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it) lnaQage a profit in dairy processing ... 
· · you have to kno-w the score! 

Input. That's a key to successful manage
ment. And that's why you need to know 
the real score on every phase of the proc
essing operation, including sanitation. 
Klenzade's Computer Cost Survey Anal
ysis provides this kind of information by 
using electronic data processing to evalu
ate and report on plant-wide sanitation 
functions. 

We've programmed our computer with 
all of the cleaning functions carried out 
in a dairy plant. Each of these functions
whether pasteurizer circuits, batch tanks 
or conveyor chains - has been identified 
and analyzed by Klenzade technicians and 
then programmed for ma_ximum cleaning 
efficiency and economy. 

The Computer Cost Survey Analysis 
begins with an evaluation of current sani 
tation procedures in your dairy plant. This 
informati·on is fed into the computer along 
with appropriate variables such as manual 
or Cl P cleaning, water hardness, iron con 
tent and soil conditions. The result is a 

computerized printout showing you what 
the precise cost should be for each clean
ing function. You'll know the type and 
quantity of detergent, the amount of water 
necessary and the total cost by cycle, by 
day and by month for each cleaning job. 

In short, the Computer Cost Survey 
Analysis tells you what the score should be 
without chemical waste, without cleaning 
overkill. For complete information on how 
you may profit from the Klenzade Compu
ter Cost Survey Analysis, write or phone 
Glenn Weavers, Director of Sales. 

KLENZADE PRODUCTS DIVISION. ECONOMICS LABORATORY, INC. 
Osborn Building, St. Paul. Minne sota 55102 • 612 224-4678 

'!:!: ... 

..... '·"• 

Plant Evaluation. Assembling basic sanita- Total Plant Analysis. Each cleaning function A New Management Tool. The printout 
tion data is the. be(linning of a survey. A within the plant from HTST circuits to transport covers each and every cleaning function in the 
Klenzade Representative records this in forma- tankers to floor cleaning is covered by the plant and projects what the amount of chemi-
tion along with all variables which might exist Computer Cost Survey Analysis. Even the cals, volume of water and costs should be for 
in the specific planf. such as water hardness or method of cleaning each job-manual or auto- maximum eHiciency. · 

'-·- u_,_n_us_u_al_s_oi_l c_o_n ,d-it-io_ns_·~------·'-__;matic-is included in the survey_. ~---- - •·---
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Your Hosts 
New York State Association of Milk And 

Food Sanitarians 
AND 

Cornell University, Food Science Department 

AUGUST 13, 14, 15, 16, 1973 
JOINT MEETING 

60th Annual Meeting of International 

Association of Milk, Food and Enviromental 

Sanitarians, Inc. 
(Regional National Mastitis Council Meeting August 13) 

PLEASE SEND ALL RESERVATIONS TO 

THE FLAGSHIP-ROCHESTER 
STATE & CORINTHIAN STREETS, ROCHESTER, N.Y. 14614 

IAMFES, INC. & NMC ANNUAL MEETING 

Organization --- - ----------- - ------------------ - ---------------------- - ------------------- - --

Name --------------- - ------------------------------------------------------------------------

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

City ------ - ------~------------------------ -------------------- State ---------- Zip _________ _ 

Arrival Date _____ ---- __ --- --- __________________ Dep arture Date -· ________ ______________________ _ 

D Single $14.00 

i 

D Double $19.00 
D Twin $19.00 

Suites $45.00 & Up 

Number Rooms __________ Number People _________ _ 

( Reservations held beyond 6:00 P .M. requires $20.00 deposit ) 
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Buy this Blue Stripe® 

and Norton will give you 
the world's finest milk tubing 

Transflow® M-34R tubing 
Transflow M-34R IS the world 's finest milk tubing , and the embedded 
Blue Stripe -Norton 's Registered Trade Mark- is your assurance that you ' re 
getting genu ine Transflow tubing . 

TRANSFLOW TUBING 's 
BLUE STRIPE 

IS PERMANENTLY EMBEDDED 
FOR YOUR PROTECTION. 

The Blue Stripe assures you that the tubing meets 
FDA requirements ... as well as all cr iteria in the 3-A* 
Plastics Standard. 

It assures you that the tubing was made under the 
most demanding quality assurance procedures using the 
purest materials available . 

·International Association of Milk, Food , and Environmental San it arians; 
U.S. Publ ic Health Service ; The Dairy Industry Commillee. 

The Blue Stripe. Always look for it -demand it - when you buy milk tubing. 

TRANSFLOW and the BLUE STRIPE are Registered Trade Marks of NORTON COMPANY. 32·5~0 

PLASTICS AND SYNTHETICS DIVISION 
FORMERLY II. S. STONEWARE INC. AKRON. OHIO 44.5'0.9 
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In ~ilk '1!nalysis 
... it's 'Technicon 
[16m 

Instruments Technicon 
A B c AutoAnalyzer II A Alkaline Phosphatase 

" l l\lka lin e phosphatase) Analysis 

to Fat Content Analysis ~ ~ " Lactose Analysis " " Protein Analysis " " " s 
Somatic Cell Analysis t/ " Future Analysis 
Requirements 

Among the four major milk analysis 
instruments, only the Technicon"' 
AutoAnalyzer® is capable of automated 
Alkaline Phosphatase analysis .. . and 
if ever a test requirement arises that 
starts with a "Z", you're ready! 

The AutoAnalyzer is so flexible that 
a simple alteration in the configuration 
of this completely modularized system 
can provide fast and accurate deter
minations on any of the five parameters 
with AOAC Official Action Status on 
Fat and Somatic Cells. 

And, when additional methods 
become available, there will be no 
large expense in updating the system. 
Simply add another module or 
analytical cartridge and the 
AutoAnalyzer becomes a brand new 
system. It never grows old, it just grows! 

" Technicon's AutoAnalyzer is manu
factured in the United States. Service 
inc! uding spare parts and reagents, is 

I 

available through seven distribution 
centers strategically located through
out the country. 

Should technical or operating 
difficulties arise, a Technicon 
AutoAnalyzer specialist is as near as 
the telephone. 

These systems specialists are so 
thoroughly trained that most problems 
are solved over the phone. If not, there 
are at least two Technicon represen
tatives in every major city across the 
nation. 

For more information write to 
Dept. 179 

1 111111 
Technicon Industrial Systems 

'"' Tarrytown, New York 10591 

Visit Technicon at our suite in the Thunderbird Lodge during the 
ADSA Annual Meeting, Pullman, Washington on june 24-27 
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EFFECT OF TEMPERATURE AND pH ON GROWTH AND ENTEROTOXIN 
PRODUCTION BY STAPHYLOCOCCUS AU REUS' 

D. L. ScHEUSNER
2

, L. L. HooD, AND L. G. HARMON 

Depm·tm.ent of Food Science and Human Nttt1·iUon 
Mich·igan State Un-iversity, East Lansing, M ichigan 48823 

( Received for publi~ation January 5, 1973) 

ABSTRACT 

Four strains of Staphylococcus au:reus producing enterotoxin 
types A, B, C, and D were inoculated into buffered Brain 
H eart Infusion ( BHI) broth at a concentration of 106 cells/ml 
and incubated with agitation at temperatmes ranging from 
7 to 50 C for intervals extending to 4 weeks. At 45 C, strains 
265 (type A), 493 (type C), and 315 ( type D ) grew and 
produced enterotoxin, but there was a rapid decrease in viable 
cells and no enterotoxin produced by strain 243 ( type B ). 
In the range of 19 to 39 C, all strains grew and produced 
enterotoxin. At 13 C, strains 265, 243, and 493 grew but 
only strain 243 produced enterotoxin. Strain 315 did not 
grow at 13 C and none of the strains grew at 7 or 50 C. 
The population of S. aureus vmied from 1.3 X 107 to 5 .5 X 
108 cells / ml when enterotoxin was first detected . 

S. aureus strain 243 was inoculated at a concentration of 
106 cells/ ml into BHI broth with and without 0.2 i'..f sodium 
phosphat e buffer and incubated at 37 C for time in tervals 
extending to 172 lu. The initial pH of the broth was ad
justed to various values from 3.62 to 9.84. Growth occurred 
when the initial pH of the broth was 4.96 to 9.02 and a slight 
increase in population was noted at pH 4.76 and 9.40. Pro
duction of detectable amounts of enterotoxin was resh·icted 
to pH 5.15 to 9.02. Detectable enterotoxin was produced in 
4 to 6 hr in non-buffer ed broth, but a minilllmn of 9 lu was 
required in buffered broth. 

Ingestion of staphylococcal enterotoxin produced 
by Staphylococcus aureus may result in bacterial food 
poisoning. Since S. aureus may occm in low num-

l hers in many foods (1 ), it is important that food be 
handled to prevent multiplication of cells and pro
duction of enterotoxin. Several environmental factors 
such as water activity (17), NaCl concentration (10), 
atmosphere (16), growth medium (9), presence of 
other microorganisms (12), temperatme (1, 4, 18) and 
pH (5, 13) influence growth of staphylococci and may 
influence production of enterotoxin. Four immuno
logically different enterotoxins (A-D ) have been pmi
fied and made available for study (3) . Enterotoxin 
A alone or in combinations with other enterotoxins is 
found in about 75% of the outbreaks of staphylococcal 
food poisoning (3). Enterotoxin B is found in rela
tively few outbreaks but it has been studied more 
extensively than the other enterotoxins because rela
tively high concenh·ations are produced in laboratory 

i 

'Michigan Agricultural Experiment Station Journal Article 
No. 6200. 
' Present address: 4625 _ '· Green Bay Road, Racine, '"' isconsin 
53404. 

media (15). The objective of this investigation was 
to determine the effect of temperature on growth and 
enterotoxin production of four immtmologically dif
ferent sh·ains of S. aureus and the effect of pH on 
production of enterotoxin B by S. aureus strain 243. 

P. I ATEnTALS AND METHODS 

Meclia 
Mannitol Salt Agar OvfSA) was used to enwuerate staphylo

cocci and Brain H eart Infusion ( BHI ) broth was used to 
grow the culh1res. BHI broth containing 0.2 M sodium phos
phate buffer standarclized to pH 7.0 after sterilization was 
used in all experiments involving effect of temperature in 
buffered broth. In exp eriments involving effect of pH, 0.2 M 

phosphate buffered BHI broth was prepared with the pH at 
various values between 3.6·2 and 9.84. ' Vhen necessary, the 
pH of both buffered and non-buffered broth was adjusted with 
6 N HCL or NaOH. 

Cultures 
Four strains of S. a.ureus, 265, 243, 493, and 315, which 

produce enterotoxins A, B, C, and D , 1·espectively, were ob
tained from the late Dr. E. P. Casman of the Food and Drug 
Adminish·ation Laboratory in ·washington, D. C . Each strain 
produces only one enterotoxin. 

Culture propagation 
The cultmes were grown in BHI broth at 37 C and trans

ferred daily for at least 3 days before use. Cultmes in th e 
stationary phase, incubated 12-24 lu , were used for inocula
tion. Sufficient inoculum was added to yield a population 
of approximately 106 cells/ ml in 300 ml of BHI broth in ! 
liter screw-cap erlenmeyer flasks . The flasks were incubated 
for time intervals extending to 4 weeks at selected t emper
atures in a rotmy shaker operated at 175 rpm. Samples used 
to determine th e effect of temperature were thermostatically 
controlled at 7, 13, 19, 26, 32, 37, 39, 45, and 50 C by the 
heating unit on the sh aker and/ or placing the shaker in a 
refrigerated room. The samples used to determine effect of 
pH were incubated at 37 C ru1der the srune physical condi
tions inclicated above. At selected intervals a por tion of the 
broth was removed aseptically to determine population, pH, 
and enterotoxin. 

Determ-i.lwt ion of pop ulation 
The broth samples were diluted as necessm·y in 0.01 i'.I 

phosphate buffer. The populations of S. aureus were d e
termined by the spread plate teclmique using pre-poured MSA 
plates prepared no more than 24 hr b efore use. P lates were 
incubated at 37 C for 48 hr and all colonies were coru1ted . 

Determhwtio11 of pfl 
A Coming single electrode on a Beckmm1. pH Meter (Model 

1019) was used for all pH determinations. At each sampling 
period, approximately 10 ml of broth was placed in a 50 ml 
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T AIJ LE 1. P o PULATION, PH, A ~D l\IINil\IU ;>.I INC UIJATION Til\J E ASSOCIATED \VITI! PHOUUCTION OF ;\I EAS UHAIJLE A;\JOU"TS OF 

E"'TEHOTOXT"' FOHl\ JEIJ IJY FO Ul I STHA! NS OF S. au reus WJI£ , INC UBATED WITH AGITATION IN BHJ BBOTH BUFFERED AT PH 7.0 

\VLTI-I 0.2 M PHOSPHATE AT THE TEMPEHATURES INDICATED 

s. 0/lT('Jt$ >Gs S. aurcus ~4 3 s. ti/IT('IIS 493 5. aurr us l ' S 
JncuU:ttion (A Toxin ) (B Toxin ) (C Toxin ) (D T oxin) 

temper a t.u re Tim e C'Ollll t* Tim e Counl* T ime Coun t* 'J' ime Count• 

(C ) (hr ) pH X 106 (hr) pH X 103 (h r ) vH X 106 (h ;· ) pH X 106 

7 ( a ) 6.92 < .0001 (a) 6.94 < .01 ( a ) 6.91 <.001 ( a) 6.99 < .01 

13 ( b ) 6.79 3 158 6.77 32 ( b ) 6.78 13 ( b ) 6.81 0.1 

19 98 6.96 16 78 6.94 80 78 6.91 130 98 6.94 320 

26 16 6.66 360 16 6.66 190 14 6.62 450 14 6.66 llO 

32 22 6.85 550 13 6.82 50 ll 6.83 69 13 6.86 50 

39 18 6.82 440 10 6.96 20 6 6.98 13 16 6.79 80 

45 78 6.83 20 ( c ) 6.91 < .0001 38 6.78 120 38 6.82 15 

50 ( d ) 6.90 < .0001 ( d ) 6.91 < .0001 ( d ) 6.90 <.0001 ( d ) 6.87 < .0001 

°Counts were m a d e on MSA. The initia l inoculation was approxim a te ly 106 / ml. 

( a ) No toxin d etected after incubation for 673 hr. 

( b) No toxin d etec ted after incubation for 338 hr. 

(c) lo toxin d etec ted after incubation for 122 hr. 

( cl ) No toxin d etec ted after incubation for 73 hr. 

tube and centJifuged a t 12,000 X g for 15 min a t 2 C . Th e 

pelle t was discarded. A small portion of the supernatant 

fluid w as used for the pH d e tem1ination , and the remainde r 

of the fluid was stored at -30 C for enterotoxin assay at a 

Inter time . 

