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If You Are Active in Food 

Sanitation Education We Want 

You to Have This Book Free 
Seventeen NSF food equipment 

standards have been combined into a 
single volume. They have been pub­
lished for free distribution to central 
public libraries in all of the nation's 
metropolitan areas. Additional copies 
have been reserved for free distrib­
ution to the libraries of all American 
universities, to all U.S. schools of pub­
lic health and to all state libraries. 

The book is also available free to 
sanitarians or other workers in the 
field of public health whose duties in­
clude food sanitation education. 

The object of this publication effort 
by NSF is two-fold. First, we want to 
place these standards within reach of 
a majority of American consumers so 
that interested persons or groups may 
know what is being done on their be­
half by public agencies, by food equip­
ment manufacturers, by the food ser­
vice industry and by NSF to protect 
the food consumed in public places and 
institutions. Second, we want health 
educators and students to have ready 
access to this publication because 
(a) the book illustrates the care and ex­
pertise with which food equipment 
sanitation standards are developed 
and (b) it demonstrates the method by 
which standards may be written, 
adopted and enforced in the public 
interest. 

The standards contained in the book 
were the ones in effect in November 

NSF 
NSF Building 

IIJl 

1976. Because NSF standards are fre­
quently revised, the book warns regu­
latory agencies, manufacturers and 
prospective purchasers of NSF-listed 
products to check with NSF before 
making commitments. If a standard 
has been revised, NSF will send an up­
to-date copy of the applicable standard 
in response to the inquiry. 

If you are engaged in food sanitation 
education, send the coupon below for 
your copy of "NSF Food Service 
Equipment Standards." This offer is 
made on a first come, first served basis 
while our supply of books lasts. 

Ann Arbor, Mich . 48105 

Please send me a copy of "NSF Food Service 
Equipment Standards." 

Name ________________________ ___ 
Title---------------------

Address ________________________________________________ __ 

City-------------------------State------------ Zip -----

Jurisdiction---------
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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 prod ucts and foods. The world's most inclusive 
line-all you ~ standard methods media available from one source, Difco Labo rato ries. 

According to specifications and standards of-
USP 
United States Pharmacopoeia XVII I 1970 
APHA 
Standard Methods for Examination of Dairy Products XII 1967 
Standard Methods for Examination of Water and Wastewnter XII I 1971 
AOAC 
Associ ation of Offici al Agricultural Chemi sts Xl1970 

DIFCO 
LABORATORIES 

DFTROIT MICH IGAN 4820 I U A 
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SIOUX CITY IOWA IS THE SPOT 

64th Annual Meeting 

International Association of Milk, Food 

and Environmental Sanitarians, Inc. 

AUGUST 14-18, 1977 

Hilton Inn on the Plaza, Sioux City, Iowa 

Host, Iowa Association of Milk, Food & Environmental Sanitarians 

*The National Mastitus Council will hold its summer meeting - August 18, 1977 

* KEYNOTE SPEAKERS * SPOUSES PROGRAM 

* BUSINESS MEETING *COMMITTEE MEETINGS 

*RESEARCH PAPERS * PANEL WORKSHOPS 

* EARLY-BIRD PARTY *AWARDS & PRESENTATIONS 

* COCKTAIL PARTY 

BANQUET AND ENTERTAINMENT 

Sioux City also offers these attractions 

Golf Courses • Race Tracks (Horse and Dog) • War Eagle Monument • SGT Floyd Monument • Tennis Courts • 
Art Center Museum • Public Museum • Camper Parking • Nearby Shopping • Industry and Agriculture 
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1977 ANNUAL MEETING I.A. M. F. E.S. 
Advance Registration Form 
Sioux City, Iowa 

ATTENTION: 

64th Annual Meeting 
August 14-18, 1977 

Mr. Carl Webster, Chairman of Registration 
IAMFES 
P.O. Box 284- Waterloo, Iowa 50701 

Advance Register and Save - Refundable if you don 't attend 
(Refund must be requested from Carl Webster before August 18, 1977.) 

REGULAR REGISTRATION FEE ADVANCE REGISTRATION FEE 
(If Registered prior to August 1) 

REGISTRATION 
BANQUET 

TOTAL 

Name 
Last 

Childrens First Names 

Spouse 
$15.00 9.00 

15.00 15.00 
---
$30.00 $24.00 

First 

Spouse 
REGISTRATION $12.00 $ 7.00 
BANQUET 13.00 13.00 

TOTAL $25.00 $20.00 

Name 
Last First 

83 

Affiliate or Company -----------------------------------­

Address 

City ____________________ State ___________ Zip ______ _ 

Make checks payable to IAMFES - 1977 Meeting Fund and mail to Mr. Carl Webster 

Check one 
0 Industry 
0 Regulatory 
0 Education 
0 Other 

Describe 

Please indicate your Professional Field 

Check one Check one 
0 Dairy 0 Field Work 
0 Other Food 0 Production 
0 Other 0 Laboratory 

Describe O Other 
Describe 

1977 ANNUAL MEETING I.A.M.F.E.S. 
Hotel Pre-Registration - Attention: Reservation Manager 
Sioux City Hilton, 707 Fourth St., Sioux City, Iowa 51101 
Telephone-(712) 277-41 01 

Reservations must be received by July 31 , 1977. 
Reservations will be held until 6:00p.m. unless a later hour is specified. 
Check out time is 1 :00 p.m . 

Arrival Date Departure Date 

Arrival Time 

Name 

Means of Transportation 

Name 
Last First 

Address 
City _____________________ State 

Please check type of accommodation required 
0 Single (one person) $20.00 
0 Double (two persons) $26.00 

Last First 

___________ Zip ______ _ 

Free Parking when resident of hotel. 
Send directly to : Reservation Manager, 

Sioux City Hilton. 
Family Plan : There is no charge for children when in same room with parents. 
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For dairy 
and food 

• process1ng 

PartlolN's modestly priced controllers 
designed for hip-pocket maintenance 

At the last DFISA show a visitor borrowed our screwdriver and 
changed out a Partlow thermal element in three minutes flat. 

We still get a kick out of their reactions when strangers 
perform that simple act. Nothing like the hassle with a bourdon 
tube element, which either devours hours or demands the 
trained hand of a distant factory rep. 

Our moderately priced dairy and food processing 
controllers have inherited the muscular simplicity and long-life 
lines established by their heavy-duty industrial instrument 
forebears. If a controller does manage to come up lame, it can 
usually be revived on the spot with hip-pocket tools. 

Dairy processing instruments include a variety of 
HTST controllers - as seen above in a fluid milk-ice cream 
pasteurizing system- controllers for deodorizers , batch pas­
teurizers and pre-heaters, and dual temperature/ pressure re­
corders for mechanical cleaning. 

Also recorders for plant and silo tanks, storage rooms, 
farm holding tanks- and even bulk milk tankers. 

And in automated bakery lines, as shown below ' 
on a CREPACO-engineered sponge system. We're on thou­
sands of food processing retorts and big in smokehouses, fryers 
and ovens. 

For savings today and freedom from downtime to-
morrow, look us over. Partlow's the name. 

The Partlow Corporation 
Campion Road • New Hartford, New York 13413 
World Export: Auriema International Group, New York 10048 

PARTLOW 
Come See Us .. . mNEFP 

The In te rnationa l 
Food Production 
Show 

' . t 

i .. 
I 



.-

y 

OFFICE RS AND EXECUTI V E BOARD 

President, HENRY V. ATHERTON, Dairy Building, 
University of Vermont, Bu rlin gton, Vermont 
05401 

President-Elect, DAVID FRY, P.O. Box 211 3, Or­
lando, Flo rida 32802 

First Vice-President, HOWAR D HUTCHI NGS, 624 
N. Poplar, Pierre, South Dakota 57501 

Second Vice-President, RICHARD P. MARCH, 
118 Stocking Ha ll , Cornell University, Ithaca, 
New York 14850 

Secretary- Treasurer, W ILLI AM KEMPA, 1058 Run­
ningbrook Drive, Mississauga, Ontario L4Y 2T2, 
Canada 

Junior Past-President, HARO LD E. TH OMPSON, 
JR . 5123 Holden Street, Fairfax, Virgi nia 22030 

Senior Past-President, P. J. SKULBO RSTAD, 2100 
South York Road , Oakbrook , Illinois 60521 

Editors 
DR. ELMER H. MARTH, Editor, Dept . of Food 

Science , University of Wisconsin, Madison , Wis­
consin 53706 

EARL 0. W RI GHT, Executive Secretary and Man­
aging Editor, Box 701, Ames, Iowa 50010 

BARBARA LEE, Assistant Executive Secretary and 
Managing Editor, Box 701, Ames, Iowa 50010 

Editorial Board 

J. C. ACTON----------------------------- Clemson, S.C. 
J. A. ALFORD ---------------------------- Beltsville, Md. 
F. W . BARBER------------------ Ft. Myers Beach, Fla . 
L. R. BEUCHAT -----------------------Experiment, Ga. 
W . A. BOUGH --- ---- -- -------- ----------Brunswick, Ga . 
F. L. BRYAN --------------------------- ----- Atlanta, Ga . 
L. B. BULLERMAN ---------- ------ ----- Lincoln, Nebr. 
F. F. BUSTA --- -------------------------- St. Pau l, Minn. 
W. S. CLARK, Jr. ---------------------- ----Chicago, Ill. 
F. M. CLYDESDALE ------------------ Amherst, Mass. 
N. A. COX------------------------ ------------ Athens, Ga . 
R. W. DICK ERSON---- ---------- ----- Cincinnati , Ohio 
W. J. DYER -------------------------------- Halifax , N.S . 
J. A. ELLIOTT --- -------·------ ------------ Ottawa , Ont. 
J. C. FLAKE --------- ----------------Washington , D.C. 
D. Y. C. FUNG ------------ -------- University Park , Pa. 
S. E. GILLILAND ---- ------- --- ------ ---Stillwater, Okla. 
H. S . GRON INGER --- ------------------Seattle, Wash. 
L. G. HARMON ---------- --------- East Lansing, Mich. 
W . J . HAUSLER, Jr.------------------ Iowa City, Iowa 
N. F. INSALATA --- ---------------- White Plains, N.Y. 
D. M. IRVINE- ------------------ ------------ Guelph , Ont. 
C. K. JOHNS -------- --------- ----- Bonita Springs, Fla. 
J . A. KOBURGER --------------------- Gainesville , Fla . 
H. KOREN ----------------------------- Terre Haute, Ind. 
D. H. KROPF --------------- -------- Manhattan , Kansas 
R. V. LECHOWICH ------------ -------Blacksburg , Va . 
R. T. MARSHALL ___ ____ _______ :' _______ Columbia , Mo. 

J . R. MATCHES ----- -- ----------------- Seattle, Wash. 
D. W. MATHER --------------------------- Glenview, Ill. 
E. M. MIKOLAJCIK ------------------ Columbus, Ohio 
J. C. OLSON, Jr. ------------------- Washin(lton , D.C. 
N. F. OLSON----------------------------- Madison, Wis. 
Z. J. ORDAL ---------------- ----- ------------- Urbana , Ill. 
H. PIVNICK ---------- ---------- ------------- Ottawa, Ont. 
D. :3 . POSTLE-- ------------------------ ----- Ithaca , N.Y. 
W . D. POWR IE ---------- --- ---------- Vancouver, B.C. 
R. B. READ , Jr. --------------------- Washington , D.C. 
G. W. REINBOLD ------------------------ Denver, Colo. 
G. H. RICHARDSON ---- ------------- ----- Logan, Utah 
J . R. ROSENAU -----------------------Amherst, Mass. 
W . E. SAN DINE ---------------------- Corva ll is , Oregon 
D. F. SPLITISTOESSER -------- ------- Geneva, N.Y. 
J. A. TROLLER ·----------------------- Cincinnati , Ohio 
B. A. TWIGG ---- -------------------- College Park, Md. 
C. VANDERZANT ------------College Station, Texas 
J . H. von ELSE --------------------------- Madison, Wis. 
H. W . WALKER ----------------------------- Ames, Iowa 
H. B. WARREN ------- --------------- Kansas City, Mo. 
E. A. ZOTIOLA ------------------------- St. Paul , Minn . 

85 

Journal of 
Food Protection 

(formerly Journal of M ilk and Food Technology) 

Officia l Publication 
International Association of Milk , Food, and Environmenta l Sanitarians, Inc. , Reg. U.S. Pat. Off_ 

Vol. 40 February, 1977 No.2 

Research Papers 

Distribution of Added Iron in r;rilk of Cows and Buffaloes and its Effect on Oxidized Flavor Develop­
ment 

V. Unnikrishnan and M. Bhimasena Rao ----·-··-···-·· ·· ·-······-··-·-··-···· ·· ·-·····-··----·-·· ·-···-· ···-- 86 

Preparation of 14c-Labeled Penicillic Acid with High Specific Activit y and Yield 
Doug las L. Park, Philip B. Mislivec and James L. Heath --------·---------------------------------------- 90 

Characteristics of Psychrotrophic, Gram-Positive, Catalase-Positive Pleomorphic Coccoid Rods from 
Vacuum-Packaged Wholesale Cuts of Beef 

M. 0. Hanna, C. Vanderzant, Z. L. Carpenter and G. C. Smith----------------------------------------- 94 

Microbial F lora of Vacuum-Packaged Lamb with Special Reference to Psychrotrophic, Gram-Posi-
tive, Catalase-Positive P leomorphic Rods , 

M. 0. Hanna, C. Vanderzant, Z. L. Carpenter and G. C. Smith ----------------------------------------- 98 

Heat-Resistant Psychrotrophic Bacteria Isolated from Pasteurized Milk 
C. J . Washam, H . C. Olson and E. R. Vedamuthu --------------------------------- -------------------------101 

Bacteriological Survey and Refrigerated Storage Test of Vacuum-Packaged Sliced Imported Canned 
Ham 

Bernard F., Surkiewicz, Marshall E. Harris and J erry M. Carosella ·---·-----------------------------109 

Total Aerobic and Coliform Counts in Beef-Soy and Chicken-Soy Patties During Refriger ated Storage 
S. E. Craven and A. J . Mercuri ----------------------------- --------- ------------------------------- ------------112 

Relation of Code Dates to Quality of Milk Sold in Retail Markets 
Lester Hankin, Walter F. Dillman and George Stephens ----- -- ------------ ------- -----------------------116 

The Health Profession 's Attitudes toward Single-Use Food and Beverage Containers 
Bailus Walker, Jr . and Melba S. Price ------------------ -- -----------------------------------------------------120 

General Interest 

Somatic Cells in Milk-Ph ysiological Aspects and Relationship to Amount and Composition of Milk 
L. H . Schultz ---------------- -- ·--· · ·· ------ ------· ····--· --· --··---··-··---·-·---------------------------------------125 

Potential Health Hazards Associated with Reusable Foodservice Utensils 
George J. Kupchi.k and Jean Katz -·_- --------------------------- ------ -- ------------------------------------ ----132 

Professional Sanitarians and the Law 
George M. Burditt --------- -----------------------··-··---·-------· ·· ··· ···--------------- ---------------- -- --------135 

A Fie ld Topic. Testing for Antibiotics in Milk-Field Observations 
Peter R. Schoech ------------------------------- ····-------------·-----·----------------·----------------------------138 

Instructions for Authors --------------------------------------------------------- -- ------------------ -- ------------ -----------142 

Letters to the Editor ··· ··----- -------- -- -----------------------··------------------------------------------ --------------------145 

News and E vents -------------------------------- ---------------------------------------------- ------------- --------------------146 

Associat ion Affairs -- ---------------------·---·----------------------- --------- -------------------- -- ---------------------------149 

Acknowledgment of Assistance by Reviewers --------------------------------------------------------------- -----------150 

Index to Advertisers -------------- --- --------------·-------------------------- ----- --- ----- ---- --------------------------------150 

The Journal of Food Protection is issued 
month ly beginning with the January number. Each 
volume comprises 12 numbers. Published by the 
International Association of Milk, Food and 
Environmental Sanitarians, Inc . with executive 
offices of the Association, 413 Ke llogg Ave. , P.O. 
Box 701, Ames, Ia. 50010. Printed by Heuss 
Printing and Signs, Inc ., 204 N. Oak, Ames, Iowa 
50010. 

2nd Class postage paid at Ames , Ia. 50010. 

Editoria l Offices : Dr. Elmer H. Marth , Dept. of 
Food Science, University of Wisconsin, Madison, 
Wis . 53706. Earl 0. Wright, P.O. Box 701 , Ames, 
Ia. 50010. 

Manuscripts: Correspondence regarding man­
uscripts and other reading material should be 
addressed to Dr. Elmer H. Marth, Dept. of Food 
Science, University of W isconsin, Mad ison, Wis . 
53706. 

" Instruction to Co ntrib utors'" can be obtained 
from the edito r for the use of contributors of 
papers. 

Orde rs fo r Reprints: All orders for reprin.s s hould 
be sent to IAMF ES , Inc. , P.O. Box 701, Ames, lA 
50010. 

Bus iness Matters: Correspondence regarding 
business matters, advertising, s ubscriptions, orders 
for sing le copies, etc. should be add ressed to Earl 
0. Wrig ht (address abovel. 

S ubscription Rates : $32.00 per volume, one 
volume per year, January th roug h December. 
Single copies $3.00 each. 
Volu m es on Mic rofilm are avai lable from Xerox 
University Microfilms, 300 N. Zeeb Rd., Ann Arbor, 
Ml 48106. 
Membe rs hip Du es: Membership in the Associa ­
tion is available to individuals on ly. Dues are $16.00 
per calendar year and include subscription to the 
JOURNAL OF FOOD PROTECTION. Student 
membership is $5.00 per year with certification. 
Claims: Notice of failure to receive copies must be 
reported within 30 days domestic, 90 days fo re ign. 
All correspondence regarding cha nges of address 
and dues shou ld be sent to IAMFES, ln., P.O. Box 
701 , Ames, lA 50010. (515)232-6699 . 

Copyright © 1977, International Association of Milk, Food, and Environmental Sanitarians , Inc. 

, 
. t 

~ 
A' 

' 



86 

Journal of Food Protection Vol. 40. No.2. Pages 86-89 (February, 1977) 
Copyright © 1977, International Association of Milk , Food, and Environmental Sanitarians 

Distribution of Added Iron in Milk of Cows and Buffaloes 
and its Effect on Oxidized Flavor Development 

V. UNNIKRISHNAN and M. BHIMASENA RAO 
National Dairy R esearch Institute, 

Banga/ore 560030, India 

(Received for publication, March 5, 1976) 

ABSTRACT 

Assoc iation of added ferrous and ferric forms of iron in raw and 
pasteurized cow and buffa lo mi lk is discussed in connection with its 
effec t on ox id a tive de terioration of milk . Associat ion of iron with 
sulfhydryls is shown to accelerate ox id ized fl avor development. Heat 
treatment or a suitable reducing agent capable of rendering the metal 
to the red uced state appears to promote the cata lytic activity of added 
iron in milk . Buffalo milk does not differ from cow milk in its resistance 
to iron-induced oxid ative deterioration . 

Recent reports on iron deficiency anemia (I, 12, 16, 17) 
have attracted the attention of nutritionists in finding 
effective means of enriching the human diet with 
sufficient iron. Since iron deficiency is highest in 
children , iron fortification of milk has attained special 
significance in recent years . Controversy has arisen over 
the effectiveness of different iron compounds that have 
been used for food fortification. The reduced forms of 
iron compounds such as ferrous sulfate are generally 
favored, presumably because of their greater solubility 
and probable availability. However , the dairy industry 
has accepted the idea of iron fortification with caution as 
it is well known that iron salts produce undesirable 
flavors in milk and dairy products, though to a lesser 
extent than copper. In this respect , ferrous iron has been 
shown to be more detrimental than ferric iron (2, 3, 7). 
The structure of tpe iron salt itself, in part at least, 
determines its potency in effecting lipid oxidation (15) . 
Taking these points into consideration , recent workers 
have compared the suitabilities of certain iron salts in 
fortification of cow milk. Pia and Fritz (9), based on 
biological availability, considered ferrous sulfate and 
ferric chloride as good sources of iron . The work herein 
reported deals with distribution of these salts in cow and 
buffalo milks and their influence on oxidized flavor 
development. 

MATE RIALS AND METHODS 

Milk of individu al anima ls form the herds maintained at the institute 
farm was obtained. The cow herd consisted of Jersey, Tharparkar, and 
cross bred animals while the buffaloes were of Surti breed. The animals 
se lected we re all in the middl e stage of lactation. Samples of milk repre­
se nting midd le portions durin g the milking of an anim al we re directly 
collec ted into glass bott les which were thoroughly clea ned with nitric 
acid and repeatedly washed with glass-d istilled water. Extreme care 
was taken to prevent meta l contamination of the samples . 

Pasteurization of samples was conducted in glass bottles. Samples 
were first heated in a boiling water bath to 81 C and maintained at this 
temperature for I min . After this hold ing time, bottles were removed to 
a cold water bath for immediate cooling. One set of samples was 
pasteurized at 63 C for 30 min for comparision. Samples were stored , 
under refrigeration at a temperature of 5 ± 1 C. 

Ferric iron as chloride and ferrous iron as sul fate solutions were 
added to the milk samples before or after pasteur ization as experiments 
warranted. The concentrat ion of iron solutions in either case was such 
as to give a fin al concentration of 10 ppm when 1 ml was added to 
100 ml milk. 

To follow migration of iron between cream and sk im milk, samples 
were centrifugally separated at room temperature (25 C) in an 
International Centr ifuge, model SBV size 1., at 1500 x g. Centrifuged 
samples were cooled in an ice water bath and the hardened crea m layer 
was punctured with a pointed glass rod and the skim milk drawn off. 
The percentage of fat in the cream was adjusted to 55o/o in each 
instance by adding the required quantity of skim m il k obtained during 
the separation . The fat content of cream was determined by the Gerber 
method. Cream was washed by diluting with glass-d istilled water (45 C) 
to the volume of the original milk and reseparating . Cream was washed 
thrice in th is manner . The first wash water, which contained most of 
the skim milk associated with cream was added to the skim milk 
portion which was used for further fractionat ion. Casein was removed 
ti·om the sk im milk by isoelectric precipitation at pH 4.5, with 1 N HCI. 
The casein obtained was washed repeated ly with glass-d istilled water 
and the wash ings added to whey. Alternat ively, casein was obta ined 
from skim milk by super centrifugation for 2 h at 25,000 x g in the 
In ternat ional centrifuge . Part of whey proteins was preci pitated by 
heat ing isoelectri c whey at 85 C for 10 min. T his prec ipitate was 
removed from whey by centr ifugat ion and decantation. 

Estimation of iron in milk fractions was done by a color imetr ic 
method using 1, 10 phenanthroline (10) . Protein estimat ion was done by 
micro-Kjeldahl method . Active sulfhydryls were estimated by the 
method of Narang et al. (8) with the following modification : The 
absorbance was meas ured at 310mf' instead of 300 mf' as at this wave 
length there was less inter ference from substances that absorbed at 
300 mf' . Mi lk fat oxidation was followed by th iobarbituric acid (TBA) 
va lues suggested by King (4). A difference in the absorbance of 
30 X lQ-l indicated Ox idized flavor . 

RESULTS AND DISCUSSION 

Distribution of added iron in raw milk fractions is 
given in Table 1. The difference in iron content between 
the fractions of iron-enriched samples and the 
corresponding fr actions of non-enriched samples is taken 
to represent 'added iron' concentration . From data in the 
table it will be seen that about 9% of the added iron was 
found in the total cow cream, while about 12.5 o/o was 
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associated with total cream in buffalo milk . Though the 
cream samples were standardized to SSo/o fat , buffalo 
milk contained larger amounts of skim milk because of 
its higher initial fat content. Therefore, the higher 
percentage of added iron found in buffalo cream could 
be due to larger amount of skim milk associated with it . 
This is supported by the fact that there was no significant 
difference between the added iron concentrations of cow 
and buffalo washed creams. However, the concentration 
of added iron associated per gram of washed cream was 
found to be significantly lower in buffalo samples, 
compared to cow cream samples . This may be of 
importance as it has been suggested that the 
concentration of the metal associated with fat globules is 
an important factor in the oxidative deterioration of milk 
(5). 

More than 90 o/o of the added iron was associated with 
skim milk , mostly bound to casein; about 20o/o of the 
added iron remained with the whey. King eta!. (6) found 
that added iron was partly dialysable at low pH. A part of 
the added iron dissociated from casein when the pH of 
milk was lowered to that of isoelectric point of casein. 

TABLE 1. Distribution of iron addeda to raw milk 

Cow milk 

Percent of added iron 

Fraction Fe ~ Fe 

Cream 8.9 ± 0.5 8.9 ± 0.7 
First wash water 3.2 ± 0.5 3.2 ± 0.4 
Washed cream 3.4 ± 0.6 3.4 ± 0.7 4.3 ± 
Skim milk 92.S± 1.6 92.2 ± 2.6 

0.9 

Centrifuged casein 261 ± 17 
Isoelectric casein 69.7 ± 8.4 70.1 ± 7.0 239 ± 33 
lsoelectric whey 21.4± 6.7 20.9 ± 6.2 
Whey proteins 98 ± 11 

This would explain why the concentration of iron per 
unit weight was slightly more in centrifuged casein than 
in isolectric casein. No attempt was made to determine 
the iron content of whey protein fractions, as it has bj!en 
shown that low pH treatments and denaturation change 
the association of the whey proteins with metals (5, 6) . 

Table 2 gives the distribution of iron added to milk 
before pasteurization. A comparison of data in Tables 1 
and 2 shows that the distribution pattern of added iron, 
ferrous or ferric, in both cow milk and buffalo milk was 
unaffected by subsequent pasteurization. The pasteur­
ization process employed in this study would denature 
the whey proteins which might result in their coprecipita­
ti<;m with isoelectric casein. Protein determinations in 
whey showed a loss of about So/o of the protein due to 
pasteurization; since this constitutes only about 1 o/o of 
the weight of casein, analytical results would not be 
influenced noticeably. 

Data on distribution of iron added to pasteurized milk 
are in Table 3. Though t_he amount of iron associated 
with cream was unaffected by the stage of addition, less I 
iron was bound to casein in milk, if added after 

Buffalo milk 

12.5 ± 2.3 12.6 ±2.1 
6.8 ± 1.1 6.9 ± 0.8 

4.3 ± 0.8 3.6 ± 0.6 3.7 ± 0.7 2.5 ± 0.4 2.6 ± 0.6 
90.2 ± 3.3 90.4 ± 2.6 

255 ± 21 248 ± 10 253 ± 16 
240 ±28 72.3 ± 6.4 71.8 ± 5.6 227 ± 20 226 ± 19 

20.1 ± 6.0 20.1 ± 5.3 
104 ± 14 90 ± 14 97 ±10 

a Iron was added to a concentration of 10 ppm. Results are expressed as mean of 15 samples ±standard deviation. 

TABLE 2. Distribution of iron added to m ilk prior to pasteurizationa 

Fraction Fe 

Cream 8.9 ± 0.6 8.9 ± 0.5 12.4 ± 2.1 12.6 ± 2.0 
Washed cream 3.4 ± o.s 3.6 ± o.s 4.4 ± 0.7 4.5 ± 0 .8 3.6 ± 0.5 3.6 ± 0.6 2.5 ± 0.4 2.S ± 0.4 
Skim milk 91.2 ± 1.1 90.9 ± 1.1 89.7 ± 1.5 89.0 ± 1.6 
lsoelectric casein 69.7 ± 7.5 70.1 ± 6.6 237 ± 30 238 ± 27 72 .4 ± 5.6 71.9 ± 4.6 225 ± 16 224 ± 17 
lsoelectric whey 20.7 ± 6.6 20.2±7.1 18.6 ± 6.1 19.5 ± 5.1 
Whey proteins 104 ± 11 96 ± 16 94 ± 10 99 ± 7 

a Iron was added to a concentration of 10 ppm. Resu lts are expressed as mean of 15 samples± standard deviation. 

TABLE 3. Distribution if' iron added to pasteurized milk a.fier pasteurizationa 

Cow milk Buffalo milk 

Fraction 

Cream 
Washed cream 
Skim milk 
lsoelectric casein 
lsoelectric whey 
Whey proteins 

Fe 

8.9 ± 0.5 
3.4 ± O.S 

91.7 ± 1.2 
66.9 ± 7.0 
23.6 ± 6.6 

8.9 ± 0.4 
3.4 ± o.s 4.3± 0.7 

91.4 ± 1.4 
66.2 ± 7.1 227 ± 29 
24 .2 ± 6.4 

101 ± IS 

12.3 ± 2.2 12.2 ± 2.0 
4.3 ± 0. 7 3.S ± 0.7 3.5 ± 0.6 

88 .7 ± 1.2 88. 1 ±1.7 
225 ±27 68.6 ± 4.9 67.6 ± 5.2 

22.6 ± 5.8 22.9 ± 4.8 
96 ± 14 

a Iron was added to a concentration of 10 ppm. Results are expressed as mean of IS samples± standard dev iation 

f'g of iron/ g of 
fraction 

2.4 ± 0 .3 2.5 ± 0.4 

213 ± 14 210 ± 16 

96 ± 9 94 ± 13 
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pasteurization. This might be due to the strong affinity of 
iron towards sulfhydryl groups released from whey 
proteins during pasteurization . This difference in 
distribution of iron might also mean that iron once 
bound to casein is not released to combine with whey 
fractions at the temperature employed in this 
experiment. Estimation of iron in whey proteins precipi­
tated by heat coagulation of isoelectric whey at 85 C for 
10 min showed this fraction to be low in iron 
concentration. Further, no significant difference was 
noticed between iron concentrations of whey proteins 
isolated by this method from raw milk samples or 
samples to which iron was added either before or after 
pasteurization. However , this may not present a true 
picture of the association of iron with whey proteins in 
milk as the heat treatment employed to denature the 
proteins could have affected changes in their asociation. 

The data presented do not give evidence of any effect 
of the oxidation state of iron on the distribution pattern 
of its salts, either in cow milk or in buffalo milk. 

The oxidative stability of iron-enriched milk samples is 
given in Table 4. The TBA values were measured 48 h 

TABLE 4. Thiobarbituric acid valu es of milk samples stored 48 lz at 
5 ± I C after addition of ferro us or fer ric forms of irona 

Sample Treatment 
~tate of iron added 

3 Fe Fe 

A 24 ± 7 25 ± 6 
Be 39 ± 7 37 ± 5 

Cow milk cd 63 ± 7 44 ± 8 
oe 76 ± 9 61 ± 7 

f 28 ± 6 22 ± 8 E 

A 24 ± 5 24 ± 6 
B 42 ± 8 42 ± 6 

Buffalo milk c 61 ± 8 45± 7 
D 81 ± 8 66 ± 7 
E 27 ± 11 28 ± 5 

aResults are expressed as mean of 15 sampl es± standard deviation. 
blron was added to raw milk . 
clron was added to milk after pasteu rization at 81 C for 1 min. 
dlron was added to milk before pasteurization at 81 C for 1 min. 
elron was added to milk before pasteurization at 63 C for 30 min. 
flron was added to milk after pasteurization at 81 C for 1 min and 
addition of 50.0 ppm NEM. 

after addition of iron salts to milk. Raw milk was found 
to be more resistant to iron-catalysed lipid oxidation. 
Neither ferrous nor ferric iron produced noticeable 
oxidized flavors in raw milk even after 48 h of storage, as 
indicated by TBA values. However, iron salts added to 
pasteurized samples produced oxidative deterioration in 
both cow milk and buffalo milk within this storage 
period. This enhanced activity of iron in pasteurized milk 
should be considered in the context of the difference in 
the distribution of iron in these two sets of samples 
(Tables 1 and 2). Though there was no significant 
difference in the amount of iron associated with cream, 
the amount associated with whey was more in 
pasteurized milk, probably, as already pointed out, 
because of the preferential association of iron with 
sulfhydryl groups activated in whey proteins. To block 
these sulfhdryl groups 50 ppm N-ethyl maleimide 

(NEM) was added to samples of pasteurized milk before 
addition of iron. Analysis showed that significantly Jess 
iron had associated with the whey fraction of milk in the 
presence of NEM; in such samples, the TBA absorbrnce 
was less than 30 x lQ-3 even after 48 h of storage (Table 
4). Demott (2) had noted Jess cooked flavor in ferric iron 
enriched milk samples which were subsequently 
pasteurized . The present study on pasteurized samples 
enriched with ferric iron showed a decrease of about 80o/o 
within 24 h in active sulfhydryl groups estimated by the 
NEM method. This would imply rapid oxidation of 
sulfhydryls by iron, getting itself reduced in the process 
to a reportedly stronger pro-oxidant ferrous form. 
Scanlan and Shipe (1 1) in a study of homogenized milk 
also showed that steam-vacuum treatment reduced ferric 
iron. Addition of hydrogen peroxide retarded the 
reduction of iron and prevented development of oxidized 
fl avor . However, presence of iron in the reduced stage did 
not appear to be the controlling factor in determining its 
oxidative potency. This is evident from the fact that 
ferrous iron in raw milk was less potent than ferric iron ' 
added to pasteurized milk. This might mean that 
iron-sulfhydryl association has a more specific role than 
the mere conversion of ferric iron to the ferrous form. 
This appears analogous to the role of ascorbic acid in 
copper catalyzed oxidation of milk (13, 14). In this case 
ascorbic acid is not involved in milk lipid oxidation 
catalyzed by iron (15). 

Pasteurization of milk after addition of iron increased 
the catalytic activity of both forms of iron . Statistical 
analysis of the data indicated that ferrous iron was 
significantly more potent than ferric iron in producing 
oxidative deterioration (P<O.OS) (Table 4). Comparison 
of data in Tables 1 and 2 shows no marked difference in 
the distribution pattern of added iron. Demott (2) who 
employed a lower temperature for pasteurization (63 C 
for 30 min) which would not activate measurable 
quantities of sulfhydryls, also noticed oxidized flavor 
development in samples enriched with iron before 
pasteurization. This enhanced oxidative deterioration of 
milk appears to be due to activation of added iron during 
heat treatment. TBA values were higher in iron-enriched 
samples pasteurized at 63 C for 30 min compared to 
samples pasteurized at 81 C for 1 min. Prolonged heating 
at lower temperatures in comparison to short time 
heating at higher temperature appears to activate iron to 
induce oxidized fl avors. 

From the foregoing observations it may be concluded 
that heat treatment or the presence of a suitable reducing 
agent capable of rendering iron to its reduced form 
enhances the catalytic activity of iron. The TBA values 
show that unlike with copper, buffalo milk does not 
differ from cow milk in its resistance to oxidative 
deterioration induced by iron . 
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ABSTRACT 

14C-Labeled penicillic acid was produced by stationary culture 
incubation of Penicillium cyclopium (NRRL 1888) on a modified 
Raulin-Thom broth medium containing 1'C-Iabeled acetate. Approxi­
mately 1.2 g of radioactive compound , with a specific activity of 23 .0 
1-'Ci / mmole, was produced in 9 d ays in 1500 ml of the broth . 1ncorpora- ~ 

tion of the isotope into penici llic acid was 11 .9o/o. Production of the 
radiolabeled compou nd with high specific activity was achieved by 
correlating the monitoring of expired 1'C-C02 with production of 
penicillic acid during the fermentation . The effects of various growth 
substrates, pH , and incubation times on production of non-l abeled 
penicillic ac id a lso were investigated . Results show that sterile rice is an 
exce llent substrate, that among liquid media examined , higher yields 
were obta ined in stationary rath er than in shake cultures , and that 
highe r yields of penicillic acid were obtained at pH 3.5 or lower. 
Simultaneous monitoring of pen ici llic acid production and 14C- label 
incorporation is essential to detect and isolate a high yie ld of labeled 
compound with high specific ac tivity. 

Penicillic acid was first isolated in 1913 by Alsberg and 
Black (J) from a culture of Penicillium puberulum. Many 
mold species, in add ition to P. puberulum , also are 
reported to produce penicillic acid (4). Penicillic acid has 
antibiotic properties; however, it is also reported to be 
tox ic to a numb'er of laboratory animals (4) , having an 
LD 50 in mice (subcutaneous injection) of 100 mg/ kg (9). 
Subcutaneous injection in rats has resulted in malignant 
tumors at the site of injection (6). Penicillic acid induced 
cytomorphological changes in cultured cells from rat 
liver , kidney, and lung (12) and in HeLa cells (13). 

Penicillic acid has been isolated from corn, rice , 
barley, sorghum , oats, and wheat substrates inoculated 
in the laboratory with molds known to produce penicillic 
acid (5), in addition to being found in naturally 
contaminated dried beans , corn (1 1), and tobacco (8) . 

T he extent of toxin production varied with strain of 
mold , commodity, and growing conditions. Maximum 
production of toxin resulted when cultures were grown at 
15-20 C; however, accumulation of toxin was increased 
when cultures were grown at even lower temperatures 
0-10 C) (5). These facts plus data from studies reporting 

the toxicological nature ofpenicillic acid (4, 6, 9, 12, 13) 
reflect the potential health hazard of penicil c 
acid-contaminated food products resulting from mold 
infestation . This paper reports experiments designed to 
give optimum conditions for production of 14C-labeled 
penicillic acid with high specific activity and yield for use 
in in vivo studies with penicillic acid. 

MATERIALS AND METHODS 

Organism 
Penicillium eye/opium (NRRL 1888) was used throughout this study. 

