closed posi

tion. If valve handle is so positioned as not to be 

at goo when fully closed, the valve shall be marked 

to show the fully-closed position. 

APPEl\'DIX 

OPTIONAL METAL ALLOY 

An optional metal alloy having the following mini

mum and maximum composition is deemed to be in 

compliance with the MATERIAL section: 
Zinc - 8% maximum 

Nickel - 1g 1/2% minimum 
Tin - 3 1/ 2% minimum 

Lead - 5% maximum 
Iron - 1 1/ 2% maximum 

Copper - the balance 

An alloy of the composition given above is properly 

designated "nickel silver" or, according to ASTM' 

Specification #B 14g-52, may be entitled, "leaded 

nickel bronze." 
'Available from American Society for Testing and Materials 

1916 Race St. , Philadelphia, Pa . 19103. 

This standard is effective Aug. 28, 1g11. 
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Notes: A and B a1'e leak-p1'otecto1' g1'ooves . C is an 
ai1'-1'el-ief gTOove. All g1'ooves a1'e full length, but 
uppe1' or lowm· half of C may be omitted. 
W = not less than 3/16" 

TWO-WAY HORIZONTAL PLUG-TYPE INLET VALVE 
{DESIGN - A) 

\ 

SANITARY FITTINGS 
3-A STANDARD 

3-A-100-16 
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\. Horizonlt~l section$ fhrouth / 
axis of plug ch6Mtl 

/ 

Plug 
ch1n~l 

Notes: A and B are leak-protector grooves. C and C 
are air-relief grooves. All grooves are full length, but 
upper or lower halves of C and C' may be omitted. 
W = not less than 3!16'' 

TWO-WAY HORIZONTAL PLUG-TYPE INLET VALVE 
(DESIGN - B) 

SANITARY FITTINGS 
3-A STANDARD 

3-A-100-17 
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" Horizon til ~cflons through / 
1xis of plut clwnntl 

/' 

Notes: A, B, C, and D a1'e leak-protect01· g1'0oves. A 
extends pa1't way in the plug and mates with B (in 
uppe1' and lowe1' shell) in all closed positions. G1'0oves 
C and D are diagonally opposite A and B. 
W = not less than 3/16" 

PLUG- TYPE SIDE-OUTLET VALVE 
(DESIGN-£) 

SANITARY FITTINGS 
3-A STANDARD 

3-A-100--18 
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Vat wo/1-.......... 

VERTICAL SECTION 

Note: Close-coupled side-outlet valve connected to 
holder, showing design requirements. d = diameter 
of outlet. h = depth of flare. a= greatest distance 
from valve seat to small end of flare (shall be not 
more than d.} b = smallest diameter at large end 
of flare (shall be not less than h + d.) 
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PLAN 

CLOSE- COUPLED SIDE-OUTLET VALVE 
(DESIGN-D) 

SANITARY FITTINGS 
3-A STANDARD 
3-A-loo-19 
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~at /nn.er Wall 

Note: Close-coupled side-outlet valve connected to 
holdeT, show i·ng design reqtt:i.rem ents. d = inside 
d iam eteT of outlet valve. a = g1·eatest d·istance fmm 
valve seat to veTt·ical side of in·neT w all. (In no case 
shall 'it ~xceed d .) No fla re required foT reason t lwt 
a 'is less than cl. 

CLOSE-COUPLED SIDE-OUTLET VALVE 
(DES/fiN-D ALTEifNAT£) 

SANITARY FITTINGS 
3-A STANDARD 

3-A-1()()-20 

, 
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Currents swept 
) 1nfo oufle t 

Vot wall 

1~ 
b_..-

-
Throat--

VERTICAL SECTION 

Note: Close-coupled Side-outlet valve connected to 
holde1', showing design 1'equi1·ements. d = inside 
dimneter of outlet. h = depth of flare . a = 
greatest distance from valve seat to small end of flam. 
(Shall not be nw1·e than d.) b = smallest diameter 
at large end of fla1·e (shall not be less than h plus d) 
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CLOSE-COUPLED SIDE -OUTLET VALVE 
(DESIGN-0 ALTERNATE) 

SANITARY FITTINGS 

3-A STANDARD 

3-A-100-21 
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90 ° STOP 

Fully open 

Fully closed 

E-3-A SANITAHY STANDAHDS 

Horizontal sections through 
axis of plug channel 

Plug/ 
channel 

Just closed 

Plug in fully-closed ~osition 
• as viewed from vat 1nlet 

1WO-WAY VERTICAL PLUG-TYPE INLET VALVE 
NOTES: A, B, C and D are leak-protector grooves. A extends part way in the plug and mates with B 
(in upper and lower shell) in all closed positions. Grooves C and D are diagonally opposite A and B. 
c• is an air-relief groove for the outlet. Upper or lower half of c• may be omitted. 
Leak-protector grooves must begin to function within 5/64 of an inch after the "just closed position" is 
passed in closing. 
The configuration of leak-protector grooves D (the drain) shall be such that there will be no pocket to 
trap product and all product will be drained. 
A 90° stop shall be provided. The positioning of the stop shall be such that the product in the passage 
in the plug will drain completely. 