Enterotoxin determination 
The microslide gel-diffusion m e thod (2) was used to d e

termine th e presence of staphylococcal enterotox in . Purifi ed 

staphylococcal enterotoxins A, B, C , and D, and correspond

ing antitoxins used as standards w ere obtain ed from Dr. Cns

nl an. 

R ESULTS AND DISCUSSION 

Effect of temperature 
Samples of broth taken immediately after inocula

tion did not contain detectable enterotoxin. All four 

strains of S. auretts grew over a temperature range 
of 13 to 45 C except strain 243 which failed to grow 

at 45 C and sh·ain 315 "vhich failed to grow at 13 C 
(Table 1). None of the strains grew at 7 or 50 C. 

\Vhen enterotoxin was first detected the population 
of S. aureu.s in the BHI broth varied from 1.3 X 10' 
to 5.5 X 10" cells/ ml and the pH of the broth varied 
from 6.62 to 6.98. ·The temperature at which entero

toxin was produced was restricted to the range of 
19 to 45 C, with the exception of S. aureus 243 which 
produced enterotoxin B over the range of 13 to 39 C. 
The incubation time required for enterotoxin pro
duction varied from 6 to 22. hr in the temperature 

range of 26 to 39 C and the time increased as the 
temperature varied above or below this range. Strains 
which produced enterotoxin at the incubation tem
peratures used did so within 98 hr, except strain 243 
which produced enterotoxin B in 158 lu· at 13 C. 

Data in Table 1 show little difference among the 

four strains of S. awreus in the pH, population, or 

time required to produce measurable toxin during 
i.Iwubatiqn at 26 C. At temperah1res above and b e
l ~.\¥ 26 c-the variation among strains in th ese cate-

gories was more apparent. There was a particularly 
abrupt increase in time required to produce toxin 

' at 19 C. Since none of the strains grew at 50 C and 

only three of the four strains produced enterotoxin 
at 45 C, it is probable that 45 C is near the maximum 
temperature for toxin production. Likewise 13 C is 
near the minimum temperature for toxin production, 
since S. atrretts 243 produced toxin at 13 C after 158 
hr but the other strains did not produce enterotoxin 
during incubation for 2 wk at 13 C. 

The incubation times and S. aureus populations 
associated with detectable amounts of enterotoxins 
A, B, C, and D in buffered BHI broth (Table 1) are 
similar to the times and populations reported by Don
nelly e t al. (4) for production of enterotoxin A in milk 

at 25-35 C. The minimum concentration of entero
toxin which can be detected by the microslide gel
diffusion technique is about 1 ,ug/ ml (2) . Since about 

20 ,ug of enterotoxin B, and considerably less entero
toxin A, may be toxic for man (14), an enterotoxin con

centration of 1 ,ug/ g in an average serving of food is 

potentially hazardous. Data reported herein indi
cate that it is possible to predict the incubation time 

required at a particular temperature for cells of the 
four strains of S. a·ureus to produce measurable 
amounts of enterotoxin in buffered BHI broth, but 

it is not possible to predict the presence of entero
toxin in a particular sample by the population of S. 
aum us in that sample. 

Genigeorgis et al. (6) used five sh-ains of S. aureus, 

four of which were different from those used in the 

work reported here, and found statistically significant 
differences in growth rates among the strains. Under 

the conditions used in this investigation, no distin

guishing differences were apparent a!'nong the four 
strains of S. aureus, except that each strain produces 

a different enterotoxin . Differences in growth ,ratc.s 
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EFFECT OF TEiVIPERATURE 251 

TABLE 2. POPULATION, P H , AND MINI MUM INCUBATION TllVIE 

ASSOCIATED WITH PRODUCTION OF DETECTABLE Alvl OUNTS OF 

ENTEROTOXIN B BY $. a.ureus STRA I N 243 GROW N AT 37 C WITH 

AGITATION IN BH! BROTH CONTAINING 0.2 M PHOSPHATE 

BUF FER AT VARIOUS PH VALUES 

Incuba tion Tez·minal 
Initial time Termin al count on IIISA1 

i>H (hr) pH X 106 

3.62 ND2 3.61 < 0.1 

4.48 ND 4.50 < 0.1 

4.76 ND 4.92 1.2 

4.96 ND 5.05 4 

5.15 154 5.66 350 

5.38 32 5.42 57 

5.48 124 6.08 220 

5.56 26 5.58 90 

6.44 9 6.48 32 

6.45 9 6.44 30 

6.53 14 6.42 720 

6.79 23 6.78 1700 

6.94 19 6.79 570 

7.03 12 6.97 25 

7.20 23 7.17 1600 

7.72 52 7.71 7 

7.73 48 7.61 46 

7.96 47 7.80 3000 

7.97 58 7.75 800 

8.14 56 7.89 1500 

8.40 40 7.86 1200 

8.61 52 7.71 400 

8.67 36 8.02 680 

9.02 24 8.89 3 

9.40 ND 1.5 

9.84 ! D < 0.1 

'Initial cotmts on MSA were approximately 10" cells/ mi. 
2 ND = No detectable toxin produced wi thin 172 hr. 

of S. att:reus exist but these differences do not appear 

to be related to differences in enterotoxin type. 

Effect of pH 
Detectable amounts of enterotoxin B were pro

duced in phosphate buffered BHI broth with an 

initial pH of 5.15 to 9.02 and incubation times rang

ing from 9 hr at pH 6.44 to 154 lu· at pH 5.15 (Table 

2) . In non-buffered BHI broth the incubation times 

required for production of detectable amounts of 

enterotoxin varied from 4 to 6 hr at pH 6.14 to 7.95 

(Table 3 ). 
Growth of S. aureus strain 243 occurred over a 

greater range of pH than toxin production. Gennison 

and Wadsworth (8) . have calculated statistically that 

there is a 68% probability that plate count values de

termined experimentally will be within 6.6% of ac

tual values. Therefore we must recognize the pos

sibility of experimental error in the small increases 

:n population indicated with (a) sh·ain 265 at 13 C 

(Table 1 ) ; (b) strain 243 in buffered broth at pH 

4.76, 9.02, and 9.40 (Table 2); and (c) strain 243 in 

non-buffered broth at pH 5.02 and 9.08. In buffer

ed BHI broth, the incubation time required for pro-

duction of a detectable quantity of enterotoxin varied 

considerably and was dependent upon the irlitial pH 

of the growth medium ( Table 2). Less time was re

quired for production of detectable toxin at pH 6.44 

to 7.20 than at pH above and below these values. 

The incubation time required to produce a detect

able quantity of enterotoxin irl non-buffered BHI 

broth varied little within the pH range in which tox

in production occurred (Table 3 ). When detectable 

amounts of enterotoxin first appeared, the staphyl

ococcal populations varied from 3.0 X 106 to 3.0 X 

109 cells/ml in buffered BHI broth (Table 2) and 

from 7.5 X 106 to 1.2 X 109 cells/ml in non-buffered 

BHI broth (Table 3). 

Morse et al. (11 ) and Peterson et al. (13)' observed 

that the pH of the medium changes while the S. 

au1'eus culh1re is growing. If the pH of the medium 

is low there is a tendency for the pH to increase and 

if the pH is high there is a tendency for it to decrease. 

An increase in pH of the medium, an increase in of

fensive odor, and a darker colored pellet usually 

occurred in samples which produ ced toxin in the 

shortes t incubation times. 

Since the irlcubation 'time required to produce a 

detectable quan tity of enterotoxin was less irl non

buffered than in buffered BHI broth (Tables 2 and 

3), it is reasonable to conclude that the phosphate 

buffer affected enterotoxin production. The 0.2 lVI 

sodium phosphate buffer delayed, but did not pre

ven t, change irl the pH of the growth medium. Phos

phate has a high buffering capacity at pH 8 and in 

the range of 7.7 to 8.6 the irlcubation times required 

before enterotoxin could be detected irl buffered 

BHI broth were considerably longer than the incuba

tion times at higher or lower pH values. The differ

ences in incubation times needed for measurable 

amounts of enterotoxirl to be produced in BHI broth 

buffered at different pH values as well as the cliff-

TABLE 3. POPULATION, PH, AND MINI"-IUM INCUBATION TIME 

ASSOCIATED WITH PRODUCTION OF DETECTABLE AMOUNTS OF 

ENTEROTOXIN B BY $ . a.u.·reus STRAIN 243 GROW A:T 37 C Wl'TI-I 

AGITATION L'l NON-BUFFERED BH! BROTH AT VARIOUS INITIAL 

P H VALUES 

Incubation Terminal 
Initi al tlrne Term in al cou nt on MSA' 

pH (hr) pH X 106 

5.02 ND' 5.00 2 

6.14 6 5.34 500 

6.62 6 5.70 750 

7.13 4 6.78 7.5 

7.55 6 6.62 1200 

7.95 4 7.63 76 

9.08 ND 8.90 3 

9.86 D 9.85 <0.1 

'Initial counts on ~"ISA were approximately 106 cells/mi. 
2ND = No detectable toxin produced within 172 hr. 
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erence between incubation times required for entero
toxin production in buffered and non-buffered BHI 
broth may be caused by stabilization of the pH of 
the medium. 

In both buffered and non-buffered BHI broth, 
grovvth of S. aureus occurred over a wider range of 
pH than did enterotoxin production. It is theoretical
ly possible, but frequently not feasible, to adjust the 
pH of food above or below the pH range for entero
toxin production . Few foods would be accepted 
by the consumer if the pH were above 9; although 
a number of acceptable foods naturally have a pH 
below 5. Genigeorgis et al. (5) reported that NaCl 
in the growth medium narrows the pH range in which 
enterotoxin production occurs. Genigeorgis et al. (7) 
also showed that growth of S. aureus occurred in meat 
in which they were unable to detect enterotoxin pro
duction. According to Reiser and Weiss (15), the 
growth medium is known to affect the total amount 
of enterotoxin produced. The nature of the growth 
medium would also affect the incubation time need
ed for a measurable amount of enterotoxin to be pro
duced. The pH ranges for growth and enterotoxin 
production by S. aureus are probably similar in broth 
and food. Assuming this . is h·ue, the data suggest 
that foods within a pH range of 5.1 to 9.0 which con
tain staphylococci may be considered to have a po
tential for staphylococcal food poisoning if other en
vironmental conditions are favorable. 
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MICROBIOLOGICAL, CHEMICAL, AND ORGANOLEPTIC 
CHARACTERISTICS OF FROZEN BREADED RAW SHRIMP'·' 

c. VA NDERZANT, A. v,r. M ATTHYs, Ar n B. F. CoBB III 
A nimal Science Departm ent 

T exas A&M University, College Station 77843 

( Received for publi cat ion lovember 20, 1972 ) 

AnsTHA CT 

Thirty percent of the samples of fresh or frozen shrimp re

ceived for processing into breaded shrimp had bacte1·ial counts 

in excess of l ey; I g. The bacterial cotmts of 56% of plant pro

cessed samples of frozen breaded raw shrimp exceeded 106 I g. 

Counts with p late incubation a t 7 or 25 C were significantly 

higher than at 35 C. Little relationship existed between 

aerobic plate counts and colifonn or enterococcal cow1ts. 

Neither Salmonella nor V ·ibTio pa:rahaemol!ftiClls was isolated 

from plant processed samples. Frozen storage of breaded 

sluimp for 3 to 12 months caused minor reductions in aerobic 

plate count and coliform count and only minor changes in 

trimethylamine nitrogen ( TMN) , total volatil e nitrogen ( TVN ), 

and odor scores. 'When frozen breaded raw shrimp were ex

posed to elevated temperatures ( 0-10 C) increases in count 

occurred at 0 C after 3-5 clays, at 5.5 C after 2-3 clays, and 

at 10 C after 1-2 days . Colifonn bacteria increased at 5.5 C, 

Escherichia coli. and enterococci at 10 C. In samples held at 

0-10 C, marked increases in TMN and TV! and decreases 

in pH value occurred when bacterial counts h ad increased 

shmply and when off-odors became noticeable. Gram-positive 

fom1s, Bacillus, i\tlicrobacteri.um, Micrococcus, and corynefonn 

bacteria were predominant in retail samples. Many of these 

samples showed evidence of repeated thawing and freezing. 

Of the retail samples, 52% had aerobic plate counts of 106 I g or 

hi gher. 

Production and distribution of breaded shrimp is an 

important part of the seafood industry. In 1971 pro

duction of breaded shrimp was 104,284,000 lb. with a 

• value at the processors level of $121 million (18). In 

production of frozen breaded raw shrimp, peeled and 

deveined shrimp are washed, covered with batter, 

and coated with breading material. Breaded shrimp 

then are packed in cartons and frozen. Several r e

ports are available on the conditions that influence 

number and types of microorganisms on Gulf Coast 

shTimp at time of landing (2, 5, 20, 24) . Microbial 

counts at time of catch usually are low ( 10' -10''/ g ) 

and typical spoilage bacteria are not numerous at 

that time. Handling and storage procedures on board 

are primarily responsible for increased counts and 

inh·oduction of large numbers of psychrotrophic spoil

age bacteria. 

'Pu!Jlishecl with the approval of the Director of the Texas 

Agricultural Experiment Station, College Station , Texas . 
2A prelinlinary accOtmt of this work was presented at the 59th 

Annual Meeting of the International Association of Milk, Food, 

and E nvironmental San itarians, Milwaukee, \ ,Y isconsin , August 

21-24, 1972. 

In tests made on retail samples of frozen breaded 

raw shrimp in 1961, Silverman et al. (14) reported that 

the bacterial counts of about 28% of the samples ex

ceeded 10"/g. In a similar study published in 1972, 

Nickerson and Pollak (11 ) reported that 48% of the 

samples had bacterial counts in excess of 10"/ g. Sur

kiewicz et al. (17) reported tha't breaded shrimp 

samples collected from plants operating under good 

conditions of sanitation had an average ( geomeh·ic ) 

MPN of < 1000 coliform bacteria/ g and that 85~~ 

had an average (geometric ) aerobic plate count of 

< 10/•g. In 81% of the samples, Escherichia col·i 

was absent from 80% of the units ( 0.1-g portions). 

Of the units, 57% were negative for coagulase-positive 

staphylococci ( 0.1-g portion ) and 95% had < 1000 

coagulase-positive staphylococci/ g. They showed 

that production of shTimp of good bacteriological 

quality requires (a) raw shrimp and batter of good 

bacterial quality, (b) clean and sanitized equipment, 

and (c) sanitary handling of the product along the 

processing line. Little informa tion is available about 

(a) the composition of the microbial flora of breaded 

shrimp, (b) the potential shelf life of products of vary

ing microbial composition, and (c) the influence of 

storage conditions in wholesale and retail channels 

on the organoleptic and bacteriological quality of 

tllis product. Tllis study provides a detailed analysis 

of the microbiological conditions of raw and plant 

processed products. Included are tests on samples 

subjected to waTm-up treatments to minic loss of 

freezer operation during transit or in freezer cab

inets. 