The culture was maintained on Czapek-Dox agar and the inoculation 
suspension of conidia was prepared by transferring conidia of P. 
eye/opiu m from an inoculated Czapek-Dox agar plate (maintained at 
room temperature for 5 days after inoc ulation) to 100 ml of sterile 
phosphate buffer solution . 

Media and culture conditions 

Raulin -Thom medium supplemented with diammonium tartrate as 
described by Bentley and Keil (2) was used to prod uce 1'C-labeled 
penicillic acid. The medium (1500-ml portions) was steril ized in 
2.8- liter Fernbach flasks and eac h flask was inocuiated with 2 x 107 

conidia . Steril e rice (50-g aliquots), sterile rice broth (prepa red by 
grinding rice in a Wiley mill , placing in cheesecloth, cook ing in water 
for 25 min . and allowing to drain) (1500 ml) , Czapek-Dox broth (1000 
ml) , and potato dextrose broth (300 ml) were a lso evalu ated as 
substrates sui tab le for penicillic acid production. 

Al l inocu lated substrates were incubated at 26 C except for 
Czapek- Dox broth , which was incubated at 16 C. Stationary and shake 
conditions (1 50 rpm , contr oll ed environment incubator shaker, New · 
Brunswick Scientific Co ., Inc.) were eva lu ated using the Czapek-Dox · 
and the modified Rau lin-Thom broths. 

Extraction and purification qf' pen icillic acid 

The culture media were extracted twice with chloroform. Each 
extract volume equaled the amoun t of med ium being extracted. Since 
we noted that higher yields were obtained if the pH of the medium was 
<3.5 before extraction , the medium was acidified to the desired pH 
with I N HCI when necessary. The mycelial pad and solid rice were 
ex tracted by blending the pad or solid rice and 200 ml of chloroform in 
a Waring blender at med ium speed for 5 min before fil tration. The 
blended mixture was fi ltered through S&S 588 filt er paper (Schleicher 
and Schuell , Inc.). All chloroform extracts were evaporated tq dryness 
and redissolved in 25 ml of ethyl acetate. Penici llic acid was purified by 
the liquid- liquid partition and column chromatographic procedures 
described by T horpe and Johnson (I 1) . Th is purification procedure is 
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a pplicable when the concentration of penicillic acid is <75 mg/ extrac­
tion. Extractions containing larger amounts were proportionately 
subdivided. 

Determination 

The penicillic acid concentrations were estimated on two thin-layer 
chromatographic (TLC) systems by comparison with reference 
standards as desc ribed by Wilson et al. (14) and Ciegler and Kurtzman 
(5). 

Confirmation of penicil/ic acid 

Penicillic acid was confirmed by high-performance liquid chroma­
tography (HPLC), mass spectrometry (MS), nuclear magnetic 
resonance spectroscopy (NMR), and infrared (IR) and ultraviolet (UV) 
spectrometry. The HPLC system consisted of a DuPont Model 840 
instrument, using a 1 m x 2.1 mm SAX (strong anion exchange) 
column; 0.01 M sodium borate eluate; 0.040-0.036 ml / min flow rate; 
and a 291 nm UV detector (10). The mass spectrum was obtained on a 
Finnigan 3300F Quadropole mass spectrometer equipped with a Model 
6100 data system and using a 100 C source temperature, solid probe 
inlet , 2 x 10-7 torr pressure, and scanning m/ e 10-250. The NMR 
spectrum was obtained in an aqueous solution on a Varian A-60 NMR 
spectrometer. TheIR spectrum was obtained on a Perkin-Elmer Model 
180 IR spectrophotometer , 1 mg of sample in 200 mg of KBr on a 30 
mm disk; the UV spectrum was obtained in ethanol on a Cary 14 
recording UV spectrophotometer. 

Radiolabe/ing of penicil/ic acid 

Studies of the biosynthetic pathways of penicillic acid have indicated 
that orsellinic acid is a precursor which can be formed by the 
condensation of four acetate units (2, 3) . Thus, [1-14C] sodium acetate 
(Amersham / Searle Corp.. Arlington, Ill.) (specific activity 57 
mCi/ mmole with 91 %isotopic abundance in the C-1 atom) was used in 
this study . The labeled acetate was dissolved in sterile water and the 
14C-acetate solution was sterili zed by filtration (13-mm Swinex 
Millipore filter, 0.22 !Jm pore size) before addition to the medium. A 
Mark III 6880 liquid scintillation spectrometer (Sear le Analytic Inc .) 
and Permafluor-1 scintillation fluid (Packard Instrument Co.) were 

used for a ll radioactive counting analyses. The trap solutions were 
analyzed by using 0.5 ml of NCS-tissue solubilizer (Amersham / Searle) / 
0.2 ml of trap solution with subsequent dilutions as necessary to avoid 
chemiluminescence. 

RESULTS AND DISCUSSION 

Penicillic acid production and 
pH change in different substrates 

Culture techniques described .above were compared for 
the effect of pH on yields of penicillic acid . Results in 
Table 1 indicate that higher levels of penicillic acid were 
obtained if the pH was 3.5 or below. The pH of the medi­
um decreased as production of penicillic acid increased, 
and then rose as the concentration of penicillic acid 
decreased . Stationary culture incubation produced 
substantially higher yields of penicillic acid than shake 
cultures. 

The modified Raulin-Thom medium produced the 
greatest amount of penicillic acid [about 2 mg/ ml of 
media, as reported earlier by Bentley and Keil (2)]. 
Penicillic acid usually was first detected between 3 and 4 
days after inoculation, with maximum production 
occurring between 14 and 19 days. 

Incorporation of 14C-labeled acetate into penicillic acid 

To determine the optimum time for the addition of 
14C-labeled acetate and for the harvesting of the 
14C-labeled penicillic acid, two Fernbach flasks, each 
containing 1500 ml of modified Raulin-Thom medium 
and an inoculum load of 2 x 107 conidia , were 
maintained under identical conditions. Both flasks were 

TABLE I. E.ffect of culture m edium. pH. and incubation time on the production ofpenici/lic acid (J.<gl ml of m edium ) at26 C using Penicill ium 
cyc lopium [NRRL 1888) 

Incubation time, days 

6 10 11 12 14 

Culture medium ~J g/ml pH !Jg/ ml pH l'g/ ml pH !Jg/ ml pH !Jg/ ml pH !Jg/ ml pH l'g/ ml pH 

Raulin-Thom broth. 
stat. 0.4 3.8 25 3.4 a 170 3.35 425 3.3 400 3. 15 

Raulin-Thom broth. 
shake 0 .2 3.25 0.2 2.75 

Czapek Oox broth, statb NDC 7.35 ND 6.9 ND 6.4 ND 6.1 5 ND 5.7 
Cza pek Oox broth. 

shak eb NO 6.1 NO 3 .3 0.3 3.5 0.2 3.55 0.1 3.6 
Rice. steril ed 4.4 547 6940 4920 
Rice broth. stat. ND 5.75 0.4 5 .2 0 .6 4 .05 2.0 3.55 2.0 3.25 
Potato dextrose broth. 

stat. 5.0 4.2 2.4 3.9 

17 19 24 27 28 35 42 

!Jg/ ml pH l'g/ ml pH l'g/ ml pH !Jg! ml pH l'g/ ml pH l'g/ ml pH l'g/ ml pH 

Raulin-Thom broth. 
stat. 1400 3. 15 2000 3 .1 1200 3. 1 800 3.7 800 5.9 600 6.6 

Raulin-Thom broth. 
shake 

Czapek Oox broth , statb ND 4.45 ND 4.05 NO 4.05 NO 3. 7 
Czapek Oox broth . 

shakeb 0.3 3.6 0.4 3.6 0.4 3.8 0 .6 4.1 
Rice. steriled 1.3 
Rice broth. stat. 60.0 3. 1 200 3.2 160 3.8 120 3.95 200 5.2 160 5.45 
Potato dextrose broth. 

stat. 

3 Ana lyses were not done. 
blncubation temperature was 16 C. 
cNone detectable at SO ng. 
dvalues fo r rice are given in l'g / g. and pH was not monitored. 
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housed at room temperature (26 C) in a glove box . The 
first flask was monitored for production of penicillic acid 
(Table 2) to determine the appropriate time for the 
addition of 14C-Iabeled acetate to the second flask and 
the subsequent harvesting of 14C-Iabeled penicillic acid. 
The second flask was equipped with a positive air flow 
intake. The air entering the system was filtered to avoid 
contamination of the fermentation. Expired air was 
passed, in a closed system, through four NaOH traps for 
collecting and monitoring any expired radioactive CO 2 

(Fig. 1). [J-14C] Acetate (1.354 mCi) was added to the 

Figure I . Apparatus utilized to produce "C- Iabeled penicillic acid 
(26 C). including fermentation .flask s (1500 ml of Raulin- Thom broth) 
and 14C-C02 trap .flasks (NaOH). 

second flask on the fourth day after inoculation , at which 
time 4 J.lg of penicillic acid / ml of medium was detected in 
the first flask. The 14C-penicillic acid was harvested 9 
days later (13 days after original inoculation) because: (a) 

the detectable level of penicillic acid in the first flask had 
reached 800 J.lg l ml; and (b) monitoring of the C02 traps 
for expired 14C-C0 2 showed that radioactivity had leveled 
off, indicating that most of the 14C-labeled acetate added 
to the second flask had now been metabolized (Table 2) . 

TABLE 2. M onitori/11? q{ radioactivity o( CO, traps and production 
ofpenicil/ic acid in Rau/in-Thom broth medium during 1'C labeling of 
penicil/ic acid with [I -1' C] acetat e 

Days after 
i2dition of 

Clabel 

0 
3 
6 
7 
8 
9 

Radioactivity in C02 traps3 

(DPM X 103) Penicilli r. acid produced 

No. I No.2 ).lg/ ml DPM/ f<g 

0.0 0.0 4 
6.6 0.0 200 

13 .6 0.0 400 
26.9 9.9 
21.0 5.8 800 294 
24 .6 7.9 _c 239 

"C02 traps 3 and 4 and a tla sk monitorin g room atmosphere (Fig . I ) 
did not conta in any ev idence o f radioact ivity. 
bAnalyses were not performed. 
c"C-Pen ic illic acid was harves ted on day 9. 

Based on data in Table 1, the incubation time of the 
second flask could have been extended beyond day 13 to 
increase the yield of 14C-labeled penicillic acid. However , 
this probably would have resulted in a product with a 

lower specific acitvity due to subsequent production of 
non-labeled penicillic acid. Monitoring of both the 
expired 14C-C0 2 in the C0 2 traps and penicillic acid 
production in the first flask indicated that the thirteenth 
day after inoculation was the optimum for harvesting the 
14C-penicillic acid with both high specific activity and 
yield. The yield and specific activity of the 14C-penicillic 
acid were 1.2 g and 23.0 J.1Ci / mmole, repectively. The 
specific activity of the final ,product was approximately 
30 times greater than previously reported (2). The actual 
amount of crystalline 14C-labeled penicillic acid recover­
ed was 0.935 g (about 78o/o recovery). An isotope 
incorporation of 11.9 o/o was realized. The technique could 

.' be applicable to similar labeling experiments to obtain 
compounds with both high specific activity and yield. 

Purity of14C-labeled penicillic acid 

The radiochemical purity of 14C-penicillic acid was 
confirmed on the two TLC systems previously described. 
When cochromatographed with the standard on th' 
two TLC systems, the product gave only one compact 
spot, with the Rf matching that of the penicillic acid 
standard. Radiographs of the developed TLC plates 
indicated that all detectable radioactivity was within the 
adsorbent zone containing penicillic acid. The distribu­
tion of the radioactivity on the developed TLC plate was 
determined by scraping 1-cm increments of the 
adsorbent from the plate and counting. 

The mass spectrum of the crystals matched the 
spectrum for penicillic acid (170 M•) contained in 
the Mycotoxins Mass Spectral Data Bank (7). The IR 
spectrum showed absorptions at 3472, 3416 (OH in 
COOH), 3260 (broad band, t-OH hydrogen bonded to 
carbonyl of the lactone) , 3100 (CH on the C=C), 2950 
(CH:J, 1740 (C=O lactone), 1710 (C=O, acid) , and 1630 
cm-1 (C =C). These results support the hypothesis that 
penicillic acid exists in two tautomeric forms in the solid 
phase. The NMR spectrum displayed the following 
signals: 1.74 (d, J = 0.5 Hz), 3.94 (s) , 5.42 (m), and 
5.52 ppm (m). The UV spectrum in ethanol solution 
showed a maximum at 220 nm. The melting point of the 
crystals was 83 C. 

In summary, results of this study indicate that 
stationary cultures produce higher amounts of penicillic 
acid than shake cultures. Higher production and 
extraction results were realized when the pH of the media 
was <3 .5. The modified Raulin-Thom broth and sterile 
rice media produced the highest amounts of penicillic 
acid; however, the procedures for isolation and 
purification of penicillic acid resulted in higher 
recoveries with the modified Raulin-Thom medium. 
Conditions favoring the highest yield of 14C-Iabeled 
penicillic acid will not necessarily result in the highest 
specific acitivity. To achieve both high yield and high 
specific activity, it is recommended that production of 
penicillic acid as well as incorporation of the 14C-label be 
monitored. Expired14C-C0 2 can be efficiently used to 
monitor label incorporation in a fungal fermentation. 
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ABSTRACT 

Morphological, physiological, and biochemical characteristics are 
presented for yellow-pigmented and non-pigmented psychrotrophic, 
gram-positive, catalase-positive, pleomorphic rods from vacuum­
packaged wholesale cuts of beef. These isolates were essentially species 
of Corynebacterium and Microbacterium thermosphactum. 

Gram-positive, catalase-positive, pleomorphic rods 
often constituted a significant part of the psychrotrophic 
microbial flora of vacuum-packaged wholesale cuts of 
beef (knuckles, ribs, chucks) stored for 0-35 days at 1-3 C 
(7). This was particularly true during the early phases of 
storage (0-21 days), whereas Lactobacillus spp. became 
dominant after 28-35 days. Pleomorphic rods of this 
type, often referred to as coryneform bacteria (or· 
sometimes more specifically as species of Corynebac­
terium, Arthrobacter, or Microbacterium) are ubiquitous 
in nature. They have been isolated from various foods 
such as poultry, eggs, and meats (1, 5, 6), frozen 
vegetables (9), and seafood (10). This report describes the 
characteristics of yellow-pigmented and non-pigmented, 
gram-positive, catalase-positive, pleomorphic rods of 
vacuum-packaged beef. 

MAT,ERIALS AND METHODS 

Source of cultures 

Isolates described iu this study were from surface swabs of 
vacuum-packaged wholesale cuts of beef (33 knuckles, 41 ribs, 15 
chucks) stored for 0 to 35 days of 1-3 C (7). The surface of the meat 
samples was swabbed with sterile cellulose sponges wetted in sterile 
0.1 'll'o peptone broth. After sampling, sponges were rinsed in 100 ml of 
sterile 0.1 'l7o peptone broth. Appropriate dilutions of this broth were 
plated on plate count agar. Details of this procedure are presented in a 
previous paper (7). The isolates were detected among colonies picked 
from plate count agar (PCA) plates which were incubated at 7 C for 10 
days. Thirty to 40 colonies were randomly picked from countable plates 
and placed on trypticase soy agar (fSA) slants. Incubation of slants was 
at 25 C for 2-3 days. The 155 isolates examined in this study constitute 
a collection of gram-positive, catalase-positive, pleomorphic rods from 
vacuum-packaged beef (7), 92 from ribs, 30 from knuckles, and 33 from 
chucks. M. thermosphactum 11509 was purchased from the American 
Type Culture Collection, Rockville, Md. for comparison purposes. 

Culture characteristics 

The following tests were included: pigmentation on TSA or PCA 

(48 hat 25 C); growth at 4, 7, 25, and 36 Con TSA slants; mortility on 
Motility S medium (Difco, 48 h at 25 C) and hanging drop procedure, 
with growth from TSA slants incubated at 25 C for 24 h; acid from 
carbohydrates in phenol red broth base with 1 'll'o filter-sterilized 
carbohydrates (reactions were recorded daily up to 30 days at 25 C, 
control tubes were pre-incubated to assure sterility); Hugh-Leifson (OF 
medium, glucose, lactose, or sucrose, 4 days at 25 C); oxidase 
(PathoTec-CO); nitrate reduction (Nitrate broth 48 h at 25 C); catalase 
(24 h growth from TSA slants at 25 C with 3% H20 2); Christensen's 
urea (1-4 days at 25 C); gelatin liquefaction (Nutrient gelatin, 14 days at 
25 C); Indole (1 'll'otryptone broth, 24 hat 25 C); Simmon's citrate (4-7 
days at 25 C); starch hydrolysis (Nutrient agar with 1% potato starch, 
48 h at 25 C); methyl red (MR-VP medium, 48 h at 25 C); H2S 
production (fSI agar, 18-24 hat 25 C); litmus milk (BBL, 1-7 days at 
25 C); and benzidine test (4). Heating of cultures was done in sealed 
glass ampules containing 1 ml of inoculated 10% skimmilk. The 
ampules were he;tted while submerged in a constant temperature 
shaker-water bath at the desired temperature. Before and after desired 
intervals of heating, ampules were removed from the bath, cooled in ice 
water, and the contents were plated on TSA. Plates were incubated for 
3 days at 25 C. When colonies were absent or slow in development 
(small or pin-point) plates were re-incubated for several days and 
counted again if necessary. 

RESULTS AND DISCUSSION 

Two types of pleomorphic coccoid rods were often 
isolated from psychrotrophic agar plates of vacuum 
packaged beef (a) yellow to buff, non-fermentative (51 
isolates) and (b) white fermentative (OF-glucose), 104 
isolates. 

Yellow to buff, non-fermentative isolates 
Colonies on TSA plates incubated for 3 days at 25 C 

were circular, entire, convex, smooth and 0.5-1 mm in 
diameter. Three types were recognized (a) pale yellow, (b) 
deep yellow, and (c) buff-colored colonies. The pale 
yellow isolates consisted of gram-positive, pleomorphic 
rods in palisades and coccoid forms which destained 
easily (Fig. l,A). The dark yellow isolates were slender, 
gram-positive to gram-variable rods in palisades (Fig. 1, 
, B). The buff-colored isolates were long, gram-positive, 
pleomorphic rods in palisades (Fig. 1, C) which did not 
destain as easily as the yellow-pigmented isolates. Major 
characteristics of the 3 groups are presented in Table 1. 
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Figure 1. Morphological characteristics of pleomorphic isolates from beef and M. thermosphactum ATCC 11509. Buff to yellow pigmented rods: 
A= Group 1, B =Group 2, C =Group]. D-1 and D-3 represent coccoid and long rod forms ofM. thermosphactumATCC 11509, D-2 andD-4 are 
similar forms of our isolates. E-1 represents "large bodies" of M. thermosphactum ATCC 11509, E-2 of our isolates. Bar indicates 1011m, all 
photographs are of same magnification. 

TABLE 1. Characteristics of yellow to buff, gram-positive, 
catalase-positive, non-fermentative pleomorphic rods from vacuum 
packaged beef 

Group 1 Group2 Group3 
Tests 9 cultures 14 cultures 19 cultures 

Oxidase 
Catalase + + + 
Hugh Leifson Oxid. + + 

(Glucose) Perm. 
Growth at 7C + + + 

25 c + + + 
36 c (±)a + + 

Nitrate reducation + 
Gelatin liquefaction + + 
Acid from: 

lactose 
sucrose + 
glucose + + 

H2S from TSI 
Starch hydrolysis + + 
Litmus milk NCb NCorRed. Alk 
Hugh Leifson 

lactose Oxid. 
Perm. 

suc.rose Oxid. + 
Perm. 

Pigment p.yellow d. yellow buff 
Motility 

a Limited growth 
bNC = no change 

In addition to morphological characteristics and 
pigmentation, separation of the groups was based on 
differences with respect to taction in OF glucose 
medium, growth at 36 C, nitrate reduction, gelatin 
liquefaction, starch hydrolysis, and acid production from 
sugars (glucose, sucrose). Nine of the 51 isolates did not 
fit any of the three groups. The heat resistance of 
representative isolates of the three groups is presented in 
Fig. 2. Isolates of group 1 were the least heat resistant, 
those groups 2 and 3 were more heat resistant but not as 
much as Microbacterium spp. (15 min at 72 C in 
skimmilk). A comparison of the properties of the beef 
isolates with those of the coryneform bacteria (Groups 
I-VI) from frozen vegetab1es as reported by 
Splittstoesser et al. (9) indicates that groups 1, 2, and 3 in 
this study related best to groups III or V, IV, and I, 
respectively. According to Splittstoesser et al. (9) their 
groups I-IV resembled the types more commonly isolated 
from egg, meat, and milk products (5, 6, 8) and are 
usually described as species of Corynebacterium or 
Microbacterium. Isolates of beef also related best to 
group I of six groups of coryneform bacteria isolated 
from pond-reared shrimp and pond water by Vanderzant 
et al. (10) 
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Figure 2. Heat resistance of yellow to buff, gram-positive, 
catalase-positive, pleomorphic rods from vacuum-packaged beef. 

According to the 8th ed of Bergey's Manual (2), it 
seems unwise to recognize Corynebacteriaceae and 
instead .a working concept is presented of a "Coryneform 
group of bacteria" to include Corynebacterium, 
Arthrobacter, (with the related genera Brevibacterium 
and Microbacterium as genera incertae sedis), 
Cellulomonas, and tentatively K urthia. 

If an attempt were made to further classify the meat 
isolates, those of group 1 which showed both rods and 
coccoid forms and were nitrate-positive, liquefy gelatin, 
and hydrolyze starch, resemble more closely the 
pleomorphic species described as Arthrobacter (3). In a 
previous paper by Seideman et al. (7) some of these 
isolates were included in Corynebacterium. Isolates of 
groups 2 and 3 which were non-fermentative in OF 
glucose medium and lacked the heat resistance of 
Microbacterium spp. probably could best be included in 
Corynebacterium. 

White, fermentative (OF glucose) isolates 

On TSA medium after incubation for 48 h at 25 C, 
colonies were white, circular, entire, raised, smooth, 
glistening and 1-2 mm in diameter. They consisted of 
gram-positive cqpcoid to short rods to long rods in 
palisades, occasionally in chains (Fig. 1 D-2, 4). When 
grown in liquid media and sometimes on TSI agar 
filaments, long slender rods and large bodies were 
observed (Fig. 1E-2). The filaments, coccoid and long 
rods consist of gram-positive and gram-negative cells. 
The large bodies were gram-positive. A comparison of 
various characteristics of our isolates with M. 
thermosphactum ATCC 11509 and those of McLean and 
Sulzbacher (6) are presented in Table 2. The isolates of 
the present study did not survive heating in skimmilk at 
72 C for 15 min, 63 C for 5 min, or 55 C for 10 min. The 
log survivor curves for meat isolate 467 and M. 
thermosphactum ATCC 11509 at 55 C were similar (Fig. 
3). Morphological, physiological and biochemical 
characteristics of the white fermentative isolates were 
identical to those of M. thermosphactum ATCC 11509. 
They were also similar to those of M. thermosphactum of 

TABLE 2. Characteristics of isolates referred to Microbacterium 
thermosphactum 

M. thermosphactum 
M. thermosphactum M. thermosphactum (McLean and 

Tests ATCC 11509 (this study) SulzbacMr, 1953) 

Growth at 4 C 
25 c 
36 c 

Gelatin 
liquefaction 

Indole 
Urea 
Nitrate reduction 
Citrate utiliza-

tion 
Methyl Red 

1 Gas from glucose 
' Acid from: 

D-Glucose 
Sucrose 
Lactose 
Maltose 
Melibiose 
Dulcitol 

D-Fructose 
D-Galactose 
D-Mannitol 
D-Xylose 
L-Arabinose 
D-Cellobiose 

Starch hydrolysis 
OF-glucose 

(Perm.) 

Motility Medium 
S and hanging 
drop 

Oxidase 
Benzidine test 

a(±) = limited growth 
bNR = not recorded 

10 

+ + + 
+ + + 
(±)a (±)a 

+ + NRb 

+ + + 
+ + + 

+ 
+ + + 

NR 
+ 

+ + NR 
NR 

+ + + 
+ 
+ 

+ + + 
NR 

+ + + 

+ + + 

M. thermosphactum 467 ATCC 11509 
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Figure 3. Log survivor curves (2 trials) at 55 C of isolate 467 (M. 
thermosphactum) and M. thermosphactum ATCC 11509. 

McLean and Sulzbacher, except that our isolates did not 
produce acid from lactose, dulcitol, xylose, or arabinose. 
The heat resistance of culture 467 at 55 C was similar to 
that of M. thermosphactum 49 of McLean and 
Sulzbacher (6). 

Identification of the white and yellow to buff 
gram-positive, psychrotrophic, pleomorphic, catalase­
positive rods from beef to the generic level is difficult. In 
view of the recommendations of the 8th edition of 
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Bergey's Manual (2) it probably would be best to refer to 
them as species of the coryneform group of bacteria. 
However, certain distinct differences can be recognized 
among the meat isolates particularly with respect to 
morphological characteristics, pigmentation, reaction in 
OF glucose medium, growth at 36 C, and heat resistance. 
If further classification were desired, the yellow to buff 
isolates could be referred to as species of Arthrobacter 
(group 1) and Corynebacterium (groups 2 and 3) and the 
white, fermentative isolates toM. thermosphactum. 

Based upon this classification, the percentage of ribs 
(7) that contained M. thermosphactum, Corynebac­
terium, or Arthrobacter sp. was respectively, 80.5, 31.7, 
and Oo/o. Similar figures for knuckles were 45.5, 15.1, 
and Oo/o; for chucks 66.6, 40 and 6.7o/o. The level of M. 
thermosphactum and Corynebacterium sp. on ribs 
during refrigerated storage expressed as percentage of 
the total psychrotrophic population was respectively, 
0.5-93% (avg. 19.4o/o) and 0.6-71.4% (avg. 20o/o); similar 
figures for knuckles were 0. 9-70.8 o/o (avg. 10.2 o/o) and 
0.6-63.6% (avg. 15o/o). M. thermosphactum, Corynebac­
terium, and Arthrobacter sp. in chucks constituted 
respectively 1.4-100% (avg. 31.9o/o), 4.2-37% (avg. 16.6o/o) 
and 25 o/o of the total psychrotrophic population. 
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ABSTRACT 

Wholesale cuts of lamb Ooins, legs) were packaged in polyvinyl 
chloride (PVC) film and in two other types of packages with oxygen 
transmission rates (cc/100 in2 /24 h) of 0.41-0.75 and 2.28 respectively. 
Psychrotrophic counts were low (2 x 10-1.1 x 103 per in2

) intially and 
after storage for 21 days increased to 103-1.6 x 105 per in2 • Initially 
Corynebacterium species and Microbacterium thermosphactum were 
dominant. Upon refrigerated storage for 21 days, Lactobacillus, 
Pseudomonas, and Moraxella-Acinetobacter sp. became more 
significant. Among the Corynebacterium sp., buff-colored isolates, 
consisting of long, gram-positive pleomorphic rods in palisades were 
dominant. 

In a previous paper (7) it was shown that the initial 
psychrotrophic microflora of vacuum-packaged whole­
sale cuts of beef (ribs, knuckles, chucks) consisted 
primarily of M oraxella-Acinetobactersp. and coryneform 
bacteria. During refrigerated storage for up to 35 days, 
Lactobacillus sp. became more significant, particularly 
on ribs and knuckles. A. more detailed account by Hanna 
et al. (3) of the coryneform group of bacteria of 
vacuum-packaged beef indicated that they were 
essentially species of Corynebacterium and Microbac­
terium thermosphactum. Coryneform bacteria and more 
specifically pecies of Corynebacterium, Microbacterium, 
and Arthrobacter are often found in significant numbers 
in various foods, including meats, eggs, milk products, 
frozen vegetables, and seafoods (J, 5, 6, 8, 9, 11). Barlow 
and Kitchell (I) reported that a significant part 
(47.6-100%) of the microflora of lamb chops during 
refrigerated storage, whether held in air or under 
vacuum, was composed of gram-positive, catalase­
positive rods in chains, often containing parts which 
stained gram-negative. They most closely resembled 
descriptions of M. thermosphactum. However, when they 
stored beef steaks under similar conditions a 
predominantly (81.3%) gram-negative microflora devel­
oped under aerobic conditions. The balance (18.7%) was 
made up of M. thermosphactum. Under anaerobic 
condit ---'• the microflora consisted of gram-negative 
rods (68 o/o), lactobacilli (24 o/o), and M. thermos-

phactum (8 o/o). This report discribes changes 'in 
psychrotrophic plate counts and distribution of the 
microflora of lamb loins and legs during refrigerated 
storage for up to 21 days at 1-3 C. Special emphasis is 
given to the characteristics of isolates commonly referred 
to as the coryneform group of bacteria. 

MATERIALS AND METHODS 

Samples 

Twenty loins and 10 legs were obtained from U.S. Choice lamb 
carcasses processed in a commercial operation. Following slaughter, 
carcasses were washed with cold water and chilled for 24 h at 1-3 C. 
Samples designated as treatment PVC were wrapped in polyvinyl 
chloride film (no vacuum). Those of treatment A were vacuum 
packaged with a nozzle type-clip seal machine in a barrier bag of the 
following characteristics: Moisture Vapor Trans~ission Rate (MVTR) 
of 0.66 g/100 in.2/24 h/37.7 C/70% RH and Oxygen Transmission 
Rate (OTR) of 2.28 cc/100 in.2/24 h/23.9 C/50%RH. In treatment B, 
cuts were packaged with a chamber-type, heat seal machine in barrier 
bags with a MVTR of 0.18-0.20 and OTR of 0.41-0.75. Packages of 
treatment B were passed through a dry-air type heat tunnel, while 
packages in treatment A were shrunk by passing through a hot-water 
type tunnel. "Master-Pac" samples consisted of pre-cut loins (cut into 
individual chops) which were re-formed and then packaged in the 
systems described as A and B. Five loins and five legs were examined 
initially (0 day), the remainder of the samples after 7-21 days of storage 
at 1-3 C (Tables 1, 2). 

Microbiological 

Bacteriological evaluation of the lamb samples was carried out by' 
sampling the surface with a sterile cellulose sponge (5 x 5 X 1.3 em) 
wetted in sterile 0.1 o/o peptone broth. Each cut was sampled in the same 
manner, first the lean surface (64.5 cm2

) with one side of the sponge 
and then the fat cover (64.5 cm2)' with the other side. The sponge then 
was rinsed thoroughly into 100 ml of sterile 0.1 o/o peptone broth. 
Psychrotrophic plate counts were made by plating appropriate 
dilutions on plate count agar with plate incubation at 7 C for 10 days. 
Distribution of the microbial flora was determined by randomly 
picking 30-40 colonies from countable plates and placing them on 
trypticase soy agar slants. These slants were incubated at 25 C for 2-3 
days. Details of the above procedure are presented in a previous paper 
(7). General diagnostic schemes and procedures to identify the isolates 
are those published by Vanderzant and Nickelson (10). Procedures for 
isolation and identification from beef of Enterobacteriaceae, in 
particular Yersinia enterocolitica and of coryneform bacteria are 
presented by Hanna et al. (3, 4). 
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RESULTS AND DISCUSSION 

Psychrotrophic plate counts and percent distribution 
of the microbial flora of lamb loins and legs at 1-3 C for 
0-21 days under various conditions of packaging are 
presented in Tables 1 and 2. Psychrotrophic counts of 
lamb loins and legs initially were low (2 x 10-1.1 x 103 per 
in.2) and increased after 21 days of storage to 
103_!.4 x 105 per in.2 for loins and to 2 x 103-1.6 x 105 for 
legs. Initially Corynebacterium sp. and/or M. 
thermosphactum predominated on loins and legs. Upon 
storage these species became less dominant and 

Lactobacillus, Pseudomonas or Moraxella-Acinetobacter 
species became more significant. Enterobacteriaceae 
were not significant at any time during the storage 
period, except that Y. enterocolitica was presented in?- of 
30 samples at a level of 103 per in. 2 E. liquefaciens and E. 
herbicola were found occasionally. Except for one sampe, 
yeasts were not significant. Micrococcus and 
Staphylococcus sp. were not detected. 

Of the psychrotrophic, pleo,morphic, gram-positive, 
catalase-positive rods, 86 isolates were examined more 
closely for morphological and biochemical characteristics 
as described previously (3). Corynebacterium sp. usually 

TABLE 1. Psychrotrophic plate count and microbial flora of lamb loin stored in various film bags for 0-21 days at 1-3 C 
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0 1 1.0 X 10Z 1o.od 30.0 50.0-(III,II)c 10.0 
2 1.1 X 103 1.8 0.9 22.7 74.6-(II,III) 
3 2.2 X 102 12.5 12.5 56.2-(III,II) 9.4 9.4 
4 6.2 X 10Z 17.7 41.9 33.9-(II,III) 4.8 1.6 
5 6.0 X 10 16.7 83.3-(II,III) 

7 PVC 9.4 X 102 64.9 31.9 1.1-(III) 2.1 
PVC 1.7 X 103 3.0 83.6 1.8 3.0 8.5-(III) 

B 5.5 X 10Z 5.5 25.5 18.2 32.7 1.8 14.5-(III) 1.8 
B 9.3 X 10Z 22.9 4.3 68.8 3.9 
B 6.4 X 102 56.3 1.6 12.5 12.5 12.5 4.6 

14 B 2.0 X 10Z 50.0 50.0 
B 1.6x1Q4 36.4 17.4 38.6 2.5 2.!:> 2.5 

21 A 5.7 X 104 87.7 8.7 1.8-(III) 1.8 
A 1.0 X 103 100 
B 2.0 X 1Q3 100 
B 1.5 X 104 6.7 20.0 6.7 66.6 

Mp-A 1.3x1Q4 7.7 7.7 7.7 76.9 
Mp-A 1.2 X 104 25.0 41.7 33.3 
Mp-B 1.4 X 105 0.7 98.6 0.7 
Mp-B 2.9 X 104 79.3 6.9 13.8 

a1-5 =before packaging; film characteristics: PVC = polyvinyl chloride (no vacuum), film A: MVTR =0.66, OTR =2.28, film B: 
MVTR = 0.18-0.20, OTR = 0.41-0.75, Mp = Master-Pac (precut loins and then reformed and packaged). 
bppc = Psychrotrophic plate count. 
en and III represent groups of Corynebacterium listed in order of decreasing significance (see text for description). 
dPercent. 

TABLE 2. Psychrotrophic plate count and microbial flora of lamb legs stored in various film bags for 0-21 days at 1-3 C 
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2 1.6 X 10Z 18.8 6.2 62.6-(III,II) 12.4 
3 2.0 X 10 50.0 50.0 
4 1.5x10Z 53.3-(III, II) 46.7 
5 9.3 X 10Z 98.9-(III,II) 1.1 

14 A 3.1 X 103 100 
B 1.0 X 10Z 100 

21 A 2.0 X 103 50.0 50.0 
B 1.6 X 105 3.7 0.6 95.7 
B 1.3 X 105 15.4 76.9, 7.7-(III) 

a1-5 =before packaging; film characteristics: film A: MVTR = 0.66, OTR = 2.28, film B: MVTR = 0.18-0.20, OTR = 0.41-0.75. 
bppc = Psychrotrophic plate count. 
en and III represent groups of Corynebacterium listed in order of decreasing significance (see text for description). 
dPercent. 
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were dominant, primarily before refrigerated storage 
began (Tables 1, 2). Of the 86 isolates, 19 were assigned 
toM. thermosphactum and 67 to Corynebacterium. Of 
the latter, 12 belonged to group I, 14 to group II, and 35 
to group III. Six of the 67 isolates could not be assigned 
to any of the 3 groups. Among the Corynebacterium sp., 
Group III was more dominant than either Group II or I. 
Group III were buff-colored colonies which consisted of 
long, gram-positive, pleomorphic rods in palisades (3) 
with the following characteristics: OF glucose, no 
reaction; growth on TSA at 36 C, positive; nitrate 
reduction, negative; gelatin liquefaction, negative; starch 
hydrolysis, negative; no acid produced from glucose, 
lactose, and sucrose. Isolates of Group II were deep 
yellow-pigmented colonies, consisting of slender, 
gram-positive to gram-variable rods in palisades. 
Principal reactions were as follows: OF-glucose, 
oxidative; growth on TSA at 36 C, positive; nitrate 
reduction, negative; gelatin liquefaction, positive; starch 
hydrolysis positive; acid was produced from glucose and 
sucrose but not from lactose. 

Isolates of group I which showed both rods and 
coccoid forms were nitrate positive, hydrolyzed starch, 
and liquefied gelatin and resembled more closely the 
pleomorphic species described as Arthobacter (3). 

A comparison of the initial microbial flora of seven 
wholesale cuts of beef (7) with 10 lamb cuts (five loins, 
five legs, this study) shows that gram-negative rods 
(Moraxella-Acinetobacter) were less significant on lamb 
than on beef. Both species were obtained from the same 
commercial establishment. On beef these bacterial types 
were present in five of seven cuts and represented an 
average of 38 o/o of the total population (range 0-92.3 o/o). 
They were present on seven of 10 lamb samples with an 
average of 9o/o of the total population (range 0-18.8%). 
Initially, Corynebacterium sp. appeared more consistent­
ly significant on lamb than on beef. The increased 
significance of Lactobacillus sp. in the microbial flora of 
lamb after storage for 21 days at 1-3 C is similar to the 
pattern reported for vacuum-packaged beef by Seideman 
et at. (7). 