SANITARY FITTINGS 
3-A STANDARD 

JA-100-27 
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Side view of valve showing position of leak protector 

grooves and air relief grooves when plug is in fully 
closed position 

PLUG-TYPE BOITOM-OUTLET VALVE 

Notes: A, B, C and D are leak-protector grooves. A extends part way in the plug and mates with B (in 

upper and lower shell) in all closed positions. Grooves C and D are diagonally opposite A and B. 

C' is an air-relief groove for the outlet. Upper or lower half of C' may be omitted. 

Leak-protector grooves must begin to function within 5/64 of an inch after the "just closed position" 

is passed in closing. 
The configuration of leak-protector groove D (the drain) shall be such that there will be no pocket 

to trap product and all product will be drained. 

A 90° stop shall l>e provided. The positioning of the stop shall be such that the product in the pass~e 

in the plug '\fJl! drain complet~y. 
~ ·. 

IC' 

Plug in fully-closed position 
showing relative positions of grooves 

SAIIITAitY FJnJM&S 
3-A STMDARD 
3A-100-28 
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VAT WALL 

go o STOP 

E-3-A SANITARY STANDARDS 

VERTICAL SECTION 

TURN PLUG 
goo TO CLOSE 

NOTE: Close coupled bottom outlet valve connected to holder showing 
design requirements. 

d = 1nside diameter of outlet valve. 

a = greatest distance from valve seat to end of holder portion 
of outlet having same diameter as the passage in the valve. 

a shall not be more than d. 

CLOSE-COUPLED BOTTOM-OUTLET VALVE 

SANITARY FITTINGS 

3-A STANDARD 

3-A-100-29 
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3-A SANITARY STANDARDS 
FOR HOMOGENIZERS AND PUMPS OF THE PLUNGER TYPE 

Serial #0403 

F onnulated by 
International Associat·ion of Milk, Food and Environmental Sanitar·ians 

United States Public H ealth Service 
The Da:i1·y Industry C01nmittee 

It is the purpose of the IAMFES, USPHS, and DIC in connection with the development of the 3-A 
Sanitary Standards program to allow and encourage full freedom for inventiv~ genius or new developments. 
Specifications for homogenizers and pumps of the plunger type heretofore and hereafter developed which 
so differ in design, material, fabrication, or otherwise as not to conform vvith the following standards, but 
which in the fabricator 's opinion are equivalent or better, may be submitted for the joint consideration of 
the IAMFES, USPHS, and DIC, at any time. 

A. 
SCOPE 

A.l 

These standards cover the sanitary aspects of ho
mogenizers and pumps of the plunger type for 
milk and liquid milk products. 

A.2 

B. 

8.1 

In order to conform with these 3-A Sanitary Stand
ards, homogenizers and pumps of the plunger type 
shall comply with the following design, material 
and fabrication criteria. 

DEFINITIONS 

Product : Shall mean milk and liquid milk products. 

8.2 
Plunger Pump: A displacement pump that moves 
the product by the reciprocating motion of a plun
ger(s) operating in a cylinder(s). 

8.3 

Honwgenizer: A plunger pump which has a special
ly designed homogenizing valve or valves for the 
purpose of blending the product ingredients and/ 
or producing homogeneity of the product. 

8.4 
S·wjaces: 

8.4.1 
Product Contact Surfaces: Shall mean all surfaces 
which are exposed to the product and surfaces 
from which liquids may drain, chop, or be drawn 
into the product. 

8.4.2 

c. 

Non-Product Contact Surfaces: Shall mean all 
other exposed surfaces. 

MATERIALS 

C.l 

Product Contact Surfaces: 

C.l.l 

All product contact surfaces shall be of stainless 
steel of the AISI 300 series' or corresponding ACF 
types (See Appendix, Section E.) or stainless steel 
that is non-toxic and non-absorbent and which 
under conditions of intended use is equal in cor
rosion resistance to stainless steel of the AISI 300 
series' or corresponding ACF types, except that: 

C.1.2 

Other corrosion-resistant metals that are non-toxic 
under conditions of intended use may be used 
when their properties are required for functional 
reasons such as valve parts, valve seats, impact 
rings and parts used in similar applications. 

C.1.3 

Rubber and rubber-like materials may be used for 
gaskets, seals, and parts used in similar applica
tions. These materials shall comply with the appli
cable provisions of the "3-A Sanitary Standards 
for Multiple-Use Rubber and Rubber-Like Ma
terials Used as Product Contact Surfaces in Dairy 
Equipment, Serial #1800". 

C.1.4 

Plastic materials may be used for gaskets, seals, 
and parts used in similar applications. These ma
terials shall comply with the applicable provisions 
of the "3-A Sanitary Standards for Multiple-Use 
Plastic Materials Used as Product Contact Sur-

'The data for this series are contained in the following refer
ence: AJSI Steel Products ifanual, Stainless & Heat Resisting 
Steels, April, 1963, Table 2-1; pp. 16-17. Available from: 
American Iron and Steel Institute, 633 3rd Ave., ew York, 
N. Y. 10017. 
2AIIoy Casting Institute, 300 Madison Ave., New York, · Y. 