.MATERIA LS AND M ETHODS 

Collection of samJJles 
Shrimp and frozen breaded raw shrimp, except for ~tore 

samples, were obtained from commercial operations along the 

Gulf Coast. Samples were packed in dry ice at the processing 

p lant and transported immediately to the laboratory. Samples 

were subjected immediately to the vmious analyses. If add i

tional analyses were required at a later elate, sample tmits 

were stored at -23 C. Store samples of frozen breaded raw 

sluimp were purchased in Fort Vl' orth , Dallas, and Houston , 

and transported to the laboratory packed in dry ice. Th ese 

samples were from th e same commercial sou rces as the plant 

samples. 

M·ic·robiological e~ca.m in at·ion 

Aerobic plate counts of shrimp were determin ed with the 
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Figure l. Aerobic plate count at 35 C of fresh and frozen 
shrimp used in the manufacture of breaded shrimp. 

spread plate method by placing 0.1 ml of appropriate dilutions 
on Standard Methods agar ( S!l !A, BBL) plates. Preparation 
of samples and dilutions was as described by Surkiewicz (16). 
Sets of u·iplicate plates were incubated aerobicall y at 7 C for 
10 days, 25 C for 2 days, and 35 C for 2 clays. To determine 
microbial types, approximately 40 colonies were picked at 
random from countable plates. Diagnostic procedures and 
schemes for identification of th e microbial flora were pre
sented previously b y Vanderzant and Nickelson (21). Previous 
reports describe th e procedures for determinin g the MPN of 
coliform bacteria and E . coli (16), coagulase-positive staphylo
cocci (1), and enterococci (12). Establish ed procedures were 
used to detect Salmonella ( 4) and Vibrio paralwemolyticus 
(23). 

Chemical ancl organoleptic examination 
Trimethylamine nitrogen ( TMN) and total volatile nitrogen 

( TVN ) were determined as described in a previous paper (3). 
Organoleptic evaluations were carried out by a trained three
member taste panel using a 5-point h edonic scale both for 
taste and odor ( 1 = excell ent, no defect; 5 = marked de
fect, unacceptable) . Breaded shrimp were evaluated fried 
with breading on and also boiled ( 4 min ) with breading re
moved before beiJ ing. Shrimp were fried in \Vesson oil for 
3 min a t 191 C. Data were analyzed using analysis of vari
ance, the mean separation technique of Dtmcan , and simple 
correlations (15). 

RESULTS 

M·icmb-iological examinat·ion of raw and processed 
breaded shrimp 

In Fig. 1 data are presented on the aerobic plate 
. counts of 276 samples of fresh and frozen shrimp 
used to manufacture breaded shrimp. For each 
month, the high, low, and average (geometric) count 
are presented. About 30% of the samples had bac
terial counts of 106l g or higher. An examination of 
89 plant samples of frozen breaded raw shrimp show
eel that aerobic plate counts with plate incubation 
at 35 C ranged from 1.1 X 10'' to 6.8 X lOu, at 25 C 
from 6.0 X 10' to 2.7 X 10', and at 7 C from 8.0 X 

103 to 3.5 X 10' I g (Fig. 2, 3, 4 ). Geomeh·ic means 
of aerobic plate counts at 35, 25, and 7 C were 2.8 
X 10', 1.5 X 10", and 1.2 X 10"1g respectively. An
alysis of variance (Table 1 ) indicated that highly 

' significant differences in aerobic plate count resulted 
from temperature of plate incubation. By Duncan's 
test (15), counts with plate incubation at 35 C dif
fered significantly from the others and ranked lowest 
(Table 2 ). Differences between counts determined 
at 25 and 7 C were not statistically significant. When 
plates were incubated at 35 C, 15 samples (17%) had 
counts of 10"1g or higher . However, with plate in
cubation at 25 or 7 C about 50 samples or 56% show
eel counts of 10"1g or higher. Although the geo
meb:ic means of counts at 25 and 7 C remained high 
during the summer months (July through Septem
ber), similar values were obtained in April and No
vember. 

Coliform coun ts of processed plant samples (Fig. 
5) ranged from 3.6 to 4,6001g with a geomeh·ic meanf 
of 661g. Only 7 samples ( 8%) had a coliform count 
in excess of 10" I g. E . coli was recovered from 7 ( 8%) 
samples at a level of 3 to 3.61g. Enterococci in plant 
samples (Fig. 6) ranged from 9.1 to ll,OOOi g, with 
a geometric mean of 6 X 102lg. For plant samples, 
the correlation be!:\veen aerobic plate cotmts at 35 C 
and enterococcal counts was -0.01, whereas the cor
relation coefficient between aerobic plate counts and 
coliform counts was 0.14. Coagulase-positive staphy
lococci ( Fig. 7 ) were recovered from 45 (50%) samp
les. 

TABLE l. ANALYSIS OF VARIANCE R ESULTING FROM EFFECT OF 

TEi\'IPEHATURE OF Pl-ATE I NCUBATION ON THE AEROBIC P LATE 

COUNT OF FRESHLY P HOCESSED AND STOHED FHOZEN BREADED 

HAW SHRll,'lP 

Sou:ce of Mean squares 
,-a riation <!.f. Fresh shrimp Stored shrimp 

Total 266 
Treatment 2 13.710000 8.7690° 0 

Error 264 0.4505 0.4337 

0 
• < 0.01 level of probability 

T ABLE 2. i\lfEAN LOG COUNT OF FHESHLY PROCESSED .AND 

STORED FHOZEN BHEADED H AW SHRIMP WITH DIFFERENT 

T El\•IPERATUHES OF PLATE L'ICUDATION 

P late incubatiou 
temperature 

35 c 
25 c 
7 c 

l\Ieansl 
Fresh shrimp Sto re<! Sh rimp 

5 .4510" 
6. 1666" 
6.0882" 

5.3940'' 
6.0006" 

. 5.900d· . 

'Means in the same vertical column bearing different super
scripts differ significantly (P< 0.01 ). 

\ .. 
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Hesults of microbiological analyses of the same 
plant samples after 3 months of storage at - 23 C 
were in many respects similar to those obtained im
mediately following processing. Counts at 35 C dif
fered significantly from those determined on plates 
incubated at 25 or 7 C, and ranked lowest (Tables 1, 
2). The range and geometric means of aerobic plate 
counts of the stored samples were similar to those of 
the freshly processed samples. At 35 C counts ranged 
from 1.0 X 104 to 9.3 X 10", at 25 C from 4.1 X 10' 
to 2.0 X 10', and at 7 C from 3.7 X 10" to 2.0 X 10'/g. 
Average (geometric ) counts at 35, 25 and 7 C were 
respectively 2.5 X 10', 1.0 X 10", and 8.0 X 10'/g. 
Correlations ben'leen aerobic plate counts and coli
form or enterococcal counts again were low, 0.04 and 
0.16 respectively. 

Coliform counts of stored samples ranged from 3 
to 11,000/ g with an average (geometric) count of 
.55/g. Enterococcal counts of stored samples ranged 
from 9.1 to > 11,000/ g with an average (geometric ) 
count of 3.8 X 102/ g. Coagulase-positive staphylo
cocci were recovered from 48 (56%) of the stored 
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Figure 2. Aerobic p late count at 35 C of freshly process
eel frozen breaded raw shrimp . 

samples. Storage of plant proc~ssed samples for 3 
months at -23 C caused small decreases in aerobic 
plate counts (at 35, 25, or 7 C) and coliform counts 
in 56-59% of the samples. A statistical analysis in
dicated that differences in aerobic plate counts and 
colifmm counts between stored and non-stored samp
les were not significant at the 0.05 level of probability. 

TABLE 3. MICHODIOLOGICAL, CHEJ\HCAL AND OHGANOLEPTIC EXAMINATION OF FHOZEN BHEADED 
SHHIMP SAMPLE 8 DUHING FHOZEN STOHAGE 

E. Coag.-
Age APC• at Coliform coli pos . TM]'{ 1'Vl\ 

(m onth ) 25 c • \IP.'I/g )ll'N/g Sull>ll. pH mg/100 g mg/100 g 

0 2.5 X 106 43 <3 O" 7.0 
0.5 1.6 X 106 3 .6 <3 0 7.2 
1 7 .3 X 106 23 3.6 0 7.0 
2 4.9 X 106 3.6 <3 0 7 .1 
3 5.0 X 106 <3 <3 0 
4 7.6 X 106 3.6 <3 0 
6 3.6 X 106 3.6 <3 0 7.4 
8 2.1 X 106 <3 < 3 0 7.2 

12 l.l X 10" 3 .6 < 3 0 7.3 

"A1)C Aerobic Plate Count 
"Values are based on a 5-point scale [1 = excellent, no defect;] 
'Values are based on a 5-point scale [5 = marked defect, una cceptable] 
''None present in IO·' g . 

TABLE 4. ]VfiCHOBlOLOG!CAL, CHElVIlCAL AND OHGANOLEPTIC CHANGES 

Aerobic plate counl/g a t 
E. 

Coliform F:Ofi 
Day 35 c 25 c i c MPX/g i\!Pl\'/g 

0 3.9 X 105 1.2 X 106 1.7 X 106 43 7.3 
0 .5 5.3 X 10' 2.7 X 106 3.8 X 106 150 <3 
1 1.7 X 106 6.3 X 106 8.1 X 106 H3 <3 ., 

7.8 X 10' 9.8 X 106 1.7 X 107 93 <3 0 

5 4.5 X 106 l.l X 108 1.7 X 108 93 3.6 
7 • 6.8 X 107 7.2 X 108 7.6 X 108 3.6 <3 

10 4.0 X 10' 1.4 X 109 1.6 X 109 16 <3 
15 1.8 X 108 6.7 X 109 5.5 X 109 460 <3 

"Footnotes in Table 3 apply. 
"Present in IO-' g. 

0.3 7.3 
0.1 7.3 
0.3 5.6 
0.2 7.6 

0.2 6.6 

0.2 6.6 

IN SAMPLE 212 

Coag .. Entet·o-
pos. cocci 

staph . MPN/g 

0 43 
10-"' 43 
I0-1 93 
0 93 
0 150 
0 460 

10·• 460 
0 93 

Ol'f::anolept ic e \·nluati o n 
lt"ried Boil e<L 

Taste" Odorc Taste Odor 

2.2 2.2 3.5 3 .3 

1.8 2.5 3.0 3.3 
2.3 2.2 3.8 3.0 
2.3 2.7 2.8 3.0 
2.8 ~ . 8 4.5 3.0 

2.7 2.0 3.8 3.3 

SUBJECTED TO HOLDING AT 0 C" 

'BI:\ TVJ\' Organolepti c 
mg/ mg/ evaluation 

pH 100:; lOOg Odor 

7.1 0.9 9.6 2.0 
7.1 0.8 7.6 
7.2 1.2 1UJ 3.0 
7 .6 1.1 9.6 2.8 
7 .4 3.3 15.4 "" 0.0 

6.8 2.5 12.1 4.5 
6 .9 6.9 25.6 4.8 
6.3 7.3 37.6 4.8 
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TABLE 5. P EHCENT ACE DJSTHIBUTION OF M ICHOBIAL F LOHA OF 

BHEADED S!cilliMP SAJ\IPLE 2 A B EFOHE A ND A F TEH STOHACE 

AT 0 AND 10 C W IT H P LAT E I NCUBATION AT 25 C 

'l'.rPo lni ti<1 ll .r 0 c (10 d) 10 c (5 d ) 

Pseudomonas 63.9 22.5 15.0 

Flavobacterium 8.3 

Moraxella 10.0 10.0 

Aeromonas 5.6 10.0 

Enterobacteriaceae 2.8 7.5 5.0 

Bacillus 2.8 30.0 37.5 

Coryneform 8.3 2.5 

Microbacterium 8.3 22.5 17.5 

M icrococcus 7.5 

Sarcina 
2.5 

T A BLE 6. P EHCEKTACE DISTiliDUTION OF M ICHOBIAL FLOHA OF 

BATTEH AND DHEADlNC 

P orcent og-e distri bution a 

T y pe Bolter Breacli nJ; 

Pseudomo nas 7.5 

Mom xella. 5.0 

Bac-illu s 70.0 50.0 

Coryneform 7.5 17.5 

M icrobacterium 22.5 20.0 

"Colonies were p icked from S ifA plates incubated at 25 C. 

1 either Salmonella nor V. pa:ra.ha.emolyticus was 

isolated from plant samples of frozen breaded raw 

slu-imp. Only plant samples of breaded shrimp were 

examined for these species. 

Micmbiologica.l, chemical, a.nd o'l'ganoleptic exa.min

at·ion of st01·ed samples 

Ten samples of freshly processed plant samples 

ranging in aerobic plate count from about 10' to 107/ g 

vvere stored in the laboratory for 12 months at - 23 C 

and examined periodically. An example of the an

alyses for a representative san1:ple (No. 8) is pre

sented in Table 3. Initially, aerobic plate counts of 

the 10 samples ranged from 1.4 X 104 to 9.1 X 10" 

and after 12 months of frozen storage from 3.9 X 104 

to 2.5 X 106/ g. Bacterial cotmts at 35 and 7 C are 

not presented here because comp ared with those at 

25 C the pattern of relationship was the same as pre

sented in Fig. 2, 3, and 4. In general, little change in 

aerobic plate count occurred during frozen storage for 

12 months. Initial coliform counts were low ( 3.6 to 

460/ g ) . In 8 of the 10 samples a decrease in coliform 

count occurred during frozen storage. The available 

data are too limited to arrive at any conclusions about 

the effect of the storage conditions on coagulase

positive staphylococci. 

Initial TMN values of all samples ranged from 0 

to 3.7 ( average 0.6 ) mg/ 100 g. Initial TVN values 

ranged from 3.8 to 12.3 (average 7.5 ) mg/ 100 g. In

cluding all analyses , TM values ranged from 0 to 

3.8 mg/ 100 g, TVN values from 3.8 to 13.3 mg/ 100 g. 

Both minor decreases and increases in TVN and TMJ}J 

occurred during frozen storage. The pH of th~ 

samples ranged from 6.8 to 7.6. 