Barlow and' Kitchell (1) reported significant 
percentages of micrococci (31.3-33.3%) and M. 
thermosphactum (47.6-100o/o) in prepacked lamb chops 
stored overnight at 0 Cor held for 3-6 days at 5 C. In the 
present study, neither micrococci nor staphylococci were 
detected and Corynebacterium sp. (Groups III, II) 
usually were more dominant than M. thermosphactum. 
In the present study bacteriological evaluation was made 
by surface swabs primarily of wholesale cuts whereas 
Barlow and Kitchell (J) reported on lamb chops. In 
addition, conditions of plate incubation were different. 

In the present study, samples were plated on plate count 
agar and incubation of plates was for 10 days at 7 C, (/\I 
whereas Barlow and Kitchell employed 5 days at 20 C. ! 
Differences in composition of plating mediupt and 
conditions of plate incubation may cause significant , 
differences in distribution of the microbial flora. The ' t 
number of lamb loins and legs was too small to draw ~ 

A' 
conclusions about the effect of differences in packaging • 
conditions on the psychrot~;ophic plate count or on the 
distribution of the microbial flora. In a previous study (7) 
wholesale beef cuts (knuckles, ribs) were stored for 0-35 
days at 1-3 C in vacuum packages similar to Treatments 
A and B. Differences in psychrotrophic, mesophilic, or 
lactobacilli counts because of differences in type of 
packages were not statistically significant. Lactobacillus 
sp. were dominant after 21 days at 1-3 C both on 
knuckles and ribs. 
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ABSTRACT 

Psychrotrophic bacteria were isolated from 227 pasteurized milk 
samples which had a shelf life in excess of 20 days at 7.2 C. Of 700 
cultures isolated, 135 were resistant to heating at 72 C for 16 sec and 
were able to re-establish growth at 7.2 C. Thirty-five cultures, 
representing 15 different types were subjected to detailed examination 
to determine their actions on refrigerated milk, growth temperatures, 
thermal resistance at various temperatures, and their identities. The 
spore-forming genus Bacillus occured most frequently. The 
non-sporing types were assigned to the genera Arthrobacter, 
Microbacterium, Streptococcus, and Corynebacterium. 

More than a decade ago psychrotrophs in milk were 
called psychrophiles and were reported to be destroyed 
by proper pasteurization (2,3,38,41,50,53). Some 
organisms were observed to survive laboratory 
pasteurization and grow at 10 C, but failed to grow at 
7.2 C (4,28). Olson et al. (37) and Davis (13) claimed that 
a critical difference in growth response of microorgan­
isms existed between 7.2 C and 10 C and that use of 
growth at 10 C as a criterion for grouping would lead to 
the inclusion of "thermodurics" in the psychrophilic 
count. Boyd et al. (9) made the same observation in 
comparing 5 and 10 C incubation temperatures. Those 
researchers who did isolate bacteria that could survive 
pasteurization of milk and grow at 7.2 C or below found 
them to be rather uncommon. Mikolajcik and Burgwald 
(33) found only 8 of 150 thermoduric isolates could grow 
at 7.2 C and Boyd et al. (9) reported that only 17.9% of 
thermoduric isolates they obtained grew at 5 C. An 
earlier study by Stark and Scheib (47) revealed 4 of 486 
isolates from butter were thermoduric and could grow at 
5C. 

Over the past decade changes in production methods, 
farm bulk tank storage of milk, long distance hauling of 
milk, silo storage of raw milk at the processing plant, and 
the trend in the dairy industry toward higher 
pasteurization temperatures have caused a definite 
change in the microbial flora of milk. This change is 

1Journal Paper No. J 3157 of the Oklahoma Agricultural Experiment 
Station. Stillwater, Oklahoma. 
2 Present address: Department of Dairy Science, University of Georgia, 
Athens, Georgia 30602. 
3Microlife Technics, 1833 57th Street, Sarasota, Florida 33578. 
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evident in both raw and pasteurized milk and may be the 
result of disruption of the ecosystem of milk as it passed 
on from the cow to the consumer (46). The trend toward 
higher pasteurization temperatures and longer refriger­
ated storage of milk before comsumption have brought 
to attention selected flora that may be described as 
"thermoduric psychrotrophs". This paper presents a 
study of identification, pasteurization resistance, growth 
characteristics and possible commercial impact of 
several such organisms isolated from a large number 
of processed milk samples. 

MATERIALS AND METHODS 

Samples 

During an 18-month period samples of pasteurized milk at various 
stages of processing were subjected to a shelf life test at 7.2 C. Two 
hundred and twenty seven samples showing no organoleptic signs of 
spoilage at 20 days were retained until off flavors developed, while 
samples spoiling before 20 days were discarded. 

Cultrue isolation 
Thermoduric psychrotrophs were isolated from the spoiled 

pasteurized milk samples by inoculating a loopful of each sample into 
a 16-mm screw capped test tube containing 10 ml of sterile litmus milk 
and subjecting the inoculated milk to laboratory pasteurization at 
71.7 C for 16 sec. Tubes were cooled and held at 7.2 C for 14 days, 
streaked on Plate count age (Difco) and incubated at approximately 
25 C until colonies developed. Two colonies of each pre-dominant type 
were picked into litmus milk. After incubation at approximately 25 C 
for 5 to 7 days, one tube of each type of reaction was saved for further 
study. 

The isolated cultures were grouped according to staining 
characteristics, colony morphology, cell morphology and reaction in 
litmus milk. From each group, depending on the number of isolates 
involved, one to five cultures were selected for futher study. 

Thermal resistance 

All cultures were subjected to laboratory pasteurization at 71.7 C for 
16 sec at least four times, and some as many as nine times, followed by 
incubation at 7.2 C for 14 days. 

In separate trials, cultures from each group were heated at 71.7 C for 
20,30,40, and SO sec. In additional trials cultures were heated for 16 sec 
at 74.4, 77.2, and 80 C. A low temperature exposure of 60.7 C for 30 
min and a high extreme of93.3 C for 5 min were also used. 

Trials involving temperatures of 71.7 Cor higher were accomplished 
by placing the test tube support and test tubes, containing one loopful 
of culture in 5 ml of previously sterilized litmus milk, in a container 
with 12 mm of water, a depth not sufficient to touch the bottoms ofthe 
tubes. The container was covered and a thermometer inserted through 
the lid into a control tube. The water was heated and the generated 
steam served to heat the tubes. When the thermometer reached a 
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because they failed to survive HTST laboratory 
pasteurization at 71.7 C for 16 sec. Only those which 

temperature 5° below that desired, the support and tubes were 
transferred to a water bath at the desired temperature. The latent heat 
in the tubes and the thermometer lag were compensated for in this 
fashion. The come-up time of 30 sec for the 71.7-C treatment clesel¥ 
approximated that of the dairy plant pasteurizer. At the end of the 
exposure time tubes were immediately cooled in an ice water bath. 

were able to survive this exposure four or more times in OJ 
separate trials were selected as being thermoduric. 
Additional cultures were discarded because they failed to 

D«tennination of spoilage 

One hundred-ml quantities of fresh, pasteurized, homogenized milk 
were dispensed into glass bottles and brought to 82.2 C with flowing 
steam before cooling to 7.2 C. After cooling, bottles were inoculated 
with 0.5% from litmus milk cultures. Two bottles were reserved as 
controls. All bottles were stored at 7.2 C and tasted after 18 h to detect 
any carry over flavors from initial inoculation. Each bottle was 
examined organoleptically at two day intervals until a defect developed 
and then on one additional day to confirm the defect. 

Growth on agar at 7.2 C 

To determine whether the cultures could form countable colonies 
under conditions used for psychrotrophic counts, each culture was 
streaked on a PCA plate and the plate incubated at 7.2 C for 14 days. 
Sterile litmus milk was added to the agar at the rate of 10o/o before 
pouring to compensate for the milk normally added in routine plating. 
The plates were observed at intervals to determine the rate and extent 
of colony development. 

Identijication of isolates 

Media, procedures, and stains (5,14,24,45) used were those 
frequently associated with unknown identification. The compiled 
results of tests, stains, and reactions were compared with those traits 
presented in Bergey's Manual (10) for identification of cultures. Since 
this work was completed, a new edition of Bergey's Manual (11) has 
been published, but all the data reported here are based on criteria 
established by the 7th edition of Bergey's Manual (10). 

RESULTS 

grow readily at 7.2 C within 14 days. Finally 135 cultures . ; 
were selected which survived the heat treatment and 

i which grew at 7.2 C. These were considered to be A' 
I 

thermoduric psychrotrophs. 
The gram staining reaction, cell morphology, colony 

characteristics, and reaction in litmus milk were used to r 

classify the cultures into 15 types. From one to five 
cultures of each type, for a total of 35 cultures, were· 
selected for more detailed study. These 35 cultures were 
then submitted to various tests commonly used for 
identification of bacterial (10). On the basis ofthe results 
obtained from these tests the cultures were divided into 
spore producing and non-spore producing types. The 
spore producers were further subdivided into seven types, 
designated as Types I, II, III, IV, V, VI, and VII. The 
non-spore producers were subdivided into eight typt:s, 
designated as Types A,B,C,D,E.F,G, and H. 

Spore producing types 

From 227 different samples of pasteurized milk, which 
had been held at 7.2 C for various periods, mote than 
700 bacterial cultures were isolated from agar plates 
inoculated with the milk. These samples were all from 
milk pasteurized at 73.9 C for 16 sec in the Oklahoma 
State University dairy plant during a period of 18 
months. From these isolates, 357 cultures selected as 
representing the dominant types and the remaining 
cultures, which appeared to be duplicates, were 
discarded. 

Eighty-two spore producing cultures were isolated 
from pasteurized milk which had been held at 7.2 C. 
These were classified into seven types. Number of 
cultures in each type, average shelf of the samples from 
which they were isolated, defects produced in milk by the 
cultures, and growth on agar are shown in Table 1. Q) 

Data show that type I with 58 cultures was most 
frequently encountered, followed by Type II with 11, 
Type VI with seven, and Type III with three. Only one 
culture of each of the remaining three types was isolated. 
It should be noted that self life of samples from which 
cultures had been isolated was long, ranging from 22.7 to 
68 days. 

A number of these 357 isolates were eliminated 

Action in refrigerated milk. All spore producing 
cultures caused spoilage of milk at 7.2 C in from 2 to 12 
days. Type I produced a distinct fruity flavor and odor 

TABLE 1. Growth of spore producing types in milk and on agar at 7.2 C 

Average 
shelflife 
of source 

Number of samples 
Type isolates (days) Days 

I 58 33.3 4-10 
II 11 28.2 4-6 

Ill 3 27.3 4-12 

IV 68 2-4 

v 1 so 6 
VI 7 22.7 6 

VII 31 12 

-=No visible growth. 
+ = Visisble growth but no countable colonies. 

++ = Barely countable colonies. 
+++=Good growth; distinct colonies. 

++++ =Abundant growth. 

Development of 
defects in milk 

Defects 

Fruity, sour 
Sour, yeasty, 
gassy 
Sweet curdling, 
unclean, bitter 
Sweet curdling, 
Bitter 
Sour 
Sweet curdling, 
bitter 
Unclean, sour 

+ 
+ 

5 

+++ 

+ 

Development of visible 
colonies on agar 

(days) 

7 10 

+ +++ 
+ ++ 

++++ ++++ 

+ + 

+ ++ 
+ 

+ + 

13 

++++ 
+++ 

++++ 

++ 

+++ 
+ 

+++ 
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followed by souring. Type II produced a yeasty, sour 
flavor defect, which was rather objectionable, 
accompanied by gas formation. Three types, III, IV, and 
VI, caused sweet curdling followed by bitterness. Type 
IV required only 2 to 4 days to sweet curdle the milk. 
Type V resulted in souring in 6 days while Type VII 
appeared rather inert, requiring 12 days to produce an 
unclean, slight sour flavor defect. 

Although the time required for occurrence of spoilage 
was only 2 to 12 days, a relatively heavy inoculation 
(O.So/o) was used. Since the numbers of these organisms in 
plant pasteurized milk would ordinarily be expected to 
be small, spoilage of plant pasteurized milk by these 
types would likely ocwr only in milk which was heavily 
contaminated with these organisms or which had a long 
shelf life due to the absence of the common 
non-thermoduric spoilage types. 

Growth temperatures. The seven types of spore 
producers all grew at 7.2 C and at 37 C and Types IV, V, 
and VI also grew at 45 C. 

Six of the seven types formed countable colonies on 
agar at 7.2 C in 13 days. Type VI showed growth, but the 
colonies were very small and would likely not be included 
in psychrotrophic counts. The psychrotrophic count 
according to the Standard Methods (2) requires 10 day 
incubation at 7 C. Type III grew well at 7.2 C, producing 
visible colonies in S days. Types I, II, and V formed 
countable colonies within 10 days. These results 

TABLE 2. Thermal resistance of spore producing types 

Heated at 71.7 C for sec 

Type 20 30 40 50 

I + + + + 
II + + + + 

Ill + + + + 
IV + + + + 

v + + + + 
VI + + + + 

VII + + + + 
a3 of 4 cultures survived. 
b3 of 4 cultures were destroxed. 

indicated that, with the exception of Type VI and 
possibly IV and VII, the psychrotrophic plate counts 
would include the spore producing thermoduric 
psychrotrophs. t 

Thermal resistance. Results obtained from heat 
resistance trials (Table 2) showed that the seven types of 
spore producers were definitely thermoduric. All 
survived exposures of 20,30,40, and SO sec at 71.7 C and 
also exposures of 74.4, 77.2, an· 80 C for 16 sec. These 
exposures cover the entire range of HTST pasteurization 
exposures normally used in dairy plants. However, Type 
VII and one off our cultures of Type II were destroyed by 
exl?osure to 60.7 C for 30 min. Type VII and 3 of 4 
cultures of Type II failed to survive an exposure to 93.3 C 
for S min. 

The general results of the heat treatment trials 
indicate that the cultures were able to survive plant 
pasteurization and that they could pose a problem if 
present in large numbers in raw milk. 

Identification. The spore producing types were placed 
in genus Bacillus because they were all aerobic, gram 
positive or gram variable, spore forming rod-shaped 
organisms which were catalase positive. On the basis of 
the results of various morphological, cultural and 
biochemical tests (Tables 3 and 4), Types I through VI 
were tentatively assigned the species designations given 
in Table S, which also presents the determined 
characteristics which varied from those given in Bergey's 

Heated at 
Heated for 16 sec at 60.7 Cfor 93.3 Cfor 

74.4 c 77.2 c 80 c 30min 5min 

+ + + + + 
+ + + ±a ±b 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + 

TABLE 3. Morphological and cultural characteristics of spore producing types 

Gram Cell Size 
Type stain morphology (microns) Motility Colony characteristics Reaction in litmus milk 

± Rods 0.5-0.7X + Thin, flat, translucent, Reduced, acid, fruity 
4.7 greyish white, granular 

II ± Rods 0.5-0.7 X + Thin, flat, translucent, Reduced, coagulated, gassy, 
2-6 greyish white, granular yeasty, Sl. proteolysis 

III + Rods 0.7-1.0 X + Large, moist, translucent, grey, Upper region turns brown followed 
2-6 turning brown, thin dull by complete alkaline proteolysis 

grey margin; agar turns brown 
IV + Rods 0.6-0.8 X + Large, moist, translucent, grey, Reduced, complete proteolysis, Sl. 

2-5 turning black; agar turns black alkaline, membranous pellicle 
v + Rods 0.6-0.7 X + Small, circular, entire, greyish Reduced, acid, may or may 

2-4 white; more dense center not coagulate 
VI + Rods 0.6-1.0 X + Small, circular, entire, Reduced, acid, coagulated, 

3-4 dense, shiny white shrunken curd, proteolysis 
VII + Rods 0.5-0.7x + Small, circular, entire Partial reduction, slight 

3-13 white, more dense center acid 

I 
.t 

l. 
A' • 

, 

i 
I 

.j~: 
" ' 

li 
I, 
li; I 



104 WAS HAM, OLSON AND VEDAMUTHU 

TABLE 4. Biochemical characteristics of spore producing types 

Characteristic 

Catalase + 
Urease 
Acetylmethyl-

carbinol 
H2S + 
Nitrates reduced ± 
In dol 
Starch ± 
Gelatin 
Dextrose + 
Lactose + 
Maltose + 
Sucrose + 
Arabinose + 
Glycerol + 
Inulin + 
Raffinose + 
Salicin + 
Xylose + 

+ = Positive reaction 
- = Negative reaction 

II 

+ 

+ 

+ 
+ 

+ 
+ 

AG 
AG 
AG 
AG 
+ 

AG 
AG 
AG 
AG 
AG 

Types 

III IV v VI VII 

+ + + + + 

± + + 

+ + + + 
± + + 

+ + + 
+ + + 
+ + + + 

+ 
± + + 
± + + + 

+ + 
+ + 

+ + 

+ + 
+ + + 

± = Some cultures positive; some negative 
AG = Acid plus gas formation. 

TABLE 5. Tentative identification of spore producing types 

Tentative 
Type identification 

I Bacillus macerans 
II B. polymyxa 

III B. laterosporus 

IV B. subtilis var. aterrimus 
V B.lentus 

VI B. cereus 

VII B. sphaericus 

Variations from Bergey's 

No gas in milk 

Brown water soluble pig­
ment formed 

No acid from arabinose 
Urease negative; slow acid 

in litmus milk 
Acetylmethylcarbinol nega­

tive; acid from arabinose 
and xylose 

Slow acid in litmus milk; 
starch hydrolyzed 

Manual (10). The failure of Type VI to produce a positive 
Voges-Proskauer reaction caused concern in assigning to 
it the identity Bacillus cereus. However, it has been 
shown (18) that the standard medium (43) for the V-P 
reaction will frequently produce a negative reaction with 
B. cereus if the' glucose and K2HPO 4 are autoclaved 
together, as was done in this study. 

The psychrotrophic Bacillus cultures isolated in this 
study caused spoilage of milk at 7.2 C within 12 days. 
The types of spoilage included sweet curdling, bitterness, 
yeastiness, fruity flavor, and sourness. Labots apd Hup 
(29,30) and Labots et at. (31) reported that a large , 
number of psychrotrophic B. cereus types, which cause · t 
sweet curdling and "bitty" defect in unhomogenized 4 
cream, are found in Holland in autumn, Shehata et al. f 
(43) also reported that ~any of the psychrotrophic 
Bacillus strains they isolated produced fruity, rancid, 
sour, and unclean flavors in milk stored at 7.2 C. In 
conducting keeping quality tests on milk at 0.5 and 4.4 C, 
Boyd et al. (8) stated that the milk with the best keeping , 
quality was eventually spoiled by spore-forming bacilli. 

Non-spore producing types 

Fifty three non-spore producing cultures were isolated 
from pasteurized milk which had been held at 7.2 C. 
These were classified into eight types. The number of 
cultures in each type, average shelf life of the samples 
from which they were isolated, defects produced in m~k 
by the cultures, and growth on agar are shown in Table 6. 

Data show that Type A with 17 cultures, Type D with 
13 cultures, and Type B with 10 cultures were the most 
commonly encountered types, followed by Type H with 
four, Type E with two, Types C and F with three each, 
and Type G with one. The average shelf life of the 
samples from which cultures had been isolated was 
rather long, ranging from 22 to 44 days. 

Action in refrigerated milk. Results of tests conducted 
in which milk was inoculated with each culture, stored at 
7.2 C, and changes observed, given Table 6. Types 
A,B,D, and E spoiled milk in 8-14 days with an unclean, 
sour defect. Type F caused ropiness plus a slight cheesy 
flavor in 14 days. Type H also caused a cheesy flavor 
although no ropiness was present. Type G caused sweet 
curdling within 6 days. Type C was relatively inert, 
causing an unclean, sour, malty defect only after 14 to 24 
days. 

The fact that it required from 6 to 24 days for spoilage 
to occur after a heavy inoculation with the organisms 
would seem to indicate that the presence of these types 
would not ordinarily be important in milk spoilage unless 

TABLE 6. Growth of non-spore-producing types in milk and on agar at 7.2 C 

Average 
shelf life 
of source 

Number of samples 
Type isolates (days) Days 

A 17 33.4 12-14 
B 10 27.9 8-12 
c 3 31.0 14-24 
D 13 35.4 12-14 
E 2 35.5 14 
F 3 44.0 14 
G 1 22.0 6 
H 4 33.3 12 

- - No visible growth 
+ = Visible growth but no countable colonies 

++ = Barely countable colonies 
+++=Good growth, Distrinct colonies 

++++ = Abundant growth 

Development of 
defects in milk 

Defects 

Unclean, sour 
Unclean, sour, feedy 
Unclean, sour, malty 
Unclean, sour, cheesy 
Unclean, sour 
Ropy, sl. cheesy 
Sweet curdling, bitter 
Cheesy 

5 

+ 

+ 

+ 

+ 

Development of visible 
colonies on agar 

(days) 

10 13 

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

I 
_ _j 
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relatively large numbers were present in raw milk and 
competition from the non-thermoduric spoilage 
organisms was at a minimum. 

Growth temperatures. All eight types of non-spore 
producers grew at 7.2 and 37 C, but only Types G and H, 
which were cocci, grew at 4S C. 

Seven of the eight types developed countable colonies 
on agar at 7.2 C in 13 days. Four of these, Types B,D,F. 
and H, showed visible growth after S days and large 
colonies at 13 days. Only one, Type D, had colonies large 
enough to be countable in 7 days, while five, Types 
B, D, F, G, and H, were considered countable after 10 
days. Type A showed visible growth at 7 days, but only 
very small colonies after 13 days. These results indicate 
that many ofthese non-spore forming bacteria would not 
be included in routine psychrotrophic counts. 

Thermal resistance. The effects of various heat 
treatments on non-spore producing types is shown in 
Table 7. Types A,B,C, and F survived heat treatments 
covering the range commonly used for pasteurization of 
milk. They survived 71.7 C for SO sec, 80 C for 16 sec, 
and 61.7 C for 30 min. One of the two cultures of Type F 
failed to survive 80 C for 16 sec. Types E and H were 
resistant to pasteurization in that they survived 71.7 C 
for SO sec, 74.4 C for 16 sec, and 61.7 C for 30 min. Types 
D and G were the least heat resistant. They survived 

TABLE 7. Thermal resistance of non-spore-producing types 

Type 20 

A + 
B + 
c + 
D + 
E + 
F + 
G + 
H + 

aone of two cultures did not survive. 
b3 of 4 cultures were destroyed. 

Heated at 71.7 C for sec 
30 40 

+ + 
+ + 
+ + 

+ + 
+ + 

+ + 

50 

+ 
+ 
+ 

+ 
+ 

+ 

71.7 C for 20 but not for 30 sec; they failed to survive 
74.7 C for 16 sec, and three of four cultures failed to 
survive 61.7 C for 30 min. 

Identification. On the basis of results of various 
morphological, cultural, and biochemical tests (fables 8 
and 9) the non-spore producing types were tentatively 
identified to species designations shown in Table 10. 
Variations from descriptions given in Bergey's Manual 
(10) are also shown in the same ta.ble. 

Due to the marked diversity of cellular forms observed 
with Types E and F, the appearance of straight, curved, 
and swollen rods with some showing snapping division, 
and the presence of coccoid forms, they were considered 
to .be members of either the genus Corynebacterium or 
the genus Arthrobacter. 

However, because most of the Corynebacterium are 
pathogenic to either plants or animals and generally have 
high minimum growth temperatures, and because the 
genus Arthrobacter contains several heat resistant 
species and generally lower minimum growth 
temperatures, these two types were placed in the genus 
Arthrobacter. 

DISCUSSION 

All spore-forming types encountered in this study 
were identified as Bacillus species. This is in agreement 

Heated for 16 sec at Heated at 
74.4 c 77.2 c 80 c 61.7 C for30min 

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

±b 

+ + 
+ + ±a + 

+ 
+ + 

TABLE 8. Morphological and cultural characteristics of non-spore-producing types 

Gram Cell Size 
Type stain ,,morphology (microns) Motility Colony characteristics Reaction in litmus milk 

A + Rods 0.6-1.5 X Circular, entire, convex, shiny yellow, Reduction, slight acid 
0.2-0.3 translucent to slight dense 

B + Rods 0.2-0.3 X Smooth type, circular convex trans- Reduced, yellow ring and sediment, 
0.6-1.0 lucent, yellow, rough, opaque sl. proteolysis 

granular depressed into agar 
c + Rods 0.2-0.3 X Small circular, entire, Reduced, acid, coagulation 

0.6-2.0 X convex, dull white 
D + Rods 0.3-0.8 X Large, moist, smooth, dense, pul- Alkaline in 5-7 days, grey 

2.0-5.0 vinate, tannish white, circular to flocculent pellicle 
(coccoid on irregular, entire, tends to run 
old slant) 

E + Rods 0.6-0.8 X Small, dense, circular, white Alkaline in 5-7 days, grey 
2.0-3.0 flocculent pellicle 

(coccoid on 
old slant) 

F + Rods 0.3-0.7 X Circular, dense, moist, pulvinate, Thick, ropy, mucus-like, grey pellicle, 
(capsules) 1.5-4.0 white, tends to run or drip reduced or alkaline 

G + Cocci 0.6-1.0 Punctiform, translucent, grey Reduced, coagulated, sl. acid slight 
proteolysis, shrunken curd 

H + Cocci 0.6-0.7 Small, shiny, white, convex, Reduced, acid, coagulation 
circular dense 

, 
.f 

~ 
A' 

' 

, 

. I 

'' I 
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TABLE 9. Biochemical characteristics of non-spore-producing types 

A 

Catalase + 
Urease 
Acetylmethyl- -

carbinol 
H2S ± 
Nitrates 

reduced 
Indo! 
Starch· 
Gelatin 
Dextrose + 
Lactose + 
Maltose + 
Sucrose + 
Arabinose + 
Glycerol ± 
Inulin ± 
Raffinose + 
Salicin + 
Xylose + 
+ = Positive reaction 
-=No reaction 

Type 
B c D E 

+ + + + 
+ 

+ ± + + 
+ ± 

± 
+ 
+ + 
+ + 
+ + 
+ + 
± + 
+ ± 

+ 
± + 
± ± + 
+ + + 

± = Some cultures were positive and some negative 

F G H 

+ 
+ 

+ 

+ + ± 
+ 

± 
+ 
+ + 
+ + 
+ + 

+ 
+ + 

± + + 
+ + 

+ 
± + + 

+- + 

with the observations of several other workers. In a 
recent paper, Stadhouders (46) listed some of the 
Alcaligenes, Streptococcus, Micrococcus, M icrobacter­
ium, Bacillus, and Clostridium species as the 
thermoresistant (thermoduric) bacteria commonly found 
in milk. Of these, he singled out psychrotrophic 
spore-forming Bacillus circulans types to be important in 
the spoilage of uncontaminated pasteurized milk during 
storage between 0 and 6 C. Between 6 and 20-C holding, 
he attributed deterioration of uncontaminated pasteur­
ized milk to B. cereus, a spore-former, and Alcaligenes 
tolerans a non-sporing, gram negative rod. Martin (32) 
reported that Bacillus spp. accounted for about 95% of 
the spore-forming bacteria in the U.S. market milk; of 
these, 43% belonged to the species Bacillus licheniformis, 
37% were B. cereus types, and the remaining 20% 
comprised other Bacillus spp. Among these, B. cereus 
strains are considered to be the predominant 
psychrotrophic types. The first study dealing with the 
presence of psy.~hrotrophic Bacillus spp. from milk was 
conducted by Washam (52). This report was soon 
substantiated by other workers (19,42,44). Shehata et al. 
(43) used representative psychrofrophic str~ins (all 
isolated from milk) of Bacillus subtilis, B. circulans, B. 
cereus, Bacillus coagulans, Bacillus megaterium, 
Bacillus laterosporus, Bacillus brevis, B. licheniformis, 
and Bacillus pumilus to study their temperature 
characteristics, which has been suggested by other 
workers (20,22,23) to be important in distinguishing 
between psychrophiles and mesophiles. Several of the 
strains of Bacillus spp. used by Shehata et al. (43) 
exhibited lA (mu)-values comparable to Pseudomonas 
strain 21-3 C, a true psychrophile. The other exhibited 
lA -values half way between those for Pseudomonas 
21-3 C and Escherichia coli, a know mesophile. 

Some Bacillus isolates in our study failed to yield 

identical biochemical reactions as the designated species 
description (1 0) to which they were assigned. It is possible ' 
that the milk isolates were variants of the assigned spe­
cies. Shehata and Collins (42) also reported that .the Ba­
cillus cultures they isolated were variants that had gained 
the ability to grow at low temperatures. Overcast and . f 
Atmaram (39) also expressed similar observations when ~ 
they found that their psychrotrophic milk isolate B. f 
cereus, was a specific te~perature-variant of the type 
culture of B. cereus (ATCC strain 14579). Their 
psychrotrophic strain although identical in cultural, . 1 

morphological, and biochemical properties to the ATCC 
strain varied in its ability to produce sweet curdling or' 
milk held at 5 to 7 C within 8 to 10 days; the ATCC strain 
failed to produce this defect at 5 to 10 C even after 20 
days of incubation. 

Variations in biochemical reactions probably represent 
metabolic adaption to cope with low temperature growth. 
In a recent study, Chung and Cannon (12) examined the 
glucose dissimilation patterns of a psychrotrophic strain 
of B. cereus at different incubation temperatures. T«ey 
found that vegetative cells of the psychrotrophic B. 
cereus strain metabolized glucose by the simultaneous 
operation of the Embden-Meyerhof-Parnas (EMP) 
pathway and the pentose phosphate (HMP) pathway at 
32 C, but as the temperature decreased frpm 32 C, data 
collected at 20 and 7 C showed that glucose was 
metabolized with increased participation of HMP. They 
also noted that cells grown at 32 C failed to oxidize 
acetate through the tricarboxylic acid cycle (rCA); those 
grown at lower temperature actively oxidized acetate 
through the TCA cycle. At 7 C, very little acid was 
produced from glucose relative to 20 and 32 C. At 7 C, 
the culture failed to sporulate readily, but at 20 and 30 C 
good sporulation was observed. 

Although all the spore-forming organisms isolated in 
this study were identified as Bacillus species this should 
not infer an absence of anaerobic spore-formers. The 
techniques were not designed for their isolation. 
Clostridia have been reported (10) to survive 
pasteurization, but they are generally present in milk in 
very small numbers. Bhadsavle et al. (7) isolated four 
from 48 raw milk samples and Martin (32) reported only 
5o/o of the spore-formers in milk to be the genus 
Clostridium. 

All the genera listed in Table 10, to which the' 
non-sporing isolates were assigned, are recognized to be 
thermoduric (16,34,40,49). Among these, the entero­
coccus species are considered capable of growth at low 
temperatures (25, 48). The other types are not generally 
considered to by psychrotrophic. These bacteria also may 
represent variants that have acquired the ability to grow 
at low temperatures. With the exception of S. faecalis 
var. liquefaciens, these bacteria are not considered 
detrimental to flavor or quality of milk properly 
refrigerated under normal conditions of usage in the 
home. 

The significance of thermoduric psychrotrophs, both . 
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TABLE 9. Biochemical characteristics of non-spore-producing types 

A 

Catalase + 
Urease 
Acetylmethyl- -

carbinol 
H2S ± 
Nitrates 

reduced 
Indo! 
Starch· 
Gelatin 
Dextrose + 
Lactose + 
Maltose + 
Sucrose + 
Arabinose + 
Glycerol ± 
Inulin ± 
Raffinose + 
Salicin + 
Xylose + 
+ = Positive reaction 
-=No reaction 

Type 

B c D E 

+ + + + 
+ 

+ ± + + 
+ ± 

± 
+ 
+ + 
+ + 
+ + 
+ + 
± + 
+ ± 

+ 
± + 
± ± + 
+ + + 

± = Some cultures were positive and some negative 

F G H 

+ 
+ 

+ 

+ + ± 
+ 

± 
+ 
+ + 
+ + 
+ + 

+ 
+ + 

± + + 
+ + 

+ 
± + + 

+ + 

with the observations of several other workers. In a 
recent paper, Stadhouders (46) listed some of the 
Alcaligenes, Streptococcus, Micrococcus, Microbacter­
ium, Bacillus, and Clostridium species as the 
thermoresistant (thermoduric) bacteria commonly found 
in milk. Of these, he singled out psychrotrophic 
spore-forming Bacillus circulans types to be important in 
the spoilage of uncontaminated pasteurized milk during 
storage between 0 and 6 C. Between 6 and 20-C holding, 
he attributed deterioration of uncontaminated pasteur­
ized milk to B. cereus, a spore-former, and Alcaligenes 
tolerans a non-sporing, gram negative rod. Martin (32) 
reported that Bacillus spp. accounted for about 95% of 
the spore-forming bacteria in the U.S. market milk; of 
these, 43% belonged to the species Bacillus licheniformis, 
37% were B. cereus types, and the remaining 20% 
comprised other Bacillus spp. Among these, B. cereus 
strains are considered to be the predominant 
psychrotrophic types. The first study dealing with the 
presence of psy~hrotrophic Bacillus spp. from milk was 
conducted by Washam (52). This report was soon 
substantiated by other workers (19,42,44). Shehata et al. 
(43) used representative psychrotrophic str~ins (all 
isolated from milk) of Bacillus subtilis, B. circulans, B. 
cereus, Bacillus coagulans, Bacillus megaterium, 
Bacillus laterosporus, Bacillus brevis, B. licheniformis, 
and Bacillus pumilus to study their temperature 
characteristics, which has been suggested by other 
workers ()0,22,23) to be important in distinguishing 
between psychrophiles and mesophiles. Several of the 
strains of Bacillus spp. used by Shehata et al. (43) 
exhibited 1.1 (mu)-values comparable to Pseudomonas 
strain 21-3 C, a true psychrophile. The other exhibited 
1.1 -values half way between those for Pseudomonas 
21-3 C and Escherichia coli, a know mesophile. 

Some Bacillus isolates in our study failed to yield 

identical biochemical reactions as the designated species 
description (1 0) to which they were assigned. It is possible • 
that the milk isolates were variants of the assigned spe­
cies. Shehata and Collins (42) also reported that the Ba­
cillus cultures they isolated were variants that had gained 
the ability to grow at low temperatures. Overcast and . t 
Atmaram (39) also expressed similar observations when 4 
they found that their psychrotrophic milk isolate B. f 
cereus, was a specific temperature-variant of the type 
culture of B. cereus (ATCC strain 14579). Their 
psychrotrophic strain although identical in cultural, . r 
morphological, and biochemical properties to the A TCC 
strain varied in its ability to produce sweet curdling or' 
milk held at 5 to 7 C within 8 to 10 days; the ATCC strain 
failed to produce this defect at 5 to 10 C even after 20 
days of incubation. 

Variations in biochemical reactions probably represent 
metabolic adaption to cope with low temperature growth. 
In a recent study, Chung and Cannon (12) examined the 
glucose dissimilation patterns of a psychrotrophic strain 
of B. cereus at different incubation temperatures. T«ey 
found that vegetative cells of the psychrotrophic B. 
cereus strain metabolized glucose by the simultaneous 
operation of the Embden-Meyerhof-Parnas (EMP) 
pathway and the pentose phosphate (HMP) pathway at 
32 C, but as the temperature decreased from 32 C, data 
collected at 20 and 7 C showed that glucose was 
metabolized with increased participation of HMP. They 
also noted that cells grown at 32 C failed to oxidize 
acetate through the tricarboxylic acid cycle (TCA); those 
grown at lower temperature actively oxidized acetate 
through the TCA cycle. At 7 C, very little acid was 
produced from glucose relative to 20 and 32 C. At 7 C, 
the culture failed to sporulate readily, but at 20 and 30 C 
good sporulation was observed. 

Although all the spore-forming organisms isolated in 
this study were identified as Bacillus species this should 
not infer an absence of anaerobic spore-formers. The 
techniques were not designed for their isolation. 
Clostridia have been reported (10) to survive 
pasteurization, but they are generally present in milk in 
very small numbers. Bhadsavle et al. (7) isolated four 
from 48 raw milk samples and Martin (32) reported only 
5% of the spore-formers in milk to be the genus 
Clostridium. 

All the genera listed in Table 10, to which the: 
non-sporing isolates were assigned, are recognized to be 
thermoduric (16,34,40,49). Among these, the entero­
coccus species are considered capable of growth at low 
temperatures {)5, 48). The other types are not generally 
considered to by psychrotrophic. These bacteria also may 
represent variants that have acquired the ability to grow 
at low temperatures. With the exception of S. faecalis 
var. liquefaciens, these bacteria are not considered 
detrimental to flavor or quality of milk properly 
refrigerated under normal conditions of usage in the 
home. 

The significance of thermoduric psychrotrophs, both . 
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spore forming and non-spore forming, depends on 
several factors, including culture identity, cell numbers, 
competive flora, expected shelf life, storage temperature, 
etc. The dairy industry has considered these organisms 
primarily from the standpoint of commercial pasteurized 
milk (15,21,36,49). This may well be their most 
important area of involvement, especially in light of the 
trend toward longer shelf life milk and increased usage of 
lower refrigeration temperatures. However, the report of 
Nashif and Nelson (35) that the lipase of Pseudomonas 
fragi required 20 min at 99 C for complete destruction 
should direct attention to the vast uncharted expanse of 
enzymes produced by psychrotrophs, both heat sensitive 
and heat resistant. 