10017. 
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faces for Dairy Equipment, S e r i a 1 #2000", as 

amended. 

C.l.S 
Single-service sanitary type gaskets may be used. 

C.2 
i\1on-Procluct Contact Surfaces: 

C.2.1 
All non-product contact surfaces shall be of cor

rosion-resistant material or material that is ren

dered corrosion-resistant. If coated, the coating 

used shall adhere. 

C.2.2 

D. 

0 .1 

All non-product contact surfaces shall be relative

ly non-absorbent, durable and cleanable. Parts 

removable for cleaning having both product con

tact and non-product contact surfaces shall not be 

painted . 

FABRICATION 

All product contact surfaces shall be at least as 

smooth as a 1 o. 4 mill finish on stainless steel 

sheets. (See Appendix, Section F. ) 

0.2 
All permanent joints in product contact surfaces 

shall be welded or if it is impractical to weld, the 

joint shall be fitt ed in a manner that it will be 

completely rigid and without pockets or crevices. 

All such areas of product contact surfaces shall be 

at leas t as smooth as the adjoining surfaces. 

0 .3 
All product contact surfaces shall be easily ac

cessible for cleaning, either when in an assembled 

position or when removed . Removable parts shall 

b:; readily demountable. There shall be no dead

ended passages. · 

0 .4 
When disassembled all product contact surfaces 

shall be self-draining except for normal clingage. 

0 .5 

All intern al angles of 135° or less on product con

tact surfaces shall have minimum radii of l / 4 inch 

except those where for space or functional reasons 

it is impossible to have a radius of l / 4 inch. When 

for functional reasons the radius must be less than 

l/32 inch, in such applications as flat sealing sur

faces, valves, e tc., the product contact surface of 

this internal angle must be readily accessible for 

cleaning and inspection. 

0 .6 

There shall be no threads in contac t with the 

product. 

0 .7 
Inlet and outlet connections shall conform with the 

applicable provisions of the "3-A Sanitary Stand

ards for Fittings Used on Milk and Milk Products! 

Equipment and Used on Sanitary Lines Conduct

ing Milk and i\IIilk Products, Serial #0809", as 

amended. 

0 .8 

Coil springs having product contact surfaces shall 

h~ve openings between coils· including the ends 

vvhen the spring is in a free position. Coil springs 

shall be readi ly accessible for cleaning and in

spection. 

0.9 

Gaskets having product con tact surfaces shall be 

removable. Gasket retaining grooves on product 

contact surfaces shall be no deeper than their 

width. The minimum radius of a gasket retaining 

groove shall not be less than 1/ 32 inch. 

0 .10 

Non-product contact surfaces shall be free of 

pockets and crevices and be readily cleanable and 

those to be coated shall be effectively prepared 

fm: coating. 

0 .11 
The means of supporting homogenizers and pumps 

of th e plunger type shall be one of the following: 

0.11.1 

\i\Tith legs: Legs shall be smooth with rounded 

ends, have no exposed threads, and shall be of 

sufficient length to provide a clearance bet\veen 

the lowest part of the base and the floor of no less 

than four inches. The lower ends of legs made 

of hollow stock shall be closed. 

0.11.2 
:Mounted on the base : The base shall be designed 

to permit sealing to the mounting surface. 

0. 11.3 

By a flange or shield : When the pump is designed 

to be inserted into a vessel containing product, the 

flange or shield shall be designed to protect against 

the entrance of contaminants into the vessel 

through the opening through which the pump is 

inserted. 

0 .12 

The space bet\veen the cylinder ( s ) and the drive 

shall be readily accessible for cleaning, self-drain

ing and protected so that liquids will not enter 

the drive. This space shall be provided with a 

cover or shield. The cover may be designed to 

permit observation without removing it from the 

homogenizer or pump. 
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0. 13 

E. 

Homogenizers or pumps of the plunger type to be 
used as the timing device in a high-temperature 
short-time pasteurizing system shall be provided 
with an easily accessible or externally visible 
means of sealing to prevent the operation of the 
homogenizer or pump at a greater capacity than 
that which gives legal holding time without break
ing the seal. 

APPENDIX 

STAINLESS STEEL MATERIALS 

Stainless steel conforming to the applicable com
position ranges established by AISI for wrought 
products, or by ACI for cast products, should be 
considered in compliance with the requirements 
of Section C.l.1 herein. Where welding is in
volved the carbon content of the stainless steel 
should not exceed 0.08%. The first reference cited 
in C.l.1 sets forth the chemical ranges and limits 
of acceptable stainless steels of the 300 series. 
Cast grades of stainless steel equivalent to types 
303, 304, and 316 are designated CF-16F, CF-8, 

REPORT OF COMMITTEE ON FOOD 
EQUIPME T SANITARY STANDARDS 

1969-1970 

(Continued from Page 311 ) 

automatic post-mix soft drink equipment and covers in easy 
to understand terminology the following points : \ 1Vhat is 
copper poisoning? How can it happen in post-mix devices? 
vVhat carbonated water systems are approved? Vi'hat systems 
are "fail-safe?" vVhat have manufacturers done? \ iVhat n ew 
standards are in effect? \iVhat should the vending machine 
operator do? 