A com paris on of the organoleptic evaluation of 

fried and boiled shrimp showed that the boiled samp

les usually were more severely criticized for taste 

and odor defects. A frequent comment of the judges 

on the taste of fried breaded shrimp was "taste 

breading material only." Of the fried samples, only 

two ranked in the range "slight off-flavor to unac

ceptable" (score 4-5 ) and / or "moderate to marked 

off-odor" (score 4-5 ) . However, four of the boiled 

samples were in th at range. The most common de

fects recorded were: bitter, stale, iodine, salty, fishy, 

peh·oleum, and amine-like. 

In most samples only small changes in taste and 

odor scores were observed between the beginning 

and end of the storage period. For the fried samp

les, a difference of one point either in taste or odor 

score over this period was recorded for two samples. 

A comparison of TMN, TVN, and organoleptic 

evalu ations indicated that in some samples high TMN 

M M J J A S 0 0 J F 

DATE OF SAMPLING (MONTH) 

Figure 3. Aerobic plate count at 25 C of freshly processed 

frozen breaded raw shrimp. 
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Figure 5. Coliform counts of freshly processed frozen 

breaded raw shrimp. 
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Figure 6. Enterococcal counts of freshly processed frozen 

breaded raw shrimp. 
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Figure 7. Staphylococci in freshly processed frozen bread

ed raw shrimp. 

and/ or TVN values were associated with moderate 
or marked taste and/ or odor defects . In other samp
les, however, far less serious problems of taste and/ or 
odor were encountered at similar or higher }evels of 
TMN and/ or TVN. 

Examination of plant samples held at elevated 
temperatures 

Three samples ( 1-lb. boxes) of plant processed 
br~aded shrimp which were held at - 18 to -23 C 
were placed at 0, 5.5, and 10 C in conh·olled tem
perature storage cabinets. Temperature changes in 
the products were recorded by insertion of thermo
couples with a Tele-Thermometer (Yellow Springs 

Insh·umen t Comp any) . The temperature of the 
shrimp reached the cabinet temperature of 0, 5.5, and 
10 C after 13, 10, and 8 hr, respectively (Fig. 8). An 
example of the microbiological, chemical, and organ
oleptic changes of one of the samples ( To. 212) dur
ing storage for 15 days at 0 C is presented in Table 4. 
In general, with storage at 0 C, marked increases in 
aerobic plate count (at 25 C ) occurred after 3 to 5 
days. Storage for 15 days at 0 C increased bacterial 
counts from 1.2-4 X 10" to 0.67-2.2 X 10'"/g. With 
plate incubation at 7 C, increases in count upon stor
age were recorded a few days earlier . As was ob
served previously, bacterial counts at 35 C were sig
nificantly lower than tl1ose with plate incubation at 
either 25 or 7 C. Although some fluctuations were 
observed in the coliform, E. col·i, enterococcal, and 
staphylococcal counts during the holding period, no 
definite increases could be ath·ibuted to tl1e increased 
storage temperahue. 

Holding at 5.5 C caused large increases in aerobic 
plate count (a t 25 C) after 2 to 3 days. At 5.5 C in
creases also occurred in the coliform count. Usually 
no significant increases occurred in E. coli, entero
coccal, or staphylococcal counts at 5.5 C. ·with stor
age at 10 C, bacterial counts increased greatly after 
1 to 2 days. 'Within 5 days marked increases were 
noted in coliform cotmt and enterococci. Smaller 
increases were noted in numbers of E. coli. Coagu
lase-positive staphylococci were isolated after hold
ing samples for 5 days at 10 C but not from tl1e 
original samples. Storage at 0, 5.5, and 10 C caused 
marked decreases in the pH of the breaded slu·imp. 

A comparison of the aerobic plate counts at 25 C, 
Tt-.111 and TVN values, and organoleptic scores in
dicates that large increases in TMN and TVN oc-

10 
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Figure 8. Temperature changes in shrimp stored at 0, 5.5 
and 10 C after r emoval from about -20 C. 
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TA~LE 7 . l\1ICROBIOLOGICAL ANALYSES Al\'D PH OF 27 HETAIL SAMP LES OF l 'HOZEN BHEADED RAW SHHIMP 

Age of 
sn mple 

(month) 
Aerobic plale 
count per g 

Coliform 
per g 
(~1Pl\) 

Esrbrricbia 
coli per g 

(MPl\) 

Coagulasc
pos. 

sla iJhylococc i 
per 0.1 g 

£ nlerococc i 
per g 
(MPl\) p lf 

1 1.1 X 107 23 
70" 

<3 
<3 
<3 
<3 
<3 

240 7.0 ; 

1 

1 
1 
2 

2 

3 

3 

3 

3 

5 

5 
7 

8 

8 

9 

9 

12 

12 

16 

16 
19 

23 

28 

28 

31 

1.8 X lOG 

8.7 X 105 

3.2 X lOG 
4.9 X lOG 

8.1 X lOG 

1.5 X lOG 

1.1 X 107 

2.4 X 107 

6.9 X 104 

2.4 X 105 

3.5 X lOG 
8.3 X 10" 

8.7 X 103 

2.0 X 105 

8.9 X 105 

9.3 X 104 

6.0 X 105 

1.0 X lOG 

2.8 X 106 

1.2 X 106 

5.2 X 10" 
8.9 X 104 

8.0 X 108 

1.9 X 10" 

1.1 X 10'' 

1.2 X 10" 

3 .6 
33 
43 
43 

9.1 
65 

<3 
18<3 
<3 
146 
<3 
378 
<3 
378 
<3 
20 

<3 
13 

<3 
<3 
15 
9.1 

77 
3 

30 
9.1 

23 
3.6 

95 
<3 
68 
43 
68 

<3 
68 

3.G 
23 

9.1 
<3 
17 
3.6 

23 
<3 

> 11,000 
<3 

> 11,000 
<3 

3.6 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 
<3 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

240 

44 
460 
440 

240 

1,100 

11,000 

2,800 

11,000 

1,500 

21 
93 

3 .6 

7.3 

150 

3.6 

43 

3.6 

3 

93 

240 
23 

240 

9.1 

43 

30 

7.2 ;~ 

6.8 
6.9 
7.1 

7.2 

6.7 

7.8 

7.7 

7.0 , 
_ .., 
l .u 

,., 1 
I . • 

6.>) 

C./ 

7.1 

6.9 

7.0 

7.3 

7.3 

7.2. 

6.9 

t1.9 
6.8 

6.8 

7.4 

7.2 

' 

7.4 .-. 

' Second line of data on colifOims, E. coli, and coagulase-positi ve staphylococci are results of analyses conducted at p lant 
before samples were shipped out . 

cuaed when bacterial counts had increased greatly 
and when organoleptic scores for taste and/or odor 
indicated the presence of defects. For example, with 
sample 212, after 10 days of storage at 0 C, the 
bacterial count had increased from 1.2 X 10" to l.4 
X 10°/g, TMN values from 0.9 to 6.9 mg/ 100 g, TV 

from 9.6 to 25.6 mg/ 100 g and marked off-odors were 
present. A similar pattern but occurring earlier was 
observed during storage at 5.5 and 10 C. When 
organoleptic defects first became noticeable bacterial 

. counts ranged from 3.2 X 107 to 1.3 X 10"/g, TMN 
from 2.2 to 9.6 (average 5.8) mg/ 100 g, and TVN 
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TABLE 8. DISTHJBUTION OF M l CHOB!AL FLORA OF 12 HETATL 

SAl\IPLES OF FHOZE ' BHEADED RAW SffiUMP 

P ercentage 
Ko. of sampl es distr ibu t ion of Range of 

species were isolates nercentage 
isolated from (Axg.) distribution 

Bacillus 12 33 9-68 

Coryneform 7 14 0-42 

Lactobacilltts 4 4 0-20 

M icrobacterittm 5 9 0-27 

Streptococcus 3 3 0-14 

i\tUcrococcus 8 22 0-50 

Staphylococcus 2 ') 0-14 

Aci!1etobacter 3 3 0-13 

Flavobacterhnn 5 5 0-14 

Moraxella. 2 2 0-14 

Enterobacteriaceae 2 2 0-13 

from 12.1 to 38.7 (average 22.5) mg/ 100 g. Cor

relation between TMN and odor scores vvas 0.81 and 

between TV and odor scores 0.78. 

The distribution of the microbial flora of breaded 

slu·imp before and after holding at 0, 5.5, and 10 C 

also was determined. Differences in the initial micro

flora of the samples were noted. Pseudomonas spec

ies predominated in one sample (No. 2A, Table 5 ), 

in the others Achrom obacter, Bacillus, coryneform 

bacteria, Mic·robacter·ium, Micrococcus, and Moraxel

la were more prevelant. In some samples, significant 

differences in the dish·ibution of the initial microbial 

flora also were associated with plate incubation temp

erahire. Data on dish·ibution of the microbial flora 

of san1ple 2A before and after holding at 0 and 10 C 

are presented in Table 5. ·with plates incubated at 

25 C, holding shrimp at 0 and 10 C caused large 

decreases in Pseudomonas and increases in M ora~cella , 

Bacillus, and M·icrobacterium. An analysis of the 

breading and batter used in commercial operations 

showed that Bacillus and Microbacterium species 

and coryneforms predominated (Table 6) . 

Micmbiological exanvinatio·n of retail samples 

Age of the 27 retail samples ranged from 1 to 31 

months (Table 7 ). Aerobic plate counts at 25 C 

ranged from 8.7 X 103 to 8.0 X 108/ g, coliform counts 

from <3 to 43/g. Bacterial counts of 14 (52%) sam

ples exceeded 106/g. Coliform counts in general had 

decreased somewhat <;luring storage in wholesale and 

retail channels . Coliform counts before dish·ibution 

ranged from 13 to > 11,000/ g. All samples at time 

of purchase and about 90% before dish·ibution had 

< 1000 coliforms/g. E. coli was recovered from only 

Lsample. Coagulase-positive staphylococci (in 0.1-g 

portions ) were present in 16 (59%) of the retail 

samples. Enterococci ranged from 3 to 11,000/ g. A 

wide range of enterococcal counts was encountered 

both with samples of low and high aerobic plate 

counts. No relationship existed between coliform 

counts of products before shipment and enterococcal 

counts of product at time of pmchase. 

Bacillus, coryneform bacteria, Microbacterium, and 

Micrococcus species were dominant in retail samples 

(Table 8). Only BacUlus sp ecies were isolated from 

all retail samples. A majority of the retail samples 

showed evidence of thawing and refreezing. 

DISCUSSION 

Bacterial counts of sluimp received for processing 

frequently exceeded 10"/g. The average cotmts of 

monthly supplies ranged from 2.5 X 10' to 1.6 X 10"/g. 

Previous sh1dies (20, 22) have shown that bacterial 

counts of freshly harvested Gulf Coast shrimp ranged 

from about 10' to 10''/g. Low bacterial counts can 

be maintained if shrimp is handled on board under 

sanitary conditions, and is iced promptly. Microbial 

activity frequently causes extensive deterioration of 

quality characteristics particularly when counts reach 

levels of 10" to 10' /g (22) . Differences in degree of 

quality losses at similar count level can be caused by 

a difference in microbial species. In addition, in some 

instances high counts are caused by bacterial growth , 

whereas in others contact with heavily contaminated 

surfaces or equipment may lead to high counts. The 

present results indicate a need to improve the bac

teriological condition of slu·jmp that is used for 

processing. 
Although the quality of the raw shrimp undoubtedly 

is in part responsible for the high cotmts of many 

processed breaded products, inspection of plant facil

ities and processing methods showed that factors re

lated to the processing phase can contribute to ad

ditional bacterial contamination. Thorough washing 

of raw shrimp can reduce the microbial load. If 

strict. sanitary procedmes were maintained in the 

plant and batter and breading of low bacterial count 

were applied, one could obtain processed products 

with bacterial counts lower than those of the initial 

fresh or frozen shrimp. 
Bacterial cotmts with plate incubation at 25 or 7 C 

were significantly higher than those determined with 

plate in cubation at 35 C. This has been reported 

previously (10, 19) with other foods in which psychro

h·ophic bacteTia constih1te a significant part of the 

microbial flora . A high plate incubation tempera

ture probably has a limiting effect on the grovvth of 

some psycbroh·ophic bacteria that are part of the 

natural flora of the product or enter as contaminants 

during harves ting, handling and processing. With 

plate incubation at 35 C, 17% of the samples had 

counts in excess of 10"/g. This figure agrees with 

that reported by Surkiewicz et al. (17). However, 

when plates in the present study were incubated at 
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25 or 7 C, 56% of the samples had counts in excess of 
10"/g. In this study, little relationship existed b e
tween coliform or enterococcal counts and aerobic 
plate count of breaded shrimp. Nickerson and Pol
lak (11) made a similar observation. 

Frozen storage of breaded raw shrimp for 3 to 12 
months at - 23 C frequently caused minor reductions 
in total and coliform count. Freezing can desh·oy or 
sublethally injure bacterial cells . The latter often 
cannot be recovered under regular conditions of medi
um composition and plate incubation (7, 9). This 
may also account for somewhat smaller colonies with 
plate incubation at 35 C, particularly with ·samples 
stored frozen for long periods. Poor recovery of sub
le thally injmed cells on selective media with inhibi
tors may in part explain the decrease in coliform 
count. 

In mos t samples of breaded shrimp stored for 12 
months at - 23 C changes in TMN, TV1 , and odor 
scores were small. Careful conh·ol of the temperah1re 
probably kept chemical and microbial changes to a 
mm1mum. However, it is known that repeated 
changes in temperature, b etween the frozen state 
( -20 C) and the melting point can cause large de
creases in bacterial counts of frozen fish (13). 

Laboratory conditions for holding frozen breaded 
shrimp at elevated temperatures were limited and 
do not duplicate the conditions in a truck or ware
house when freezer equipment fails. The data are 
useful in so far as they sho·w the conditions of time 
and temperature at which changes in microbiological, 
chemical, and organoleptic conditions occur. In
creases in coliform counts were recorded at 5.5 C, 
for E. coli and enterococci at 10 C. Storage at 0 to 
10 C caused marked decreases in the pH of breaded 
shrimp. For iced shrimp, extensive holding usually 
causes an increase in pH (22). In iced shrimp both 
the arginase-urease enzyme system and microbial 
activity are responsible for pH changes (3) . A dif
ference in microbial activities because of differences 
in microbial flora of the products may be responsible 
for this observation. In stored iced shrimp, gram
negative species usually predominate (20). Gram
positive species formed a large part of the microbial 
flora of breaded shrimp examined in the present study. 