Gillies (17), in a study of thermoduric organisms iso­
lated from Cheddar cheese, found little effect on cheese 
flavor. However, the fact that these organisms remained 
static in numbers over 6 months of storage might suggest 
they were not psychrotrophic. The weak proteolytic and 
lipolytic nature of these organisms may have gone 
unexpressed at the 7-C ripening temperature of the 
cheese. Jensen et al. (25;26,27) reported a significant 
contribution of thermoduric psychrotrophs to the final 
flavor and quality of Cheddar cheese. Perhaps other 
thermoduric psychrotrophs play a role, either desirable 
or undesirable, in the ripening of cheese. Little is known 
of their ecological realtionship to dairy starter cultures or 
what factors affect this relationship. Is there a 
relationship between the presence of proteolytic 
thermoduric psychrophiles or their proteases (1,6) and 
the failure in recent years of some vats of milk to set even 
at a titratable acidity of0.70 to 0.80%? 

What implications do the increased use of enzymes in 
the cheese industry have on the role of this minority 
group of organisms? The potential use of lactase (51) at 
low levels in the cheese vat to give a continuing effect in 
both the milk and the whey could greatly alter the 
number of thermoduric psychrotrophs in the ripening 
product or in the resultant lactose-free whey. These 
questions, along with a multitude of other questions, 
some not yet asked, will eventually require answers as 
technology advances. Jime has already changed our 
concept of the heat resistant nature of some 
"psychrophiles" and the "psychrophilic" nature of some 
Bacillus spp. 
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ABSTRACT 

At the time of slicing and packaging, 179 of 180 retail-sized vacuum­
packed sliced ham samples collected from 12 establishments had 
aerobic plate counts of 2,000 or fewer/g. Coliforms were isolated from 
only three of the samples, and all samples were negative for Escherichia 
coli, Staphylococcus aureus, and salmonellae. When stored at 3 C, 
bacterial growth in vacuum-packed, sliced ham proceeded at a rate 
similar to that of non-vacuum-packed, cross-sections cut from hams 
just before slicing. However, after 68 days of refrigerated storage, there 
was no bacterial growth in a non-vacuum-packed, cross-section cut 
from a ham removed from a can with strict aseptic techniques. These 
results suggest that the slight contamination upon opening canned 
hams by conventional methods may have as great an effect on the 
bacteriological stability of sliced ham as any additional slight 
contamination from the slicing-packaging operation. 

A survey was conducted to determine the bacterial 
levels of imported canned cooked ham as sliced and 
vacuum-packed in retail sizes for shipment from 
establishments under Federal inspection in the United 
States. The 16 or 21 pound refrigerated hams in 
pullman-type cans were imported from Denmark, 
Holland, and Poland. In most establishments, the hams 
were removed from cans and stored under refrigeration 
from 2 to 4 h for partial drying of the surfaces before 
slicing. The internal temperature of hams just before 
slicing ranged from -3 to 4.5 C. 

Hams were sliced mechanically by machines adjusted 
to discharge slices in stacks of the desired net weights. In 
nine establishments, the stacks were deposited in plastic 
film-lined molds of a conveyor leading to a machine that 
overlays a plastic film cover, then evacuates and seals 
each resulting plastic package of sliced ham. In three 
establishments, each stack of slices was slipped manually 
into a preformed plastic bag, and the filled bags were 
placed manually in a vacuum-sealing machine. Various 
retail-sized packs, ranging from 4 to 12 oz, were 
prepared. 

The finished product was packed in cardboard cartons 
and placed under refrigeration. Generally, the product 
was shipped to outlets within 48 h. 

Conditions of sanitation in the 12 establishments 

1U.S.D.A., Eastern Laboratory, Athens, Georgia. 

visited were very good. In every firm, the canned hams 
and finished vacuum-packs were held at 4.5 C or below 
and the slicing-packaging rooms were at 10 C or below. 
All equipment contacted by the product was treated with 9 
a sanitizing agent after being cleaned. When slicing more 
than 5 h, the equipment was either cleaned and sanitized 
during midshift breaks or swabs of various sites of the 
slicing line were taken at regular intervals to demonstrate 
an absence of bacterial build-up. In general, employees 
appeared well trained in washing and sanitizing hands 
routinely and at the proper intervals. Six of the firms 
used an iodophor at 25-50 ppm for a handsanitizing 
solution, five used a quaternary ammonium compound 
at 100-200 ppm, and one firm used a hypochlorite 
solution at 100 ppm Cl2• In seven of the firms, employees 
used disposable gloves. As required by regulations, 
slicers and packing lines used for cooked products were 
not used for other purposes. The sole activity in seven of 
the 12 firms was slicing and vacuum-packaging imported 
canned hams. Four of the 12 firms sliced ham and other 
cooked products (bologna, luncheon meats, etc.) in a 
room isolated from all other activities. A fresh pork 
sausage stuffing line was in the slicing room of one firm. 
However, the stuffing line was along a wall of the room 
and at least 25 ft from the ham slicing lines. Also, the 
employees at the stuffing line were required to wear 
frocks of a different color than those worn by the other 
employees to readily isolate them from cooked products. 

MATERIALS AND METHODS 

Sampling 

At intervals from 1971 to 1974, samples were collected from 12 
establishments that slice and vacuum-package imported canned hams. 
Six of the firms are located in the Notiheast, two in the Mid-Atlantic 
states, two on the West Coast, one in the South, and one in the 
Southwest. The 12 firms slice almost 500,000 lbs./week; a substantial 
portion of the production in this country. 

Samples taken from each firm included cross-sections 
(approximately 2 inches thick) cut aseptically from at least two hams 
just before slicing, and 10 vacuum-packs of sliced ham from the same 
lot. Two groups of samples were collected from one of the plants. The 
vacuum-packs were collected at intervals so that each pack represented 
sliced portions of a different ham. Samples of 10 vacuum-packs 
prepared the day before the visit were collected from five of the firms. 
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The samples were Frozen promptly and shipped under dry ice to the 
laboratory. A total of 38 cross-sections from unsliced hams and 180 
vacuum-packs of sliced ham were collected and analyzed. Generally, 
analysis was begun 3 to 4 weeks after collection. 

The additional samples collected from one of the firms for a 
refrigerated storage test were placed under wet ice for delivery to the 
laboratory. 

Laboratory methods 

Methods used for aerobic plate counts (A PC}, coliforms, Escherichia 
coli, Staphylococcus aureus, and salmonellae have been described (7). 

The 50-g portion from each cross-section of unsliced ham was 
removed from the center. Similarly, SO g from each vacuum-pack were 
removed through the center of the stack to obtain portions of each slice 
of ham. 

The ham sam pies for the refrigerated storage test were examined by 
the same methods and were also examined for APC's at 4 C (10 day 
incubation). 

To identify the dominant genera appearing during refrigerated 
storage, representative colonies were picked from the countable APC 
plates and streaked on Plate Count Agar slants. The isolates were 
categorized by gram reaction, morphology, and catalase production. 
Gram positive, non-sporeforming, catalase negative rods were 
considered Lactobacillus. Gram positive, catalase negative cocci with a 
positive reaction in KF broth were considered enterococci. 

RESULTS AND DISCUSSION 

Product at time of slicing and packaging 

All38 samples of sections cut from unsliced hams had 
APC's below 1,000/g (nine or fewer colonies on the 1:100 
dilutions). Of the 180 samples of vacuum-packed sliced 
ham, 174 had APC's below 1,000/g and five had APC's 
of 1,000 to 2,000/g (10 to 20 colonies on the 1:100 
dilutions). All samples were negative for E. coli and S. 
aureus in 0.1-g portions, and all were salmonellae-nega­
tive in 25-g portions. Coliforms in 0.1-g portions were 
isolated from only three of the 180 vacuum-packs, and 
from none of the 38 sections of unsliced hams. 

One of the vacuum-packs of sliced ham had an APC of 
7 x 106/g and was normal organoleptically; the dominant 
organisms isolated from the sample were identified as 
enterococci. The other nine vacuum-packs in the same 
set had APC's below 1,000/g. It is likely that the canned 
ham represented by the vacuum-pack with the high APC 
had been slightly underprocessed, or was a leaker, or had 
not been stored under proper refrigeration at one or 
more points along the distribution chain from the 
cannery in Europe to the slicing line in the U.S. 

The APC's of 16 sections from unsliced hams and.70 
vacuum-packs of sliced ham were determined at both 
35 C (2-day incubation) and 20 C (4-day incubation). The 
counts were the same at both incubation temperatures. 

Refrigerated storage test 

Bacterial growth during storage at 3 C was determined 
in vacuum-packs of sliced ham and in non-vacuum­
packed sections from unsliced hams. 

Nine cross-sections (about 1 inch thick) were cut 
aseptically from a ham at the head of a slicing-packaging 
line. Each was wrapped in a sterile plastic bag so that a 
different "unsliced" ham section was examined at each 
interval of refrigerated storage. Also, 45 vacuum-packs 
of sliced ham from the same lot were collected at the end 

of the same slicing-packaging line. The hams had been 
removed from the cans by employees of the firm only 
0.5 h before slicing (normally, this firm removed hams 
from cans 2 to 3 h before slicing). A 50-g portion of a 
section and 50-g portions of each of five vacumrl-packs 
were examined bacteriologically and organoleptically at . f 
intervals up to 68 days of storage at 3 C. 

4 
One cross-section was cut from a ham which had not f 

been previously removed from the can by the employees. 
Strict. aseptic techniques were followed in removing the 
ham from the can. The cross-section (about 1 inch thick) 
was· wrapped in a sterile plastic bag for examination at 
the ·end of the refrigerated storage period. 
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Figure 1. Aerobic plate countslg of vacuum-packed sliced ham and 
non-vacuum-packed sections of ham during storage at 3 C. 

The results (APC's) are presented in Fig. 1. The APC's 
determined at 35 C (2-day incubation) and at 20 C (4-day 
incubation) were similar. Kempton and Bobier (3), 
determining APC's at 30 C (3-day incubation), showed a 
similar rate of bacterial growth in refrigerated 
vacuum-packed cooked ham. 

Figure 1 also shows that, except for APC's measured at 
4 C, the rate of bacterial growth in the non-vacuum­
packed sections cut from a ham opened by the firm was 
similar to that in the vacuum-packed sliced ham. 
However, after 68 days, no bacterial growth was detected 
at the three incubation temperatures in the 
non-vacuum-packed section of the ham removed from 
the can using strict aseptic techniques. These results 
suggest that the slight contamination upon opening cans 
by conventional methods may, in itself, have as great an 
effect on bacterial growth during refrigerated storage as 
the additional slight contamination from the 
slicing-packaging operation. 

After the 68-day storage period, the vacuum-packed 
sliced ham and the "sterile" section of ham were 
acceptable organoleptically. However, the non-vacuum­
packed sections cut from a ham removed from the can by 
conventional methods had developed an off-odor at the 
32nd day of refrigerated storage. The factors suppressing 
proteolytic activity in vacuum-packed meats have been 
discussed by Allen and Foster (1). 

Of the 45 vacuum-packs and 10 non-vacuum-packed 
sections examined during refrigerated storage, none were. 
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positive for E. coli, S. aureus, or salmonellae. Coliforms 
in 0.1-g portions were recovered from only three of the 
vacuum-packs, and from none of the sections. 

The dominant microorganisms isolated from the 
stored ham were enterococci and Lactobacillus sp., in 
that order. Other investigators (1-6) have presented more 
detailed studies on the bacteria appearing in 
refrigerated, cured meats. 
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ABSTRACT 

Three commercial texturized soy proteins (TSP-A, TSP-B, TSP-C) 
and one commercial soy protein concentrate (SPC) were each added to 
raw ground beef or chicken at a 10% or 30o/o level to form patties which 
were stored at 4 C. During storage up to 8 days, aerobic plate counts of 
beef were significantly higher with than without the TSP's. Coliform 
counts were higher with the beef containing TSP-B and TSP-C. During 
storage up to 10 days chicken patties containing TSP-A or TSP-C 
exhibited higher aerobic plate counts than controls, whereas patties 
with TSP-B or SPC did not. No increases occurred in coliform counts. 
In beef-soy mixtures, the counts were higher for the 30% than for the 
10% level but the reverse was true in chicken-soy mixtures. Coliforms 
were identified by. the Analytab Products, Inc. System. In the beef 
control and beef-soy mixtures, Serratia was the predominant genus at 0 
and 8 days of storage. In the chicken control, Escherichia was the 
predominant genus at 0 day of storage, but Enterobacter was 
predominant in the control and in chicken-soy mixtures after 10 days of 
storage. 

Soy proteins are used increasingly in fabrication of 
synthetic meats and as extenders for ground meat. The 
effects of added soy on textural and physical properties 
of ground meat have been reported (6, 9), but little has 
been published describing the effect of soy proteins on 
storage quality of ground meats. Judge et al. (7) found no 
significant effect of soy protein additives on the aerobic 
plate count (32 C for 48 h) of ground beef patties stored 
at 4 C for 7 days. This research investigates the effect of 
soy supplements on the bacterial population in 
refrigerated ground beef and chicken. 

MATERIALS AND METHODS 

Boneless round beef purchased from a local supermarket was ground 
in a meat grinder (Sears 400.8260). Mean fat level of the beef was 25% 
and mean protein level was 21% (1). Raw, ground chicken was prepared 
from 65% broiler breast meat, 22% chicken skin, and 13% chicken fat 
mixed and ground in the meat grinder. Mean fat level was 23% and 
mean protein level was 16%. Beef or chicken samples were selected 
from the same source but at different times for the two trials. Total 
aerobic plate counts of beef differed initially by one log factor and of 
chicken by 0.2 log factor for the two trials. 

Each of the soy protein additives was hydrated 1:3 with water and 
added to samples of ground beef and chicken to yield products 
containing 10% (wt/wt) or 30% (wt/wt) of the hydrated soy. Commer­
cial soy proteins evaluated in this study were textured soy protein A 
(TSP-A), textured soy protein B (TSP-B), textured soy protein C 

(TSP-C), and a soy protein concentrate (SPC). TSP-B contained as 
additives ferrous sulfate, niacinamide, calcium pantothenate, vitamin 
B6, riboflavin, vitamin B1, and vitamin B12 • 

Patties of beef or chicken with and without soy proteins and pat-es 
of hydrated soy proteins only were prepared by placing 25-g portions of 
the samples in 40 X 15 mm sterile petri dishes. Patties were stored at 
4 C and sampled periodically by placing the 25-g portions into 225 ml 
ofO.l% peptone water and blending at low speed on an Oster blender 
(Model #497) for 1 min. Pour plates were prepared from serial 
dilutions. Violet red bile agar (VRBA, Difco) plates were poured, 
overlayed, and incubated at 35 C for 24 h for enumeration of coliforms. 
For total aerobic plate counts, Standard Methods Agar (SMA, Difco) 
was incubated at 21 C for 72 h. 

For identification of coliforms from each of two trials 10 colonies 
were picked from VRBA plates of each sample representing storage of 
0 day and 8 days for beef and 0 day and 10 days for chicken. Colonies 
were streaked for isolation on VRBA plates (35 C for 24 h). Isolated 
colonies were picked with sterile applicator sticks and suspended in 5 
ml of sterile distilled water. API (Analytab Products Incorporated) 
strips containing 20 biochemical tests were inoculated with a capillary 
pipet, incubated at 35 C, and examined after 18 h. Those bacteria that 
were successfully isolated were identified to genus by use of the API 
decoder. ,When available data did not allow identification, the 
organism was inoculated into the API SO biochemical strips and 
identified according to Edwards and Ewing (4). 

Data were treated by analysis of variance. The multiple range test (3) 

was used to compare overall means of bacterial counts between patties 
with and without soy protein. 

RESULTS AND DISCUSSION 

Analysis of data from both trials showed that, except 
for SPC, during storage at 4 C aerobic plate counts, 
increased faster in beef patties with than in those without 
soy proteins (P < .OS). Data from one trial are shown in 
Fig. 1. The counts in those three beef-soy mixtures ex­
ceeded counts in beef alone by one log factor or less but 
were significant. Comparison of mean squares of mean 
log total plate counts shows that counts were greater at 
the 30% than at the 10% level of soy (P <.OS). Counts 
increased over the storage period for all samples 
(P < .01). 

Judge et al. (7) showed no significant difference in total 
aerobic bacterial counts (32 C for 48 h) between beef 
patties with or without 16 or 24% of soy flour or soy 
protein concentrate and stored at 4 C. Judge et al., · 
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Figure 1. Total aerobic plate eount r;21 C) in beef and beef-soy patties 
stored at 4 C. Beef (• • •), 10% soy protein (- -), 30% soy protein 
(-). 

however, reported counts after 7 days of storage only 
when the range was S.O x 107 -1.0 x 108 bacteria/gram. 
In our study, the differences in counts were greatest at 
days 4 and 6 when the range was 106 - S.O x 107 /gram. 
With soy protein concentrate our results were similar to 
those of Judge et al. 

Analysis of variance indicated that, in general, 
coliform counts increased more rapidly in be~f patties 
with than without soy during storage at 4 C (Fig. 2). Stat­
istically significant increases (P < .OS) occurred in patties 
with TSP-B and TSP-C. Again increased counts 
generally exceeded counts for the control by less than one 
log except for patties with 30% TSP-B for which the 
difference was greater than one log. Coliform counts 
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Figure 2. Coliform counts (35 C) in beef and beef-soy patties stored 
at 4 C. Beef (• • •), 10% soy protein (- -), 30% sqy protein (----i. 

were not significantly higher at the 30% level than the 
10% level of soy (P <.OS). 

Total aerobic plate counts in chicken with TSP-A and 
TSP-C exceeded those in controls but counts in chicken 
with TSP-B and SPC did not (P <.OS, Fig. 3). 
Differences were less than those in the beef-soy patties. 
Counts were higher in chicken with 10% soy than with 
30% soy (P <.OS). Duncan's test showed that coliform 
counts in chicken with any of the four soys were no 
higher than chicken alone (Fig. 4). Coliform counts were 
no higher at the 10% than the 30% level of soy (P <.OS). 

The higher counts of total aerobes and, in some 
instances, coliforms in patties of beef and chicken with 
soy proteins prompted us to determine whether bacteria 
had been introduced into the patties with the hydrated 
soy and whether soy protein alone was a good growth 
medium. In some samples of meat with soy, counts on 
day 0 were higher than for meat alone (Fig. 1, 2, 3, and 
4). However, initial total aerobic plate counts for 
hydrated TSP-A, TSP-B, TSP-C, and SPC (Fig. S) were 
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lower than for beef and chicken without soy. Also, the 
hydrated soy proteins alone supported growth at 4 C of 
total aerobes, but at a slower rate than in beef and 
chicken patties. Total aerobic counts of hydrated soy 
increased in 11 days one log for SPC, 2.5 logs for TSP-A, 
3 logs for TSP-B and TSP-C. Increases for meat alone 
were 4 logs for beef in 8 days (Fig. 1) and chicken in 10 
days (Fig. 3). No coliforms were isolated from any of the 
hydrated soy mixtures during the 11 days of storage. 

Further investigations are needed to explain increased 
bacterial counts upon addition of soy proteins. Vitamin 
supplements in TSP-B may explain increased bacterial 
numbers in ground meat with TSP-B. Additions of 

~ 
<! 
0:: 
<..9 
.......... 
(f) 
w 
z 
0 
_j 

0 
u 

0 
<..9 
0 
_j 

5l TSP-B __...-;: 
4 ~······ 

........:: -

3 ....-::::---?.··· 
~ .·· 2=----r--...,~ 

5l TSP-A _......._.......t 
4 ~_.......········· 

// ... ····· : : ........... , ........... :;: .. ::.:::::;: 
0 2 4 6 8 10 

TIME (DAYS) 
Figure 4. Coliform counts (35 C) in chicken and chicken-soy patties 
stored at 4 C. chicken (• • •), 10% soy protein(--), 30o/o soy protein 
(~, 

~ 
<! 
0:: 
<..9 
.......... 
(f) 

w 
z 
g 
0 
u 

0 
<..9 
0 
_j 

7 

6 

5 

TSP-A 
TSP-8 
TSP-C 
SPC 

I 

./f -·--· I 
4 r:---------·-·-----11-· . r-..... I 

I ',--..~I ... ...-
)( ... ······ 

.· 
I .· ' .•· 

'·~I ..... .... 
.•. ·· ../. .... , ~ ..... ·· 

3 

2 

.. ······ 
0~-----L----~L-~~~------~----~ 

0 2 4 7 9 II 

TIME (DAYS) 
Figure 5. Total aerobic plate counts 1;21 C) in hydrated soy proteins 
stored at 4 C. 

4 
A' 
• 



(,j 

( t 

CRAVEN AND MERCURI 115 

TSP-A and TSP-C also increase numbers of bacteria, 
and these soys contain no known supplements. In our 
study, addition of TSP at the 30o/o level did not 
appreciably alter the protein percentage. Ground beef 
with 30o/o TSP was 20 to 21 o/o protein compared to 21 o/o 
for the beef while ground chicken with 30o/o TSP was 16 
to 17o/o protein as compared to 16o/o for chicken. Busta 
and Schroder (2) proposed that the stimulatory effect of 
some soy proteins on growth of Clostridium peifringens 
may be due to availability of certain growth factors not 
present in meat. The lower fat level (6, 9) and increased 
binding capacity (7, 9) of ground meats with added 
textured soy proteins may affect bacterial growth. 

To determine whether the addition of soy proteins 
altered the predominant genera of coliforms upon 
storage at 4 C, we identified coliforms isolated from days 
0 and 8 of storage for beef and from days 0 and 10 of 
storage for chicken (Table 1). For beef patties at days 0 

TABLE 1. Genera of coliforms isolated from ground beef and 
chicken supplemented with 30% soy protein and stored at 4 C 

Percentage1 

of total 
Day of strains 

Sample storage Genus isolated 

Beef 0 Serratia 40 
Enterobacter 40 
Escherichia 20 

Beef 8 Serratia 67 
Enterobacter 27 
Escherichia 6 

Beef and textured 8 Serratia 88 
soy protein A Enterobacter 6 

Escherichia 6 
Beef and textured 8 Serratia 84 

soy protein B Enterobacter 11 
Unidentified 5 

Beef and textured 8 Serratia 78 
soy protein C Enterobacter 22 

Beef and soy protein 8 Serratia 69 
concentrate Enterobacter 25 

Unidentified 6 
Chicken 0 Escherichia 47 

Enterobacter 26 
Serratia 11 
Klebsiella 11 
Citrobacter 5 

Chicken 10 Enterobacter 55 
Serratia 28 

·• Escherichia 11 
Unidentified 6 

Chicken and textured 10 Enterobacter 52 
soy protein A Serratia 48 

Chicken and textured 10 Enterobacter 59 
soy protein B Serratia 41 

Chicken and textured 10 Enterobacter 56 
soy protein C Serratia 38 

Shigella 6 
Chicken and soy protein 10 Enterobacter 63 

concentrate Serratia 38 
1Percentages based on 15-20 isolates from VRBA per sample. 

and 8 Serratia was the predominant genus followed by 
Enterobacter and Escherichia. In beef patties with added 
soy proteins, Serratia was again the predominant genus 

and Enterobacter was less common. 
For chicken patties Escherichia was the predominant 

genus at day 0. After 10 days of storage, for chicken with 
and without soy Enterobacter and Serratia predominat-t 
ed. Only one strain was isolated and identified by the 
API system as Shigella. No further tests (motility, 
serology) were used to confirm the identification. 
Atypical forms of Escherichia coli are sometimes 
incorrectly identified as Shigella . (5). Since the API 
system is only 93 o/o effective as compared to conventional 
systems (8) and, to our knowledge, Shigella is not known 
to occur in poultry, incorrect identification was likely. 

Genera of predominant coliforms in beef and chicken 
differ,M on day 0 as compared to the last day of storage 
but did not differ between patties with and without soy. 
Although coliform counts were often higher in beef with 
than without soy proteins, the proportional distribution 
of coliform genera did not differ markedly. This finding 
suggested that any stimulating effect of soy proteins on 
growth of coliforms was non-selective among genera. The 
results of our study indicate that meat and poultry 
products containing soy additives might spoil sooner 
under extended refrigerated storage or under conditions 
of temperature abuse than similar products without such 
additives. We are investigating the effect ofsoy additives 
on the growth of food-poisoning bacteria in such 
products. 
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ABSTRACT 

Milk collected at retail markets and in schools in Connecticut in 
1970-71, 1974, and 1975 was examined for flavor quality, temperature 
at collection, code date Oast day product is intended to be offered for 
sale), and age of sample (days from bottling). The relationships between 
quality and age of sample and the processor's code date were tested. 
Regression analysis of 1975 samples showed that, on the average, 
processors overestimated shelf life by about 2 days, but this 
overestimate varied from 0 to 7 days for individual dairies. Although 
the temperature of samples collected in 1974 and 1975 was lower than 
in the 1970-71 sampling, there was no diminution in the percentage of 
samples of unsatisfactory quality. 

To allow consumers to assess the age of products at the 
time of purchase, a date is placed on the container that 
indicates either the date of packaging or the last date the 
product may be sold or offered for sale. The consumer, 
therefore, expects that a product purchased on any date 
up to the last date it may be sold or offered for sale is of 
acceptable quality. Also, if properly treated, it should 
remain acceptable beyond the last date of sale. 

Since January, 1974, Connecticut law has required 
that the last date that pasteurized milk may be sold or 
offered for sal'e to consumers through retail stores 
(usually called the "code date") be clearly marked on the 
container. However, each dairy establishes its own code 
date and can change it without notifying any regulatory 
agency. Before 1974 some dairies coded their products 
but usually with a code not recognizable to the consumer. 

We investigated the following: (a) What was the actual 
age of milk offered for retail sale and purchased by 
consumers? (b) Was the milk of acceptable quality when 
purchased? (c) What was the relationship between 
quality and age of sample at purchase? (d) Were the code 
dates used by proceiisors realistic? Milk samples 
collected during 1970-71 and in 1974 and 1975 allowed 
us to investigate these questions. In addition the data 

t Department ofBiochemistry 
2Dairy Division. 
3Department of Ecology and Climatology. 

provided a basis for determining the percentage of milk 
offered for sale after expiration of the code date, lnd 
which off-flavors predominated. 

METHODS 

Milk samples were collected during 1970-71, 1974, and 1975 at retail 
markets in Connecticut by inspectors of the Dairy Division of the 
Connecticut State Department of Agriculture. No market was sampled 
more than once yearly. The temperature of the sample was determined 
at the time of collection and samples were refrigerated in an insulated 
container containing ice until delivered to the laboratory within 24 h, 
where flavor score and criticism were obtained as previously described 
(2, 3, 4). Scores ranged from 40 to 30; the higher score indicating a 
sample with no off-flavor. A flavor score of less than 36 was considered 
unsatisfactory. The number of samples examined were 450 in 1970-71, 
528 in 1974, and 864 in 1975. Additionally, in 1975, 192 samples were 
collected from schools. 

In this report "code date" is used to mean the date marked on the 
container designating the last day on which the milk may be sold or 
offered for sale. "Code period" is defined as the number of days 
between the date of bottling and the code date. "Age" means the 
number of days between bottling and collection, and "day 0" denotes 
that the sample was collected on the same day it was bottled. Individual 
dairies provided information on the length of their code period, and 
this permitted us to calculate the date of bottling, and thus the age of 
each sample. 

RESULTS AND DISCUSSION 

Age of retail milk samples 
The age of milk collected in retail stores and schools. 

varied from 0 to 16 days (Table 1). The average age of 
samples in 1970-71 was 4.3 days and in 1974 and 1975, 
4.7 days. Also shown in Table 1 is the distribution of age 
of samples offered for sale. However, age or distribution 
of age (Table 1), does not provide information on quality. 
Although the percentage of samples with unacceptable 
flavor scores increased from 10o/o in 1970-71 to 15% in 
1974-1975 (fable 2), the difference is not statistically 
significant. The 450 samples of 1970-71 represented 
mostly large processors and were the only samples with 
code dates in a larger set of 1180 samples (3). Previously 
we reported that 16.7% of the 1180 samples collected in 
1970-71 had unacceptable flavor scores (3). Thus, the . 
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TABLE 1. Age1 of milk samples from retail outlets and schools 

Year collected 

1970-71 1974 
Age(Days) %of total %of total 

02 1.8 2.7 
1 5.8 4.7 
2 10.2 11.9 
3 20.9 12.3 
4 19.8 16.0 
5 16.9 18.8 
6 10.2 15.7 
7 6.0 8.0 
8 3.1 3.4 
9 1.8 3.0 

10 1.8 1.7 
11 1.1 0.4 
12 0.4 0.6 
13 0.2 0.4 
14 0.4 
15 0 
16 0.2 

Total no. of 
samples 450 528 

Avg. age1 of milk 
collected 4.3 4.7 

1Number of days from bottling to collection. 

1975 

%of total 

3.2 
7.1 

11.7 
11.1 
17.0 
17.2 
13.9 

7.2 
4.9 
3.6 
1.4 
0.9 
0.3 
0.3 
0.1 

864 

4.7 

1975 schools 

%of total 

7.8 
28.6 
18.8 
8.9 

19.7 
9.4 
6.8 

192 

2.6 

2Day 0 indicates sample collected the same day it was bottled. 

TABLE 2. Percentage of samples with unacceptable flavor scores 
(<36) and of samples beyond code date when collected 

Year collected 

1975 
Category 1970-71 1974 1975 Schools 

Unacceptable flavor (score <36) 10.4 14.4 15.2 7.8 
Past code date 5.1 1.5 0.5 0 
Past code date and unacceptable 

flavor 1.6 1.1 0.5 0 

percentage of samples with unacceptable t1avor scores 
remained nearly the same during the 5 years. 

The percentage of samples still offered for sale after 
expiration of the code date declined from 1970-1971 to 
1974 and 1975 (fable 2). The decline may be explained in 
part by a change in the length of the code period for 
individual dairies. Of the five dairies examined in both 
1970-71 and 1974-75, four increased their code period by 
an average of 2.5 days. Of the 18 sampled in 1974-75, two 

TABLE 4. Flavor criticisms of retail and school milk samples 

1970-71 

%with 
Ofo of flavors2ore Ofo of 

Flavor criticism total <36 total 

OK (no criticbm) 0.2 0 0.2 
Cooked 23.1 0 2.8 
Cooked and feed 48.2 0 5.3 
Feed 3.6 0 71.6 
Oxidized 4.0 2.9 4.7 
Lacks freshness (old) 17.3 5.6 10.4 
Putrid 0.4 0.4 1.5 
Rancid 0.7 0.2 0.4 
Malty 0.9 0.9 0.2 
Chemical 0.2 0 0.2 
Unclean (barny) 0.4 0 0.4 
Burnt (scorched) 0.2 0 1.7 
Misc.1 0.7 0.5 0.6 

Total no. of samples 450 47 528 

increased their code period by 4 days between 1974 and 
1975. The average code period of dairies examined in 
1970-71 was 8 days and in 1974-75 the average had 
increased to just over 10 days. 

Refrigeration temperatures of samples 

Poor quality milk cannot always be attributed to the 
processor. Retail stores must adequately protect _ 
perishable foods with good refrigeration. Although the 
average age of all samples from bottling to collection in 
1975 was 4.7 days, the average age of samples with an 
unsatisfactory flavor score was 6.2 days, indicating a 
longer residence at the market. Temperatures at time of 
collection are shown in Table 3. Samples above 7.2 C 
TABLJi3. Temperature of retail milk samples at collection and 
relationship to flavor score 

%of Total %of Total 
%of flavor flavor Year 

collected Temp. at collection Samples score <36 score :;.36 

< 4.4C1 29.1 2.7 26.4 
1970-71 4.4-7.2C 48.0 5.8 42.2 

> 7.2C 22.9 2.0 20.9 

Total no. of samples 450 47 403 

<4.4C 36.0 3.8 32.0 
1974 4.4-7.2C 56.4 8.1 45.8 

>7.2C 7.6 2.5 7.8 

Total no. of samples 528 76 452 

< 4.4C 41.2 6.9 34.3 
1975 4.4-7.2C 53.4 7.1 46.3 

>7.2C 5.4 1.2 4.3 

Total no. of samples 864 131 733 
14.4 and 7.2 C are 40 and 45 F respectively. 

(45 F) declined from 22.9o/o in 1970-71 to 5.4o/o in 1975. 
Further, the percentage of samples below 4.4 C (40 F) 
increased, and the percentage of samples at 10.0 C (SO F) 
or higher declined from about 4o/o in 1970-71 to 0.7o/o in 
1975. Even though some samples had a temperature of 

- >7.2 C when collected, they were still of acceptable 
quality (fable 3). Thus, despite an apparent 
improvement in milk refrigeration in retail stores, the 
percentage of samples with unacceptable t1avor scores 
did not decline. 

Year collected 

1974 1975 1975 schools 

%with %with %with 
flavor score Ofo of flavor score Ofo of flavor score 

< 36 total <36 total <36 
0 2.0 0 2.6 0 
0 3.2 0 4.2 0 
0 7.9 0 8.9 0 
0 57.3 0 66.7 0 
3.8 2.7 2.5 0.5 0.5 
8.0 15.9 9.4 10.9 6.3 
1.5 1.2 1.2 0.5 0.5 
0.4 0 0 0 0 
0.2 0.2 0.2 0 0 
0 0.7 0.5 0 0 
0 1.0 0.2 0 0 
0.2 6.5 0.2 3.6 0 
0.3 1.6 1.0 2.1 0.5 

76 864 131 192 15 
1Misc. includes the criticisms bitter, sour, fruity, yeasty, curdled, onion, musty and salty. 
2 A flavor score of <36 is unsatisfactory. 
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Flavor criticism. 

Flavor criticisms changed somewhat from 1970 to 1975 
(Table 4). The number of samples criticized as being 
cooked declined dramatically, probably indicating better 
control of pasteurization procedures. The largest 
increase was in samples criticized as having a feed flavor. 
During 1974-75 there was a substantial increase in feed 
prices as well as a shortage of some feeds because of 
drought. Use of alternative feed could have caused the 
feed flavor. None of the samples criticized only for feed 
flavor had an unsatisfactory flavor scot(!. 

For samples with unsatisfactory flavor scores there was 
a rise in those designated as lacking freshness or old 
(Table 4). This may indicate increased activity of 
psychrotrophic bacteria and especially psychrotrophic 
pseudomonads (1, 4). Samples criticized as being putrid 
also increased slightly. The increase in these off-flavors 
could be related to the longer time the sample is held for 
sale (Table 1) even though temperatures were lower 
(Table 3), and again may indicate the presence of 
psychrotrophic organisms. Of interest is the large 
number of 1975 samples with a burnt or scorched flavor. 
Just over 75% of these were traced to one dairy. Faulty 
processing or too high a temperature used in sealing 
paper cartons is probably the cause. 

School samples. 

The 192 samples collected from schools in 1975 were 
somewhat different from those collected at retail 
markets. Only 7.8o/o of the school samples had an 
unacceptable flavor score compared to 15.2 o/o for the 
samples from markets (Table 2). Essentially the same 
flavor criticisms were given to both groups of samples 
and the distribution of collection temperatures was also 
the same. No samples from schools were past the code 
date. The largest discrepancy between the two groups· 
was in the average age of the sample (i.e., the days from 
bottling to collection), 2.6 days for schools and 4.7 days 
for stores (Table 1), and likely represents a difference in 
distribution. The average age of school samples below 
flavor score 36 was 2.9 days compared to 2.6 days for all 
school samples•. Thus the samples were probably 
unsatisfactory before delivery. The same dairies 
supplying milk to both schools and retail markets had 
13.8 o/o of samples with an unsatisfactory flavor score in 
schools and 15.5o/o in retail markets. 

Milk presently available to Connecticut consumers is 
older than in the past. In 1974-75 fewer samples were still 
offered for sale after the expiration of the code date, but 
the code period of samples increased an average of 2.5 
days. Even though the milk was older when offered for 
sale, it was not of lower quality since the percentage of 
unacceptable samples did not increase during 1974-75. 
If anything, milk appears to be stored at a lower 
temperature, which shows an awareness of the necessity 
for proper refrigeration. We have also found that milk 
from stores chiefly selling dairy products is of a lower 
average age than from other stores, and that milk from 

smaller, local dairies is of a lower age than from larger 
dairies. 

Relation of age to flavor score. 

As the age of the milk increased, the flav<k score 
decreased. In all 3 years there was a statistically . ~ 
significant negative correlation of flavor score with age 
among samples from retail outlets (Table 5). For samples !. 
TABLE S. Correlation coefficient (r) of flavor score and age of milk 
samples collected at retail markeis and schools 

Variables 

Flavor score vs. age 
Flavor score vs. days 

Year collected 

1970-71 1974 
(450 (528 

samples) samples) 

-.301 ***1 -.261 ** 

1975 
(864 

samples) 

-.291*** 

1975 Schools 
(192 

samples) 

-.128 

remaining in sale period -.381 *** .300** .240*** .194** 
1**Significant at 1% level; ***Significant at .01% level. 

collected in schools in 1975 there was no significant 
correlation of flavor score and age (Table 5), probably 
because of the shorter time between bottling and 
collection. ' 

The consumer cannot test milk quality before 
purchase, nor does the consumer know how m~c~ time 
has elapsed since bottling. The only apparent tndlcator 
of milk quality is the time remaining before the code date 
expires. Is this remaining time a reliable indicator of 
quality? To test this we examined the correlation 
between flavor score and the time remaining to the code 
date. As shown in Table 5 flavor score decreased as the 
time remaining for sale decreased. Thus thl! longer the 
time remaining to the code date, the higher the flavor 
score of the samples. 