RECOi\'lMENDA TIONS 

1. That the Association reaffim1 its support of the National 
Sanitation Foundation and the National Automatic Merch:m 
qising Association and continue to work with these two organi
i ations in developing acceptable standards and educational 
materials for the food industry and public health. 

2. That the Association urge all sanitarians to obta in a 
complete set of the National Sanitation Foundation's Food 
Equipment Standards and Criteria and a copy of the National 
Automatic ~{erchandising Association-Automatic Merchandis-

F. 

G. 

and CF-8~11 , respectively. These cast grades are 
covered by ASTM3 specifications A296-67 and 
A351-65. 

PRODUCT CONTACT SURFACE FINISH 
Surface finish equivalen t to 150 grit or better as 
obtained with silicon carbide, is considered in com
pliance with the requirements of Section D.1 here
in. 

Recording or indicating gauges furnished with a 
homogenizer or a pump of the plunger type should 
be of the sanitary diaphragm or pressure bulb type. 
They should comply with applicable criteria of 
this standard. · 

These standards shall become effective September 15, 
1971 at which time the 3-A "Standards Covering Ho
mogenizers and High Pressure Pumps of the Plunger 
Type, As of June 23, 1947" and amendments thereto, 
are rescinded and become null and void. 

3Available from American Society for Testing and Materials, 
1916 Race Street, Philadelphia, Pa. 19103. 

ing Health-Industry Council's Vending Machine Evaluation 
Manual; to evaluate each piece of food equipment and vend
ing machine in the field to determin e compliance with the 
applicable sanitation guidelines; ancl to let this Committee and 
the appropriate evaluation agency !mow of any manufactmer, 
installer, or operator failing to comply with these guidelines. 

3. That the Association urge all sanitarians and regulatory 
agencies to support the work of the Association's Committee, 
and subscribe, by law or administrative policy, to the principles 
represented by the Standards, Criteria, and Evaluation Manual 
for Food Equipmen t and Vending {achines. 

Karl K. Jones, Chairman, Purdue University, \iVest Lafayette, 

Indiana . 
Irving L. Bell, State D eparh11ent of H ealth, Frankfort, Ken-

tucky. 
Glenn Brauner, 1 ational Canners Association, \ iVashington, 

D.C. 
Carl H enderson, New Mexico Department of Public H ealth. 

Santa Fe, lew Mexico. 
Lloyd \V. Regier, Fisheries Research Board, Ha!Lax, ova 

Scotia, Canada. 
Jerome Schoenberger, City Deparhnent of Health, r ew 

York, New York. 
Harold vVainess, Harold vVali1ess and Associates, Chicago, 

Illinois. 
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ASSOCIATION AFFAIRS 

PROGRAM 
NATIONAL MASTITIS COUNCIL 

SUMMER MEETING 
AUGUST 16, 1971 

Sheraton .Motor Inn- Harbor Island 
San Diego, California 

The program chairman is IviGs Vice President, 
Dr. D. E . Jasper, School of Vetn inary Ivledicine, Uni
versity of Californi a, at Davis . Local arrangements 
for hosting the meeting is chaired by Harold Y. Heis
kell, Babson Bros ., Company, Sacremento, California. 

The program listed below will present needed in
formation and th e speakers selected are national 
authorities in their fields: 

The National Mastitis Council is H elping You. \V . L. 
Arledge, Pres. N. M.C.-Dairymen, Inc. , Louisvill e, 
Kentucky. 

California Milk Quality Program Progress. George 
DeMedeiros, Dairyman's Cooperative Creamery, 
Assoc., Tulare, California. 

A Dairyman's E xperience Vlith J'dastitis Control. Tom 
Sawyer, Calif. Holstein-Fresian Assoc., \Vaterford, 
California. 

A Veterinarian's Experience \ iVith Mastitis Control. 
Jack vV. Morse, Calif. Veterinary Medical Assoc .. 
Trulock, California. 

Some Factors that Affect the Incidence of New Udder 
Infection. John S. i\llcDonalcl, National Animal 
Disease L aboratories, Ames, Iowa. 

Udder Health Management-Part I. John \V. Woods, 
Dairy Practitioner, Mesa, Arizona. 

The Leucocyte and Udder Health . 0 . V·l. Schalm, 
School of Veterinary l'VIedicine, U. of Calif., a t 
Davis, California.· 

Relationship of .i\llilking i'viachine Design and Function 
to Udder Disease. J. S. McDonald, National Ani
mal Disease Laboratories, Ames, Iowa. 

A Rationale for .1vlilking Sys tem D esign. F. F. Smith, 
F arm Advisor, Los Angeles, California. 

Udder Health Management-Part II. John M. ·w oods, 
Dairy Practiti oner, Mesa, Arizona. 

Herd Evaluation Usin g Bulk Tank Milk. D . E. Jas
per, R. B. Bushnell , J. D . Dellin ger, U. of Calif., at 
Davis, Californi a. 

Make your room reserva tion early with Sheraton 
Inn, 1590 H arbor Island Drive, San Diego, California 
92101. Ask for special IAMFE S rate ( Single-$13.00; 
Double-$17.00; Twin-$19.00 ) . 