Large increases in TMN and TVN of breaded 
shrimp occurred when bacterial counts had increased 
significantly and taste and/ or odor defects became 
noticeable. The lower T NI and TVN values of 
samples with moderate to severe organoleptic defects 
were respectively 4.4 mg and 24.2 mg/ 100 g shrimp 
excluding breading material. These values compare 
favorably with limits of acceptability reported by 
Montgomery et al. ( 5 rng TM , 30 mg TV ) (8) 
and Iyengar ct al. ( 15 mg TVN ) (6). Correlation b e-

tween TMN, TV T values and odor scores were high . 
The initial microbial flora of frozen breaded raw 

shrimp consisted primarily of Pseudomonas, Achro
maba.cter, Bacillus, M oraxella, Micmba.cteriu.m, M·ic
rococcus, or coryneform bacteria. Holding satnples 
at 0 to 10 C caused increases in Microbacterium, 
M·icTococcus, Bac'ill·us, or coryneform bacteria. Gram
positive species contributed 50 to 90% of the microbial 
flora of these samples. Th_e microbial flora of bat
ter and breading probably conh·ibuted to the large 
number of BacWus and Microbacter·ium species. In 
retail samples of hozen breaded shrimp gram-posi
tive forms also were predominant. Many of these 
samples had been held in storage for up to 31 months 
and showed evidence of repea ted thawing and re
freezing. This condition may have contributed to a 
predominance of gram-positive species and apparent 
lack of typical gram-negative spoilage bacteria. The 
number of retail samples with counts in excess of 
10"/g was similar to that reported by Nickerson anci 
Pollak (11 ). 
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REPORT OF THE COMMITTEE ON FOOD EQUIPMENT SANITARY STANDARDS: 1971-1972 

The IAMFES Committee on Food Equipment Sanitary 

Standards, known h ereafter as the Committee, is charged 

with the responsibility of cooperating wi th oth er interested 

health organizations and related industries in the formulation 

of sanitary standards and educational materials for fabrica-

1 ion , insta llation, and operation of food equ ipment and to 

present to the membership those standards and educr.tional 

materials which th e Committee recommends be endorsed b y 

the Association . 
The purpose of this cooperative program is to aid industry 

in improving the design, construction , and installation of 

equipment so that it will lead to easy cleaning and proper 

functioning when placed into service in food establishments. 

It is the Committee's fmth er purpose to cooperate with in

dustry in the preparation of standards or guidelines which 

public health agencies wjll accept, thereby securing uniform

ity in the manufacture and nationwicle acceptance of such 

equipment. 
The following report outlines th e Committee's activiti es 

during the past year in working with two health and industry 

organizations (National Sanitation Foundation's Joint Com

m\ttee on Food Equipment Standards and the ational Auto

matic Merchandising Association's Automatic Merchandising 

Health-Industry Council ) and progress in meeting its purposes 

and objecti ves. It is expected these organizations wi ll be the 

two groups that th e Committee wi ll work with during th e 

coming year. 

NATIONAL SA NITATIO N FOUNDATION ( NSF ) 

The Committee was 1·epresented at the 1972 meeting of 

the Tational Sanitation Foundation's Joint Committee on 

Food Equipment Standards, where action was taken on sev

eral proposals; and before th e meeting, th e Committee re

vi ewed and submitted comments on each draft of th ese pro

posals. Since th e m eeting, the Committee has also reviewed 

and submitted comments on proposed changes to standards. 

Basic criteria C-2 for ~pecial devices and equipment 

Item 4.01 of Basic Criteri a C-2 on th e cleanability of food 

contact surfaces was revised as follows : 
4.01 CLEAN ABILITY: All food contact surfaces shall be 

readi ly accessibl e for cleaning and inspection, either in an 

assembled position or when removed. 4.011: In equipment 

where components are of such weight or design that food con

tact surfaces are not readily removable and / or cleaning ·with

out disassembling is intended, th e component parts of the 

equipm ent shall be so arranged that cleaning and sanitizing 

solutions can be effectively applied to all food contact sur

fa ces. The equipment shall be self-drainin g or otherwise 

completely evacuated, and the manufacturer's recommended 

cleaning procedures shall result in thorough cleaning and sani

tizing of the equipment. 4.012: In equipment of such d e

sign that h eavy duty high speed operation is intended and/ or 

(Continued on Page 266 ) 
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BACTERIOPHAGE TYPING OF STAPHYLOCOCCI ISOLATED FROM 
FOODSTUFFS AND FOOD HANDLERS IN TEHRAN 

M. MALAK! AND M . KOHNEHSHAHRI 

Depmtment of Food I-I ygiene 

AND 

R. GHARAGOZLOO 

Depart·ment of Epidemiology and Pathobiology 
School of Public Health, Un·iversity of T ehran 

P. 0. Box 3262, Tehran, Ira:n 

( Received for p ublication D ecember 21, 1972) 

ABSTRACT 

Studie~ were clone to ass~s contamination of 3247 sampl es 
of foods and food handlers with coagulase-positive staphylo
cocci. Food specimens were collected from retail ~hops and 
a Tehran milk pasteurizin g plant; in addition 510 food hand
lers of different professional groups were examined. Tluee 
swabs fo r bacteriological examination were randomly collected 
from nose, hands, and throat. Of samples te~tecl for coagulase
positive ~taphylococci , 26.02% were positive and almost half 
of them were obtained from foocl~tuffs. Of 546 isolates that 
were phage typed, we found that group III predominated in 
the nose and cream cake, while group II was more prevalent 
in raw cream, tluoat, and hands. Altl1ough group IV was 
not prominent, nose and hands yielded 3 and 1 po~itives, re
spectively. Untypable isolates comprised about 47.2% with 
most from hands and nose, 61.7 and 60.5%, r~pectivel y, and 
the least from raw cream, 33.3%. 

\i\Tide-spread adoption of phage typing for group
ing coagulase-positive staphylococci makes tlus tech
nique very useful for comparing the results reported 
by different laboratories (2) . Phage typing of staphy
lococci isolated from milk and cheese (24); raw milk 
(8); certified milk (16); Cheddar cheese (4, 5); skin 
of pig and chickens (22); wlupping cream, half cream, 
and butter milk (10); fish (21); market meats and non
frozen meats (14, 15); minced kebab (15); and some 
other foods and food handlers ( 4, 7, 19) has been re
ported from different countries in recent years, but 
in Iran no report i's available concerning the phage 
typing of staphylococci of food origin. 

Food poisoning, although common in Tehran, par
ticulaTly during the warmer months, is not reportable, 
therefore there are no data available regarding the 
extent of food poisoning and the role that different 
organisms play in these episodes (6, 11). It is hoped 
that further studies towards isolation and phage typ
ing of staphylococci of food origin and comparison 
of the results with similar studies elsewhere may help 
towards the understanding the epidemiology of these 
bacteria in food poisoning. 

MATEHIALS AND :METHODS 

Food specimens collected from 717 retail shops and a 
Teluan milk pasteurizing plant were prepared and cultured 

on plates containing Baird-Parker medium (1 ) for isolation 
of coagulase-positive ~taphylococci. 

Sampling food handlers 
Five hundred and ten food handlers from different pro

fessional groups were examined. Tluee swabs for bacterio
logical exru11ination were randomly collected from nose, hands, 

and throat of each person. ' 
Before collection swabs were soaked in trypticase soy broth 

( TSB) and the specimens were tl1en kept in TSB medium 
for 24 hr at 37 C. A loopful of each incubated srunple was 
inoculated on Baird-Parker medium, and plates were incu
bated at 37 C for 48 hr. Typical coloni~ were transfered 
to 10 ml of broth and after sufficient growth, the coagulase 
test was clone using 1:3 dilution of fresh rabbit plasma. 

Phage typing of staphylococci 
Bacteriophage typing was clone according to ilie standard 

method (4, 27), using tl1e following phages: Group I: 29, 52, 
52A, 79, 80; Group II: 3A, 3B, 3C, 55, 71; Group III: 67, 
42E, 47, 53, 54, 75, 77; Group IV : 42D; rutcl Miscellaneous 
Group: 81 , 187, 83A, 77acl, D, B5. 

RESULTS 

Table l demonstrates that from 3247 samples of 
foods and food handlers that were tested for coagu
lase-positive staphylococci, 846 were positive and of 
these 367 were collected from food handlers and 479 
were obtained from foodstuffs. In this table, we also 
have shown the percentage of coagulase-positive sta
phylococci. 

The phage type strains from each source are pre
sented separately in Tables 2-8. Group III staphy
lococci prevailed in the nose and cream cake, while 
Group II was more prevalent in raw cream, tmoat 
and hands. There were 3 and l group IV staphy
lococci recovered from nose and hands, respectively. 
About 47.2% of all samples were untypable, with most 
from hands and nose, 61.7 and 60.5%, respectively, 
and the lowest from raw cream, 33.3%. 

DISCUSSION 

It was found that contamination of minced kebab 
in Tehran with coagulase-positive staphylococci was 
much greater than that of other foodstuffs tested in 
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TABLE l. :'JullllJEH A:'-ilJ l'EHCENTAGE OF COAGULASE-POSlTJ\'E STAPHYLOCOCCI I SOLATED 

FROll'! FOODSTUFFS AND FOOD HANDLERS 

Cream Haw Minced 

Source cal.;;e mill\ l<ebab 

No. samples 250 1000 350 

No. of staph. coa-pos. 19 147 307 

% Pos. 7.6 14.7 87.7 

No. of strains typed 19 95 63 

our study. .More than 87% of the samples contained 

the bacteria. This high percentage can b e attributed 

to the nature and composition of the minced kebab 

which contains about 90% meat. 

It has been reported that meat marketEd in de

ve1oping countries is so contaminated that one has 

to consider it as poor quality meat (25). Kebab is 

excessively manipulated during processing and before 

roasting, and this can also account for such a high 

level of staphylococcal contamination. Although the 

percentage of staphylococcal contamination is too 

high, there is no report of a high incidence of food 

pqisoning produced by kebab in Tehran areas. The 

number of staphylococci in the kebab specimens 

TA BLE 2. TYPE DISTI\lBUTION OF STAPHYLOCOCCI 

FROl\1 CREAM CAKE 

Group 

Group I: 
80 

Group II: 

.3A 
7L 

Total Group ll 

Group Ill: 

G/ 42E 
G 

Total Group lll 

Group IV 

~·fixed Group 

' 

88/11 
42E/ 53/ 81 
52/ 79/ SO/ G/ 47 / 54/ 83A / 81 

Total Group 

· Non ·typable 

Total Strains 

S o. of strains 

2 

3 

0 

1 

19 

Percentage 

5.3 

5.3 
10.5 

15.8 

5.3 
5.3 

10.5 
0 

5.3 
5.3 

10.5 

21.0 

47.3 

I 'ood hamllers 
Haw 

cream :\ose Hands Throat Tota l 

117 510 510 510 47 

G 190 141 36 846 

5.1 37.2 27.6 7.1 26.0 

6 190 141 36 550 

examined were < 400,000/g, and only four speci

mens exceeded such a value (1.5). Hobbs (12) has 

shown that the enterotoxin produced by < 500,000 

staphylococci/g of food is not sufficient to induce 

poisoning. It is necessary to mention that all kebab, 

milk, and cream specimens examined 'vvere in the raw 

condition. 

Since staphylococci are usually killed in roasted 

kebab and pasteurized milk and cream, the entero

toxin produced by these microorganisms persist and 

may cause food poisoning which can not be traced 

to staphylococci (12). 

Table 1 indicates that the number of coagulase

positive staphylococci isolated from raw milk, raw 

cream, and cream cake is very low in comparison with 

kebab specimens. It is suggested that such a dis

crepancy in milk and cream is clue to a high level of 

contamination of these materials with other micro

organisms, particularly lactic bacteria . The latter 

act to inhibit staphylococcal growth (6). It was ob

served that, in typable strains, the nose of food hand

lers examin ed was more afflicted with strains of 

group III-IV, and hands and throat with group II 

staphylococci. 

Strains of group I were most frequently observed 

in minced kebab and raw milk. Petersen (18) report

eel that in Great Britain the yearly incidence of food

borne intoxication, from 1950 to 1962, was due to 

strains of staphylococci in phage group III, ranging 

from 64.5 to 96.7%. Another investigation has also 

revealed that strains more commonly implicated in 

food poisoning are members of phage groups III and 

IV (20). In our experiments a high proportion (about 

47.2%) of the sh·ains isolated from food handlers and 

foodstuffs were untypable, but these also may pro

duce enterotoxins (3, 24). Hence, staphylococcal food 

poisoning in Telu·an is associated with group III and 

untypable strains of staphylococci. 

Tables 6 and 7 show that the percentages of un

typable strains of staphylococci isolated from the nose 
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TABLE 3. TYPE DJSTHlllUTION OF STAPHYLOCOCCI 

FHOl'vl HAW MILK 

l ;!'OUP 

79/ 52A 
29/ 52/ 52A/79/ 80 
52/ 52A/79 

Total Group 

Group II: 

3C/ 55/71 
3A/ 3C/ 55/ 7l 
3A 

Total Group II 

Croup Ill: 

75 
53/ 54 
42E / 53 

Total Group III 

Group IV 

l'l·!ixed group 

81 / 6/7 / 42E / 54/75/ 83A 
52/ 80/ 6/ 42E / 81 
S2A/ 80/ 81 
52/ 79/ 80/ 3A / 3C/ 47 
83A 
80/ 6/ 42E/75 / 81 
52A/ 42E/75 
53/ 81!80! 3A ! 3C/ 6 

Total Group 

Non typable 

Total Strains 

X o. of s lra ins 

1 
5 
1 

7 

4 
1 
1 

6 

2 
2 
2 

6 

0 

2 
1 
1 
9 
5 
6 
1 
7 

32 

44 

95 

P ercentage 

1.06 
5.31 
1.06 

7.43 

4.2 
1.06 
1.06 

6.32 

2.1 
2.1 
2.1 

6.3 

0 

2.1 
1.06 
1.06 
9.5 
5.3 
6.3 
1.06 
7.4 

33.78 

46.7 

and hands of food handlers are very similar, namely 
60.4 and 61.7% respectively. 