If we accept a flavor score of less than 36 as indicating 
milk of unacceptable quality, the question becomes, 
when during the code period does milk deteriorate to this 
level? To determine this the regressions of flavor score on 
days remaining to the code date were calculated for the 3 
years of samples from markets and the 1975. sch?ol 
samples (Fig. 1). The intersection of the regresston hne 
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Figure 1. Regression of flavor score on time (days) rem~ining befo~e 
last day of sale for all milk samples collected at retazl markets zn 
1970-71, 1974, 1975 and at schools in 1975. R2 values for each 
regression are; 0.145 (!> = <.001) for 1975, .090 (!> = <.001) for 1974, 
.058 (!> = <.001), and .038 (!> = .008)for 1975 school samples. 
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and the flavor score line of 36 indicates the number of 
days overestimated on the code period. On the average in 
1974 and 1975, milk with about 2 days remaining to the 
code date had already reached a flavor score of 36. In 
1970-71 the minimum time was about 1 day. Apparently, 
if the consumer is to obtain milk of acceptable quality at 
purchase, at least 2 days must remain before the 
expiration of the code date. 

A similar analysis was made on samples from the 
individual dairies. As examples, the regressions for three 
major dairies with code periods from 7 to 14 days, are 
shown in Fig. 2. Overestimates of the code period ranged 
from less than 1 up to 7 days. Dairy A uses a code period 
of 12 days, yet the minimally acceptable score is reached 
in about 8 days. Hence, the code period is over estimated 
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Figure 2. Regression of flavor score on time [days] remaining before 
last day of sale for milk from three dairies (A, C, D) sampled in 1975. 
Solid line indicates actual range of values encountered. Dotted 
portion of line Cis an extrapolation. R 2 values for each regression are; 
.174 (P = <.001) for A, .359 (P = <.001) for C, and .071 (P = .006) for 
D. 

by 4 days. Dairy C with a code period of 14 days appears 
to be overestimating its code period by about 7 days. 
Dairy D with a code period of 7 days appears to 
be making an accurate appraisal since a flavor score of36 t 
is reached with 0.8 day remaining in the code period. 

Processors in Connecticut generally appear to estimate 
their code periods. better for milk than they do for cottage 
cheese. We have previously found that processors of 
cottage cheese overestimated code periods about a third 
of the time (5). For milk, this value 'is about 15%. 

From the consumer viewpoint, our data (Fig. 1) point 
out that on the average milk with less than 2 days 
remaining to the code date may not have an acceptable 
flavor,;but there is great variability among dairies as well 
as within individual dairies (Fig. 2). This study should 
enable dairies to assess their quality control programs 
and if necessary make improvements for the benefit of 
consumers. 
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ABSTRACT 

A national survey was conducted to determine the attitudes of the 
public health profession toward single-use food and beverage 
containers. Data summarized in this report were obtained from 2,760 
of 3,000 questionnaires mailed to survey participants. Results of this 
study reveal that public health workers identify single-use food and 
beverage containers as beneficial in terms of reducing the potential for 
cross-infection and .disease transmission among users. Responde~ts 
also recognize the importance of these products in eliminating the need 
for dishwashing facilities and in conserving energy. Accordingly, most 
public health workers are of the opinion that single-use products 
"contribute very much" to sanitation levels in food service facilities. 
While realizing the benefits derived from paper and plastic food service 
products, public health professionals recognize that they contribute to 
solid waste problems. However, most of the respondents agree that the 
public health benefits of paper and plastic food service products are 
greater than the possible disadvantages, such as the contribution of 
these products to the character and volume of urban solid waste. 

Since passage of the Solid Waste Disposal Act of 1965 
and its Amendment, the Resource Recovery Act of 1970, 
attention has been drawn to reduction, recovery, and 
recycling of material from the urban solid waste stream. 
This attention has resulted in a plethora of activity at the 
federal, state, and local levels of government. 

Most notably, banning of non-returnable beverage and 
food containers has been forcefully advocated as a 
practical approach' to source reduction. Several such bills 
have been introduced in the U.S. Congress but more 
activities have taken place at the state and local levels. 
Legislation banning single-service containers has been 
introduced in SO state legislatures and numerous county 
and city legislative bodies since 1971. 

Other proposals to stimulate source reduction and 
resource recovery have advocated guaranteed loans for 
recycling facilities, price support for scrap materials, 
ending depletion allowances for virgin material and 
eliminating biases against recycled materials in rail 
freight rates. The primary rationale for these proposals is 
that less solid waste will be generated by reducing the 
amount of material contained in products, increasing the 
lifetime of products, and substituting reusable for 
single-use products. 

However, solid waste control, as a compenent of 

environmental quality, is also related to at least three 
major national goals: economic growth, public health 
and safety, and amenities and natural ecological values. 
Therefore, in developing public policies and prograd 
for reduction of solid waste, it is necessary to evaluate 
them in terms of their contribution to all three goals. In 
addition their effects on other national goals such as 
employment and income distribution must be examined 
to reveal to policymakers the incidental consequences of 
proposed actions concerning strategies for solid waste 
management that appear to be quite unrelated. 

Industry, labor unions, and conservation groups have 
respectively addressed in clear and concise terms the 
questions of economic growth and development, and 
amenities and natural ecological values, as these may be 
affected by a reduction in use of single service products 
such as beverage and food containers. 

But with the exception of a resolution concerning "the 
U.S. Environmental Protection Agency's Solid Waste 
Management Guidelines for Beverage Containers," 
adopted by the International Association of Milk, Food 
and Environmental Sanitarians, Inc. at its 62nd Annual 
Meeting in 1975, the public health and safety goals have 
not been examined in any significant detail, and the input 
of professional public health workers has been virtually 
nil. 

In many ways public health workers are in a unique 
position to evaluate the health impact, real or potential, 
of various policies and programs, such as solid waste 
reduction as one approach to improvements of the 
physical environment. They are continuously exposed to 
the end results of these developments and moreover must 
translate scientific, technical, and epidemiological 
evidence into programs and services for prevention of the 
occurrence and of the progression of disease and 
disability. 

Therefore, constructive and balanced policies dealing 
with the entire spectrum of environmental quality issues 
must take into consideration the knowledge and 
attitudes of professional public health workers. In this 
direction a survey was undertaken to determine the 
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attitudes of professional public health workers toward 
the proposed elimination of single-use food and beverage 
containers. Questionnaires were mailed to 3,000 workers 
in organized community health programs in the United 
States. A summary of the results of the survey are 
presented in this report. 

METHODS 

Data used iu this study were obtained from a national survey of 
public and environmental health professionals who are responsible for 
administration, management, and implementation of food protection 
programs in the United States. Also participating in this study were 
public health academicians and public health officials in federal 
agencies such as the Food and Drug Administration and the Center for 
Disease Control. Upon completion of a pretest the questionnaire was 
mailed to 3,000 public health professionals who were randomly chosen 
from the directory of state food and drug officials (1976) and the 
current (1975-76) membership of public and environmental health 
organizations. These organizations included the National Environ­
mental Health Association; the Association of Food and Drug Officials 
of the United States; the Conference of Local Environmental Health 
Administrators; the Association of State and Territorial Health 
Officers; the International Association of Milk, Food, and 
Environmental Sanitarians, Inc.; and the American Public Health 
Association (Section on the Environment). Cross checks were made to 
ensure that persons who were members of more than one organization 
were not selected twice for inclusion in the survey. The findings in this 
study are based on the return of 2, 760 questionnaires, providing a 
response rate of 92 o/o. 

RESULTS 

Positions and organizations of respondents 

Information on the positions held by those public 
health professionals who were surveyed is shown in Table 
1. Forty-five percent (1,245) of the respondents are public 

TABLE 1. Positions and organizations of respondents 

Position and organization 

Public/Environmental Health Administrators 
(State and Local) 

Officials of Professional Public/Environmental 
Health Organizations 

Sanitarians (Field Level-State and Local 
Agencies) 

Public/Environmehtal Health Academicians 
Environmental Health Scientist~ (State and 

Local) 
Public Health Officials (in Federal Agencies) 

TOTAI 
aPercentages are rounded to the nearest integer. 

Number of Percent a of 
respondents respondents 

1,245 

18 

1,145 
67 

240 
45 

2 760 

45 

41 
2 

9 
2 

100 

health administrators who direct and manage 46 state 
and 1,218 local public and environmental health 
agencies. These officials also include middle-level 
managers such as supervisors of food protection 
programs at the local level. One percent (18) of those 
surveyed are health officials of professional public and 
environmental health organizations. In addition, 41 o/o 
(1,145) of those responding are sanitarians who are 
responsible for implementing food protection and public 
health education programs. While 9o/o (240) of those 
responding are environmental health scientists, 2 o/o (67 
respondents) are academicians who are responsible for 

training public and environmental health practitioners 
and an additional 2 o/o (45 respondents) are public health 
officials working in federal agencies. 

A further characteristic of the public health workers 
participating in this study is that of experience. t• 
Fifty-seven percent (1,582) of the respondents have 11 or 
more years of experience in the public health field. 
Twenty-six percent (715 resondents) have been public 
health professionals between 6 and 10 years and the 
remainder, 17o/o (463) of those responding, have between 
3 and 5 years of experience. 

TABLE 2. Public health benefits derived from paper and plastic 
single-use products 

Benefita \ 

Reduce possibility of cross-infection 
If properly stored and handled, reduce 

transmission of diseases 
Practical and economical means for food service 

facilities to operate when reusable products are 
impractical 

Eliminate need for dish washing facilities 
Provide consistently high level of food sanitation 
Reduce human involvement required for cleaning 

and sanitizing 
Convenience 
Conserve energy 
No real public health benefit 

TOTAL 

aBenefits were listed by respondents. 
bPercentages are rounded to the nearest integer. 

Number of Percentb of 
respondents respondents 

421 15 

866 31 

208 8 
426 15 
385 14 

243 9 
128 5 
47 2 
36 1 

2,760 100 

Public health benefits of single-use products 

Table 2 summarizes responses to the open-ended 
question on the "public health benefits derived from 
paper and plastic single-use products." Forty-six 
percent of the public health workers agree that these 
products reduce the possibility of cross-infection and 
when properly stored and handled, they reduce 
transmission of diseases. In addition, 24o/o of those 
responding state that single-use products eliminate the 
need for dishwashing facilities and reduce human 
involvement that is required for cleaning and sanitizing 
multi-use products. Complementing these views is the 
judgment of 14o/o of the public health experts that 
single-service products provide a consistently high level 
of food sanitation in food service facilities. However, 
other veiwpoints relate to non-health benefits. For 
example, 8o/o of the respondents feel that "disposables 
are a practical and economical means for facilities to 
operate when reusable products are impractical," while 
7o/o list such reasons as convenience and energy 
conservation. The remaining 1 o/o of those responding 
believe that there is no real public health benefit derived 
from paper and plastic food service products. 

Recognizing the possibility of the existence of 
disadvantages associated with single-use products, 
respondents were asked to enumerate these possibilities. 
The responses in Table 3 reveal that 54o/o of the public 

health workers are of the opinion that paper and plastic 
disposable products contribute to solid waste disposal 
problems, adding to the volume and bulk of solid waste, 
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TABLE 3. Disadvantages derived .from paper andplastic single-use 
products 

Disadvantagea 
Number of Percentb of 

respondents respondents 

Contribute to solid waste disposal problems 782 28 
Add to volume and bulk of solid waste 485 18 
Increase litter 474 17 
Contribute to disposal problems, especiaily with 

plastics that are non-biodegradable 229 8 
Increase need for additional storage space 237 9 
Poor quality of some disposable products 98 4 
Limited acceptance in ail restaurants by 

consuming public 396 14 
Increasing cost of disposable products 59 2 

TOTAL 2,760 100 

aDisadvantages were listed by respondents. 
bPercentages are rounded to the nearest integer. 

especially with plastics that are non-biodegradable. On 
the other hand 40% of the responses include such 
disadvantages as the increase in litter, need for additional 
storage space in facilities, and limited acceptance of 
paper and plastic single-use products in all restaurants by 
the consuming public. 

TABLE 4. Comparison between benefits and disadvantages of 
single-use products 

Comparison 

Benefits are greater than disadvantages 
Disadvantages are greater than benefits 
Benefits and disadvantages are fairly equal 
Undecided about comparison 

TOTAL 

a Percentages are rounded to the nearest integer. 

Number of Percenta of 
respondents respondents 

2,208 
173 
297 
82 

2,760 

80 
6 

11 
3 

100 

The relationship between the public health benefits 
and the disadvantages derived from single-use products 
is shown in Table 4. As perceived by 80% of the 
respondents, benefits are greater than disadvantages. 
However, 6% of the public health workers view the 
disadvantages as having a greater impact on environ­
mental quality than the health benefits. While 11 o/o of 
those responding suggest that the benefits. While 11 o/o of 
those responding suggest that the benefits and 
disadvantages are fairly equal, 3o/o support an indecisive 
position in comparing benefits and disadvantages 
derived from single"Use products. 

Single-use products and sanitation levels 

Table 5 reviews the position of the public health 
profession on the contribution of paper and plastic cups 
and plates to sanitation levels in food service facilities. 
Accordingly, 74% of those responding concur that these 
products "contribute very much" to sanitation levels, 
while 16% replied that they "contribute somewhat." In 
addition 9% agree that the contribution is slight. Only 
1 o/o of those responding feel th~t paper and plastic food 
service products do not contribute to sanitation levels in 
food service operations. 

To further analyze these opinions, cross-tabulations 
were made between the attitude toward the contribution 
qf paper and plastic food service products on sanitation 
levels and the position held by the respondents. As seen 
in the table, most respondents in each position believe 
that the relationship between single-use products and 
sanitation levels in food establishments is significant. For 
example, an overwhelming majority (70%) of public and 
environmental health administrators agree that these 
products "contribute very much" to sanitation levels. ' 

When queried about their opinion regarding the 
impact on sanitation levels if single-use products were 
eliminated, respondents remained consistent. Seventy­
four percent were adamant that sanitation levels in food 
establishments would definitely decrease. It is interesting 
to note, however, that 9% of the public health workers 
qualified their opinions by inserting that "sanitation 
levels would definitely decrease in facilities where 
reusable products are not practical." 

Complementing these viewpoints is the issue of the 
impact on sanitation levels in food establishments if 
single-use products were required. The responses reveal 
that 74% of the public health professionals agree that 
"sanitation levels definitely would improve." 

On the question of the recommended use of single­
service products in public facilities, data collected 
indicate that public health workers feel it necessary to 
increase the level of use of these products in such 
facilities as fast food restaurants, hotels and motels, 
other restaurants, hospitals, and schools. In addition, 
many respondents added the need for an increase in use 

TABLE 5. Contribution of paper and plastic cups and plates to sanitation levels in foodservice facilities 

Contribute Contribute Contribute Do not contribute 
very much somewhat slightly at all Total 

Public health professional (No.)a (%)1l (No.) (%) (No.) (%) (No.) (%) (No.) (%) 

Public/Environmental Health 
Administrators 876 70 207 17 153 12 9 1,245 45 

Officials of Professional Public/ 
Environmental Health Organizations 10 56 6 33 2 11 18 1 

Sanitatians 978 85 129 11 30 3 8 1 1,145 41 
Public/Environmental Health 

Academicians 38 57 14 21 9 13 6 9 67 2 
Environmental Health Scientists 112 47 69 29 so 21 9 4 240 9 
Public Health Officials in Federal 

Agencies 29 64 7 16 7 16 2 4 45 2 

TOTAL 2,043 74 432 16 249 9 36 1 2,760 100 

aNumber of respondents. 
bPercent of respondents; percentages rounded to nearest integer. 
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of single-service products in jails and prisons (938 
responses) as well as in day care centers (1,314 
responses). 

There is one advantage of using paper and plastic food 
service products which many public health officials tend 
to overlook. This advantage is the safety factor associated 
with these products. Fifty-one percent of the respondents 
view this safety aspect (non-breakage) as "very 
important," while 27o/o perceive it as "somewhat 
important." Although 14% responded to a slight 
importance, only 8% do not attribute any importance to 
the safety derived from the use of paper and plastic cups 
and plates. 
Contribution of disposables to solid waste 

As a cross-check of the attitude of the public health 
profession toward use of paper and plastic food service 
products, respondents were asked to summarize the 
impact of single-use containers on their community's 
solid waste problems. Thirty-two percent of the 
respondents stated that there is "somewhat" of a 
contribution to the solid waste problem. While 17% said 
that they contribute very much to their communities' 
solid waste problems, 29% qualified this viewpoint by 
stating that the contribution of disposable containers to 
solid waste problems is only in terms of volume. 
Additionally, 14% feel that the contribution is slight and 
8% feel that these products do not contribute to solid 
waste problems. 
Attitudes toward restricting disposable food 
and beverage containers 

In summarizing the attitude of the public health 
profession toward restricting the use of disposable 
products, over half (52%) of those responding "disagree 
somewhat" that restrictive measures against use of 
disposables are effective methods for reducing litter. 
Twenty-seven percent of those responding "disagree 
completely" with this position. However, 15% of the 
public health workers "agree somewhat" with this policy 
and 6% "agree completely" with this judgment. 

When asked to develop suggestions for dealing with 
the problem of litter, respondents varied in their 
opinions. Forty-two pe.rcent of the public health 
professionals suggested development of educational 
programs for the public. An overwhelming majority 
(90%) of these respondents injected that the problem of 
litter stems from public attitudes and behavior. Other 
suggestions for treating the litter problem include stricter 
enforcement of litter laws (25% of the responses), 
increasing the number and convenience of litter 
containers (14% of the responses), prohibiting 
non-returnable bottles and cans (8% of the responses), 
hiring more trash collectors (3% of the responses), 
developing a special tax for non-returnables (4% of the 
responses) and increasing the severity of fines for littering 
(4% of the responses). 

DISCUSSION 

Given the desirability of reducing the volume and 

changing the character of the urban solid waste stream, a 
central question arises-is elimination of single-use food 
and beverage containers, specifically plastic and paper 
cups and plates, which are used in food service 
operations, a desirable approach from a public health t 
and safety viewpoint? The data presented in this report 
indicate that it is not. 

Public health workers identified single-use food and 
beverage containers as beneficial in terms of reducing the 
potential for cross-infection and disease transmission 
among users. The theoretical basis for these views is the 
well-recognized sequence offactors which are essential to 
development of the infectious disease process (1). These 
are: !a) causative or etiological agents (viruses and 
bacteria), (b) a reservoir or source of the causative agent, 
(c) a mode of escape from the reservoir, (d) a mode of 
transmission from the reservoir to the potential new host, 
(e) a mode of entry to the new host, and (j) a susceptible 
host. 

Elimination of one of the links, or where possible 
attacking simultaneously all six links, is the guiding 
principle for application, on any appreciable scale, of 
disease prevention measures to the animate or inanimate 
environments of man. This precept has been described 
as the principle of multiple barriers, the foundation on 
which rests much of the past and current successes in 
controlling waterborne and foodborne diseases. It 
recognizes as axiomatic the fact that all human efforts, 
no matter how well conceived or consciously applied, are 
imperfect and fallible (5). To be sure, dishwashing in 
food service operations has its "good and bad days" and 
is subject to occasional lapses, primarily due to the 
human element which controls both the dishwashing 
procedures and equipment. 

Walker, in a 4-year study of washing and sanitizing 
procedures of reusable beverage glasses in 66 American 
hotels, found that over 90% of the "washed and 
sanitized" containers were "unacceptable" from the 
standpoint of both bacteriological and esthetic 
standards; 50% contained pathogenic microorganisms. 
Substandard dishwashing practices were identified as a 
major factor in the bacterial content of the 500 glasses 
analyzed (7). 

In this setting use of single-service food and beverage 
containers would essentially remove one link, the vehicle, 
from the chain of disease transmission and reduce the 
need for dishwashing, and its impingement on the 
community's water resources, which was identified as 
another public health concern by the respondents. 

On the water conservation issue, Salvato (6) has 
calculated the hot rinse water requirements for food 
service establishments of varyious sizes. For example, a 
restaurant which serves a maximum of 450 meals, and 
washes dishes over a period of 11/z h requires 181 gal. of 
water per hour. If no storage of hot water is provided, the 
required gas heater is 376,000 BTU/h, a factor to be 
considered in assessing energy consumption. This spent 
water contains inorganic chemicals-the basic ingredients 
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of dishwashing compounds-which are ultimately 
discharged into natural watercourses, and which may 
become concentrated enough to interfere with water 
uses. They may also contain end products which are toxic 
to man and animals. 

Litter on streets and highways, a continuing issue in 
urban communities, was recognized by public health 
workers as a problem that is exacerbated by single-use 
products. But the respondents indicated that people 
litter not only single-use food service items but all kinds 
of single and multi-use materials and products. 

A three-year research study of littering in Charlotte, 
N.C.; Tampa, Florida; and Macon, Georgia listed five 
sources of litter: pedestrians and motorists, improper 
storage of household refuse, mismanagement of 
commercial trash and garbage, loading and unloading 
docks, uncovered trucks, and construction and 
demolition sites (4). 

Littering is a "behavior problem" influenced primarily 
by the knowledge and attitudes of those who 
indiscriminately deposit their used products on open 
space, on streets and highways. In many urban 
neighborhoods, which are evolving through the packing 
and thinning stages of urban growth, buildings designed 
in earlier years have been subdivided into numerous 
crowded living units with little provision for solid waste 
storage. Receptacles are often non-existent, makeshift, 
or in poor condition-all leading to a situation in which 
wind, animals, and vandals spread litter throughout 
houses and neighborhoods. The abundance of vacant lots 
and abandoned structures, already strewn with refuse, 
encourages further junk, garbage, and other debris. 

An intensive national program is currently underway 
to reduce litter through an educational campaign. This 
comprehensive, voluntary system pioneered by Keep 
America Beautiful, an industry-sponsored group, takes 
into account the interrelationships among varied factors 
and it has been successful in reducing, by 65-70%, litter 
in at least three major urban centers and in the 
Washington, D.C. metropolitan area. 

Finally, it is evident that solid waste management is an 
environmental quality problem, with many ramifica­
tions, which must be solved. But moving from the 
identification of an environmental quality problem to a 
clear-cut "solution" to that problem musl not 
circumvent the often difficult task of defining the 
applicable goals to be served by public policies and 
programs designed to improve environmental conditions. 

To be sure, the "problem-goals-alternatives-best 
solution" approach is far inore productive in these 
situations than the "problem-solution" approach. 
Hufschmidt (3) cites an example: "the problem of 
proliferation of DDT, which adversely affects wildlife 
1and ecological systems, is perceived, and a "solution" is 
',adopted involving selective or total prohibition of the use 
of DDT. The solution never CQnsidered the adverse effects 
of such action on the public health objective." These 
adverse effects have been identified by Handler (2) and 
the World Health Organization (8). 

Unquestionably, the current health, economic, and 
social settings require that environmental improvement' 
efforts, such as solid waste control, recognize the 
importance of fitting the means to be used to the goals to 
be achieved. (A copy of the detailed study may be 
obtained from the authors.) 
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ABSTRACT 

Somatic cells in milk include epithelial cells from the gland and 
leukocytes from the blood. Epithelial cells are elevated in very early and 
late lactation. Leukocytes increase during mastitis infection or injury. 
They have phagocytic properties and combat invading organisms. 
Mean somatic cell counts of each milking over a 1-month period for 
cows with no udder infection, non-pathogens, or pathogens, were 
169,500, 225,800, and 997,800 cells per ml, with coeffecients of variation 
of94, 66, and 82%. Advanced age, late lactation, and a previous history 
of mastitis are related to elevated cells. Milk loss in subclinical mastitis 
is related to somatic cell counts. On a quarter basis, loss started at 
500,000 cells per ml, progressed to 7.5% at 1 million, and 30% at 5 
million. In cell counting programs associated with monthly testing of 
individual cows, those cows with two cell counts over 1 million cells per 
ml produced over 1,000 pounds of milk per lactation less than other 
cows in the same lactation whose cell count never exceeded 500,000 per 
mi. Use of cell counting on an individual cow basis improves its useful­
ness as a management tool for the dairyman compared to bulk tank 
counts. Literature data suggest the following changes in the milk com: 
position from quarters definitely positive to mastitis screening tests 
based on somatic cell counts compared to normal quarters (values re­
present percent of normal): total solids (92), lactose (85), fat (88), total 
protein (100), caseins (82), whey protein (162), chloride (161), sodium 
(136), potassium (91), pH (105), lipase activity (116), and acid degree 
value (183). 

Regular monitoring of the number of somatic cells in 
b].Ilk milk has become a rather universal practice in the 
United States and western Europe. Improved 
methodology now permits good accuracy in this 
determination. This development has permitted 
adoption of regulatory programs and has given general 
information on the mastitis status of herds. However, it 
has been of limited value to most dairymen. In the small 
herd, one high cow can have a disproportionate effect on 
the bulk tank count. In large herds the milk from several 
bad cows can be diluted out to acceptable levels in the 
bulk tank. Problem cows are not identified. There seems 
to be a general lack of understanding of how to interpret 
somatic cell counts. Often they are confused with 
bacterial counts. 

But, somatic cell counts are here to stay and increasing 
use can be made of them. Use on individual cows in 
production testing programs is increasing rapidly and 
markedly improves their value as a management tool. 
About 400 herds are now on such programs in 

Wisconsin. This was made possible by development of an 
accurate method for estimating cells (4)which can be used 
on preserved milk after the fat test has been completed. 
It should be emphasized that accuracy beyond the 
common screening tests is needed to maximize the 
usefulness of somatic cell counts at either the bulk tank 
or cow level. Another use of somatic cell counts is in 
incentive programs for quality. These are being tried and 
should stimulate increased interest. 

It is the purpose of this paper to summarize current 
information on somatic cells- their origin and function, 
fluctuation in levels, factors causing them to increase, 
and relationship of elevated levels to changes in amount 
and composition of milk. All of the data will be based on 
bucket or quarter samples and reflect what is happening 
at the individual cow level. 

ORIGIN AND FUNCTION OF SOMATIC CELLS IN MILK 
Somatic or. body cells in milk are of two types, 

sloughed epithelial cells from the udder and leukocytes 
from the blood. Epithelial cells are present in normal 
milk as a result of normal breakdown and repair, but 
increase in late lactation as the gland prepares to be 
non-functional or as a consequence of injury in mastitis. 
Increases with advancing lactation are minimal in the 
first lactation but increase with successive lactations in 
which mastitis incidence is higher. Estimates of the 
percentage of total cells made up of epithelial cells are 
variable, ranging from about 35 to 70% in most reports. 
Normal milk has reported levels of 65 to 70%, chronic 
mastitis milk around SO%, and more severely mastitic 
milk lower levels (10 to 4So/o) due to dilution with 
leukocytes from the blood (9, 18, 19). Although there may 
be certain bactericidal materials contributed by the 
sloughed epithelial cells, they are generally considered 
simply worn out or destroyed cells on their way out. Of 
major importance in considering elevated somatic cell 
levels are the leukocytes. 

The leukocytes, particularly the neutrophil or 
. polymorphonuclear (PMN) leukocyte, enter milk from 
blood, being attracted by chemical substances released 
from injured mammary tissue. The first leukocytes 
entering presumably release specific substances that 
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cause an increase in premeability of vascular and 
secretory systems. This permits fluid and those sub­
stances which normally move from blood to milk in 
limited amounts to pass into milk in incraeaserl amounts. 
The fluids tend to dilute and neutralize the toxic pro­
ducts. The PMN leukocytes function in engulfing and 
digesting the bacteria in a process known as phagocytos­
is. Usually, when PMN leukocyte counts are high, the 
numbers of mastitis-causing bacteria are reduced. In 
persistent infections, opposite patterns of rise and fall of 
bacteria and leukocyte numbersin milk are common. 

Factors affecting the phagocytic ability of PMN 
leukocytes are not well understood. Leukocytes are more 
efficient in blood than in milk (14), and addition of 
immune serum as well as glucose improve the activity of 
milk leucocytes in vitro (}_1, 12). Cow differences in the 
phagocytic ability of both blood and milk leukocytes 
have been demonstrated (}_2, 14); the propensity of milk 
leukocytes to engulf fat globules (14) may reduce their 
efficiency in milk. Further research is needed to improve 
our understanding of the factors which inhibit or 
stimulate the phagocytic ability ofleukocytes. 

Simply increasing leukocyte numbers would obviously 
increase the chances of phagocytosis. It has been 
suggested that even a modest elevation of leukocytes in a 
quarter (500,00 cells/ml) gives some protection against 
infection when small numbers of organisms pass the 
teat canal barrier (18). But elevation beyond this point is 
also associated with some milk loss, so a price is being 
paid for protection with higher cell counts. The 
protection aspect, however, argues for somewhat liberal 
limits under practical conditions where exposure to 
environmental organisms such as coliforms may be 
unpredictable and difficult to control. 

DISTRIBUTION OF SOMATIC CELL COUNTS 

In a study (2) based on 15,733 monthly somatic cell 
counts of bucket milk in 16 herds over a 2-year period, 
average cell count was 692,000 cells per ml with a 
standard deviation of 1,121,000. This average is 
misleading because the distribution of cell counts was 
skewed toward the•higher values. Thus a small number 
of very high cell counts had an undue influence and 
elevated the average. A better figure is the median which 
was 390,000 cells per ml. Of the total counts, 18% were 
over 1 million cells per ml, 20% were between 0.5 and 1 
million, and 62% were below 0.5 million. Current data, 
based on about 400 herds in the cell counting program in 
conjunction with production testing, shows figures of 10, 
18, and 72%in each of the above categories. 

DAILY FLUCTUATION IN SOMATIC CELL COUNT 

Because the lactating mammary gland is a very active 
metabolic organ, it is logical to expect variation in cell 
counts from day to day or milking to milking. In a study 
in our laboratory (5), bucket samples were taken at each 
milking daily for 1 month from 12 cows with 4, 3, and 5 
cows falling into the following infection categories: (a) 

non-infected, (b) infected with non-pathogens, and (c) 
infected with pathogens. Mean cell counts for the three 
groups were 169,500, 225,800, and 997,800 cells per ml, 
with coefficients of variation of 94, 66, and 82%. Only 
2 Wl!'o of the time did the first two groups exceed 500,000 
cells per ml. The third group exceeded this level 75% of 
the time. Of concern in predicting infection from cell 
count is the other 2S% of the time when infected cows 
may have a low cell count. Some have used a definition of 
infection requiring both isola'tion of a pathogen and a 
high cell count. Increasing the number of samples as is 
done in the production testing program also increases 
accuracy. It is likely that these cases where the organism 
.is isolated but the cell count is low are due to early infec­
'tions or teat canal infections where cytological damage 
has not occurred as well as cases where the sample was 
taken in the low ebb of the cell count cycle. In these cases 
it is likely that udder damage is more closely related to 
cell count than presence or absence of pathogens. 
Preliminary data from our laboratory suggest very good 
accuracy in predicting that cows with one bucket cell, 
count over 1 million or two cell counts over 750,000 are 
infected. There appears to be a higher proportion of the 
false negative samples Uow cell count with isolation of 
organisms) in the herds with a low incidence of mastitis. 

RELATIONSHIP TO TYPE OF ORGANISM 

There is good agreement that the major factor 
responsible for elevation of somatic cells in milk is the 
presence of microorganisms falling in the group 
considered to be pathogenic (Staphylococcus aureus, 
Streptococcus agalactiae, Streptococcus dysgalactiae, 
Streptococcus uberis, and gram-negative rods). The 
major efforts in mastitis control have been prevention of 
new infections due to these organisms along with 
elimination of existing infections. 

There is a second group of organisms classified as 
non-pathogens or secondary pathogens which also elicit 
some cell response. Whether the presence of this latter 
group of organisms in the udder is good or bad has not 
been completely resolved. There are limited data to 
suggest a lower rate of new infection with pathogens 
when the quarter has a secondary pathogen. Possibly this 
is due to the elevated number of leukocytes (}). 

In a study (24) involving 874 quarters milked with a 
quarter milker and sampled bacteriologically, mean cell 
count where no bacteria were found was 310,000. For the 
common pathogens, corresponding mean cell counts 
were: S. agalactiae, 900,000; S. uberis, 1,630,000; S. 
aureus, 1,500,000. For two others normally classified as 
non-pathogens, mean cell levels were: micrococci, 
360,000, and coagulase negative Staphylococci, 
1,400,000. The latter figure was surprisingly high, but 
was reduced to 710,000 if only quarters with no previous 
mastitis were included. With all pathogens there was also 
a rather marked increase in cell response in those 
quarters with prior occurrence of clinical mastitis. Even 
in those quarters with no organisms, mean cell count was 
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600,000 if there had been prior occurrence of clinical 
mastitis. 

When a cow with mastitis is treated and the organisms 
eliminated, cell counts decrease, but the time required 
will vary depending upon the organism and the amount 
of tissue damage. With S. agalactiae it may take only a 
few days, with other streptococci a few days to a few 
weeks, while with S. aureus it may be a few weeks to a few 
months. 
RELATIONSHIP TO AGE AND STAGE OF LACTATION 

It has been known for many years that cell counts are 
highest in early and late lactation and in older cows. The 
explanation has been an elevation of epithelial cells in 
colostrum and late lactation milk, and a higher 
percentage of infection in older cows. 

Data from use of somatic cell counts in the production 
testing program (2) suggest little problem with high cell 
counts due to early lactation. Samples cannot be taken 
before the sixth day, counting the day of calving as the 
first day. Elevation of cells in late lactation was related to 
age of cow and amount of milk. Cell numbers did not in­
crease until after six months in lactation. Cell numbers in 
milk of younger cows did not rise as sharply in late lacta­
tion as in the milk of older animals. The cell count of 983 
cows averaged 280,000 cells higher in the last month of 
lastation than in the second last month. Average cell 
numbers were significantly higher in the milk of cows 
with a yield on last test day of less than 10 lb. 

These data suggest that higher cell counts should be 
tolerated in older cows (about 100,000 more cells per ml 
for each lactation). It also suggests that an elevation of 
cell count of about 250,000 cells per ml the last month of 
lactation is normal, with a lesser response in young cows 
and a greater response when milk production drops 
below about 10 lb. 

HERD MANAGEMENT FACTORS 

Because of the many factors influencing somatic cell 
counts, either through an influence on infection rate or 
through other mechanisms, it is difficult to establish the 
importance of specific management factors as they relate 
to cell count. However, the increased availability of field 
data permits use of a statistical model to compare various 
management practices. This was done on two sets of data 
on bucket milk, one involving 16 herds sampled monthly 
for 2 years and another involving 134 herds sampled only 
once (2). Herd size varied from 11 to 220 cows and no 
important relationship to herd size was apparent. Parlor 
milking systems had the lowest cell counts and 
around-the-barn pipelines the highest. Parlor systems 
may have had more modern equipment, while elevation 
of milk in around-the-barn pipelines may have 
contributed to higher cell counts compared to buckets. 
Use of individual towels for udder preparation was 
related to lower cell counts in the 16 herd sample but not 
in the other group. Herds practicing post milking teat 
dipping had lower cell counts than those that did not, 
which supports other data on the benefits of teat dipping 
in reducing new infection rate. A rather surprising 

observation in both groups of herds was the observation 
that those herds using selective dry therapy had lower cell 
counts than those dry treating all cows. Our 
interpretation of these data is not that the complete dry

1 
therapy caused an increase in cell counts, but rather that' 
dairymen attempting to control mastitis with dry therapy 
without other good management practices were unable to 
maintain cell numbers comparable to other groups. Care 
must be exercised in interpreting these types of field data 
because the relationships observed do not necessarily 
establish cause and effect. It is difficult to separate the 
many factors involved. However, the results do represent 
general associations existing in the field. 

SPECIAL ENVIRONMENTAL AND 
PHYSIOLOGICAL FACTORS 

If there were factors other than infection which had 
important influences on somatic cell levels in milk, this 
would tend to negate the value of somatic cell counting in 
a mastitis control program. Thus far, aside from age and 
lactation stage, the effects of which can be predicted, 
existing data suggest that other influences are not likely 
to change the mastitis interpretation. 

Trauma, due to injury such as a stepped-on teat, will 
elevate cells, but the cause is usually obvious. Although 
data are limited, problems with other common disorders 
such as retained placenta, milk fever, and ketosis do not 
appear to elevate somatic cells in milk. Daily samples 
taken through the estrus perios did not show significant 
changes in cell levels in a limited experiment in our 
laboratory. Although stress (27) or hot weather (25) have 
been related to elevated cells, there is a lack of 
convincing evidence that the relationship is significant 
enough to alter the mastitis interpretation under field 
conditions. Some seasonal relationships have been 
reported but interpretation is difficult (2, 10). 

RELATIONSHIP TO MILK PRODUCTION 

Losses in milk production associated with clinical 
mastitis are readily apparent. Not so apparent are losses 
due to subclinical or "hidden" mastitis. Many estimates 
have been made comparing herds with low and high 
infection levels, but these data create some uneasiness 
due to the many other factors influencing herd 
production. 

With the advent of accurate cell counting and 
statistical techniques, it is possible to make these 
comparisons on a within-cow or with-herd basis, which 
markedly improves the accuracy of the estimates by 
correcting for many of the other influences. 