30TH ANNUAL MEETING OF THE 
IOWA ASSOCIATION OF MILK, FOOD 

AND ENVIRONMENTAL SANITARIANS, INC. 

Charles Yeager, Jr. , receives Dr. P. l. P. Baker award , ( left 
to right ) Alvin Gray, F irst Vice-President; F arr is Biggart , 
P res .-E iect; 1 r. Yeager; Don Jaeger, P resident. 

The 30th annu al meeting of the Iowa Association of 
Milk, Food and E nvironmental Sanitarians, Inc. was 
held at the Ramada Inn , Ames, Iowa on March 23, 
1971 . The meeting was well attended and many 
favorable comments were received on the program. 

The annual banquet was held at the Ramada Inn 
with 92 attending. At this time the Dr. Merle P . 
Baker Award for meritorious contribution in the field 
of milk and food sanitation was presented to Charles 
YeagEr, Jr. 

The recipient of this Award shall have made a 
meritorious contribution in the field of milk, food or 
environmental sanitation to the Public Health and 
vVelfare of a municipality or county within the State 
of Iovva, or to the State of Iowa. A $50 savings bond 
accompanies the Award. 

Mr. Yeager was cited for his leadership in the field 
of sanitation in the State of Iowa. He is a past presi
dent of this Association and has contributed a great 
deal of time and effort in making the organiza tion a 
success. 

He received a B. S. degree in Dairy Industry from 
Iowa State University in 1947, and went to work as 
a milk sanitarian for the City of Sioux City. In 
F ebruary 1948, he was employed by the Anderson
Erickson Dairy Company of Des Moines, Iowa, where 
he remained until 1969 when he accepted a position 
with Beah·ice Food Company, Chicago, Illinois. 

The social hour at the annual banquet was again 
sponsored by Klenzade Products, D airy E quipment 
Company, Sepko Chemicals Company, and The Sch
leuter Company. 

, 

( .. 
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Officers of the !viissouri Association of Milk and Food 
Sanitarians, left to right, Erwin P . Gadd, Secretary-Treasm er; 
Harold Bengsch, Second Vice-Presiden t; Hobert Gi llilan , 
President; \Villi am McCowan, Immediate Past President; 
Charles Van Landuyt, First Vice-President; Auditors, Jam es 
Hagan and Honalcl Sibl ey absent. 

\ Villiam McCowan, President of lvlissouri Association of 
Mi lk and Food Sanitarians, presents Sanitarians Award to 
f \V. Dromgolcl ( left). 

SEVIEN PROJECTS COMPLETED AT 
3-A MILWAUKEE MEETING 

Seven major projects, including significant Ac
cepted Practices for Instantizing Systems for Dry 
Milk and Dry Milk Products, were completed by 
the 3-A Sanitary Standards Committees at their 
April 20-22 meeting. The Dry Milk document, pro
viding sanitary criteria apd guidelines for instantiz
ing systems, is particularly timely, following by 
several months a new Dryer Practice. Both practices 
will appear in the Journal of Milk and Food Tech
nology, with an effective date of March 14, 1972, 
for tl¥! Dryer Practices; effective date for tl1e In
stantizer Practices has not yet been es tablished. 

A completely new 3-A Standard for Air Elimina
tors for milk and Liquid Products, complementing 
Meter Standard #2800 published in F ebruary, vvas 

adopted. Publication of this document will b e later 
this year. It will b ecome effective about June, 
1972. Revisions for Plate Type and Tubular H eat 
Exchangers, first published in 1952, were completed 
and soon will be signed and prepared for publica
tion. A 1964 published Air Under Pressure Practice 
was also revised. Two Amendments-one for ilie 
HTST Pasteurization Practices to provide for hand
ling of concEntrated skim milk for drying, and the 
other adding polysulfone resins as a new generic 
class of plastics to the 3-A Plastic Standard . 

1971 DAIRY FIELDMEN'S CONFERENCE 

The 29th Annual D airy Field;nen's Conference 
was held at The Pennsylvania State University on 
June 8 and 9, 1971. All meetings were held in 
the J. 0 . Keller Conference Center. Highlighting 
this year's Conference were discussions from in
dustry, regulatory, and university personnel on em
rent problems in milk handling, especially those 
problems related to sampling, milk procurement, and 
metering of farm milk. Several speakers discuss
eel operational problems of CIP equipment on farm 
handling equipment. Installation criteria for bulk 
headed farm tanks and precooling of bulk tank milk 
were discussed. Panels discussed current sani
tation problems at the farm level and possible so
lutions to high somatic levels. 

Features of the Conference was a discussion 
of research and teaching activities related to Penn
sylvania agriculture by D ean R. E. Larson and a 
banquet speech by the new University President, Dr. 
John Oswald. 

WARD DUEL APPOINTED ASSISTANT 
DJ,RECTOR ENVIRONMENTAL HEALTH AMA 

vVard Duel has been employed by the American 
Medical Association as Assistant Director in ilie D e
partment of Environmental, Public, and Occupation
al Heal th. The cenh·al thrust of this D epru:hnent 
is to maintain liason with otl1er national organiza
tions in the above fields in order to develop, col
lect, evaluate, and disseminate technical information 
to the medical profession, state and local medical 
associations and others concerned witl1 the influence 
of the environment on health. 