This is compatible with findings of other investi
gators who reported. that 15 to 20% of the people who 
carry staphylococci in their nose, also carry the or
ganisms on their hands (7, 13). In addition, phage 
type 42D, which is the only group IV staphylococcus, 
was isolated from the nose and hands at a frequency 
of 1.5 and 0.7%, respectively. Tables 6 and 7 also 
reveal that the incidence of the following phage types 
was similar in both nose and hands: 29, 52, 52A, 80, 
3A, 3C, 55, 71, 7, 42E, 187, 83A. It is therefore sug
gested that a significant relationship exists between 
contamination of nose and hands with coagulase
positive staphylococci. 
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TABLE 4. TYPE DJSTHIBUTJON OF STAPHYLOCOCCI 

FHOM MINCED KEBAB 

Group 

Group I: 

79/ 80 
52/79 
52AI79! 80 

Total Group I: 

Group II: 

3A 
55 
7l 

Total Group II : 

Group III : 

54 
53/ 617 / 42-E / 47 
6/75/ 54 
617/ 47/ 53 / 54/75 

Total Group III 

Group IV 

l'v[ ixed Group 

42E / 81 / 52/7 / 54 
54 / 53/79/ 6/7 / 42E/ 83A 
42E / 81/7 / 52 
52/ 53 
79/7/ 53 

Total Group 

Non typable 

Total Strains 

No. of strains 

5 
2 
2 

9 

2 
1 
1 

4 

1 
2 
3 
1 

7 

0 

1 
10 
5 
1 
1 

18 

25 

63 

Percentage 

7.9 
3.1 
3.1 

14.1 

3.1 
1.5 
1.5 

6.1 

1.5 
3.1 
4.7 
1.5 

10.8 

0 

1.5 
15.8 
7.9 
1.5 
1.5 

28.2. 

39.6 

TABLE 5. TYPE DISTHIBUTION OF STAPHYLOCOCCI 

FHOM HAW CHEAM 

Group 

Group I: 
79 

Croup II: 

3A/ 3C 

Group III: 

54 

Group IV 

Non typable 

Total Strains 

No. of strains Percentage 

1 16.6 

2 33.3 

1 16.6 

0 0 

2 33.3 

6 
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TABLE 6. TYPE DISTRIBUTION OF STAPHYLOCOCCI 

FROM THE NOSE 

Group No. of st ra ins 

Croup I : 
29152/ 52A/79 10 
80 6 
22A/79 2 

Total Group 18 

Group II : 

55171 14 
.3A 1 
3C 3 

Total Group II 18 

Croup III: 

7/ 42E 7 
77 7 
53 3 
7/ 54 3 
6 2 
75 1 

Total Group Ill 23 

Group IV 3 

i\!ixed Group 

83A/ 53!77 3 
3A/7 1 
3CI55!71175 2 
57 I 52A179 I 80/1 1 

Total Group 7 

Group No. of strains 

Type 81 1 

Type 187 2 

ffype 83A 3 

Non typable 115 

Total strains 190 

of staphylococci. Bull. WHO 24:771-784. 

Percentage 

5.2 
3.1 
1.05 

9.35 

7.3 
0.5 
1.5 

9.3 
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3.6 
1.5 
1.5 
1.05 
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1.05 
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Percentage 
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TABLE 7. TYPE DISTHIBUTJON OF STAPHYLOCOCCI FHOlvf I-lANDS 

Group No. of strains Percentage 

Croup I: 

52/ 52A!79180 5 3.5 
80129 3 2.1 
52 2 1.4 
52 A 1 0.7 

Total Group I 11 7.7 

Croup II: 

71 13C 12 8.5 
3A/3C 1 0.7 
5513AI11 5 3.5 

Total Group II 18 12.7 

Croup Ill : 

77 3 2.1 
617 I 42E/ 4 7/ 53 10 7.0 
47153 1 0.7 
7175 1 0.7 

Total Group III 15 10.5 

Group IV : 1 0.7 

i\!ixecl Group 

29/ 80153 1 0.7 
6154175! 83A 1 0.7 
5517117 1 0.7 

6!7142E141j53 1 0.7 
54175/187 1 0.7 
5216 1 0.7 
52/ 83AI75153 2 1.4 
42E/ 6 1 0.7 

Total Group 9 6.3 

1on Typable 87 61.7 

Total Strains 141 
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TAULE 8. TYPE DlSTHUJUTION OF STAPHYLOCOCCI 

FR01>•! TH E THROAT 

Group 

Croup I: 
80 

Croup II : 

3A 
71 
3A/ 3C 
JC/55171 

Total Croup II 

Croup III: 

7 
47/ 54175/77 
77 

Total Croup lll 

Croup IV 

1\!ixed Group 
52/ 53 
75/ 81 

Total Croup 

83 A 

Non typable 

Total strains 

So. of strain s 

3 
2 
3 

10 

2 
1 
1 

4 

0 

1 

2 

3 

16 

36 

Percentage 

2.7 

.5.5 
8.3 
5.5 
8.:3 

17.6 

5.5 
2.7 
2.7 

() 

2.7 
2.7 

5.4 

8.3 

44.4 

positive strains from a variety of frozen market cuts. Appl. 

Microbial. 10:247-251. 
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:\ survey of coagulase-positive staphylococci contamination of 

REPORT OF COM!vliTTEE ON 
FOOD EQUIPME T 

(Continued from Page 261 ) 
where close tolerances are required on assembled parts and 

where secure fastening ' is necessary for safety or proper con

tinuing function, simple tools for disassembly are acceptable 

provided that all parts which require cleaning shall be ac

cessible by use of the simple tools and the manufacturer's 

recommended cleaning procedures shall result in thorough 

cleaning and sanitizing of the equipment. 

In addition to this amendment, a few minor changes in

corporating, fo r the most part, previously approved wording 

or concepts in other Standards/ Criteria were also recom

mended for approval by the JoiGt Committee. 

Sta.nclarcl No. 2-Foocl service eqr.tipm ent 

A review of the requirements of Item 4.10, General Design 

and Construction, of SF Standard No. 2, as it related to 

corrugated transport carts was carried out. After discussion 

with the manufacturer's represen tatives and much deliberation, 

the public health representatives requested that an NSF 

Standm~ci.s Task Committee be form ed to further ~tudy ·this 

problem and recomm end appropriate revisions in the Stan

dard to delineate th e design and construction requirements 
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for this type of equipment. 

According to the Foundation staff, the provlSion of Item 

4.312 of TSF Standard No. 2 as it pertained to drain size of 

small bain maries and steam tabl es has created unnecessary 

problems for manufacturers. After a brief discussion, th e 

public health representatives concurred in the concept of 

permitting drains as small as 1/ 2 inch for containers holding 

one gallon or less of liquid . 

Sta.nclarcl No. 4-CommerC'ial cookin g and warm·ing eqttipment 

Item 4.01 of Standard To. 4 on cleanability of food con

tact surfaces was amended to read the same ·as stated under 

Criteria C-2 . 
The Foundation staff reviewed the. need for clarification 

of the intent in the coverage of ·standard No. 4 as it related 

to mobile barbecue equipment. After considerable disc~ssion , 

it was agreed that Standard To. 4 . was the appropriate. docu

ment under which to .· evaluate such equipment, .provided . ad

equate attention was g iven to the need for protection o( tl;e 

equipment agains·t dus.t during· transportati.on:-- ~ia streets ·.and 

highways .from ' the basic cmnmiss~ty to t11e .point of . U:se . .. 

- The report ortlie. ·st1u1cfards Task Co1li.mittee for. Fat Filters 

rcco ~llil encling del ~tio~ ~ f requirem-ents for re;n'ovit{g. partic.lcs 

(Continued on Page 271) 
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USE OF THIOLATED AMINOETHYL CELLULOSE TO REMOVE MERCURY 

BOUND TO SOLUBILIZED FISH PROTEIN 

S. Y. LEE, AND T. fuCHARDSO N1 

Departm ent of Food Science 

University of Wisconsin-Madison, Madison , W ·isconsin 53706 

( Received for publication January 8, 1973 ) 

ABSTRACT 

Aminoethyl cellulose ( AEC) was thiolated with S-acetyl

mercaptosuccinic anhydride. The S-acetyl protective groups 

were removed at pH 11.5 to yield thiolated aminoethyl cell

ulose (TAEC) preparations with 0.077 to 0.109 X I0-3 mole 

SH per g TAEC. TAEC bound approximately 0.1 X I0-3 

mole of p-mercuribenzoate/ g. 

Mercury was removed from fish protein by stirring solubil

ized tuna fish protein concentrate with T AEC at pH values 

from 6 to 11. TI1e fish protein was solubilized by either a 

high temperature, high pH process, or by succinylation. The 

amount of mercury removed was pH dependent, being maxi

mal at pH values 6.4 and 9. Under reducing conditions, 

that is, TAEC treated with dithiothreitol, and the mercury 

removed under nitrogen, 80% removal from a 2% protein solu

tion at pH 7 was achieved . Srafion NMRR, a commercial 

chelator for dissolved organic and inorganic mercuric salts, 

was ineffective in removing mercury from soluble fish protein 

concentrate. 

Of all forms of mercury, methylmercury is best 

absorbed and most slowly excreted by man and ani

mal (3). Swedish investigators (26) reported that 

mercury in fish tissue from lakes in Sweden and Ja

pan exists almost entirely as methylmercury. Smith 

et al. (18) reported the same to be h·ue in North 

American fish. The hazards of mercury have been 

reviewed extensively by ~~!iller, Berg and co-authors 

(15) and by Telson et al. (16) . However, Ganther et 

el. (6) have indicated that the danger of mercury in 

I tuna for humans and other animals may be less than 

anticipated, since selenium in tuna and, possibly 

other modifying factors, may reduce methylmercury 

toxicity. 
High levels of mercmy in tuna have been reported 

in museum specimens caught 62 to 93 years ago, and 

there is little difference in mercury concentration be

tween the museum samples and samples caught re

cently (14). Thus, the high mercury levels now being 

found in ocean fish are not the consequence of man

made pollution, but apparently are of natmal origin. 

Attempts to accelerate excretion of mercury by 

animals after ingestion or injection have been re

ported by Takahashi and Hirayama (23), and by Tro

janowska et al. (25); however, ideally, the bes t ap

proach is to prevent inges tion of mercury initially. 

Recently, Regier (18) used acidified isopropanol to 

'To whom communications should be addressed. 

extract mercury from fish protein concenh·ate. Four 

extractions with 2.6% concenh·ated HCl in 99% isopro

panol were necessary to remove 93.1% of the mercury. 

i\t1ethylmercury in fish is protein bound, distributed 

in muscle evenly, and is excreted very slowly (2, 13). 

A material, such as a sulfhydryl-containing resin, that 

has a capacity for binding methylmercury could be 

used to remove mercury from fish protein . 

In this paper, we report the capacity of thiolated 

aminoethyl cellulose to remove mercury from a solu

tion of hma protein at pH values ranging from 6 to 

11. In addition, a res in reported by Law (11) to have 

a high affinity for both methylmercury and inorganic 

mercury was tested. 

MATElUALS AND lVfETHODS 

Materials 
Freeze-diied ttma, which contained levels of mercury > 0.5 

ppm, was obtained from Dr. M. L. Sunde of the D epartment 

of Poultry Science, Univers ity of \ Visconsin. Aminoethyl 

cellulose was purchased from Bio-Rad, whereas S-actylmer

captosuccinic anhydride, 5,5' -dithiobis ( 2-nitrobenzoic acid), 

and dithiothreitol were purchased from Calbioch em. Srafion 

NMRR resin was a product of Ayalon \Vater Conditioning 

Company of Haifa, Israel, 2,4,6-trinitrobenzenesulfonic acid 

was from Easb11an Chemical, and p-chloromercuribenw ic acid 

( Na) was from 1 utritional Biochemicals. All other chemicals 

were reagent grade. 

·Methocls 
Thiolation of aminoethyl cellulose. Aminoethyl cellulose 

( AEC ) was thiosuccinylated by the method of Klotz and 

H einey (9), using S-acetylmercaptosuccinic anh ydride at pH 

7.0 in 0.1 i\1 phosphate buffer. A 20-fold molar excess of 

anhydride over exchange groups on the AEC was employed. 

Acetyl protecti ve groups were removed by base h ydrolysis at 

pH 11.5 for 45 min. The thiolated aminoethyl cellulose 

( T AEC ) was washed and freeze clriecl. The sttlfhyclryl con

tent of the TAEC was determined by th e method of Ellman 

(5). 
Mercury binding capacities of AEC and TAEC were de

termined at pH 7 by stirring a known weight of dry cellulose 

with a solution of p-chloromercuribenzoic acid, sodium salt 

( pCMB) , in 0.1 M phosphate buffer tmder nitrogen. At 

various interva ls a 1-ml aliquot was read at 231 nm in a 

Beckman D U-2 spectrophotometer. The an1ount of pCMB 

remaining in solution was determined from a standm-d curve. 

Solubilization of tuna protein. Fish protein concentrate 

( FPC) was prepared from tuna according to the isopropanol 

extraction m ethod of Power (17). The FPC was solubilized 

by either of the two following procedures: I. The high tem

peratme, high pH method described by Tannenbaum et a). 

(22). II. Succinylation of the FPC with succinic anhydride at 
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pH 7.0 (Chen and Hicharclson , unpubLish etl ) . 
In both instances, protein was recovered by precipitation 

at pH 4.8 ( preparation ] ) and 4.0 (preparation II), respect
ively, where maximum precipitation occurred. Th e protein 
precipitates were washed severa l times with deionized water 
and freeze chied. Preparation I was readi ly soluble at pH 
8 or above, and prepru·ation II at pH 6 or above. Th e ap
proximate degree of succinylation of prepm-ation II was de
termined by labelin g th e epsilon amino groups of lysine and 
N-terminal amino groups with 2,4,6-trinih·obenzen esulfonic 
acid ( T NBS) according to th e m ethod of Habeeb (7 ). The 
Llegrec of succinylation was approximated from the number 
cf free am ino groups in preparation II compared wi th its 
total lysin e content, det ermined by amino acid anaJysis with a 
Phoenix model M-780C amino acid analyzer, according to th e 
method of Spackman et a!. (20) . 

R emoval of m ercur y from fish prote in . A 1-g smnple of 
preparation I or II was dissolved in 50 ml of either 0.1 M 

phosphate buffer (pH Fl and 7 ) or 0.1 !vi Tris buffer (pH 
8, 9, anrl ll ) . Then 30 ml of th e so lution was st irred with 
0.5 g TAEC for 2 hr. The level of su lfhydryl groups in the 
TAEC was in 3,000-fo ld molar excess over the m ercury in the 
sample. The mixh1re was centrifu~o rl to remove the T AEC, 
the protein was 11recipitated at th e approptiate pH, then taken 
up in deionized water and tih·ated with 1 N NaOH tullil com
pletely dissolved . Th e solution was made up to 25 ml with 
deionized water, and aliquots were taken for mercm y and 
protein ana lyse~ Th e remaining 20 ml of the protein solu
tion was used <b a co!1Jtrol =d was treated exactly as th e 
sample, except that it was n ot stirred with T AEC. 

Srafion NlVIHH resin was also stined with fish protein solu
tion. Amount of resin used was 2 g/ g protein , and the sub
sequent procedures were th e same as tJwse for TAEC. 

D eterminat ion of mercuru. A 5-ml aliquot of fish protein 
solution was digested as described by d1e AOAC (1 ). The 
digested mixture was di luted to 50 ml with deionized water, 
and mercury was measured by the method of U the et al. (26). 