Two studies along these lines have been conducted in 
our laboratory. One was based on a comparison of 
opposite quarters within a cow (24). Cows were milked 
with a quarter milker and milk production and cell 
counts were recorded for 874 quarters. Overall, 21% of 
the milk came from each fore quarter and 29%from each 
rear quarter. Using this correction for anatomical 
difference, it was possible to statistically estimate 
differences in milk production related to cell counts. 
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Milk loss on a quarter basis started at about 500,000 
cell/mi. At 1 million cells it was 7.5 %, at 2 million 15 o/o, 
and at 5 million 30%. Losses on a bucket or bulk tank 
basis would start at lower levels because of dilution with 
milk from normal quarters. 

More recent data on milk loss have been calculated 
from bucket cell count data obtained in the production 
testing program (22). Based on the concept that a high 
cell count in early lactation should cause more loss than 
one appearing later, an index was set up using bucket 
cell counts as indicated in Table 1. 

TABLE 1. Somatic cell count index for estimating milk loss 

Somatic cellsa Number of months since calving 

(thousands/ml) <2 3 or4 5or 6 > 
>1,000 4 3 2 1 
750-1,000 3 2 1 1 
500-750 1 1 0 0 
<500 0 0 0 0 

aBucket cell counts observed during lactation in production testing 
program. Designed for application on a bi-monthly basis. 

Using these index values, milk loss was calculated on a 
lactation basis using 3,277 complete lactations averaging 
13,312lb. of milk and 523lb. offat. Each lactation had 
to have at least four cell counts. The results appear in 
Table 2. 

TABLE 2. Milk loss associated with somatic cell index values 

Lactation 

1 
2 
3 

4 and over 

No. lactations 

1,028 
740 
543 
966 

Loss per index 
point per lactation 

Milk (lb.) Fat (lb.) 

126 3.9 
131 5.8 
140 6.1 
116 6.7 

These data show a consistent loss across all lactations 
associated with high cell counts. The overall mean loss 
within lactation was 126 lb. of milk and 5.5 lb. of fat for 
each index point. This means that on the average, a cow 
with an index value of 10 indicating a bucket cell count 
over a million cells throughout the lactation would lose 
1,260 lb. of milk and 55 lb. offat. These are conservative 
figures because they are based on the assumption that no 
milk loss occurred with cell counts under 500,000 per ml. 

In another method of analyses based on comparisons 
of lactation production of cows with two cell counts 
exceeding given levels, the results were comparable but 
not as consistent since the time at which the high cell 
counts occurred was not considered. As an example, first 
lactation cows with no more than one count over 500,000 
cell/ml produced 11,952 lb. of milk per lactation 
compared to 10,825 for those cows with two or more cell 
counts over 1 million. Again we see the loss of over 1000 
lb. of milk per lactation for cows with subclinical 
mastitis, translating into over $100 per cow. 

In the future in our production testing program, we 
are contemplating calculating the estimated milk loss 
from mastitis based on cell count and reporting it along 
with the cell count data. This would emphasize the 
returns which could be expected from an effective 
mastitis control program. 

RELATIONSHIP TO MILK COMPOSITION 

Changes in milk composition induced by mastitis have 
been reviewed by Wheelock et al. (26) and more recently 
by Schultz (21). Most of the information to be rel.?orted 
here is based on comparisons of milks which are positive 
or negative to mastitis screening tests which estimate 
numbers of somatic cells in milk. It is the changes due to 
subclinical mastitis which are of concern because milk 
from clinical cases would be ,withheld from the market. 
As methods for estimating somatic cells become more 
accurate, it should be possible to improve the accuracy of 
predicting the accompanying changes in milk 
composition. 

'· General concepts 

There are two general physiological explanations for 
changes in milk composition associated with mastitis and 
elevated somatic cells: (a) injury to udder cells which 
reduces the synthesis of those milk components 
synthesized in the udder; typical examples are lactose 
and most of the casein, and (b) changes in permeabilitf 
of membranes which permit increased "leakage" of 
materials from the blood to the milk. There appears to be 
increased permeability of both the vascular and secretory 
epithelia. Typical examples of materials which increase 
due to this pheomenon are sodium, chloride, and 
immunoglobulins. When lactose is decreased, compensa­
tion must be made to insure that milk and blood 
maintain the same osmotic pressure. Most of this 
compensation is accomplished by increases in sodium 
and chloride. 

Another factor complicating milk composition 
changes with increased somatic cells is the accompanying 
decrease in milk production. If total yield of milk and 
synthesis oflactose, for example, were decreased equally, 
lactose percentage would stay the same. Usually 
synthesis is reduced more than yield, so percentage of the 
synthesized component drops. Fat may sometimes be an 
exception where milk yield is reduced more than fat 
synthesis and fat percentage goes up. For those 
components which increase, the decrease in milk yield 
accentuates the change. 

Table 3 illustrates the general changes in milk 

TABLE 3. General changes in milk composition associated with 
elevated somatic cells 

Decrease 
Lactose 
Fat 
Casein (total) 

Minor change 
Total protein 

Increase 
Whey proteins (total) 
Chloride 
Sodium 
pH 

Reason of change 
Reduced synthesis 
Reduced synthesis 
Reduced synthesis 

Opposite changes in components 

Leakage from blood 
Leakage from blood 
Leakage from blood 

Alkaline materials from blood 

composition associated with elevated somatic cells. 
Specific changes in the individual components are 
discussed later. 
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Milk protein 

There is a common belief that mastitis and associated 
increases in somatic cells are accompanied by a decrease 
in the percentage of total protein in milk. The 
experimental evidence does not support this belief, most 
results suggesting either no significant change (8) or 
small increases (1). The confusion arises from the fact 
that some protein components decrease while others 
increase. In general, those components synthesized in the 
gland (as-casein, f3-casein, f3-lactoglobulin, a-lactal­
bumin) decrease while those coming in from the blood 
(mainly immunoglobulins and serum albumin) in­
crease (8, 17). The increases about balance the 
decreases so the total stays the same or may increase 
slightly. Of course, from a processing standpoint the 
changes are undesirable because the total casein is 
decreased while the less valuable whey proteins are 
increased. The immunoglobulins have a special 
significance since they are high in colostrum milk and 
include antibodies which are absorbed by the newborn 
calf and give protection against disease. Normally there 
is a selective transfer of lgG1 relative to IgG2 from blood 

to milk. However, during experimental mastitis both rise 
and the selective mechansim appears to be overridden, 
allowing movement of all blood serum protein 
components into milk (13). Local production of 
antibodies is also a possibility and could account for a 
small amount of the increased immunoglobulins. This 
would help to explain the observation that 
immunoglobulins appear in milk later than serum 
albumin and persist longer, despite their larger 
molecular size. 

TABLE 4. Average protein composztwn (o/o) of quarter samples 
grouped by ranges of somatic cell counts (Jlolstein cows)a 

Measurement 

Total protein 
Casein 
Whey proteins 
Casein: total protein ratio 
asl-casein 
(3-casein 
I<-casein 
(3-lactoglobulin 
a-lactalbumin 
Serum albumin 
Immunoglobulin 

aData from reference (8). 

Estimated somatic cells 
(thousands) 

<250 500-1000 >1000 

3.61 3.59 3.56 
2.79 2.65 2.25 

.82 1.10 1.31 

.77 .71 .69 
1.33 1.09 .85 
l,p6 .92 .65 

.16 .20 .19 

.25 .31 .22 

.28 .30 .23 

.15 .23 .35 

.14 .26 .51 

Correlation 
withWMT 

-.70 
-.54 
-.58 
+.36 
-.58 
-.51 
+.46 
+.61 

Table 4 gives an example of specific changes in milk 
proteins based on quarter samples with increasing 
somatic cell counts (8). Most components having 
positive correlations with the Wisconsin Mastitis Test 
(WMT) are those which come in from the blood and 
those with negative correlations are those which are 
synthesized in the gland. There is also a high negative 
correlation of cells with the casein: total protein ratio. 
Haenlein et al. (7) earlier calculated the following 
regression equation relating WMT to casein and total 
protein percentages: 

WMT (mm) = 63.46- 0.678X 

where X = 100 (casein o/o) 

total protein o/o 

The equation indicates that with a WMT of 10, the 
casein: total protein ratio would be .78. A similar 
equation based on the California Mastitis Test (CMT) 
has been calculated by Ashworth et al. (1). Caution 
should be exercised in attempting to. use these equations 
on bulk milk because they are based on quarter milk and 
the screening tests are not very precise. Additional work 
should be done with more accurate cell counting to more 
accura,tely establish this relationship. 
Milk fat 

Most workers have reported a decrease in fat content 
with subclinical mastitis. Ashworth et al. (1) found fat 
contents of 4.2 and 3.7% in opposite CMT-negative and 
CMT-3 quarters. Randolph and Irwin (16) reported 
values of 3.45 and 3.20% fat in opposite quarters with 
WMT values of 10 and 20. The decreases reported for fat 
(about 10o/o) are generally less than those for lactose and 
casein (about 15%) on comparable samples. In the 
quarter samples we are comparing negative with 
defmitely positive samples so these decreases are greater 
than would be expected in bulk tank samples with 
elevated cell counts. 

In addition to a drop in total fat content, there are also 
changes in fat composition associated with elevated cells. 
Randolph and Irwin (16) and Irwin and Randolph (6) 
reported that the phospholipid content of milk with 
elevated cells was somewhat lower while there was an 
increase in lipase activity and free fatty acid content, as 
indicated by acid degree value. Short chain and C18: 1 
fatty acids increased somewhat while the C16:0 and 
C18:0 acids decreased. Table 5 shows some of the 

TABLE 5. Influence of mastitis on milk fat and related componentsa 

Measurement WMT<lO WMT>20 Change 

Milk fat (o/o) 3.45 3.20 
Phospholipid (mg/g fat) 4.78 3.55 
Free fatty acids (mg/g fat) 23.27 34.10 + 
Lipase activity 1.49 1.73 + 
Acid degree value .64 1.17 + 

a Data from reference (I 6). 

changes in milkfat and related components as reported 
by Randolph and Irwin (16). 

The explanation for the significance of the milkfat 
changes are not completely clear. Decreased fat content 
could be explained by reduced fat synthesis due to injury 
to secretory cells. Phospholipids appear to be 
synthesized in the galnd also, so the same explanation 
could be applied to their decline. Phospholipid content of 
the fat globule membrane is also reduced (6) and thus 
may reduce protection of the fat against lipolysis. This 
idea is supported by increased free fatty acids and acid 
degree values, although increased lipase activity may also 
be involved. The increased Jipase may be related to 
changes in the concentration of milk lipase secreted or to 
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the increased leucocytes, which apparently have lipase 
activity (16). The lowered phospholipid and increased 
lipase content would support the suggestion that mastitis 
may contribute to development of hydrolytic rancidity in 
milk. 

Lactose 

There is good agreement that the lactose and 
solids-not-fat (SNF) content of milk decrease when 
somatic cells are elevated. Ashworth et al. (1), using data 
from opposite quarters, reported lactose contents of 4.88, 
4.83, 4.72, 4.50, and 3.9So/o for milks rated negative, 
trace, one, two, and three on the California Mastitis Test 
(CMT).It is obvious that the drop becomes steeper as the 
reaction increases. Comparable figures for non-fat solids 
determined gravimetrically were 8.99, 8.97, 8.90, 8.73 
and 8.32o/o. Since lactose and protein are the major 
components, it appears that lactose accounts for 
essentially all of the drop in SNF. The fact that SNF 
drops less than lactose is explained by small increases in 
protein. The total drop in lactose for CMT-3 samples was 
16.3 o/o for lactose compared to 10.8 o/o for fat, with a 6. o/o 
increase in total protein. 

The explanation for the drop in lactose is the logical 
one of decreased synthesis. Lactose in milk is synthesized 
only in the udder from glucose removed from the 
bloodstream. It is of interest that one of the milk 
proteins, a-lactalbumin, is a component of an enzyme 
involved in the fmal step of lactose synthesis. Since 
a-lactalbumin is also reduced in mastitis, this could be a 
partial explanation for decreased lactose synthesis. It is 
clear that decreases in lactose associated with increased 
somatic cells are of the greatest magnitude of the major 
milk components. 

Minerals 
The major changes from normal in mineral content of 

milk with elevated somatic cells are increases in sodium 
and chloride and a decrease in potassium. Ashworth et 
al. reported a 61 o/o increase in chloride in CMT-3, 
compared to negative milk. Tallamy and Randolph (}3) 
reported a 38 o/o increase in sodium and a 9o/o decrease in 
potassium compari11g milk with low and high WMT 
reactions. These changes may be partially explained by 
"leaking in" of sodium and chloride and possibly 
"leaking out" of potassium. Blood levels of sodium and 
chloride are higher and those of potassium lower than 
milk. Thus, the old adage that milk becomes like the 
blood during mastitis can be applied here. 

Calcium and phosphorous content of milk is 
considerably higher than that of the blood and both 
decrease slightly with elevated cells. Most likely this is a 
reflection of a decrease in the components with which 
they are complexed, such as casein. Magnesium changes 
only slightly in an upward fashion and does not fit the 
simple "leakage" explanation, since levels in blood are 
lower than in milk. 

The trace minerals, iron, copper, and zinc, are very low 
in milk and increase slightly in mastitis (23). Possibly this 

is due to decreased milk yield. Table 6 gives a 
comparison of blood levels of minerals compared to milk 

TABLE 6. Minerals (ppm) in blood compared to normal and high 
cell count milk 

Blood a Mastitis Mastitis 
Mineral plasma negative positive 

Sodium 3.400 436 603 
Chloride 3.500 910 1,470 
Potassium 300 1,725 1,573 
Calcium 90 1,298 1,243 
Phosphorus (inorganic) 45 695 642 
Magnesium 22 121 128 

aschmidt (20) 
_bChloride data from Ashworth et al. (1), remaining from Tallamy and 

.: Randolph (23). 

with low and high cell counts. 

SUMMARY OF MILK COMPOSITION RELATIONSHIPS 

Table 7 summarizes the differences in milk 

TABLE 7. Summary comparing milk composition of normal and 
high cell count milk , 

Milk Composition(%) %of 
Measurement Normal High cells Difference Normal 

From Ashworth et al. (I) 
Total so lids 13.1 12.0 ~1.1 92 
Lactose 4.7 4.0 -D.7 85 
Fat 4.2 3.7 -D.S 88 
Chloride 0.91 0.147 +0.056 161 

From Haenlein et ar (8) 
Total protein 3.6 3.6 0 100 
Caseins 2.8 2.3 -D.S 82 
Whey protein 0.8 1.3 +0.5 162 

From Tallamy and Randolph (23) 
Sodium 0.044 0.060 +0.016 136 
Potassium 0.172 0.157 -D.OlS 91 

Other 
pH 6.6 6.9 0.3 lOS 
Lipase activity 1.49 1.73 0.24 116 
Acid degree value 0.64 1.17 0.53 183 

composition between normal and high cell count milk. 
Although most of the changes in milk composition in 

high cell count milk can be related to decreased synthesis 
or increased "leakage" due to damage to udder tissue, 
these explanations are obviously over simplified and 
much more complex phenomena are involved in the total 
changes occurring. 
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ABSTRACT 

Health hazards of reusable foodservice utensils are reviewed, 
beginning with Crumbine's studies in Kansas City in 1907. Reports of 
transmission of communicable diseases through improperly sanitized 
utensils are included. Despite determined efforts by public health 
personnel and foodservice managers, u~ensil wash_ing practices ~n 
public eating places continue to be unsatisfactory, with many utenstls 
exceeding bacterial limits. 

Cognizant of the continuing demand for improved 
management of the nation's solid waste problem, the 
Environmental Protection Agency (EPA), in its Third 
Report to Congress, recommended "source reduction" as 
one solution to the problem. The report (I 1) noted that 
generation of waste could be reduced by restricting 
consumption of materials and products and product 
reuse was offered as one of the technological options. 
Although a preliminary comparison between reusable 
plates and paper plates was included in the report, the 
EPA has contracted with Midwest Research Institute for 
a comparative study of the environmental impacts of 
certain disposable and reusable food service utensils, 
including cups and plates. Because public health aspects 
are frequently overlooked in these kinds of studies, we 
believe it is important to provide a review of the literature 
dealing with the he(llth hazards of reusable food service 
utensils. 

EARLY STUDIES 

In 1907, Crumbine (6) made daily swabbings from the 
common drinking cups and glasses of all trains entering 
Union Station at Kansas City and from cups used at a 
surburban public school. He found that the cups "were a 
grave potential danger, for many who used them were 
capable of transmitting disease and undoubtedly did so." 

Other isolated reports (32) were found in the early 
medical/health literature concerning the transmission of 
communicable diseases through improperly cleaned and 

. disinfected eating utensils. Lynch and Cumming (21) 
described experiments conducted with Army troops 
during World War I which demonstrated that impro­
perly washed and sterilized ("sanitized", as currently 

defined) dishes could carry bacteria, and were conveyers 
of disease. Cumming et al. (7, 8, 9) investigated 
transmission of influenza, pneumonia, and tuberculosis 
and concluded that one of the foremost avenues of 
transmission of these saliva-borne diseases at that time 
was through eating utensils. Other investigators (29) ' 
described the extremely poor methods of hand dish 
cleansing practices prevalent in many public eating 
places. Such reports led many public health officials to 
conclude that there was a lack of appreciation on the 
part of the public of the possible danger of disease 
transmission through improperly sterilized eating 
utensils, and that the sanitation of many restaurants, 
hotels, etc. was far below the accepted standard of 
cleanliness and safety. 

CLEANING METHODS INADEQUATE 
By the 1930's it was realized (23) that a definite need 

existed for development of methods for effective cleaning 
and sterlization of public eating utensils as well as 
educational and regulatory programs to insure the 
appropriate use of these methods. Repeal of Prohibition 
and proliferation of taverns and roadhouses in the 
mid-30's was accompanied by poor sanitary practices in 
the dispensing of alcoholic beverages. Concurrent with 
revelations by Mallmann (28) of inadequacy of cleansing 
techniques for drinking glasses in taverns were reports of 
a marked increase in Trench mouth among the general 
population, a disease that can be transmitted by 
inadequately cleaned eating utensils and glassware. 
Surveys (22) of glassware in alcoholic beverage dispens­
ing places showed the presence of the bacteria which 
caused Trench mouth in significantly large numbers, 
even in places that were making every effort to clean 
glassware effectively. 

In the late '30's many articles appeared in the 
literature discussing the ineffectiveness of commercially 
available "disinfectants" (1 0, 25, 24); the continued 
widespread ignorance concerning proper and effective 
methods of sanitizing dishes and glassware (5, 16); and 
the lack of a reliable method to enable the public health 
investigator to determine whether glasses and dishes 
have been properly handled (12). Another problem was 
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the frequency of improper operation of mechanical 
dishwashers due to ignorance of the most effective 
holding time and temperature of the wash and rinse 
waters, and the type and amount of chemical disinfectant 
to use. Despite determined efforts by public health 
personnel and some restaurant proprietors to improve 
sanitizing operations, most food service personnel felt 
that dishwashing was satisfactory as long as the dish 
appeared reasonably free of visible soil and few 
complaints were made by the clientele. Many of the 
articles (26) published in the '40's focused on the 
importance of proper dishwashing procedures. 
Techniques for obtaining bacteriological standards 
were sought (13). Surveys (15) of dishwashing practices in 
public eating places still showed that the quality of 
washing (as measured by bacteriological tests) was 
generally very poor throughout the country. Occasional 
instances of disease outbreaks in institutional popula­
tions were traced (31) to inadequate sanitization and 
storage of dishes. 

MINIMUM STANDARDS 

In 1950, the official minimum requirements for 
effective machine dishwashing were promulgated (30) as 
not more than 100 microorganisms per utensil surface, 
and it was felt that this standard could be consistently 
maintained by proper machines or manual methods. 
Although minimum dishwashing standards were now 
set, there were many instances (3, 27) where management 
failed to train and supervise food service workers in 
proper cleaning operations. 

Since restaurants are frequented for the most part by 
persons in good health, the danger of infection from 
eating utensils is relatively low, except during epidemics. 
In hospitals, however, the possibility of infections from 
eating utensils is much greater because patients may 
carry large populations of infectious bacteria. Therefore, 
emphasis shifted toward sanitation problems in the 
dietary departments of hospitals (1). Articles (17) 
exploring this problem in hospitals stressed the 
importance of proper sanitary habits of kitchen workers. 
Reports (19) in the '60's' suggested that the increasing 
number of illnesses in hospital patients might be traced to 
consumption of foods that were contaminated during 
preparation and service. Many workers failed to employ 
basic principles and practices of sanitation (2, 18) and 
the unsanitary storage of clean dishware (14, 20) was 
another problem which emerged. 

RECENT OBSERVATIONS 

More recent reports indicate the existence of many of 
the same unsanitary practices noted in the past. Walker 
(33), in a bacteriological study of reusable beverage 
glasses in 66 American hotels and motels, found that 
over 80%ofthe "washed and sanitized" glasses exceeded 
the standard of 100 organisms per glass. Sub-standard 
glasswashing practices were identified as a major factor 

in the bacterial content of the 430 glasses tested. In an 
extensive survey, conducted in 1974 at the request of the 
Comptroller General of the United States (4), the Food 
and Drug Administration (FDA) inspected 185 restaurl 
ants selected at random in nine metropolitan cities and 
found 90%unsanitary, 54%with inadequate facilities for 
washing and sanitizing equipment and utensils. They 
concluded that "equipment and utensils that are not 
thoroughly cleaned, sanitized, anq maintained in good 
repair can harbor accumulations of food and other 
residues that support harmful bacterial growth, which 
may be transmitted to customers and employees." 

It is extremely difficult to develop epidemiological 
evid~nce to support the thesis that lack of sanitization 
and cleanliness in handling utensils in food establish­
ments is likely to result in demonstrable disease. The 
contacts are transitory, the sources are not readily 
identified, and the illnesses are frequently not properly 
diagnosed or reported. Further, as Walker (33) notes, 
"Questions involving the health effects of environmental 
bioloads are particularly prone to uncertainty and the 
health impact of various environmental levels of 
microorganisms on food or beverage contact surfaces are 
often unknown." Yet, as Walker states, "public health 
students recognize that the larger the number of bacteria 
present, the greater the probability of some of them 
being harmful." 

We believe that the potential health hazards 
considered above must be included in any comparative 
study of disposable and reusable food service utensils. 
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ABSTRACT 

Increased communications between sanitarians and lawyers are 
important as the public becomes more conscious of sanitation matters, 
the food distribution chain lengthens, and governmental budgets 
increase. Federal and state Jaws prohibit shipment of "adulterated' ' 
food, including food packed or held under insanitary conditions, even 
though the food itself is perfectly clean. Penalties for violation are 
se izure, injunct ion , and criminal prosecution, including prosecution of 
"responsible" individuals. In addition , recalls , which are not 
mentioned in the federal Jaw, are frequently used. All of these actions 
require close cooperation between sanitarians and lawyers, whether on 
the indu st ry side or the governmental side. Preparation for, conducting, 
and following up on inspections by FDA or other governmental 
agencies also require cooperation between sanitarians and lawyers. 

Our two disciplines -yours as sanitarians and mine 
as a lawyer - have been coming into contact more 
frequently and more intimately in recent years, and it is 
extremely important that we open the door to further 
communications between us. Incidentally, it is much 
better for us to communicate on your grounds - in a 
manufacturing plant or warehouse, or even better at a 
meeting than it is to meet on my grounds - at an 
administrative hearing or worse yet in a court room. 

REASONS FOR COMMUNICATIONS 

In analyzing why it is increasingly important for us to 
have good communications, it appears to me that there 
are three reasons. · 

First, our country - including particularly the 
consuming public - has become increasingly conscious 
of sanitation and related matters. The recent 
" Philadelphia incident" was a dramatic example which 
captured public imagination and focused attention on 
the necessity for perpetual environmental vigilence, 
including sanitation. As we learn more about bacteria, 
yeasts, molds, and other even more exotic instrumentali­
ties which are perpetu ally ready to assail the food supply 
of the human race, it becomes increasingly clear that 
sanitarians have an enormously important role to play. 
And it is also clear that the significance of this role is 
going to increase in the future. As it increases, I suspect 
you will be dealing more and more with lawyers, and I 
know from my own experience that lawyers are going to 
need you more and more. 

Second, the role of sanitarians, and our mutual need to 
cooperate, seems to increase as the length of the food 
distribution chain increases. When food was produced 
primarily for home consumption on the farm a sanitarian 
would not have been a particularly welcome visitor. But as 
the producer and consumer have moved further and 
further apart, both in terms of geography and of 
middlemen , the role of the sanitarian has become a vital 
factor in protection of the public health. 

Third, FDA, and other federal and state agencies have 
greatly increased budgets, which means that sanitarians 
and lawyers will be working much more closely together 
either for the government or for industry, and hopefully 
in solving mutual problems before they get to the 
litigation stage. FDA's budget, for example, was 
$5,000,000 in 1955; Commissioner Schmidt estimates 
that by 1980 it will be $500,000,000. This means more 
scientists, including sanitarians, working for the 
government; it means more comprehensive and intensive 
statutes, like the impending bill , S. 641; it means more 
knowledgeable and technical inspections at food plants; 
and it means more and better equipped FDA inspectors. 

I cannot over emphasize to you the importance which 
professional sanitarians are going to be playing in food, 
milk, and environmental matters in the immediate 
future. The public health needs you, and we lawyers view 
you and your burgeoning profession with a great deal of 
respect. 

REVIEW OF FOOD LAW 

I would like to give you a brief review of food law as it 
applies to your profession. For some my comments may 
be quite elementary, while for others they may be 
exposure to a new fie ld and new ideas. 

The basic concept of the Federal Food, Drug, and 
Cosmetic Act (although this is an intentional 
over-simplification designed to let us zero in on our 
specific topic) is that adulterated food may not be 
shipped or received in interstate commerce. The word 
" adulteration" has several very specific definations in the 
Act, but the one which is most important for us is in 
Section 402(a) (4) (21 U.S .C. 342(a) (4)) which provides: 

"A food shall be deemed to be adulterated- (a) ... 
(4) if it has been prepared, packed, or held under 
insanitary conditions whereby it may have become 
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contaminated with filth, or whereby it may have been 
rendered injurious to health ... . " 
The importance of this section is that a food is 

adulterated under this definition if the plant or 
warehouse in which it is packed or held is insanitary, 
even though the food itself is perfectly clean. And Section 
402 (a) (4) is one of the sections of the Act used most 
frequently by the FDA in its enforcement proceedings. 

PENALTIES FOR ADULTERATION 

Next, let's take a brief look at the penalties for 
violating this adulteration section . Three remedies are 
provided in the Act: 

(a) Seizure of the adulterated goods. This is by far the 
most common remedy used by FDA, and by state 
agencies enforcing state laws similar to Section 402 (a) 
(4). The maximum penalty in a seizure action is loss of 
the goods which have been seized , although of course 
there may be sequential problems such as what to do 
with similar goods not seized. 

(b) An injunction against the firm and / or individuals 
to restrain them from some form of future action. For 
example , FDA has exercised this authority to effectuate 
closing of plants which it deemed to be so insanitary that 
they could not be corrected. 

(c) Criminal prosecution against the offending firm 
and / or its individual officers or other responsible 
individuals . This is an extremely serious remedy, which 
involves a fine of $1,000 on each count for the firm and 
individuals, and /or a maximum of 1 year in jail on each 
count for individuals for a first offense, and more serious 
penalties for subsequent offenses. 

Last year the United States Supreme Court decided 
the case of U.S. v. Park , 44 L.Ed. 2d 480 (1975), in which 
the president of Acme Markets , a large retail chain in the 
East with 16 warehouses and 874 retail outlets, was 
found guilty of violating the Act because of insanitary 
conditions in the firm's Baltimore warehouse. While the 
case involved only a misdemeanor, and the court assessed 
only a $250 fine , the principle was so important that Mr. 
Park appealed the case all the way to the United States 
Supreme Court which affirmed his conviction on the 
ground that Mr. Park was a responsible official, and was 
not " powerless" to have prevented the violation. 

One effect of the Park case has been to get the very 
clear attention of corporate officials all over the United 
States. They are more than ever, and some for the first 
time, looking to sanitarians and lawyers to assure them 
that they are not in serious jeopardy of a jail sentence. If 
you ever had the slightest doubt about the importance of 
a sanitarian, you can now erase it. If you are a sanitarian 
in private industry or a consultant to private industry, the 
president of your company is in jeopardy of a criminal 
prosecution if you do not do your job properly; if you are 
a sanitarian for a governmental agency, the success of 
your agency's prosecutions may very well depend on the 
accuracy and detail of your work . 

Let me be more specific. Just last month (July, 1976), I 
defended a criminal prosecution against a partnership 

which operated a food wholesale warehouse. Three of the 
four individual partners were also defendants . The 
government had charged each of the four defendants 
with eight separate violations of the Act, which could 
have resulted in a $32,000 fine and 8 years in jail for"each 
of the three individuals. Five of the counts charged all 
four defendents with holding food which itself was 
contaminated, but the other three counts charged only 
that the food was held under insanitary conditions at the 
warehouse. Indeed , the government's own tests showed 
that the food involved in these three counts was not itself 
contaminated in any way. Thus Section 402 (a) (4) was 
the sole charge in these three counts. 

You can imagine the importance of sanitarians in a 
case like this, both before the case was filed and as 
witnessess. I am pleased to say that the jury found the 
three individual defendants not guilty on all eight counts , 
and vindicated the warehouse's sanitation practices by 
finding the partnership not guilty on the three counts 
which involved Section 402 (a) (4) alone. The government 
prevailed on the five counts for which FDA haM 
photographs taken by the inspectors 2 years and 1.5 
years before the trial. 

(d) A fourth remedy used with increasing frequency, 
although it is not mentioned in the Act, is a recall. FDA 
has recently published , in the Federal Register for June 
30, 1976, a comprehensive proposal concerning recalls in 
which you may be interested. 

INSPECTIONS 

Finally, I would like to discuss inspections by federal 
and state officials, again an area in which sanitarians 
and lawyers must cooperate. If you are a sanitarian 
working with an inspected firm, it is crucially important 
that you work with your firm's lawyers in designing a 
suitable protocol covering preparation for the inspection, 
conduct of the inspection itself, and followup on the 
inspection . Obviously legal questions are involved in each 
of these three steps , so your profession and mine will 
again be working together . Let me emphasize 
particularly the importance of proper followup after the 
inspection is concluded. This followup should include 
not only internal changes, but also a thorough report to 
the inspecting agency. Again, a job for sanitarians -
who are the experts in knowing what must be done to 
effectuate necessary changes - and lawyers , who 
hopefully are the experts in tra~slating action into words 
which will be persuasive to the regulatory agency in its 
decision as to whether further regulatory action is needed. 

If you are a sanitarian working for a governmental 
agency, you must of course be thoroughly prepared for 
the inspection, know how to conduct the inspection , and 
help carry out your dedication to the protection of public 
health by sharing your views with the firm at the 
conclusion of the inspection. If the firm fails to carry out 
what you believe to be necessary steps, you will 
undoubtedly be talking to lawyers who will be preparing 
a case, and again our two professions will be working 
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together. 
One potential bone of contention in the handling of 

inspections is the taking of photographs. FDA inspectors 
are instructed to attempt to take pictures of any violative 
condition which they find, and they have authority to do 
so unless the inspected firm requests that the pictures not 
be taken. In other words , the inspected plant has the 
option of prohibiting the taking of pictures, and because 
pictures can so distort a condition, it is my strong 
recommendation that the inspector be requested to leave 
his camera in the car- politely but firmly. 

I hope that these comments have reaffirmed your 
a.wareness of the importance of sanitarians and the work 

which you do. You are absolutely essential not only to the 
protection of public health, but your role is becoming 
increasingly important as technology develops. As a 
lawyer, I particularly thank you for the expertise whicl\ 
you have brought to the field of food technology, and 
look forward to working with you in the protection of the 
public health - hopefully on your field of battle but if 
necessary also on mine!. 
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ABSTRACT 

Four tests are currently being used at 
severa l locations throughout New England. 
They a re the Disc Assay, Hood Modified Disc 
Assay, Delvotest-P. and Cylind er Plate 
Method. The Disc Assay Methods are used 
mainly for fluid milk , while the Delvotest -P 
and Cylinder Plate methods are used for 
manufactured products. The incidence of 
pos iti ve antibotics tests on fluid milk is lower 
in percent now than 2 years ago: howeve r, the 
tota l number of positives is about the same. 
Mos t positi ve te sts are being found now with 
the 14-h Disc Assay only and not the 4-h Disc 
Assay as they were two years ago. This 
suggests that producers, through ed ucation 
and penalties. are trying to do a better and 
more consc ientiou s job than was previously 
done. The sensit ivity of the Disc Assay 
meth ods has been increased during this same 
period . 

Yankee Milk, Inc. is a cooperative 
with 4500 dairy farmers throughout 
New England and eastern New York. 
It operates three manufacturing 
plants and 11 receiving stations or 
non-manufacturing plants. Its' 
members produced 3 .2 billion 
pounds of milk in 1975. 

Yankee Milk operates seven labor­
atories at its's plants and has 
facilities at all receiving stations to 
test for milkfat , DMC, and antibio­
tics. All laboratories and testing 
faciliti es are open 7 days a week with 
two laboratories open 24 h a day and 
the remaining open 12 to 16 h per 
day. 

Testing for antibiotics is done at 
all locations using the 4- and 14-h 
disc assay methods on all farm 
pickup tank loads. Universal sam­
ples are taken daily on milk from all 
producers and these samples are 
available along with the farm pickup 

tank samples . In many instances , 
milk is picked up one day and 
delivered early the next morning 
therefore giving the laboratories time 
to test by the 4-h disc assay method 
before delivery to a plant . If a posi­
tive result is obtained, milk from all 
producers on the load is tested and 
the violator is detected. He is then 
shut off for further pickup until a 
negative sample can be obtained 
from his bulk tank thus clearing him 
to resume shipping. At the end of 
each month Yankee Milk assesses a 
penalty on all violators during the 
month. 

PENALTY 

The current antibiotic penalty 
adopted by our Board of Directors, 
September 1, 1975 reads as follows: 
"Any member or affiliated member 
who, by permitting the shipment of 
milk subsequently determined by 
test to be adulterated with antibiotic 
residue shall be subject to assess­
ment calculated on the basis of the 
applicable Association pay price and 
the 'hundredweight of adulterated 
milk shipped and to further condi­
tions as follows: 

1. For the first viol ation in any 6-month 
period , beginning with the date of such 
violation; one and one halftimes the value of 2 
days production. 
2. For the second violation in the same 
period; two times the va lue of 2 days' 
production . 
3. For the third violation in the same period; 
four times the va lue of 2 days' production. 
Within 5 days of such violat ion, the violator 
shall also be notifi ed to appear before the 
Executive Committee or Board of Directors of 
the Association to show cause why his 
Producer Membership and Marketing Con-

tract or oth er entitl ement to market his milk 
through the Association should not be , 
immediate ly te rminated. 
4. As used above , the term "2 days ' 
prod uction" shall , in the case of er ery-other­
day sh ipper, mean the poundage in the 
shipment determined to be ad ultera ted. In the . f 
case of an every-day shipper, said term sha ll 
mean two times the poundage in the shipment ( 
determined to be ad ulterated. In either such f 
case, the term "shipment'' shall include all 
mi lk produced by an individual member or 
affi li ated member for storage in the same milk 1 

house and for shirment in the same bulk 
truck regard less of the number of farm bulk 
tanks from which shipment is nt ade. 
5. Following any violation of these standards, 
no milk produced by a violator sha il he picked 
up unless and un ti l a test for antib iotic residue 
on an official sample of his milk provides a 
negative result. 

Any bulk load found to be positive 
is diverted by our supply division to 
our nearest manufacturing pl ln.t. 
There it is separated and the cream 
is tested in triplicate. If positive , the 
cream is dumped. If negative , it is 
sold. The skimmilk is condensed and 
depending on the original amount of 
antibiotic present in skimmilk , it is 
either made into powder or reconsti­
tuted into skimmilk and then re­
condensed and dried. Any powder 
still containing antibiotics can fur­
ther be reconstituted to skimmilk 
and condensed and dried. This 
usually has eliminated the antibiotic 
residues in the powder , thus making 
it saleable . All reprocessed powder is 
tested by the Cylinder Plate Method. 

One of our laboratories is equipped 
to do the Cylinder Plate Method for 
all our other locations. It is used as a 
means of determining the exact con­
centration of antibiotic in a suspect­
ed sample as well as clearing 
reprocessed powder. 

DELVOTEST-P 

The Delvotest-P is used by one of 
our laboratories to determine 
whether milk shipped to a particular 
cheese plant is free of inhibitors. 
Swiss cheese is made and very low 
levels of inhibitors, even those un­
detected by disc assay method , 
interfere with manufacturing of a 
satisfactory Swiss cheese. 

The Delvotest-P is also used by our 
powder plants to screen loads of milk 



going into powder. Very low levels of 
antibiotics that are undetected by 
Disc Assay Method can be detected, 
therefore preventing our drying such 
milk and ending up with positive 
powder. This was a serious problem 
until about 2 years ago. At that time 
it wasn't uncommon for us to have 
all incoming milk test negative and 
end up with positive powder. This 
was due to concentrating the anti­
biotic by reconstituting the powder 
3:1 for testing as recommended by 
FDA. Through use of the Delvotest 
we have eliminated this problem. 