It is expected that medical societies and physici
ans indivdually will be taking a larger pru:t in prob
lem solving and assuming environmental h ealth lead
ership roles at the commtmity level. To do this, 
A:MA H eadquarters will back them up with techni-
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cal support. 
His adru·ess is AMA Headquarters, 535 North 

Dearborn, Chicago, Illinois 60610. The phone num
ber is (312) 527-1500 Ext. 578. 

BOOK REV IEW 

DisiNFECTION . Melvin A. Benarde (editor). Marcel D ekker, 
Inc., New York ( 1970 ), 466 pages. 

Control of microorganisms is of major importance in enter
prises such as the food industry and medical practice. Princi
ples of microbial control are always the same but the job can 
be done in different ways, depending on limitations imposed 
by a particular environment. Approximately 350 pages of this 
book are devoted to "doin g the job" on spores and viruses, 
with gases, in hospitals, and in the dairy, seafood, food proc
essing, and beverage industries. 

As is common practice today, the eleven chapters in the 
book were written by different authors who, presumably, 
were selected because of their expertise in th e areas which 
are covered by their contributions. Preparation of a book by 
a collection of authors has cer tain advantages but also often 
leads to problems; this book suffers from several. For ex
ample, approximately 12% of the pages in the book are de
voted to an in-depth (and excellent ) di scussion of gaseous dis
infection , a process of substantially less importance than dis
infection by heat or by certain other chemicals, at least in 
hospitals and the food industry-the principal potential bene
ficiaries of this book. either the use of heat nor th e use 
of the other chemicals is considered in detail anywhere in 
the book. Instead, both topics are discussed superficially and 
repeatedly throughout the book. Use of iodine compounds 
is mentioned in chapters 4, 5, 7 A, 7B, 8, 9, 10, and 11 but 
the topic never does receive a thorough treatment. Some 
repetition, perhaps, is needed since the person who reads the 
chapter on disinfection in the seafood industry might not read 
other parts of the book. If this logic would prevail, how
ever, then the first four chapters of th e book wou ld not be 
needed . 

The first two chapters (nutrition and metabolism of micro
organisms and mechanisms of disinfection ) are intended to 
set the stage for what is to fol low. Unfortunately, much of 
what they have to say seems to miss th e mark for this par
ticular goa l. \<Vhen hese chapters discuss inactivation of 
microorganisms they deal with antibioti cs, sulfa drugs, dyes, 
nitrofurans, and similar compounds. These chemicals may 
have interesting effects on microorganisms but th ey find littl e 
appli cation in disinfection as practiced in hospitals (except 
for treating patien ts) or the food industry. Chapters on hos
pital and food p lant disinfection arc usefu l but suffer from 
variation in depth of coverage and from care less proofreading. 
\<Vhittlestone is spelled as just indicated on page 373, but 
appears as \ iVittleson on page 329, and as \•Vhittleston on page 
324. This reviewer is puzzled by inclusion of a chapter on 
disinfection in Russian hospitals. If this was deemed neces
sary, what about disinfection in German , Greek, or Nigerian 
hospitals? Surely different practices might exist in these and 
other countries. 

The book appears to be well manufactured. It is very 
readable and chapters are outfitted with appropriate sub
h eadings. Photographs and line drawings are generally well 
clone and often aid in understanding the topic. Two indexes 

are provided; th e tradition al subject index ( 5.5 pages) and 
a listin g of all authors cited in the text ( 11 pages). This 1', .

1 

reviewer would prefer a more detailed subject index and 
elimination of the author index . An author index in n book 
such as this seems to be most useful to those persons 'l}'ho 
wish to conveniently learn if one of th eir papers was cited hy 
th e authors. 

In spite of its limitations, many of which are organizational 
in nature, the book contains much useful information and 
should be, not only on their bookshelves, but actually used 
by those persons in hospitals and the food industry who are 
concern ed with the con trol of microorganisms. This reall y 
includes nearly all persons who are associated with either 
enterprise. 

E. H. Iv1ARTH 
Depmtm.ent of F oocl Science 
University of vVisconsin 
Madison, ·w ·isconsin 63706 

MICROBIOLOGICAL PROCEDURES 

for the 

DIAGNOSIS OF BOVINE MASTITIS 

A concise manual fully illustrated with color photo

graphs for pathogen identification. 

AUTHORS: 

R. W. Brown, V.M.D., Ph.D., G. E. Morse, D.V.M. 
F. H. S. Newbould, Ph.D., and L. W. Slanetz, Ph.D. 

I '' !..: 

Price: $2.00 per copy. Send check with,;;;rcler. ( Quan-'·' 
tity discount on 10 or more copies.) 

Copies available from 

I ational Mastitis Council 

910 Seventeenth Street, N.vV. 

Washington, D.C. 20006 

INDEX TO ADVERTISERS 

Analytab Products, Inc. ________________________ II 
Babson Bros. ________________________ Back Cover 
Difco Laboratories ________________ ___ ________ IV 

IAMFES, INC. ----------------------------V, VI 
National Mastitis Council _________ __ ___ ______ 327 
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CLASSIFIED ADS 
FOR SALE 

Single Service milk sample tubes. For further in
formation and a catalogue please write, Dairy Technology 
Inc., P. 0. Box 101, Eugene, Oregon 97401. 