D eterm·ination of prote in . Freeze dried preparation Il , its 
nitrogen content detennined by semi-micro I~jeldahl , was 
used as a standanl to detem1ine the protein content of various 
fish protein solutions by the method of Lowry et al. ( 12). 

H.ESULTS AND DrscusSIO!\ 

Thiolation of nminoethyl cellulose 
Optimum conditions for removal of acetyl protec t

ing groups after thiosuccinylation, and for analysis 
of sulfhydryl group~ on cellulose are given in Fig. 1. 
It is evident that about 45 min at pH 11.5 is sufficient 
to yield maximum sulfhydryl content. From curves 
B and C, the optimum conditions for sulfhydryl an
alysis were es tablished at 0.08 ml of standard Ell
man's solution (5) with a reaction time of 2 hr . 

Sulfhydryl contents and mercury binding capacities 
of TAEC and AEC are reported in Table 1 and Fig. 
2. The exchange capacity of AEC was 0.27 X 10-" 
mole/ g cellulose, and by using a 20-fold molar excess 
of S-acetylmercaptosuccinic anhydride, we were able 
to thiolate 30 to 40% of the amino groups. Further
more, when a 60-fold molar exc ::ss of anhydride was 
used, the degree of thiolation was the same. It is 
evident from Table 1 and Fig. 2 that TAEC binds 
pCMB ·very effectively whereas AEC has a negligibl e 
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Figme l. Optimum conditions for preparation illld analy
sis of thiolated aminoethyl cellulose. A. Time of base hydrolr 
sis (pH 11.5) of the acetyl thiosuccinylated am inoethyl cell
ulose to remove acetyl groups. B. Amount of standard 5,5'
dithiobis ( 2-nitrobenzoic acid) solution used to detem1ine 
sulfh ydryl groups. C. Tinle of reaction of TAEC witJ1 5,5'
dithiobis- ( 2-nitrobenzoic acid ) to determine th e sulfhydryl 
contents. 

TABLE l. SULFHYDRYL CONTENT AND l'v!ERCURY DI NDI NG 
CAPACITY OF THIOLATED AMINOETHYL CELLULOSE (TAEC) AND 

Al\HNOETHYL CELLULOSE ( AEC) 
---·-

Mol e SH/g cellulose 

TAEC 0.109 
0.077 

AEC 0.09 

1 As p-chloromercuribenzoate 
2Calculated from Fig. 2 

X lQ-" 

X lQ-3 

X lQ-5 

Mole Hg1/g .cellulose2 

0.115 X 10-3 

0.175 X lQ-5 

affinity for the mercurial. In each instance, the cellu
lose derivative binds more pCMB than anticipated 
from its "sulfhydryl" content. Presumably this re
sults from nonspecific binding of pC~dB by the cellu
lose derivatives. 

Mercu-ry content of tuna protein 
Canned tuna was processed through several steps 

to yield a soluble protein, and, as shown in Table 2, 
th e protein concentration increased at each stage due 
to elimination of water, lipid, and other nonprotein 

' 
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F igure 2. Binding of mercury (as p-chloromercuribenzoate ) 

by thiolated aminoethyl cellulose (closed circles) and amino

ethyl cellulose (closed triangles) as a function of tim e. The 

amount of cellulose used in each instance was 0.2 g. 

substances . The level of mercury remains essentially 

constant at about 5 ppm based on protein indicating 

the mercury is associated with the protein. D ata in 

Table 2 indicate there is no significant change in 

mercury levels du e to heating and freeze drying. 

Westoo (28) reported that frying or boiling of fish 

did not remove methylmercury. 

Removal of m ercury front t·u·na protein 

Preparations I and II treated with TAEC revealed 

a decrease in mercury level, as shown in Table 3. 

The mean removal varied from 49% to 70% with a 

high of 78%. It is evident that elimination of mercury 

from fish was pH dependent, having maxima at about 

TABLE 2. PROTEIN AND i\IEHCURY LEVELS OF TUNA AT VAHIOUS 

STAGES OF PHOCESSING 

% Prote in ug Hg/g protein 

Lyophilized canned tuna 57.12 5.10 

Tuna FPC 83.46 5.32 

Preparation I' 99.30 5.05 

Preparation II' 98.90 5.05 

'Protein solubilized by the method of Tannenbaum et al. (22) 

' Protein solubilized by succinylation 

6.4 and 9. In studies using cystein e, penicill amine, 

glutathione, mercaptoacetic acid and related com

pounds to remove mercury from hemoglobin, Sugiura 

et al. (21) reported that there was a linear correlation 

between percent ethylmercuric chloride removed and 

dissociation constants of chelator sulfhydryl groups. 

The dissociation constants of sulfhydryl groups on 

TAEC and the protein-methyl-mercury complex are 

not known, but th ey could be responsible for the 

slightly increased removal a t these tvvo pH values. 

Further studies on this matter are needed. 

With the T TBS reagent, the number of amino 

groups in preparation II was calculated to b e 0.28 X 

10-3 mole/g protein, using 1.09 X 10·' as the molar 

extinction coefficient of one trinitrophenylamino 

group (8). From amino acid analysis, the total lysine 

content for this preparation was 0.60 X 10-" mole/g 

protein. The difference b etween the above two val

ues should reflect the amount of succinylated lysine. 

The degree of succinylation thus calcula ted was 53%. 

Presumably, most of the " -terminal amino groups 

vvere succinylated because of the lower pK of the 

alpha amino group; however, the uncertainty as to 

the extent of this reaction renders the above value 

only an approximation. 

Because succinylated preparation II would possess 

a large net negative charge compared to preparation 

I , it was thought that the protein molecules might 

be more "open" as a result of charge repulsion, and 

protein bound mercmy would be removed more easily. 

But Table 3 shows that mercury removal was similar, 

indicating that succinylation probably did not have 

any effect on the removal process. 

Sulfhydryl groups on TAEC were guite stable to 

oxidation when the cellulose was stored in the dry 

state. In one preparation, the amount of these groups 

was 0.109 X 10-" mole/ g TAEC immediately after 

thiolation, and 0.102 X 10-3 mole/ g after two months' 

storage at 4 C as a powder. However, during stirring 

with the protein solutions, air was incorporated into 

th e solution , and sulfhydryl groups might be oxidized 

TABLE 3. 1\Ei\IOVAL OF i\!ERCUHY FHOM F ISH PROTEIN WITH TH!OLATED A~ll:-IOETHYL 

CELLULOSE (TAEC) AS A FUNCTION OF PH 

l:'repara lion I 

pH Untrcatrd Treated ·nlrea ted 

6.0 
6.4 
7.4 
8.0 
8.4 
9.0 

11.2 . 

5.1 
5.2 
5.1 

5.1 

'Mean ± S.D. of mean ( n 4) 

± 
± 
± 

± 

---------- ( ug Hg/ g protein ) 1 

0.1 
0.1 
0.2 

0.1 

2.6 ± 0.1 
1.8 ± 0.1 
2.3 ± 0.2 

2.1 ± 0.2 

5.17 ± 0.05 

5.1 ± 0.2 
5.2 ± 0.1 

Preparation .11 

'1'rca ted 

2.1 ± 0.1 

1.54 ± 0.08 
1.66 ± 0.06 
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to perhaps lose mercury binding capacity. This possi

bility vvas studied by first treating 0.5 g T AEC ( 0.077 
X 10-" mole SH/ g) with a dithiothreitol solution un
der nitrogen for 1 hr to maximize the sulfhydryl con

tent of TAEC. Ratio of sulfhydryl groups on TAEC 
and dithiothreitol was 1:10. The mixture was then 

centrifuged, and the TAEC was washed several times 
with deionized water ( under nitrogen ). The reduced 
T AEC was stirred with a 2% solution of preparation 

II at pH 7 for 2 hr, with nitrogen bubbling tlu·ough 
the solution during the course of reaction. :Mercury 

removal was 74%, compared with 65% obtained by 
using 0.5 g untrea ted TAEC ( 0.109 X 10-" mole SH/ 

g ) in air . 

The effect of protein concentra tion (preparation 
II ) on mercury removal was also studied. All samp
les were stirred with reduced TAEC under nitrogen 

at pH 7. Low protein concentrations showed a slight 

but insignificant tendency toward higher mercury 
removal. Protein solutions greater than 4% were diffi
cult to prepare because of solubility limits, and the 

higher concentrations were quite viscous to work 
with. Recovery of protein after treatment with 

TAEC was between 80 and 100%. 
Since AEC did not bind mercury in the form of 

pCMB (Table 1), it was assumed that it also would 

not remove mercury from fish. This was furth er 
demonstrated by the failure of 0.5 g AEC when stir

red with 30 ml of 2% preparation I at pH 9 to remove 

any mercury. 
The ability of Srafion NMRR resin to remove 

mercury from fish was also tested. This product is 

a chelating resin for noble metals, and, as shown by 
Law (11 ), has a high affinity for methylmercury and 

inorganic mercuric salts. The resin contains positive

ly charged amidine groups on a styrene-divinylben

zene copolymer matrix, and its properties and selec

tivities were reported by Koster and Schmuckler (10), 
and Law (ll ). H owever, this resin was totally in

effective in removing mercmy from preparation I at 

pH 9, and from preparation II at pH 6. Possibly, the 
strong positive charges on the resin bound the pro

tein which masked the chelating groups. 
vVestoo (28) postulated that methylmercury was at

tached to protein probably in the form of R-S-Hg-CH,. 
Sugiura et al. (21) identified a ternary Hb-Hg-cy

steine complex by gel filtration as an intermediate in 
removing mercury from hemoglobin, using sulfhydryl 
containing reagents, but the mechanism of TAEC in 

removing mercury from fish protein needs further in

vestigation . . 
There are several binding sites for methylmercury 

in fish organs and muscles (16), but these sites have 

not been identified. It is possible that some sites 

bind mercury more strongly than others, and mercury 

will probably bind to those strong sites first, and con

sequently be removed last. Clarkson and Magos(4) 
reported that in rat liver and kidney homogenates, 
two classes of mercury-binding sites were observed, 

one class having a chemical affinity for mercury 100-
fold greater than the other. So the higher the mer

cury level in fish, the eas ier it probably will be to 
remove a large p ercent of it, only the amount that 

binds to the stronger sites will be difficult to elimi
nate. In the present studies, failure of TAEC to re
move all mercury from tuna protein may reflect a 

stronger affinity of mercury for protein, or it may re
sult from steric factors preventing the interaction of 

bound mercury with T AEC. 
The necessity for treating soluble proteins with in

soluble TAEC tends to limit the practical application 
of this system in processing relatively insoluble fish 

proteins. Consequently, thiolated polymers of this 
type may be more useful when fed with contaminated 

fish to prevent absorption of mercury, by poultry for 
example. Presumably, mercury would be bound to 
the undigestible thiolated cellulose in the gastroin
testinal tract and be excreted with the thiolated cellu

lose. 
Digestion of fish proteins in the intestinal tract 

tends to obviate any steric factors preventing inter
action of bound mercury with TAEC. Thus, TAEC 

might be more effective in binding mercury in fish 
protein as part of the feeding regimen. Although the 
insoluble nature and undigestibility of cellulose deri
vatives by monogastric animals seems to render 

T AEC innocuous, the safety of feeding such com
pounds remains to be determined. 
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f of a specified si ze was presented by the Fotmdation staff. 
After considerabl e discussion, the recommendation of the Task 
Committee to delete the provisions of Item 4 .404 of TSF 

Standard No. 4, was not approved; thus, th e requirements of 
Item 4.404 will remain as issued . The public h ealth repre
sentatives were not satisfied with either the Committee's rec
ommendation or with th e specifications to r emove paricles 10,u 
or larger, and th ey indicated more stringent requirements 
should be adopted as soon as technology would permit th e 
manufacturing and evaluating of such equipm ent. 

Standard No . 5-I-Iot tcater generatin g equipment 

The Foundation staff next presented th e problems encount
ered in evaluatin g equipm ent and th e reaction of industry 
relating to elimination of th e 40 ° temperature rise in the list
ing of hot water generating equipment under the provisions 
of NSF Standard No. 5. They also noted that a decision 
was necessary as regards the effici ency 1·atings to be utilized 
in determining recovery capabilities of hot water generatin g 
equ~pm ent. After a brief discussion , th e Joint Committee 
agreed that the 40 o temperature rise would be acceptable 
and that th e . .following effi ciency should be utilized in deter
mining recovery rates of such equipment: electric, 100%; and 

gas, 70%. 
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Sta.nclaTCl No . 7-Food sem ice refrig erators and freezers 

The Foundation staff reviewed the activities of the Stand
ards Task Committee for Alternate 1ethods of Effecting 
Coves in \Valk-ins. Accordin~ to one member of the Joint 
Committee, there was no possible method by which coves 
could be applied in the field and comply with provisions of 
the Standard requiring smooth continuous radii. The Foun
dation staff then 0•.1tlined th e numerous existing requirements 
relative to radii in 2 and 3 p lane intersections of interior 
liners of refrigerators under va rious TSF Standards To. 1, 2, 
and 7 which indicated a lack of uniformity of specifications. 

After a brief discussion, th e Joint Committee recommended 
th at the current Task Committee or another TSF Standards 
Task Committee be established to review this issue and rec
ommend appropriate revisions in applicable NSF Stru1dards 
to provide for uniformity; and it was requested that the Task 
Committee also be instructed to review the feasibility of 
drains in both walk-in and reach-in refrigerators and to recom
mend appropriate revisions in Items 4.154 and 5.01. 

Standard No . 8-Commercial pow erf!d food preparation equip

ment 
Item 4.01 of Standard No. 8 on cleanability of food con

tac t surfaces, which was used as a guide in amending the 
sam e item in Basic Criteria C-2 and Standard 1 o. 4, was 
amended as noted above under C-2. 

The proposed extensive ·1·evisions ln I SF Standard No . . 8, 

(Continued on Page 275 ) · 
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ABsTRACT 

\Vhole shell eggs were coated with the following materials: 

Zein (corn prolamine), Polidene 930-H ( polyvinylidene chlor

ide ), Epolene \Vax E-45 (epolene wax emulsion), and 974-1 

( hydrolyzed sugar deriva tive plus shellac) . Surfaces of coat

~d and uncoated eggs were inoculated with Salmonella typhi

murium and Pseudom onas flu orescens. Contents of each egg 

were then replaced aseptically with a sterile agar medium 

containing h·iphenyl tetrazolium chloride. Eggs were sealed, 

incubated, and examined for shell peneh·ation and growth of 

P . fluorescens and S. typhim111'iwn . The ability of the two 

microorganisms to decompose film s of the dry coatings was 

also tested . All coatings greatly retru·ded peneb·ation by both 

microorganisms, although P. fluor escens was retarded more 

than S. typhimurium . \Vhen incubated for 7 days, heavy 

suspensions of P. flu o·rescens and S. typhimurium did not 

decompose film s of dried coatings. After 48 hr incubation , 

growth of either organism was not obtained in media con

taining only dried coating film s as added substrates. The 

dry coatings did not inh ibit growth of either organism. 