The Delvotest is also used in 
conjunction with the Disc Assay 
Method in our laboratories as an aid 
in determining for producers whether 
milk will be picked up when there is 
a question of possible adulteration 
with antibiotics . If the Delvotest is 
negative , the Disc Assay has always 
been negative and we accept the 
milk. Last month (July, 1976) , Dairy­
lea instituted a program of testing 
their producers' milk by Delvotest at 
no charge when they were unsure 
whether antibiotics may have gotten 
into their supply. A phone call to 
their nearest plant division office, 
sanitarian, or field representative 
and an employee will come to the 
farm, sample, and test the milk . A 
sample brought to the nearest office 
or plant would be tested even 
quicker. To date, I haven 't heard 
how their program is working. 

MODIFIED DISC ASSAY 

Dr. Harry Wildesin of the Hood 
Co. has modified the 4~ and 14-h 
Disc Assay Methods to make them 
more sensitive. He has obtained 
sensitivities of .02 and .01 unit 
penicillin/ ml, respectively. The 
modification includes touching the 
edge of the paper disc into a well 
mixed sample of raw milk previously 
heated to 40-50 C (104-122 F). Milk 
is allowed to completely wet the disc 
by capillary action and is removed 
as quickly as possible, thereafter to 
avoid excess milk on the disc. Raw 
milk is used to prevent reduction in 
penicillin concentration. In addition 
to making possible better capillary 
action, heating prevents a coating of 
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fat from collecting on the disc, 
possibly preventing diffusion of anti­
biotic into the agar. There is also no 
natural inhibitor from fat using this 
method. The incubation temperature 
is changed to 41 C in the short 
method, so normally observations 
can be made after 3-4 h. 

SAMPLES FROM PRODUCERS 

We have, for the past 2 years, 
encouraged our members to bring 
into our laboratories or : receiving 
stations samples when they believe 
that they may have accidently ad ult­
erated their tank of milk. We test it 
for them free of charge and, if 
positive , we won 't pick up the milk. 
If negative, we would accept the 
milk . This helps to prevent them 
from being penalized if antibiotic did 
get into our milk supply. 

An example: Recently a member 
noticed after milking that a cow that 
had been dry-treated was with the 
milking herd. He didn 't believe that 
it had been milked, but he didn't 
want to take a chance. He brought in 
a sample and it was negative. This is 
how we expected the service to be 
used. This service, however , has been 
abused by many members in an 
attempt to beat the withholding time 
on treated animals. It is not un­
common to receive five or more cow 
samples every day from the same 
member . In an attempt to eliminate 
this misuse, our Board of Directors 
has just adopted this month a $3 .00 
fee on all producer samples brought 
or sent in by members. 

Unfortunately, some farmers have 
tried to "beat the game" by substi­
tuting water for the milk they have 
dumped. I heard of one such case 
where a farmer dumped milk from 
three of his cows and substituted 
water for the dumped milk. Fortu­
nately, the hand ler receiving the milk 
checked and found about 15 o/o added 
water. The farmer then ad mitted 
what he had done. 

POSITIVE TEST RESULTS 

Our experience has been that the 
incidence of positive antibiotic tests 
in fluid milk is lower in percent now 
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than 3 years ago, but the total 
number of positive results is about 
the same. For the 3-month period, 
January-March, 1973: 

Bulk Loads 
2,427 samples 21 positives 0.87% 

Producer 
768 samples 14 positives 1.82% 

In August 1974 we expanded our 
program to include taking universal 
fresh milk samples on all of our 
producers even those we were not 
responsible for testing, as a means of 
eliminating antibiotics. We also 
began testing direct delivered bulk 
loads at this time. For the first 8 
months , from August 1974 through 
March 1975 we had detected 133 
member violations or an average of 
17 per month. These violations were 
committed by 115 different members. 
The actual number of violations 
ranged from 14 to 23 per month. Of 
the 115 members, 103 had single 
violations, eight had two, three had 
three, and one had five. The total 
adulterated milk from these 115 
members amounted to 621 ,000 
pounds which in turn ad ulterated 
much larger amounts of milk. 

Currently, during the 3 months of 
AprilthroughJune1976 

Bulk Loads 

24,521 samples 45 positives .J8 o/o 
Producer 

23,226 sam pies 55 positives .24 o/o 

In a little over 3 years we increased 
bulk load testing from 2,427 to 
24,521 samples with the percentage 
of positives dropping from .87 to 
.18 o/o. Producer testing increased 
from 768 to 23,226 samples with the 
percentage of positive test results 
dropping from 1.82 to .24 o/o. 

Most positive tests are being found 
now with the 14-h Disc Assay 
Method only and not with the 4-h 
method as they were 2 years ago. The 
sensitivity of the Disc Assay Methods 
have been increased in our labora­
tories through more careful prepara­
tion of plates during this same 
period. This leads me to believe that 
our members, through education 
and penalties are trying to do a 
better and more conscientious job 
than was previously done. 

, 
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PREVENTING ANTIBIOTICS 
IN MILK 

At member meetings we have 
continued to stress 15 recommenda­
tions for prevention of antibiotics in 
milk. They are: 

1. Know the kind of drug being 
used and what its ' effects are 
expected to be. Don't use question­
able preparations. Experienced 
suppliers have spent large sums of 
money in attempting to assure that 
their label declarations are correct. 
All antibiotics such as penicillin , 
tetracycline, streptomycin, and com­
binations of these drugs MUST be 
kept out of market milk. This also 
includes eyedrops, ointments, and 
other preparations containing these 
drugs or combinations of them. 
Some teat dilators and uterine 
boluses also cause positive test 
reactions. 

2. Read the label for dosage re­
quirements. DO NOT EXCEED 
PRESCRIBED DOSAGE. If, for 
example, two tubes instead of one 
are used , the drug may not be elimi­
nated from the cow in the usual time. 
Dose rate and excretion rate of some 
drugs are related. Sometimes even at 
normal treatment rates a drug can 
stay with a cow longer than label 
warnings indicate. It has happened!! 

3. Read the label to determine the 
length of time milk must be withheld 
from sa le . . DO NOT CUT THIS 
TIME SHORT OR DEPEND ON 
DILUTION EFFECT. All labels 
specify the amount of antibiotic to 
administer and the appropiate with­
holding time for' milk, usually 72-
96 h . If a drug will not be eliminated 
in 96 h , it cannot be used on 
lactating cows. 

4. Identify all cows treated either 
by herdsman or veterinarian so that 
a ll persons having anything to do 
with the milking operation know 
what cows should not be milked in 
the routine manner. A means of 
id entifying treated animals is to 
mark both flanks or milking side 
with day of week and morning or 
afternoon milking when milk is safe 
to add to supply - for instance 
Wed ./am or Sun ./pm. Marking 
crayons, magic markers in vivid 
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colors, and ankle bands are available 
for this purpose. Lack of communi­
cation is perhaps the most common 
cause of antibiotic-contaminated 
milk. According to one study, 40 % of 
accidental adulteration occurs in this 
manner. 

5. Treated cows should be milked 
last. One should make certain that 
all milk contact surfaces are thor­
oughly cleaned and sanitized after 
milking treated cows. This avoids 
some problems of carryover of 
treated milk on equipment to un­
treated milk . A single medicine 
dropper of milk from a treated cow 
can cause detectable levels in the 
next cow's milk passing through the 
same equipment. In milking parlors 
and pipeline set-ups, separate bucket 
type milkers should be provided so 
that the milk from treated cows can 
be kept out of the milk supply line to 
the bulk tank . 

6. Even if only one quarter has 
been treated , discard all milk from 
that treated cow. Milk from the other 
three quarters may be contaminated, 
to a lesser degree perhaps, but 
contaminated nonetheless. 

7. Milk from treated cows should 
not be fed to calves or other animals 
within 5 days of salughtering for 
human consumption. It is not a good 
practice to feed milk from treated 
cows to calves being raised for the 
milking herd. 
8. One person should be respon­

sible for administering all drugs and 
identifying all treated animals. This 
should reduce accidental contamina­
tion due to poor communication. If 
the veterinarian treats a cow in the 
absence of the herdsman , he should 
provide adequ ate information for the 
herdsman before leaving the farm. 

9. Dry cows should not be treated 
within 4 weeks of freshening, and 
milk should not be added to the 
supply for a least 96 h after freshen­
ing. Milk may be contaminated from 
cows calving prematurely after dry 
treatment. Dry treatment antibiotic 
formulations are long lasting and 
generally require a 30-day with­

holding period. The 30-day with­
holding period extends through 
freshening for the full period. Even 

when cows freshen on time, a milk 
withholding period is often required. 
Read the label! Dry cow treatment 
should never be used on lactating 
cows. If a cow is treated by acbdent, 1 

its milk should be withheld until . t 
checked and found negative by a 
laboratory. 
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10. Intramuscular injections of anti­
biotics a're absorbed into the blood­
stream and eventually contaminate 
the milk. They generally require a 
longer withholding period than udder 
infusion. Withhold this milk from 
market for the prescribed period. 

11. Milk from lactating cows just 
purchased or under treatment should 
be checked before adding the milk to 
the supply. Handle new cows in the 
herd as though they had just been 
treated by withholding milk from t~ 
bulk tank for at least 5 days or until 
proven negative by test. This is 
probably the second most common 
source of antibiotic contamination. 

12. Do not add to the bulk milk 
tank any milk from a cow which has 
received any kind of medication -
oral (including medicated feeds), 
intramuscular injection , udder in­
fusion, intrauterine infusions , or 
even treatment for pink eye. 

13. Treated cows should be milk­
ed completely. The more completely 
a cow is milked , the faster any drug 
will clear out. 

14. When treated cows are ship­
ped to slaughter, remember that the 
withdrawal time following treatment 
is much longer for tissue residues 
than is the withholding time for 
milk . It may be up to 60 days. Check 
the label, and do not ship them until 
the recommended time has elapsed . 

15. If there is any question about 
mistakes that may have occurred, 
contact the milk handler or field man 
before milk is collected so he can 
have the tank and/or cow samples 
tested at the laboratory. 

SUMMARY 

In summary, it is essential for 
animal health that antibiotics con­
tinue to be available. Misuse of 
antibiotics jeopardizes this con­
tinued availability. Antibiotics are an 
aid to but not a substitute for good 



herd management. The saying, "If 
all else fails, read the label ," should 
be reversed to " Read the label first 
- and not just read the label - but 
HEED the label. " If this is done, and 
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treated cows are segregated and 
tested before returning to the milk­
ing herd, we will have gone a long 
way toward eliminating antibiotic 
residues from milk and milk pro-
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SCOPEOFTHEJOURNAL 

The Journal of Food Protection, an international monthly journal in 
the English language, is intended for publication of research and reviev 
papers on all topics in food science and on the food aspects of the 
animal (dairy, poultry, meat , seafood) and plant (cereals, fruits, 
vegetab les) sciences. Major emphases of the journal will be on: (a) cause 
and control of all forms (chemical , microbial , natural toxicants) of 
foodborne illness, (b) contamination (chemical, microbial, insects, 
rodents, etc.) and its control in raw foods and in foods during 
processing, distribution, and preparing and serving to consumers, (c) 
causes of food spoilage and its control through processing Oow 
temperatures, high temperatures, preservatives, drying , fermentation , 
etc.). (d) food quality and chemical, microbiological , and physical 
methods to measure the various attributes of food quality, (e) the 
foodservice industry, and (j) wastes from the food industry and means 
to utilize or treat the wastes. Prospective authors with questions about 
the suitability ofthei r material for publication are invited to request an 
opinion from the Editor. 

SUBMITTING MANUSCRIPTS AND OTHER ITEMS 

All manuscripts, inc luding "Letter to the Editor," should be submitted 
in duplicate, in flat form, and by first class mail to the Editor, Dr. E. H. 
Marth. Department of Food Science, University of Wisconsin , 
Madison, Wisconsin 53706. Revised manuscripts also should be 
submi tted in duplicat e to the Editor. 

All materials intended for the "Association Affairs" and "News and 
Events" sections of the Journal should be submitted in flat form by first 
class mail to the Managing Editor, Mr. E. 0 . Wright, Box 701, Ames, 
Iowa 50010. Subjects suitable for inclusion in the " News and Events" 
section include: announcements of meetings, short courses, or other 
events of interest to the readership; notices of position changes and 
promotions; announcements of new products of interest to the 
readership ; and notices of death and obituaries of members . Any 
questions on suitability of material can be answered by the Managing 
Editor. 

Correspondence dealing with membership in the International 
Association of Milk , Food , and Environmental Sanitarians, Inc., 
subscriptions. advertisiTig (including classified advertising), etc. shou ld 
be sent to the Managing Editor at the address given above. 

PUBLICATION OF MANUSCRIPTS 

Manuscripts are accepted for publication, subject to editorial review. 
Most papers are reviewed by two members of the Editorial Board or by 
other specialists who may be called on by the Editor when in his opinion 
the subject of a paper is outside of the specialties represented by 
Editorial Board members. After review, a manuscript generally is 
returned to the author for revision in accord with suggestions made by 
rev iewers. Authors can hasten publication of their papers by revising 
and returning them prompt ly. With cooperation by authors, research 
papers nearly always are published within 6 months after they are 
rece ived and often they appear sooner. 

The author is notified when a manuscript is received and also when it 
is sent to the printer for preparation of proofs. An author must return 
proofs promptly or publication of his paper may be delayed . 

Membership in the International Association of Milk, Food, and 
Environmental Sanitarians. Inc. is not a prerequisite for acceptance of 
a manuscript fo r publication . Nonmember scientist from the U.S. and 

from other countries are invited to submit papers for consideration 
for publication. 

Papers , when accepted, become the copyrighted property of the 
Journal and its sponsoring association. Reprinting of any material from 
the Journal or re-publishing of any papers or portions of them is 
'prohibited unless permission to do so is granted by the Editor or 
Managing Editor. 

Submission of a paper implies that all authors and their institution(s) 
have agreed to its publication. It also implies that the paper is not being 
considered for publication in another domestic or foreign journal. 

MANUSCRIPT SERVICE CHARGE 

Upon recommendation of the Journal Management Committee, it , 
was voted by the Executive Board of IAMFES to institute a manuscript 
service charge of $25.00 per printed page for publication of all research 
papers received after January 1, 1969. This charge is necessitated by 
increases in costs and also will permit expansion of the Journal so that 
more research papers can be published promptly. 

Most institutions accept the manuscript service charge as a necessary 
cost of conducting research and communicating the results . 
Nevertheless, it is realized that some authors may not have funds 
ava ilable for this purpose and hence except ions can be made when 
necessary . Inability to pay the service charge shall not prohibit 
publication of an acceptable manuscript. An author will be informed of 
the manuscript service charge when proofs are sent. The manuscript 
service charge does not apply to review papers or other general interest 
papers that are not research papers. 

REPRINTS 

Reprints of a paper may be ordered by the author when he returns 
the proofs. An appropriate form for this purpose is attached to proofs. 
Reprints may be ordered with or without covers in multiples of 100. The 
cost varies according to the number of printed pages in the paper. No 
free reprints are provided. 

Reprints also may be ordered after a paper has been published. The 
IAMFES office can supply reprints of any papers published in the 
Journal of Food Protection, Journal of Milk and Food Technology, or 
Journal qf' Milk Technology. Arrangements to obtain such reprints 
should be made with the Managing Editor . 

TYPES OF PAPERS 

The Journal enjoys a wide readership in the United States and in 
other countries. Readers include persons at various levels in 
industrial , regulatory, and academ ic organizations. As a consequence, 
the Journal attempts to publish a variety of papers so that it is of 
maximum benefit to its readers. The following types of papers are 
acceptable for publication in theJouma/. 

Research paper 

The research paper reports results of original research which has not 
been published elsewhere. It usually consists of 8 to 12 double-spaced 
typewritten pages plus appropriate ta bles and figures. A research paper 

deals in some depth with its subject. 

Research note 

A research note is a short paper which describes observations made in 
a rather limited area of investigation. Negative results are sometimes 
best reported in the form of a research note . The research note should 
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not be used as a vehicl e for reporting inferior research. A research note 
genera lly cons ists of less than 5 double-spaced typewritten pages of 
text together with appropriate figures or tables . Organization of a 
research note is the same as that of a research paper. T he designation, 
"A Research Note" will appear above the titles of these papers since the 
Journal does not devote a separate section to research notes. 

T he author shou ld specijj• that his manuscript is research note so 
that it can be properly evaluated during the reviewing process. 

Review papers 

Well written , thorough, well documen ted review papers on subjects 
of concern to the readers of the Journal are encou raged and will be 
published promptly. If a review paper substantia lly exceeds 
approximately 35 double-spaced typewritten pages, it may be necessary 
to subdivide the manuscript so that it will appear in severa l issues of the 
Journal. Authors are invited to discuss their plans for review papers 
with the Ed itor. 

General interest-nontechnical 

The Journal regularly publishes some nontechnical papers as a 
serv ice to those readers who are not involved with the technical aspects 
of dairy and food science. These "grassroots" papers might deal with 
such topics as working with people, organization of a food control 
program, organization of a regulatory agency, organization of an 
ed ucational program, use of visual aids, and sim ilar subjects. Papers of 
this type should be well written and properly organized with 
appropriate subheadings. Often talks given at meetings can be 
modified sufficient ly to make them appropriate for publication. 
Authors planning to prepare general interest nontechnical papers a re 
invited to correspond with the Editor if they have questions about the 
su ita bility of their material. 

Letter to the E ditor 

Readers are invited to submit letters to t he editor to express their 
opinion on papers published in the Journal or on other matters which 
may be of concern to the entire readership. The letter to the editor also 
may be used to report limited observations made in the field or in the 
laboratory which cannot be published as a research note . This 
mechanism shou ld be particularly va luable for the exchange of 
information by persons who are unable to attend annual meetings of 
IAMFES or by laboratory workers whose duties preclude publication of 
full-fledge research papers. A letter to the ed itor must be signed by its 
author(s). 

Book reviews 

Authors and publishers of books in the fields covered by this Journal 
(see earlier d iscussion of scope) are invited to submit their books to the 
Editor . Books will then be reviewed by a specialist in the field covered 
by the book and a review will be published in an early issue of the 
Journal. 

PREPARAT,ION OF MANUSCRIPTS 

A. All manuscripts shou ld be typed double-spaced on 8 .5 by 11-inch 
bond paper. Lines 011 each page should be numbered to facilitate re­
view of papers. Use of paper with prenumbered lines is satisfactory. 
Side margins should be one inch wide and pages should not be 
stapled together. 

B. The Ed itor assumes that the senior author has received proper 
clearance from his/ her organization for publication of the paper. 
An author should be aware of procedures for approval within his/ 
her own organization. 

C. A manuscr ipt should be read critically by someone other than the 
author before it is submitted. This will help to eliminate errors and 
to clarify statements. 

D. The current edition of CBE Style Manual (pub lished by the 
American Institu te of Biological Sciences, 3900 Wisconsin Ave. 
N.W .. Washington, D.C . 20016) has been adopted by the Journal 
and should be consulted by authors for technical details of manu­
script preparation. Abbreviations for botanical, chemical, physi­
ca l, mathematical , and statisca l terms should confor m to the Style 
Manual. 
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E. Organizatio11 of research papers and research notes 

I. The title should appear at the top of the fir st page. It should be 
as brief as possible, contain no abbrev iations, and be truly indi­
cative of the subject matter discussed in the paper. Care sho~Jd 
be exersised by the author in preparing the title since it is often 
used in information retrieval systems. Good i11.{ormation can be 
lost through a poor title! 

2. Name(s) of author~) and a.ffi/iatioll(s) should follow under the 
title. If an author has changed location since the work was com­
pleted, his new address should be given in a footnote. 

3. The Abstract appears at the beginrring ofti]e paper.lt should be 
brief, factual, and not exceed 200 words. The abstract should be 
intelligible without reading the remainder of the paper. Gener­
a lly, an abstract should not contain abbrev iations. Abstracts of 
papers are reprinted by abstracting journals and so will be dis­
seminated beyond the readership of the Jou m a/ to people who 
often do not have access to the entire paper. Hence abstracts 
should be prepared with great care. 

4. The text should contain: (a) introductory statements , objectives or 
reasons fo r research, and related literature, (b) materials and 
methods (c) res ults , (d) di scussion (may be combined with results), 
(e) conclusions (on ly if needed; should not r epeat the abstract) lj) 
ack nowledgments , and (g) references. 

5. Citation of references must follow the style of the CBE S tyle 
Ma11ua/. Several examples of proper citations are given below. 
A. Paper in a journal 

Aldern1an , G . G ., and E. H . Marth. 1974. Experimental pro­
duction of aflatoxin in citrus juice and peel. J. Milk Food 
Techno!. 37:308-313. 

b. Paper in a book 
Marth, E . H. 1974. Fermentations. pp. 771-882. In B. H . 
Webb, A. H . Johnson, and J. A . Alford (eds.) Fundamentals 
of dairy chemistry (2 nd ed .), A vi Publishing Co. , Westport, 
Conn. 

c. Book 
Fennema , 0. R ., W. D. Powrie, and E. H. Marth. 1973. Low­
temperature preservation of foods and living matter . Marcel 
Dekker, Inc., New York. 598 p. 

d. Patent 
Hussong, R. V., E. H . Marth, and D. G. Vakaleris . 1964. 
Manufacture of cottage cheese. U . S. Pat . 3, 11 7, 870. Jan . 
14. 

For citation of bulletins, annu al reports, publications of federal 

agencies , etc., see CBE Style Manual. References must be listed 
in alphabetical order a11d 11umbered. N umbers i11 paren­
these. i11depe11dently or in COII)Uil ctioll with last 11ames of 
authors, must be used in the text for designating references. 

F. Organization of review and general interest papers 
These papers must have a tit le followed by names(s) of author(s) and 
affil iation(s), and the text must begin with an abstract . See items I , 
2, and 3 under E. The remainder of the text should begin with an 
introductory statement and then should be subdivided into appro­
priate sections each with a subhead ing which is decriptive of the 
subject matter in the sect ion. Review papers by their nature, uti lize 
numerous references. Citation of references in the text and listing of 
references at the end of the paper should be done as mentioned in 
Section E-5 above. 

G. Preparation of.figures 

Figures consisting of drawings. diagrams, charts, and similar ma­
terial should be prepared in India ink on 8.5 by 11-inch tracing 
paper. white drawing paper. or blue linen. Do not use paper with 
green. red. or yellow lines since they can not be removed and will ap­
pear in the final copy. A letter ing guide must be used to prepare all 
letters which appear on figures. Titles for all figures must be 0 11 

separate sheets a11d not on the figures. Use Arabic numbers for 
numbering of figures. G lossy prints of fi g ures are suitab le for use. 
T hey should be at least 4 by 5 inches in size. If photographs of 
equipment. etc. are subm itted, the images should be sha rp. there 
should be good contrast, and a minimum of distracting items 
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should appear in the picture. 

H. Preparation o.ftables 

Each table should be typed on a separate sheet of 8.5 by 11-inch 
bond paper. Tables should not be included in the text of the paper. 
Use Arabic numbers for numbering of tables. Titles should be as 

bri~f as possible but jidly descriptive. Headings and subheadings 
should be concise with columns or rows of data carefully centered 
below them . Use only horizontal lines to separate sections of tables. 
Data in tables should not be repeated in figures. When possible use 
figures instead of tables since th e latter are more costly to pr1pare 
for publication. 

, 

, 
. f 

( .. 
I 



Letters to the Editor 

Comments on comparative study of 
potential health hazards associated 
with disposable and reusable food 
service utensils 

DEAR SIR: 

Elsewhere in this journal , Ms. Jean Katz 
and I provide a review of the literature on 
"Potential Health Hazards Associated with 
Reusable Food Service Utensils." Recently , an 
unpublished study comparing the potential 
hea lth hazards associated with disposable and 
reusable food service items was conducted in 
Syracuse by the Food Protection Laboratory of 
Syracuse Research Corporation, a U.S. Public 
Health Service certified laboratory. Food 
service utensils were tested for total bacterial 
content and for specific bacteria (staphylococ­
ci, streptococci , Escherichia colt) commonly 
associated with disease. Fifteen sites (seven 
restaurants , two cafeterias, two fast food 
establishments, two hospitals and two schools) 
were randomly selected and samples collected 
from disposable and reusable plates, bowls , 
cups, and glasses and tested according to 
recommendations in Standard Methods for 
the Examination of Dairy Products (13th 
edition). I have reviewed the results of this 
study (Table 1) and offer the following 
comments. Because the two fast food facilities 
(Establishment No. 9 and 11) did not utilize 
reusable utensils , they were eliminated from 
the evaluation, although note should be made 

that the mean total plate count (fPC) was only 
3 per utensil and only one potential pathogen 
(staphylococcus) was detected on the 66 
samples tested . In the rema1mng 13 
establishments , reusable utensils showed 
mean TPCs 13 times higher than disposables 
(275:21), in fact the mean TPC of 275 for 
reusables exceeded the maximum of less than 
100 allowed by the standards for any 
individual sample. Eliminated from these 
calculations were two samples from reusable 
utensils which gave TPCs too numerous to 
count (greater than 325,000). Eighty five (or 
21.2%) of the reusables , but only 11 (or 4 .1 %) 
of the disposables exceeded the TPC standard. 
With respect to potential pathogens, 102 
(25.5%) of the reusab les and 19 (7.0%) of the 
disposables were positive. It was found that 
125 (31.2o/o) of the reusab les and 25 (9.2%) of 
the disposables were contaminated because of 
excessive TPCs and / or the presence of 
pathogens. The authors observe that single 
service items are packed and stored in 
protective wrappers and imply that contami­
nation of these disposable items resulted from 
mishandling at the serv ice establishment. 

GEORGE J. KUPCHIK 
Environmental H ealth Science Program 
School ofHea/th Sciences 
Hunter College 
City University of New York 
105 East106th Street 
New York, New York 10029 

TABLE I. Microbiological examination of utensils 

Number of Samples 

Establishment 
Exceeding With Regarded 

Kind of Number Gross Mean TPC potential ascontam-
number & type utensil a samples TPC TPC standard pathogens inated 

Cafeteria D 21 205 10 1 0 I 
R nb 33,600 1244 9 8 10 

2 Restaurant D 19 235 12 1 1 2 
R 33 9,565 290 7 5 8 

3 Restaurant D 13 765 59 2 2 3 
R 28 3,915 140 8 13 13 

4 Restaurant D 14 190 14 I 0 1 
R 41b 1,270 31 4 5 8 

5 Restaurant D , 14 100 7 0 4 4 
R 35 4,415 126 10 13 14 

6 Restaurant D 21 50 2 0 1 1 
R 35 9,945 284 19 21 25 

7 Cafeteria D 21 275 13 1 3 3 
R 35 5,500 157 9 13 15 

8 Restaurant D 28 265 9 1 1 1 
R 33 33 ,325 1010 8 7 10 

10 Restaurant D 21 440 21 1 4 4 
R 14 335 24 1 4 5 

12 Hospital D 35 380 11 1 0 1 
R 35 910 26 3 2 3 

13 Hospital D 33 2,780 84 2 3 4 
R 28 55 2 0 2 2 

14 School D 21 10 1 0 0 0 
R 28 4,660 166 I 4 4 

IS School D 10 0 0 0 0 0 
R 28 2,450 87 6 5 8 

Total D 271 5,695 21 11 19 25 
R 400 109,945 275 85 102 125 

aD-disposab le; R-reusable 
bNot including one sample "Too Numerous to Count" (TNTC), > 325,000. 

Bacteria not destroyed at 10-40 C 
DEAR SIR: 
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The graph in Fig . 2 of the article entitled 
"Cooking Inoculated Pork in Microwave and 
Conventional Ovens" Journal of Milk an4 
Food Technology 39:771-773 (1976) is mis­
leading. As presented, one could easily infer 
that Pseudomonas putrefaciens subjected to 
heating in a conventional oven was destroyed 
as follows: 

At 10 C-destruction was about 10% 
At 20 C-destr'uction was about 15% 
At 30 C-destruction was about 40 % 
At 40 C-destruction was about 50% 

It is obvious that at temperatures between 
10-40 C this organism will not die but will 
actua lly grow. The line as depicted before 
the initial point (60 C) is incorrect; it should 
not indicate a decrease but rather remain at 
the 100% survival level. 

A similar observation can be made for each 
line on the graph. The onl y valid lines on the 
graph start at the 60 C point and extend to the 
85 C point. The interested reader should read 
the graph utilizing only the specific points 
indicated by the temperatures of 60 , 68, 77, 
and 85 C. 

Lnding a difference between a conventional 
oven and a microwave cook still remains an 
intersting observation. 

OLIVER W. KAUFMANN 
Division of Federal-State Relations 
EDRO, Food and Drug Administration 
550 Main Street 
Cincinnati. Ohio 45202 

Figure may be unclear but text gives 
information 
DEAR SIR: 

I agree that the graph is not as clear as it 
could have been. In the original graph symbols 
were located on the lines at the temperature 
observation points. When the graph was 
redone for publication by our art department 
and photographed the symbols were inadvert­
ently omitted. This problem was recognized at 
that point but was considered minor since the 
five temperature points where microbiological 
analyses were done were clearly stated in the 
written text and certa inly were suggested by 
the change in direction (in at least four out of 
six lines at each temperature point) of the lines 
in the graph. In a line gra ph , straight lines 
between observation points indicate that no 
information is available in this area. If one 
tries to extrapolate information between 
observation points this is an error in 
interpretation and not the fault of the graph. 

Additional research in this area , with a 
different microwave oven , with different 
organisms, and with different conventional 
oven temperatures, has again suggested that 
cooking meat to the same internal tempera­
ture by the two techniques will yield less 
microbial destruction by the microwave 
technique. H. W. OCKERMAN 

Animal Science Department 
The Ohio State Un iversity 
2029 Fyffe Road 
Columbus, Ohio 43210 
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Food Microbiology Lab 
Courses Scheduled 

Two laboratory short courses for 
food technologists and scientists in 
food industries will be held in Sep­
tember at the University of Minne­
sota , St. Paul. The two courses run 
on consecutive weeks, and any 
person registering for both will 
receive a registration fee reduction. 

Microbiological Examination of 
Food , Sept. 12-16, will cover labora­
tory procedures and safeguards; 
media preparation; isolation and 
identification of salmonellae, Sta­
phylococcus aureus, and Clostridium 
peifringens· from food; total num­
bers of microorganisms; foodborne 
diseases; indicator organisms, and 
interpretation of results . Registra­
tion fee is $200. 

The Food Mycology Workshop 
September 19-23 will stress the 
identification of yeasts and molds 
common to food products. The 
course will include lecture and 
laboratory excercises with an em­
phasis on identification techniques 
and taxonomy. 

The fee for anyone registering for 
both sessions is $350. Fees cover 
supplies and instructional materials. 
Participants may bring their own 
microscope sample for analysis to 
each course. 

Contact the Office of Special 
Programs , 405 Coffey Hall , Univer­
sity of Minnesota, St. Paul 55108 , for 
further information. Preregistration 
for either or both courses is possible 
with a $50 deposit and Jetter of 
intent. As registration will be limited , 
early application suggested. These 
short courses are sponsored by the 
University's Departments of Food 
Science and Nutrition and Plant 
Pathology in cooperation with the 
Agricultural Extension Service. 

New Plastic Packaging 
Closure is Tamperproof 

and Dripless 

Marketers of liquid food products 

News and Events 

as well as many other types of liquid 
products are now being offered a new 
plastic closure which provides two 
unique consumer benefits ... visible 
evidence of prior tampering and 
dripless pouring. 

The new closure is being intro­
duced by the recently formed Ere­
skin Industries Corporation which 
holds the exclusive rights to manu­
facture and market :this and other 
closure designs in the North Ameri­
can market. Originally developed 
and perfected in Europe, the tamper­
proof-dripless resealable closure is 
molded in two separate pieces from 
FDA-approved medium density poly­
ethylene. It will fit standard bottle 
crown neck fmishes in 29mm, 33mm 
and 38mm diameters. It can be 
readily capped on conventional high­
speed equipment with only minimum 
modification to operate at equivalent 
speeds. 

The tamperproof feature provides 
direct , visual evidence of prior open­
ing of the closure. Access to the 
product cannot be achieved until an 
integrally-molded internal dia­
phragm is removed. When the 
diaphragm is missing, the purchaser 
knows that the container has been 
opened by someone else. The closure 
is easily resealed with the air -tight, 
snap-fit overcap. 

To prevent dripping, the closure 
has a curved pouring lip which 
assures a positive cut off of product 
flow where the container is returned 
to a vertical position . In this way, 
messy product residues are pre­
vented from accumulating on the 
closure and the neck of the con­
tainer. 

The closure is ideally suited for 
edible oils, syrups, vinegar, salad 
dressings, honey, sauces, wine , fruit 
juices, pharmaceuticals, toiletries, 
household chemicals and similar 
liquid products. 

For further information, contact 
Mr. T. B. Breskin, Breskin Indus­
tries Corporation, 5 Corporate Park 
Drive, White Plains, NY 10604, (914) 
694-8730. 

1977 Crumbine Award 
Competition Now Open to 
Entries from Local Public 

Health Agencies 
Entries are now being accepted for 

the 1977 Samuel J. Crumbine Con­
sumer Protection Award , given an­
nually to a local government public 
health or environmental protection 
agency for "outstanding achieve­
ment in the development of a 
program of food and beverage 
sanitation." 

Announcement of the Award was 
made by its sponsor , the Single 
Service Institute, national trade 
association of manufacturers of sin­
gle-use products for food service' 
and packaging. 

The 1977 Award will focus on 
program development in the area of 
public education relating to food 
service sanitation activities. Accord­
ing to Charles W. Felix, Director, 
Environment, Health and Communi­
cations of the Single Service Insti­
tute , this embraces "the continuing 
information and education activities 
the local regulatory agency has used 
to bring about the behavioral chang­
es by food service managers and 
consumers which will help to achieve 
the food service sanitation program 
objectives." 

Entries are now being sought from 
local units of government (such as 
counties, districts, cities, towns and 
townships) which are responsible for 
establishing and enforcing sanitation 
standards and procedures designed 
to protect the consumer in public 
eating and drinking establishments. 
Although state regulatory agencies 
as such are not eligible for the 
Award, a particular unit of a state 
agency may compete if it has its own 
separate budget. 

Deadline for entries is May 15, 
1977. Each entry must cover pro­
gram activities in 1976 or fiscal year 
1975-76. Application forms and 
further information may be obtained 
from the Single Service Institute, 250 
Park Avenue, New York, N.Y., 
10017. 
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NSF Compiles Equipment Standards 

Food service equipment used in 
restaurants has long been a special 
concern of public health authorities. 
In their efforts to prevent foodborne 
illness, health officials have relied 
greatly on a group of booklets 
containing the 17 food service equip­
ment standards of the National 
Sanitation Foundation. Few mem­
bers of the general public have ever 
seen these NSF standards , but now 
they have been collected in a single 
volume and placed on the shelves of 
America's 1,300 largest libraries. In 
addition, NSF has presented copies 
of the 312-page book to the libraries 
of all U.S. universities and schools of 
public health. The National Sanita­
tion Foundation is a non profit, non 
governmental environmental agency 
located in Ann Arbor , Michigan. It 
was originally housed in the school of 
public health of the University of 
Michigan. 

'NSF Food Service Equipment 
Standards' is unlikely to make the 
best seller lists even though the 17 
standards are a bulwark of defense 
against environmental hazards in the 
preparation, holding and serving of 
foods. The NSF standards contain 
hundreds of technical specifications 
and drawings which may be of little 
interest to lay persons, but which are 
professionally significant to public 
health officials and their staffs. 

The NSF food equipment stan~ 

dards are enforced by law or policy in 
thousands of U.S. health jurisdic­
tions. Each standard is the result of 
the combined efforts of health 
officers, industry experts and con­
sumer representatives working as 
volunteers on NSF committees. 
Among the committee members are 
representatives of the U.S. Food and 
Drug Administration, numerous 
health jurisdictions at state and local 
levels, liaison officers from all of the 
U.S. armed forces and the Veterans 
Administration plus official repre­
sentatives of such organizations as 
the American Dietetics Association, 
the American Public Health Associa­
tion, the National Restaurant Asso­
ciation and the National Environ­
mental Health Association. 

Although NSF requirements for 
food service equipment do contain 
specifications for design and mater­
ials, they center around perform­
ance. All NSF standards stress 
"cleanability" -purposeful elimina­
tion of hiding places for food 
particles and vermin. The standards 
also require the maintenance of 
sanitizing temperatures in dishwash­
ing equipment, adherence to temper­
ture minimums for hot foods and 
temperature maximums for chilled 
or frozen foods. NSF specifications 
rel?.ting to construction include pro-

147 

hibitions against the use of toxic 
materials. 

During the past 25 years, NSF has 
intensively distributed individllal 
standards to public health officials 
and food service establishments," 
Robert M. Brown, president of NSF, 
stated. "Now, with the publication 
and free distribution of 'NSF Food 
Service Equipment Standards, ' we 
are able to give health educators, 
health science students and technical 
representatives of American con­
sumers equal access to this informa­
tion which affects the health of so 
many people." 

NSF still maintains close ties with 
the school of public health at the 
University of Michigan. It also 
operates a national sanitation educa- ' 
tion program by means of seminars , 
publications and audio-visual mater­
ials. 