, 
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Come With Us To Hawaii 
Your "International" Association is happy to present 

2 POST CONVENTION HAWAIIAN TOURS 
Tour 1-Aug. 20-22, 1971-3 Days-2 Nights in Honolulu, includes: 

Hotel- Transfers- Cockt~il Party 
Sightseeing 

Only Per Person 

BASED ON DOUBLE OCCUPANCY- PLUS AIR FARE 

Tour 2-Aug. 20-28, 1971-9 Days-8 Nights- visit Honolulu - Kavi 
Mavi - Kona - Hilo 

Tour Includes: Hotels- Transfers- Cocktail Party 
Sightseeing on all Islands 

Only Per Person 

BASED ON DOUBLE OCCUPANCY- PLUS AIR FARE 

For those attending from Eastern and Inland cities, a substantial saving will be realized 
by taking advantage of the ITBF fares. Examples are shown below, which include 
roundtrip fares from the cities shown to Honolulu, Lihue, Kahului, Hilo and return 
to home cities: 

# lTBF •Regular Savings 

Atlanta $366.21 $458.90 $ 92.69 
Boston 403.80 498.90 95.10 
Chicago 330.41 427.90 97.49 
Cleveland 379.81 452.90 73.09 
Dallas 312.04 401.90 89.86 
Denver 315.17 355.90 40.73 
Detroit 375.64 447.90 72.26 
Miami 392.32 495.90 103.58 
New Orleans 344.36 439.90 95.54 
New York 403.80 488.90 85.10 
Philadelphia 399.63 482.90 83.27 
Pittsburgh 389.20 461.90 72.70 
St. Louis 338.11 424.90 86.79 
Washington/ Bait. 394.41 476.90 82.49 

FOR FULL INFORMATION AND TOUR FOLDERS MAIL THIS COUPON TO 
-- - ·----------------

EMPIRE TRAVEL SERVICE 
995 MARKET ST., SAN FRANCISCO, CALIF. 94103 
MAIL ME FULL INFORMATION-TOUR FOLDER ON THE IAMFES HAWAII TOUR 

~A~E ------------------------------- ---- ---- ----------------------------------------------------------

STREET ------------------------------------------- CITY ---------------------------------------------

STATE & ZIP ------------------------- ~------------

v 
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~ i 
1 Application fo r Membership , 
= I 
! INTERN,ATIONAL ASSOCIATION OF MILK, FOOD & ENVIRONMENTAL j 
j SANITARIANS, INC. j 
I Box 437, Shelbyv·ille, Indiana 46176 •i 

J Name ---- - --------------------------------------- - ------------------------- - --- Date ------------- , I ~ 
f ~efu~ I 
j Address - - --- - ---------- - ----- --- ------------------- - - - ----------------------- 0 Renewal ! f' 
. ! 

i 
i 
l 
i 
I 
I 
I 
I 
i 
I 
I 
i 
I 
I 
I 
I 
I 
i 
! 

I 
! 
I 
I 
i 
I 
I 

------------------- -- -- -- ------------------------- Zip Code -------------- - -- 0 New [ 

Business Affiliation -- - -------------------------------------------------------- 0 Re-instatement [ 

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

Student Membership $4.00 
(Membership Includes Subscription to Journal of Milk & Food Technology.) 

Please Print 

Recommended by _____ __ _________ ______ ----- -- ------------------ - ---------------

Shelbyville, Ind. 
Box 437 Subscdptio·n 01·der 

JOURNAL OF MILK & FOOD TECHNOLOGY 
(Monthly Publication) 

Name __ _____ _____________________ ____ ________________________________________ __ Date -------------

Please Print 

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

0 Renewal 

Educational Institution & Public Libraries 
(Annually) $10.00 0 Check 0 Cash 

Individual Non-Member Subscription (Annually) $12.00 
Government Agencies, Commercial Organizations 

I.A.M.F.E.S. & J.M.F.T. Change of Address 

FROM 
Box 437, Shelbyville, Ind. 

Name ______ ___ ______ ____ _____ _________________________ ______________ ___________ Date 

Please Print 

Address 

TO 
Name 

Please Print 

Address ---------------- - ---------------------------- - ~---------------------- - --
I.A.M.F.E.S. & J.M.F.T. 

Order for 3A Standm·ds Box 437, Shelbyville, Ind. 

Name ---- - --- ------- --------------- -- --- -------------- -------------- - -- - ------- Date 

Address 

( ) Complete Set 
( 
( 
( 

Please Print 

(ci) $5.50 = __ __ ____ ( ) Complete set bound (durable cover) @ $7.00 = 
) Revised HTST Std.-•.,ithout cover = $1.50 F.O.B. Shelbyville, Ind. 
) Revised HTST Std.-25 or more = $1.00 each F.O.B. Shelbyville, Ind. 
) E-3-A Sanitary Standards-Set Unbound @ $1.25 

3-A Accepted Practices For Milking Machines 
1-100 = 25c ea.; 100-1000 = 20c ea.; 1000 or more = 15c ea. 

5 Year Service on Standards as Published = $6.00 additional 

Onler for Reprints of Articles I 
I I Amt. ------- - ------- - -- Title ___________ ________ -------------------- ____ _______ _ 

I Schedule of letterpress prices for reprints within 30 days after publication, F.O.B. Shelbyville, Indiana 

1 1 Page 2 Pages 3 & 4 Pages 6 & 8 Pages 12 Pages Cover 
I 100 or less $19.50 $23.40 $32.80 $46.80 $78.00 $33.60 
I Add'l 100's 2.40 3.00 5.00 6.60 10.80 5.50 
T Offset Reprint prices add $2.00 per page ; 
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· · · ~nf\/ 7// 
< >fJO!Jr~~-;.,,) -;.·· __ ./ / /~SprlJ-' 

, .' ,J . : 

U.S. P. LIQUID PETROLATUM SPRAY 
U.S.P. UHIIED STITES PHARMICEUIICll STAHDARDS 

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAl. Will NOT TURN RANCID- CONTAMINATE OR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY-PURE 

ODORLESS -TASTELESS 

NON.,TOXIC 

Tlcib fme 
Uti6t-Wul 
HAYNES-SPRAY 
3kwtd ~ Ubed f4 ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
and for All OTHER SANITARY 
MACHINE PARTS which ore 
cleaned doily. 

Tlce IK~Ule!ut HAYNES • SPRAY lflefbd ~ .CubJUwfiea 
CcmhlVlltt3 Jttilk flee lflifk O'U~Uuutce mul Cede 
R~ by fke U. S. PKb& HeaWt Sewia 

The Haynes-Spray eliminates the danger of contamination which is 

possible by old fashioned lubricating methods . Spreading lubricants 

by the use of the finger method may entirely destroy previous 

bactericidal treatment of equipment. 

PACKED·6-12 oz . CANS PER CARTON SHIPPING WEIGHT- 7 LBS. 

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

I 

Gasket Color• •• 
slightly off-white 

*MADE FROM 

TEFLON® 
" Tke Soplci6fiwted GMiwt II 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed for all 

standard bevel seal sanitary fittings. They SNAP into place provid· 

ing self-alignment and ease of assembly and disassembly. 

HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu· 

lions steam and solvents. They will not embrittle at temperatures 

as l;w as minus 200° F. and are impervious to heat up to 500° F. 

fOR A FiniNG GASKET THAT WILL OUT-PERFORM All OTHERS •• 

Speciiy . . • HAYNES SNAP-TITES of TEFLON 
e TfFLON ACCE,TED SAfE FOI . USE ON FOOD & ,.OCESSING 

EQU,MENT I Y U. S. FOOD AND DIUG ADMINISTIATION 

• Goskots made of DuPont TEFLON <!> TFE-FLUOROCARBON RESINS 

THE HAYN ES MAN UFACTURING COMPANY 
4180 LORAIN AVENUE e CLEVELAND, OHIO 44113 

~LOW COST •• • RE-USABLE 

~ LEAK-PREVENTING 

NEOPRENE GASKET. lor Sanitary Fittings 

DESIGNED TO 

SNAP INTO 

FITTINGS 

ekd ~ $NA"P!J'I'l'E /ldctaa~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non ... porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 
Self-centering 

No sticking to fittings 

Eliminate line blocks 

Help overcome line vibrations 

long life, use over and over 

Ayoiloble lor 1", JYJ", 2", 2~N and 3" fittings . 

Packed 100 to the box. Order through your dairy supply house. 

THE HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

bolh 
SPRAY AND TUBE 

All Lubri- Film ingredients are 

approved additives and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies- Ice Cream Plants- Breweries

Beverage Plants- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6- l6 OZ. CANS PER CARTON 

TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

! HE HAYNES MANUFACTURING CO. 

ClfVILAN O OHIO 44 11 3 



You need Surge Protection Plus 
A vacuum problem makes itself known in many The Surge Alamo 
ways: Mastitis, lower production, longer milk- In a word, the Surge Alamo is dependable. The 
ing and in some cases the culling of once- complete new line includes 20+ , 40+, 60+, 
valuable animals. Now, there is an answer to 75 + , 100+ , 150+ ,200+;for every size dairy . 
vacuum problems- it's Surge Protection Plus. The Surge Vacuum Alarm 
When you buy a Surge Alamo Vacuum Pump, Finding trouble before it finds you means better 
you also get the Surge Vacuum Alarm. This herd health. The Surge Vacuum Alarm is a daily 
new system provides the capacity and depend- vacuum trouble-shooter and should be on every 
ability you need in a vacuum pump plus the milking system . 
added protection of day-to-day monitoring of Get both dependability and protection. See your 
your entire vacuum system. dealer about the new Surge Vacuum System. 

New Alamo-pumps a;ailable in 20+ 40+ 60+ 75+ 1 00+ 150+ 200+ ~ 

SURGE ... the accent is on YOU 

lsuRGi J ,. ' 
BABSON BROS. CO., OAK BROOK, ILLINOIS 

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

~ .. 
' 

, 