Headquarters and testing labora­
tories of the National Sanitation 
Foundation are located in the NSF 
Building in Ann Arbor, Michigan. In 
addition to standards for food service 
equipment, there are more than 30 
other NSF standards in such fields as 
plastics pipe, swimming pool filters 
and sanitation equipment for ships, 
mobile homes and recreational vehi­
cles. 

Affiliate Meetings 

FLORIDA- March 15-1 7, 1977. 
Kayhler Plaza , Orlando. 

lOW A-March 21, 1977. Scheman 
Continuing Education Building, 
Ames . 

KENTUCKY - February 22-23, 
1977. Stouffer's Inn, Louisville. 

MINNESOTA-April 19 and April 
21, 1977. Outstate educational 
meetings at Alexandria and Al­
bert Lea. 

ONTARIO-March, 1977. Holiday 
Inn, Highway #427, Etobioke. 

PENNSYLVANIA - June 13-15. 
1977. State College. 

VIR GINIA - March 8-9. 1977. 
Donaldson Brown Center, YPI & 
SU, Blacksburg. 
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Shahani to Launch 
ACDPI Clinic 

Dr. Khem Shahani , cultured pro­
duct expert at the Department of 
Food Science and Technology, Uni­
versity of Nebraska, will keynote the 
1977 Kultures and Kurds Klinic with 
the topic , "Cultured Food Products 
of the Future." 

The Klinic-sponsored by the 
American Cultured Dairy Products 
Institute-will be held at the Holiday 
Inn-North, Cincinnati, Ohio on 
March 21-23. Purpose for the train­
ing school is to update cultured 
products plant personnel and allied 
tradesmen on new technology, cul­
ture developments , and effective 
quality control programs. 

A national judging contest will be 
held in conjunction with the Klinic. 
Buttermilks, sour creams, yogurts , 
and cottage cheeses submitted by 
processors will be evaluated by 
experts . Winner of this event will 
receive the prestigious Neil C. Ange­
vine Superior Quality Award . 

Confirmed speakers for the Klinic 
at this time include: Dr. James 
Martin , South Dakota State Univer­
sity; Dr. Ebenezer Vedamuthu , Mi­
crolife Technics; Dr. Charles White 
and Bill Born , Dean Foods Co.; Erik 
Lundstedt and Dr. H. C. Olson, 
dairy consultants; Dr. Ronald Rich­
ter, University of Florida; Vance 
Grosser, Food Producers, Inc.; Dr. 
Ed Custer, Mississippi State Univer­
sity; Neil Angevine, Angevine­
Funke; George Murphy, Abcor, Inc.; 
Dr . Emil Mikolajcik , Ohio State 
University; Charles Yeager, Beatrice 
Foods; Ed Sing, Moseley Laborator­
ies; William Lane, Marschall Div.­
Miles Labs; Dr. Douglas Emmons, 
Food Research Institute (Ottawa 
Canada); Dr. Harry W ildasin , H. P. 
Hood, Inc. ; Joe Biltekoff, Bison 
Foods Co. 

For additional information and / or 
advance registration forms, contact 
John Speer, ACDPI Treasurer, 910-
17th Street, N.W., Washington, D .C. 
20006 or Dr. C. B. Lane , ACDPI 
Secretary, P.O. Box 7813, Orlando, 
Florid a 32804. 

Calendar of Events 

March 3-5, 1977. BAKING IN­
DUSTRY SANITATION STAND­
ARDS COMMITTEE MEETING. 
Hyatt Regency Chicago Hotel, Chi­
cago, IL. 

March 16, 1977. NRA ALLIED 
MEMBER SEMINAR. O'Hare 
Marriott Hotel , Chicago, IL. 

March 21-25, 1977. MIDWEST 
WORKSHOP IN ,MILK AND 
FOOD SANITATION. Center for 
Tomorrow, Ohio State University , 
Columbus, Ohio. For information 
contact: John Lindamood, Depart­
ment of Food Science and Nutrition, 
2121 Fyffe Road , Ohio State Univer­
sity, Columbus, OR 43210. 

March 28-April 1, 1977. SHORT 
COURSE ON MAXIMIZING CON­
SUMER SATISFACTION BY 
COMPUTERIZED FOOD MAN­
AGEMENT AND DIET CON­
TROL. For food service and dietary 
executives. For information contact: 
Dr. Joseph L. Balintfy, College of 
Business and Management, Univer­
sity of Maryland , College Park , MD 
20742. 

March 29-31 , 1977. WESTERN 
FOOD INDUSTRY CONFER­
ENCE. Freeborn Hall , University of 
California at Davis. Registration fee: 
$18.00. For information contact: 
Robert C. Pearl , Food Science & 
Technology Department, University 
of California, Davis , CA 95616 (916) 
752-0980. 

April S-7, 1977 . NATIONAL 
CONTROLLED ATMOSPHERE 
RESEARCH CONFERENCE. Kel­
logg Center for Continuing Educa­
tion , Michigan State University , East 
Lansing, Michigan. For further in­
formation contact: D. H . Dewey, 
Depa rtment of Hmiiculture, Michi­
gan State University , East Lansing, 
MI 48824 , or W. G . Chace, U.S. 
Department of Agriculture, ARS, 
Beltsville, MD 20705. 

April 20-22, 1977. DAIRY AND 
FOOD INDUSTRIES SUPPLY AS­
SOCIATION 58TH ANNUAL 

MEETING. Beach Club Hotel , Na­
ples, Florida. For information con­
tact: DFISA, 5530 Wisconsin Ave., 
Washington, D.C. 20015 (301) 652-
4420. 

May 10-12, 1977. SECOND IN­
TERNATIONAL POWDER & 
BULK SOLIDS HANDLING & 
PROCESSING SHOW. O'Hare In­
ternational Trade & Exposition Cen­
ter and the Regency O'Hare, Rose­
mont, Illinois. For information con­
tact: Aaron Kozlov, Industrial & 
Scientific Conference Management, 
Inc., 222 West Adams St. , Chicago , 
IL 60606 (312) 263-4866. 

May 21-25, 1977. NRA RES- , 
TAURANT HOTEL - MOTEL 
SHOW. McCormick Place, Chicago, 
IL. 

June S-8, 1977. 37TH ANNUAL 
MEETING AND FOOD EXPO, 
INSTITUTE OF FOOD TECH­
NOLOGISTS. Philadelphia Civic 
Center, Philadelphia, Pennsylvania . 
More information is available from 
Dan Weber, Director of Convention 
Services, Institute of Food Tech­
nologists , 221 N. LaSalle St. , Chi­
cago, IL 60601. 

June 9-11, 1977. INTERNATION­
AL SYMPOSIUM ON SAL­
MONELLA IN POULTRY AND 
PROSPECTS FOR CONTROL. 
University of Guelph, Guelph, On­
tario , Canada. For further informa­
tion contact: Office of Continuing 
Education, Johnston Hall, University 
of Guelph, Guelph, Ontario N1G 
2W1, Canada. 

June 13-15, 1977. ANNUAL CON­
FERENCE, NATIONAL ASSO­
CIATION OF COLLEGES AND 
TEACHERS OF AGRICULTURE. 
The Pennsylvania State University , 
University Park , Pennsylvania. For 
further information contact: Dr. 
Robert E . Swope, 217 Agricultural 
Administration Building, University 
Park, PA 16802. 

October 5-7, 1977. 
EASTERN NATIONAL 

SOUTH­
FOOD-

SERVICE SHOW. Atlanta Marriott 
Hotel, Atlanta, GA. 
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Association Affairs 

AFFILIATES OF 

International Assn. of Milk, Food and Environmental Sanitarians 

ALBERTA ASSOCIATION OF MILK, FOOD 
AND ENVIRONMENTAL SANITARIANS 

Pres N Tiwari---------------------------------Edmonton 
Pasr'Pre~ .• L. M. McKnight------------------Edmonton 
Pres.-E/ect, F. Brinkland ---------------------Edmonton 
Sec'y., E. J. Bittner, Dairy Division, A lberta 

Agriculture, Regional Office, Box 330, Vermilion , 
Alberta TOB 4MO Canada 

Tres. , J. E. Hoskins, Wetoka Health Unit, 
Wetaskiwin, Alberta , Canada 

Direstors: 
R. Elliott---------------------------------- ---------Stettler 
L. Montgomery ---------------------------------Ca lgary 

ARIZONA ASSOCIATION OF MILK, FOOD 
AND ENVIRONMENTAL SANITARIANS 

Pres. , George H. Parker -------------------------Phoenix 
Sec'y., Jerry Williams, 7536 West Acome Dr. , 

Peoria, Ariz. 85346 

CALIFORNIA ASSOCIATION OF DAIRY AND 
MILK SANITARIANS 

Pres., Richard L. Ayers, --------------------------Tu lare 
First Vice-Pres., Wayne E. Baragry --------- Riverside 
Sec. Vice-Pres., Manuel N. Abeyta-- San Francisco 
Pas t Pres., Harol Heiskell --------------- -- Sacramento 
Sec'y.- Treas., Morris Holt, 1418 East Sierra Ave. , 

Tulare 93274. 

CONNECTICUT ASSOCIATION OF 
DAIRY AND FOOD SANITARIANS 

Pres., Carl W. Jekanowski----------------Wethersfield 
Vice-Pres., Kenneth J . Flanagan------------------­
Sec 'y. , Julia A. Marshall ----------- --------Middletown 
Treas. , Walter F. Dillman, Room 281, Dept. Of 

Agric., State Office Building --Hartford, CT 06115 
Asst. Treas., Henry Wilson ------------------Collinsville 
Board of Governors: 

G. VanWormer -------------------------------Simsbury 
P.R . Vozzola ------------- -- -------------West Granby 
B. Cosenza ----------------------------------------Storrs 
W. Bryant --- --------------------------------Newington 
W . W. Ullmann --------------------------------Hartford 
E. L. Johnson ----------------------------------H1rtford 
H. Hall ---------------- ---- ----------------------S tratford 
J. Redys ----------------------------------------Hartford 
J. Marshall ---------------------------------Middletown 
K. J. Flanagan-------------------------------------------­
J . G. Hanna ----------------------------------------------­
D. Sheilds ------------------------------------------------­
R. M. Parry ---------------------------------------Vernon 

FLORIDA ASSOCIATION OF MILK , FOOD 
AND ENVIRONMENTAL SANITARIANS 

Pres., Jay B. Boosinger---------------'------Tallahassee 
Pres.-Eiect_ Tom Hart ------------------------ Fort Myers 
Sec 'y.- Treas., John Miller, Upper Fla. Milk Produc-

ers Assoc ., P.O. Box 6962, Jacksonville, FLA 
32205 

Board of Directors: 

~~p=~i~~~~~~~-:::::::::::::::::::::::::::::_~-~~~~i~i~~ 
W. A. Brown -------------------------------------Tampa 
Charles Vogelgesang ----------------------------Miami 
S. 0 . Noles---------------------------------Jacksonvi lle 
Dr. L. A. Scribner ------------------------------Orlando 
Joseph L. Hayes----------------- ----------- -----Tampa 

IDAHO ENVIRONMENTAL 
HEALTH ASSOCIATION 

Pres. Stephan E. Bastian -----------------------Preston 
Vice-Pres. , Harold R. Hyer ------------------------Boise 
Sec 'y.- Treas. , Jack Palmer, Bingham Co. Health 

Unit, Box 829, Blackfoot, ID 83221 

ASSOCIATED ILLINOIS MILK , FOOD, AND 
ENVIRONMENTAL SANITARIANS 

Pres Charles Price-------------------------------Chicago 
Pres . .'-Eiect, Lewis Schu ltz------- ------------Springfield 
First Vice- Pres., John Oberweis-----------------Aurora 
Second Vice-Pres., John Dolan ---------------Chicago 
Sec'y.- Treas., Robert Coe, 2121 West Taylor St., 

Chicago, IL 60612 

Sergeant-at-Arms, Dale Termunde- -------Oak Brook 
Auditor, Joe Heneghan -------------------------Ch icago 
Auditor, Ray Moldenhauer ------------------Sprir.gfield 
Junior Past Pres., George Muck -------------Rockford 
Senior Past Pres. , Harold McAvoy --------Springfield · 

INDIANA ASSOCIATION OF 
SANITARIANS, INC: 

Pres. Ri ck Lopez -------- --------------- ~ ---- ----- Muncie 
Pres.:elect, David McSwane -------------Indianapolis 
Firs t Vice- Pres., --------------------------------------------­
Second Vice-Pres., Kevin Burk -------- Bloomington 
Sec., David Gries, Evansville-Vanderburgh County 

Health Dept. , Evansville 
Treas. , Ernie Parker, Indiana State Board of Health, 

1330 West Michigan St. , lndianapolix, IN 46206 
IAMFES Aff1Jiate Chpn. , 

James Harton ---------------------------- Indianapolis 
Jr. Past Pres. , Thomas H. Dorsey ------ Indianapolis 
Sr. Past Pres. , Thomas Atkisson ---------- Richmond 

IOWA ASSOCIATION OF MILK. FOOD AND 
ENVIRONMENT SANITARIANS, INC. 

Pres., Chris Singelstad --------------------Cedar Rapid s 
Pres. -Elect, Erwin Johnson --------------Cedar Rapid s 
First Vice-Pres. , Carl Webster --------------Cedar Falls 
Second Vice-Pres. , 

Don Larson -------------------------------Cedar Rapids 
Sec'y.- Treas., H. E. Hansen, State Hea lth Depart­

ment, Robert Lucas Building, Des Moines, Iowa 
50319 

Faculty Advisor, Dr. William LaGrange ---------Ames 
Advisor, Earl 0. W right -----------------------------Ames 
Immediate Past Pres. , John Halbach -----Cedar Falls 

KANSAS ASSOCIATION OF 
SANITARIANS 

Pres. , James Pyles ------------------------------- Topeka 
First Vice.-Pres., J. A. Rogers ---------------- Dearing 
Second Vice-Pres., Warren Griffin ------------- Salina 
Past Pres., Don Bechtal -------------------- Manhattan 
Sec'y. -Treas., John W. Zook , 1231 Wood Ave ., 

Wichita 67212 
Directors: 

Don Bechtal --------------------------------Manhattan 
Galen Halsing ------------------ ------------Manhattan 
John Moshier ----------------------------------Wichita 
Lowell Mueller ---------------------------- Garden City 

KENTUCKY ASSOCIATION OF MILK , FOOD 
AND ENVIRONMENTAL SANITARIANS, INC. 
Pres., James Spil lman--------------------------Louisville 
Past Pres. , Bruce Lane ------------------------- Louisville 
Pres. Elect, Harry Marsh -------------- ------ --Lexington 
Vice Pres., Barry Kinslow ---------------------- Louisville 
Sec'y.- Treas., David Atkinson, 1016 Pinebloom 

Dr. , Lexington, KY 40504 
Directors: Region: 

Max Weaver------------------------------------Western 
Bland Dorris -------------------------------- Midwestern 
David Adams-------------------------------Midwestern 
Gene Morrell---------------------------------- N. Central 
Terrance Haley------------------ -- -----------N . Central 
Marvin Fornash ------------------------------N. Central 
James T. Harriii ------------------------------N. Central 
Bil l Anderson ---------------------------------S. Central 
B erford Turner-----------------------------------Easte rn 
J. B. Bowman -- ----------------- ----------------Eastern 

MICHIGAN ENVIRONMENTAL 
HEALTH ASSOCIATION 

Pres Richard Hunter-------------------------Big Rapids 
Pres::Eiect, James Akers------------------- -Ka lamazoo 
Past Pres., Phillip Kirkwood---------------------Lansing 
Secretary, James Szejda, Ottawa County Health 

Dept. , 414 Washington St., Grand Haven, Ml 
49417 

Treas., Michael Vanden Heuvel ------------Muskegon 
Board of directors: 

Charles R. Newell ------------------------------- Durand 
James P. Robertson ---------- --- --------Grand Blanc 

~s~a~!o~~Y~=~-k:::::::::::::::::::::::::::::c;~~;~:,~~~ 
Michael D. Farnsworth ------------------------Monroe 
Thomas Nagel -------------------------------------- Ionia 

MINNESOTA SANITARIANS 
ASSOCIATION 

Pres. , Arnold 0. Ellingson------------------Fergus Falls 
Vice-Pres. , Peter Patrick-------------------------S t . Paul 
Sec 'y.- Treas. , Roy E. Ginn, Dairy Quality Control 

Institute, Inc., 2353 North Rice Street, St. Paul, 
MN 5511 3 

Direc tors: 
Douglas E. Belanger----------------------Minneapolis 

~ao~ e~e~;a~~i~~~~~~~~~~~~~~~~--~~~~~~~~~--~~~~~-i~-~~~~~~~ 
Harold Johnson ----------- ---------------------St. Paul 

~~:;dJ%p~ea~-d~;~~:::·_-_-_-_-_-_::::·_::::~:::~~~-~~a~~~~~ 
Fred Mitchel l-------------------------------Minneapolis 

~~~~sM:n~~~~~ff::·_::·_:::·_-_:::::·_::·_:::::·_-_-_-_:·N~~ 0~~ 
Charles B. Schneider---------------------M inneapolis 
Emery Stordah i --------- ---------------------Moorhead 
Dr. Edmund Zottolla ------------------ -- ------- St. Paul 

MISSISSIPPI ASSOCIATION 
OF SANITARIANS 

Pres. , Jimmy Wooten 
Pres. -Elect, Charlie Crews 
First Vice-Pres., Charles Howard 
Sec. Vice-Pres., Clinton Van Devender 
Past Pres. , A. R. Russell 
Senior Past Pres., Paul M. Rankin 
Sec'y.-Treas., Homer Smith, P.O. Box 368, Jack­

son, MS 39205 

MISSOURI ASSOCIATION OF MILK AND 
FOOD SANITARIANS 

Pres James Jameson -----------------------Marshfield 
Firsi'Vice-Pres. , Chester Edwards ---------St. Joseph 
Second Vice-Pres. , Joe Edmondson -------Columb1a 
Past Pres. , Michael Sanford ------------------Columbia 
Sec'y.- Treas., Erwin P. Gadd, Bureau of Commum-

ty Sanitation, Missouri Div. of Health, Box 570, 
Jefferson City, MO 65101 

NATIONAL ASSOCIATION OF 
DAIRY FIELDMEN 

Pres., Sidney H. Beale, 1931 N. Every Road, 
Mason, M I 48854 

First Vice-Pres., William E. Stallard, 5379 Temple 
Court, Madison, WI 53705 

Second Vice-Pres., Clifford Mack, 371 Fifth Street, 
Prairie Du Sac, WI 53578 

Sec'y.-Treas., Arthur W. Johnson, Route #1, Box 
683, Lake Geneva, WI 53147 

NEW YORK ASSOCIATION OF MILK AND 
FOOD SANITARIANS 

Pres., William Y. Perez-------- --------------------Albany 
Pres. -elect, Albert J. Lahr -------------------- Rochester 
Past-pres. , Maurice Guerrette -------------------Albany 
Exec. Sec'y. , R. P. March, 118 Stocking Hall, 

Cornell University, Ithaca, NY 14853 
Directors: 

Charlotte W. Hinz-------------------------------Buffalo 
Howard I. Cobb ----------- --------------------Syracuse 
William K. Jordan --- ------------------- -- --------Ithaca 
Gaylord B. Smith--- ----- --------------------Fultonville 

ONTARIO MILK & FOOD 
SANITARIANS ASSOCIATION 

Pres., John Wilson --------------------------------S imcoe 
Vice-Pres., Cyril L. Duitschaever ---------------Guelph 
Past Pres. , W illiam Kempa-- --------------------Taranto 
Sec'y., Gail Evans -------------------------------- Islington 
Treas., M .A. (Vic ) Amer, Gaylea Foods, 21 Speed-

va le Avenue West, Guelph, Ontario , Canada 
Directors: 

John Atkinson Ann Mayer 
Phil Glass Roger W ray 
Bill Breid 

Auditor: 
J. Ra ithby 
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Association Affairs 

ONTARIO MILK AND FOOD SANITARIANS 
EASTERN BRANCH 

Pres., Bob Carkner ----- ----------------------Winchester 
First Vice-Pres., Jack Nicol------------------------- Perth 
Sec. Vice-Pres. , Rhea! Meilleur ---------- ----- lngleside 
Treas., Ken Burnett ---------------------------Kemrtville 
Sec'y., Marvin Beach, Box 114, Kemptville, On-

tario 
Directors: 

Grant Cameron ------------------------------Alexandria 
Eves Leroux-------- ---------------------------Balderson 

OREGON ASSOCIATION OF MILKAND 
FOOD SANITARIANS 

Pres. , Terry Su tton ---- -------------------------Portland 
Vice-Pres., Jim Eyre ---------------- -- ----------- Eugene 
Sec.- Treas. , Floyd Bodyfelt, W iegand Hall 240, 

Dept. of Food Science & Technology, Oregon 
State University, Corvallis, Oregon 97331 

Directors: 
Matthew V. Andrews ----------------------- Corvallis 
Jim Black ----------------------------------------- Salem 
Walter Ierman --------------------------- McMinnville 
Donald Raistakka ----------- ------------------ Portland 

PENNSYLVANIA DAIRY SANITARIANS 
ASSOCIATION 

Pres., Don M. Breiner 
Pres. -Elect, Ray Ackerman 
First Vice-Pres., John Blyholder 
Second Vice-Pres., John Boore 

Sec'y.-Teas., A lbert Gottfried, 4319 Pottsville Pike, 
Reading, PA 19605 

Association Advisers: Stephen Spencer, Sidney 
Barnard, George H. Watrous, George W . Fouse 

Executive Committee: Association Officers and ap­
pointed representatives of regional associations 

RHODE ISLAND DAIRY AND FOOD 
SANITARIANS 

Pres Richard Chambers--------------------Providence 
Sec;y., Maury Dunbar ---------------Foster, R.I. 02825 
Treas., Vincent Mattera, R. I. Dept . of Health, 2843 

South County Trail , East Greenwich, R.I. 02818 

SOUTH DAKOTA ENVIRONMENTAL 
HEALTH ASSPCIATION 

Pres., Edward Michalewicz '-----------------Brookings 
Pres. -Elect, Arnie Brown ---------------------Brookings 
Sec'y.-Treas. , Thomas Goninion, 902 South Jay, 

Aberdeen, South Dakota 57401 
Director: Lawrence Thompson ----------------Reliance 
Past Pres., Robert Wermers -----------------Rapid City 
Directors: 

Casper Twiss --------------------------------Pine Ridge 

VIRGINIA ASSOCIATION OF 
SANITARIANS AND DAIRY FIELDMEN 

Pres., L. T. Lester --------------------------Meadowview 

Firs t Vice-Pres., D. E. Henderson------------t --Marion 
Second Vice-Pres., L. C. Morgan ---- ---------Bedford 
tnt'/. Representative, A. N. Smith-------------Flint Hill 
Sec'y.- Treas. , W. H. Gill, 6702 Van Buren Avenue, 

Richmond, VA 23226 

WASHINGTON ASSOCIATION OF 
MILK SANITARIANS 

Pres., Bill Brewer ---------------------------------- Seattle 
Pres. Elect, 'Chuck Meach --------------------- Olympia 
Past Pres., Clayton Gustafson ------------ Vancouver 
Sec 'y.- Treas., Lloyd Luedecke, NW 312 True St ., 

Pullman, WA 99163 

WISCONSIN ASSOCIATION OF MILK AND 
FOOD SANITARIANS 

Pres., Clifford Mack-----------------------Prairie du Sac 
Pres. -Elect., Leonard R udie-------------------Appleton 
1st Vice-Pres., Harlin Fiene -------------------Sauk City 
2nd Vice-Pres., Norman Kirschbaum --------Madison 
Past Pres., Elmer Marth-------------------------Madison 
Sec 'y. -Treas., Don Raffel, 4702 University Avenue, 

Madison, W I 53705 

WISCONSIN STUDENT AFFILIATE 
Pres., Mark Kuba -------------------------------Eau Claire 
Vice-Pres., Terry Brandenberg --------------Eau Clair111 
Treas. , Marge Uebele--------------------------Eau Clairli' 
Sec 'y., Linda Rott, 457 Summit Ave., Eau Claire, 

WI 54701 
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Board; special thanks go to Dr. Weckel for his 
many years of service on the Board. 
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Single Service milk sample tubes. For further informa­
tion and a catalogue please write, Dairy Technology, 
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U.S. P. LIQUID PETROLATUM SPRAY 
UP. UNITED STITES ?HIRM.I.C!UTICil SIIHDIRDI 

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 

T~ filte 
lfM-Illi 
HAYNES-SPRAY 
okwM be Med 14 ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SliDES & PARTS 
POSITIVE PUMP PARI S 
GLASS & PAPER FilliNG 
MACHINE PARTS 
ond for All OTHER SANITARY 
MACHINE PARTS w hich are 
cleaned doily. 

Tke Ht~ HAYNES-SPRAY HtetluJd ~ .C~ 
C~D!Uil4 ..utk fb Htifk O'Ufuuucu cuul CIJde 
R~ luj fb U.S. 'PML& Heaflk SI!IWiee 
The Haynes·Spray eliminates the danger of contamination which is 
possible by old fashioned lubricating methods. Spreading lubricants 
by the use of the finget method may entirely destroy previous 
bactericidal treatment of equipment. 

PACKEDI-12 oLCANS l'tR CARTDR THE HAYNES MANUFACTURING CO. 
SKIPPING WEJCIIT-711$. 4180 Lorain Ave . • Cleveland. Ohio 44113 

HAYN ES-SPRAY INGREDIEN TS ARE APPROVED ADDITIVES AND CAN BE SAFE LY 
USED AS A LUBRICANT FOR FOOD PROCESSING EQUIPMENT WHEN USED IN 
COMPLIANCE WITH EXISTING FOOD ADDITIVES REGUlJ\TIONS. 

Ga,l.et Color ... 
slightly off- white 

* MADE FROM 

4" TEFLON ® 
" Tfce Sopfmficahd Gtl61wt " 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are desig ned for all 
standard bevel seat sanitary fittings. They SNAP into place provid ~ 

ing seff.alignment and ease of assembly and disassembly. 
HAYNES SNAP-TITES of TEFLON are unoffecled by cleaning solu­
tions, steam and solvents. They will not embrittle at temperatures 
as low as minus 200 ° F. and are impervious to heat up to 500° F. 

FOR A FITIING GASKET THAT WILL OUT-PERFORM All OTHERS ... 

S~~y . .. HAYNES SNAP· liTES of TEFLON 
• TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING 

EOU,MENI BY U. S. FOOD AND DRUG ADMINISTRATION 

• Gcal<eh mode of DuPont TEFLON 00 TfE-FlUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE CLEVELAND, OHIO 44113 

DESIGNED TO 
SNAP INTO 

FITTINGS 
LEAK-PREVENTING 

151 

NEOPRENE GASKET for Sanitary Fittings 

ekd tk4e $NA'P!J'I~E rleU.aaa<JU 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non·por9us, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time·soving, easy to assemble 
Self-centering 

No sticking to fittings 

Eliminate line blocks 

Help overcome line vibrations 

long life, use over and over 

Ayoiloble lor J". J~•, 2•, 2~· and 3" fittings . 
Pac\ed 100 to the boJC. Order through your dairy supply house. 

THl HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

A HEAVY DUTY SANITARY LUBRICANT 

Available in bolh 
SPRAY AND TUBE 

All Lubri- Film ingredients ore 

approved additives and con 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- Pocking Plants 

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

THE HAYNES MANUFACTURING CO. 
CLEVELAND , OHIO 44113 
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AP-PLICATION FOR MEMBERSHIP 
(Membership open to individuals only) 

All memberships on calendar year basis-Membership includes subscription to Journal of Food Protection 

Name Date 
Please Print 

Address D Renewal 
D New 

Zip Code D Re-instatement 

Is the above your business home address? 

Direct Member Annual Dues $16.00 
Affiliate membership-through an affiliate-$14.00 plus affi liate dues (contact your local affiliate secretary) 
Student Membership $5.00 with verification of student status. Student subscription effective from receipt of 

payment to the end of the calendar year. 

SUBSCRIPTION ORDER 

Name Date 
Please Print 

Address D Renewal 

Zip Code D New 

Education a I I nstitu ti on & Pub I ic Libraries------------------ -------------------- ----- ------------------------------------------------------ -- -$32.00 
I nd i vi d ua I Non-Member S u bsc ri ptio n ---------------------------------------------------------- ----------------------------------------------$32. 00 
Government Agencies, Commercial Organizations----- --------------------------------------------------------- --------------------------$32.00 

All subscriptions on calendar year basis. 

CHANGE OF ADDRESS 

Please write to us before you move, 30 days in advance, and mail to Journal of Food Protection, P.O. Box 701 , Ames, 
Iowa 50010. 

NAME 

OLD ADDRESS 

NEW ADDRESS 

Effective date Publication 

PUBLICATIONS ORDER FORM 

3-A Sanitary Standards 
( ) Complete set of softbound ---------------------------------------- --------------- ---- ------------------------------------ -- -ea . $ 8.00 
( ) Complete set unbound (loose pages) --------------------- ----------------------------------- ---------- -------------------ea . $ 6.50 
( ) Complete set softbound 3-A & Egg 3-A stds . ---------------------------------------------------------- ------------ -----ea . $10.25 
( ) Egg 3-A Stds (unbound $2.25) softbound------------- ------· -------- ----------------------------------------------------ea . $ 3.50 
( ) High T·emp-Short Time Standard (Included in complete set) --------------- -----------------------------------------ea . $ 1.50 

25 or more $1 .00 ea . 
( ) 3-A Accepted Practices for Milking Machines (Included in complete set) ------------------------------------- ----ea . $ .30 

100-1,000$ .25 ea . 
Five-Year Service on 3-A Sanitary Standards 

All revisions and additions as publ ished 
( ) 3-A Stds. ------------------ ------------------------------------------------------------------------------------- ---------Five years$ 6.00 
( ) Egg 3-A Stds . -------------- ------------- ------------------------------------------ ---------------- ------------ -------- -Five years $ 3.00 

Methods for Production of High Quality Raw Milk------------------------------------------------------------------ ----------ea . $ 2.00 

25-100 copies $1 .75 ea ., 100 or more $1 .50 ea . 

Procedures to Investigate Food borne Illness-------------- ----------------------------- ------------ ------- ----------------------ea . $ 1.50 

25-99 copies, $1 .25 ea ., 100 or more, $.90 ea . 
-All prices F.O .B., Ames, Iowa-

Order from: IAMFES, P.O. Box 701 , Ames,lowa50010 

Name: Date 

Address: 
Please Print Include Zip Code 
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You get a lot more than a pump 
... when you specify TBI-CLOJ!EB 
Tri-Ciover pumps are efficient and practical -easy 
to dismantle and service - by design. Also, by design, 
Tri-Ciover recogn izes the importance of preventive 
maintenance and a planned parts inventory program . .. to 
sustain pumping e~ficiency and longevity. 

When you specil y Tri-Ciover your pump productivity 
is supported by a technical services program designed 
to extend pumping life, reduce downtime and insure 
parts inventory : 
• Concise parts lists, maintenance and service manuals 

and operating instructions are supplied with 
every pump. 

• Pump parts kits prepackaged to include commonly 
replaced parts- available from stock and 
recommended for inventory. 

• Motor selection tables insure optimum operating 
characteristics. 

• Tri-Security ® Warranty, available for our PR Series, 
provides 36 month coverage on warranted parts . 
Our confidence is your security. 

You don't buy a pump from Tri -Ciover- you 
solve a pumping problem - with the kind of technical 
assistance that holds pumping costs down and 
productivity up . 

Send for details as noted at right. 

© 
.~. 

Tri-Ciover Division 

Kenosha, Wiscons in 53140 

Let these Tri -Ciover Manuals 
help you solve pumping problems: 

0 SELECTING AND SIZING TRI-CLOVER 
PUMPS 

PUMP PARTS REPLACEMENT KITS FOR : 
0 PR Positive Rotary 
0 Centrifugal 

TRI-SECURITY WARRANTY FOR : 
0 PR 0 PRE 
0 PRED Pump 

TRI-FLO ® PUMP SERVICE AND 
MAINTENANCE MANUALS: 

0 Model C Ser ies 
0 Model SP Seri es 

PR PUMP SERVICE AND 
MAINTENANCE MANUALS: 

0 PR 0 PRE 
0 PRED Pump 

0 TRI-FLO ® PUMP 
General Catalog TF-74 (44 pages) 

0 PR PUMP 
General Catalog PR -73 (28 pages) 

P375 



Dairy authorities speak out on better cow milking 

Stephen B. Spencer 
Extension Dairy Specialist, 
Pennsylvania State University 

What's your 
score on vacuum? 

An inadequate vacuum pump can affect the operation of 
the milking units drastically. Excessive "drop-off," slower 
milking, incomplete milking and an increase in the 
incidence of mastitis are likely results . 
As a dairyman, your net dollar income depends on the 
vacuum pump and it probably is used more hours each 
year than most farm tractors. 
Few people would hitch six plows behind a four plow 
tractor and head for the field to do a day's work. Yet many 
of these same people milk cows with a short vacuum 
supply and never question whether the pump is adequate. 
Vacuum pumps used to be rated according to the number 
of units that could be operated. Today we measure the 
pump capacity in terms of Cubic Feet of air per Minute 
(CFM). Just as "horsepower" is more reliable than "plow 
rating" as an indication of tractor size, "CFM" is more 
reliable than "unit rating" when sizing a vacuum pump. 

CFM output depends upon vacuum level. As vacuum 
level increases, the CFM output decreases. It 's important 
to operate the system at the vacuum level specified by the 
manufacturer or the output of the pump will be altered. 
The important consideration of any vacuum pump is the 
CFM output at the milking vacuum level. The pump must 
have adequate CFM output to meet the vacuum require­
ments of the system and provide suffic ient reserve to 
maintain a constant vacuum level. 
Vacuum Requirement 
The milking unit is the most important of the machine 
components which admit air into the system. The air 
consumption of milking units varies depending upon shell 
and inflation size, pulsation rate and length and size of 
pulsated air tubes . Typically, the air requirement of a 
milking unit while it is not milking is three to four CFM. The 
pulsator consumes 50 to 70% of this volume. Considerably 
larger air pumping capacity (a reserve) must be provided 
to make a milking system operational. Other components 
which consume air are such things as vacuum operated 
door openers, milk metering devices, and the vacuum 
regulator. The requirements of each component must be 
added together to determine the system requirements. 

Vacuum Reserve 
The vacuum res'erve is the air pumping capacity which 
remains after the vacuum requirement of all components 
has been satisfied. That's the problem. We've thought in 
terms of the vacuum reserve as the amount of CFM 
capacity that's lett over. We really should be thinking in 
terms of a base reserve for the operator(s) before we begin 
to compute the system requirements. 
The reserve is all -important in order to maintain vacuum 
stability. The reserve is necessary in order to make allow­
ances for operator usage and possible leaks in the system 
or other contingencies . 
The most important reason for an adequate vacuum 
reserve is to provide for the amount of air that the operator 

will use. The operator is the largest user of the vacuum 
reserve. Some operators are very wasteful of the available 
re.serve. This occurs as units are being attached and 
re·moved. Improper unit adjustment is also a significant 
factor. When teat cups start to leak and "squeal" during 
milking, the vacuum reserve is depleted rapidly. 

Some operators may deplete vacuum reserve as much as 
30 or more CFM for short periods of time. The careful 
operator will use but half that amount during the milking 
process. The real test of any milking system is when a 
milking unit falls off. It takes huge reserves of air just to 
keep the remaining units on the cows. Reserve tanks aid a 
little during these occurrences but basically the vacuum 
pump must be relied upon to maintain vacuum level. It all 
adds up to the fact that an adequate pump is a must for 
every dairyman. 

Research in Ireland , Wisconsin, Pennsylvania and Cali­
fornia indicates that inadequate vacuum reserve is asso­
ciated with higher leucocyte counts. In plain language it 
means that mastitis can result if your vacuum pump isn't 
large enough. 

What's your Vacuum Score? 
Don't make a mistake and just assume that your pump is 
putting out enough air. Have it checked with an air flow 
meter once a year. Many dealers are eq uipped to do 
this for you. 

And how will you know for sure that they're not just trying 
to se ll you a pump? Frankly, I've found most dealers to be 
very reliable in this respect. 

There have been many different recommendations about 
pump sizes. It's hard to give one that's exactly right for 
each system. Here's a guide for you to check your vacuum 
needs. It's based upon the New Zealand Standard. The 
American Standard would give values equal to one-half 
of the New Zealand Standard. 
For bucket users: 

Allow 4 CFM per unit + 20 CFM base reserve . 

For pipeline users: 
Allow 5 CFM per unit + 40 CFM base reserve for the 
first operator and 20 CFM for each additional operator. 

The resulting CFM values would give you the minimum 
size vacuum pump capacity. If your system has more than 
this, fine. If you have less vacuum capacity than this you 
shou ld carefully investigate you r vacuum needs. 
This method of determining vacuum capacity is different 
from what you may have seen before. A 50 percent reserve 
is commonly used . While a 50 percent reserve may be 
satisfactory on a system of six or more units, our field 
studies indicate that using a 50 percent reserve is not 
adequate for the smalle r system. 
Remember this: There is no substitute for an adequate 
vacuum system. Make sure you know your score on your 
vacuum needs. 

Babson Bros. Co., 2100 S. York Rd., Oak Brook, Ill inois 60521 

Thi s is one of a series of topics developed by noted Dairy authorities. For a complete set write for a free booklet. 
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