Application of various coatings to whole shell eggs 

for such purposes as increasing the shell strength and 

preserving the internal quality has been studied ( 4, 

9). Recently, Meyer and Spencer (8) coated eggs 

with acrylic resin, casein, polyvinyl acetate, poly

vinylidene chloride, prolamine, and epolene wax emul

sion. They found that these coatings strengthened the 

shell, reduced moisture loss, and retarded loss of in

ternal quali ty and increase in albumen pH. 

The rate of bacterial contamination of eggs has 

been shown to be related to the porosity of the shell 

(3). The blunt end of the egg, where the shell poro

sity is maximal, has beep shown to be the most vul

nerable to infection by Pseudomonas aeru.ginosa. (11). 

Correspondingly, regions of lesser porosity, i.e. the 

equatorial region and the narrow end of the egg, were 

found to be less vulnerable to infection . Lifshitz e t 

al. (7) demonstrated that common egg-invading or

ganisms, Pse1.1clomonas flt~orescens, Salmonella para

t yphi., and Alcaligenes booke1'i could pass through the 

barrier of a clean egg shell with no additional source 

of nutrients except those found naturally in the cuticle 

'Scientific Paper No. 3993, \ <\iashi.ngton Agricultmal Experi

ment Station, Pullman, Project No. 2006. 
2Present address: Lydia Tryhnew Goatcher, Deparbnent of 

Dairy Science, University of Maryland, College Pru·k, Mel. 

20740. 

and shell. Reproduction of the microorganisms was 

demonstrated to be essential for the peneh·ation pro

cess. The shell of an egg has been shown to be a 

less effective barrier to bacterial penetration than the 

inner shell membrane (6). 

Penetration through the shell is the most common 

way by which salmonella organisms enter and infect 

the egg, with the exception of Salmonella pullorum 

and Salmonella gallinaru.m which usually enter 

through ovule infection (1) . Solowey et al. (10) in 

an investigation of the source and mode of enh·y of 

salmonella in spray-dried whole egg powder indi

cated that 16% of dirty eggs and at leas t 2% of clean 

eggs contained the organism on the shell and in the 

pores of the shell. 

A method to prevent multiplication on egg shell 

surfaces and peneh·ation of egg shells by such organ

isms could be of public health importance. For this 

reason, this sh1dy was undertaken to determine the 

effect of selected coating materials on the microbial 

peneh·ation of egg shells. 

M ETHODS AND MATERIALS 

Nest clean, nonfertile eggs were obtain ed from one strain of 

\Vhite Leghorn nens one day post oviposition. The eggs were 

candled and those havin g cracked or checked shells were dis

carded. The remaining eggs were wiped with a wet cloth 

and then sanitized by dipping in 70% ethanol and flaming. 

Three sets of ten sanitized eggs each were used for the un

coated, uninoculated controls and the tmcoated inoculated 

controls. 

Coating of eggs 
Triplicate sets of eggs were also coated with each of the 

fo llowing materials : Zein3 (a prolamine from com gluten ), 

Polidene 930-H'' ( polyvinylidene chloride), Epolene Wax E-

455 (a wax emulsion), and 974-l" (hydrolyzed sugar deriva

tive plus shellac) . Characteristics of the coatings used, wi th 

the exception of the 974-1 were described by Meyer and 

Spencer (8). The material 974-1 consisted of approxin1ately 

10% hydrolyzed sugar derivative, 12 to 15% shellac, a small 

amount of anunonimn oleate, and alcohol. This coating was 

used undiluted as supplied by the m ru1t1facturer. Sanitized 

3Suppli.ecl by Nut rilite Products, Inc., Buena Park, California. 

•supplied by the Stanley Chemical Co., Kearny, New Jersey. 
5Supplied by Eastman Chemical Products, Inc., Kingsport, 

Tennessee. 
nsupplied by Pacific Chemical, Seattle, Wash ington. 
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TABLE l. PEHCENTAGE OF EGGS 1 PENETRATED BY S. typhimurium AND BY ]'. fluor cscens 

Inocu la ted, t;ninoculatcd , 
uncoated controls un coa ted controls Polidene n3 o JI 

Penetration scorc2 +++ ++ + 0 +++ + + + 0 +++ ++ + 
S. typhimurium 86.7 6.7 6.7 0.0 0.0 0.0 3.3 96.7 7.1 14.2 57.1 21.4 
P. fluorescens 46.7 26.7 26.7 0.0 0.0 0.0 3.3 96 .7 0.0 13.3 23.3 63.3 

Zci.n !.1 14 -1 Epoleue wax E-45 

Penetration score +++ ++ + 0 +++ ++ + +++ ++ + 
S. typhinwrium 0.0 0.0 16.7 83.3 0.0 3.3 33.3 63.3 6.9 3.4 34.5 55.2 
P. flu orescens 0.0 0.0 3.3 96.7 0.0 

'Based on 30 eggs per treatment ( 3 replicates, 10 eggs each ). 
2 + indicates less than 20 bacterial penetration sites. 
+ + 20 to 40 bacterial penetration sites . 
+ + + greater than 40 bacterial penetration sites. 

eggs were coated by immersing in the appropriate coating 
solution, allowing the egg to clrain briefly, and then drying 
bv use of forced air. Details of the coating procedure were 
cl ~scribed by Meyer ru1d Spencer (8). 

Inoculation of eggs w ith test m icroo rgan isms 
After each coating had thorough ly clriecl, three sepru·ate sets 

each were inoculated with suspensions of SaLmonella typhi
mwrium and Pseudomo nas flu orescens. Organisms were grown 
18 to 24 hr on Standard Methods Agar ( BBL) slants and 
harvested by washing th e slants with 2.-ml quantities of steril e 
0.25% saline. Suspensions of each organism were clilutecl to 
100 ml with 0.25% sterile saline and th e hu'bidity determined 
at 625 miL using a Bausch and Lomb Spectronic 20 spectro
photometer. The turbidity of each suspension was then ad
justed to give approximately 1 to 5 X 10' orgrutismsi ml ac
cording to a predetermined relationship between turbidity and 
resultant mm1ber of viable cells. One lumdred milliliters of 
each dilu ted suspension were added to 900 ml of sterile 0.25% 
saline in a stainless steel beaker in which a teflon-coated 
stirring bar was placed tmclerneath a wire gauze egg support. 
The inoculum was kept at a temperature of 5 to 8 C ru1d 
continuously stirred by placing on a magnetic stirrer. 

Eggs that had been held a t room temperature were inoeu
latecl for 15 min. The eggs were then removed to a steril e, 
specially constructed drying board consisting of points of nails 
driven through plywood spaced 2.54 em apart. 

After eggs were completely dried, five uncoated, inoculated 
eggs were used to cletem1ine the resultan t smface population 
using the blending method described by Gunaratn e and Spen
cer (5). The contents of each egg were discarded and the 
egg shell , membranes and adh ering albwnen were b lended 
in 100 ml of sterile 0.1% peptone using a Sorvall Omni-mixer. 
Serial dilutions were made and p lated on Standard 1\'lethocls 
Agar ( BBL ) . 

Detection of bacterial penet ration of coated and u11coated eggs 
The remaining coated and uncoated eggs were used to de

tennine the extent of bacterial penetration . A method de
scribed by Board and Board (2) was used with the fo llowing 
modifications. Approxim ately 1 to 2 cm2 of the shell at 
the pointed end of completely dry eggs was removed by first 
gently cracking the shell with the edge of a sterile knife, then 
n; moving shell segments with sterile rat-tooth forceps. The 
eontents of eggs were th en aseptically removed using suction. 
Sterile distilled water was used to rinse the inside shell and 
membranes and simHarly removed. The emptied shells were 
then filled with a sterile mediw11 simihu to that used by 
Bo;ud and Board (2) and of the fo llowing composi tion : gly-

0.0 0.0 100 0.0 0.0 13.3 86.7 

cerol, 0.55I ( w/ v ); yeast extract (Difco) , 0.05% (w/ v); agar 
( Difco ), 2%; triphenyl tetrazolium chloride ( Difco), 0.02%; 
tap water, pH 7.2, 97.43%. 

After the agar had solidified, eggs were inverted and the 
open end sealed with sterile paraffin wax contained in the 
depressions of aluminwn palette ·trays. Eggs in trays were 
th en incubated at 25 C for growth of P. fluorescens and at 
37 C for growth of S. typhim urimn . 

After 24 and 48 hr of incubation, eggs were exru11ined by 
placing the sealed end of the egg into the aperture of an egg 
candling lamp. The dark red spots of triphenyl formazan 
were qualitatively estimated according to the following scale : 
( + ) - indicated the appearance of < 20 ~'Pots, ( + + ) -
indicated 20 to 40 spots, and ( + + + ) - indicated > 40 
spots of triph enyl fom1azan. 

T est s for the mic·robial degradation of coat-ings 
The ability of the test microorgrutisms to attack or utilize 

th e coatings as growth substrates was examined by the fol
lowing two methods. (a) Sterile glass slides were coated with 
th e materials to be tested ru1d allowed to dry thoroughly for 
24 lu at 25 C in sterile petri dishes. Sterile filter paper discs 
( 1 em diam eter ) were clipped in suspensions of S. typhimurium 
( 2.7 X IG" cells/ ml ) and P. fluorescens ( 1.6 X 10' cells/ml) 
and pl aced on each coating material. Coated slides with in
oculated discs ru1d the coated slides with non-inoculated 
discs were placed in desiccators containing 400 ml of 4% 
H.so., to give a relative hw11idity of about 97% (12). The 
desiccators were sealed and incubated at 25 ru1cl 37 C for 
growtJ1 of P. flu orescens and S. typl1imurium, respectively. 
After 7 clays, coated slides were removed and exruni.ned for 
evidence of microbial degradation and growth. ( b ) Seg
ments of aseptically prepared dried films of coating materials 
and dry 1 X 10 em st rips of sterile \ Vhab11an 1 o. 4 filter 
paper impregnated wi th coating materials were added to 
~eparatc tubes of steri le saline media ( 0.5% NaCl in triple 
distilled water ) and sterile saline-peptone media [0.5% NaCl, 
0.5% peptone ( Difco) in triple distilled water]. One-tentl1 
milliliter of each bacterial suspension used in the first method 
was added to a set of tubes of botl1 types of media plus coat
in gs and incubated at tJ1e approxin1ate t emperatures. After 
48 hr, the tubes were examined for presence or absence of 
microbial growth and / or inhibition. 

RES ULTS AND DISCUSSION 

Penetration of coated egg shells 
The method described by Board and Board (2) 
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was effectiv3 in demonstrating penetration of the egg 

shell by the microorganisms P. fluorescens and S. 

typhim.uriu m. Uncoated inoculated eggs were fr e

Cjuently peneb·ated, as evidenced by tl1e num erous 

spots of triphenyl fonnazan, which resulted from the 

reduction of triphenyl tetrazolium chloride by the 

actively growing microorganisms. This penetration 

was prevented or reduced to a great extent by the 

application of the various coatings studied . 

Microbial growth within tl1e agar was not observed 

in any of the eggs. Deposition of b-iphenyl formazan 

was limited to tl1e inner surface of the shell and tl1e 

shell membranes, indicating tl1at the actively grow

ing organisms had progressed only this far within the 

48 hr incubation period . 
The percentage of eggs which were penetrated by 

S. typhimurium and P. fltwrescens is presented in 

Table 1. All of the inoculated uncoated conb·ols 

were penetrated by botl1 organisms. Only 3.3% of 

the uninoculated uncoated control eggs were pene

trated by organisms present on the egg shell. 

The average shell population of tl1e uncoated eggs 

was found to be 1.1 X 10' microorganisms per egg 

when inoculated with S. typhimurium and 2.6 X 10' 

'~'hen inoculated witl1 P. fluorescens. 
Zein was the most effective coating against the 

penetration of S. typlvimuTiwn, preventing penetra

tion in 83.3% of the eggs. Coatings 974-1 and Epolene 

wax prevented peneb·ation in 63.3% and 55.2% of the 

eggs, respectively, while Polidene 930-H prevented 

penetration of S. typhinmrium in only 21.4% of the 

eggs inoculated. vVhen vievved witl1 transmitted 

light, the shell of eggs coated with Polidene 930-H 

h<ld a mottled appearance, indicating the coating may 

not have covered tl1e shell surface evenly. 
All coatings were more effective in preventing pene

tratioi1 of P. flu orescens than S. typhimu.rium, even 

though tl1e inoculum level was of approximately the 

same order. Coating material 974-1 prevented pene

b·ation by P. fluorescens in 100% of the eggs. The 

success of tl1is coating was unexpected because during 

the inoculation process ilie inoculum acquired a slight 

oily appearance which seemed to indicate that part 

of the coating had b een removed. It is possible that 

the shellac present in tl1e coating remained ·in the 

pores of the egg, preventing the bacterial penetra

tion . 
Zein prevented penetration in 96.7% of the eggs 

inoculated with P. fluorescens while Epolene wax and 

Polidene 930-H prevented peneh·ation in 86.7% and 

63.3%, respectively. 

Microbial degradation of coating mrtterials 

Sterile filter paper discs . dipped in the two tes t 

microorganisms did not resl.ut in any growth of the 

mic1tobes when placed on the slides coated with the 

various coating materials, nor was any decomposition 

of tl1e coating materials detected eitl1er microscopi

cally or macroscopically after incubation for 7 days 

at 97% relative humidity. 
Further evidence for the resistance of the coati11g 

materials to microbial decomposition was obtained 

in the tests where the dried coating films or coatings 

applied to filter paper were incubated in liquid media. 

No growth of either P. fluorescens or S. typhimu.ri:um 

was obtained in saline containing only the coating 

materials as the subsb·ates. Heavy growth of both 

organisms was obtained in the saline + peptone 

media; however, no decomposition of the coatings 

was apparent. Strips of the dried coating 974-1 dis

solved in the liquid media, causing it to be slightly 

milky in appearance. Additional turbidity from 

microbial growth in tl1e saline was not evident when 

comparisons were made with the uninoculated con

trol tubes of saline and the coating material. 

Some inhibitory effect on the growth of P. fluore

scens, Salmonella derby, and Aerobacter a.erogenes 

has been shown by tl1e application of wet filter paper 

discs soaked in the coating solutions to inoculated 

agar plates (8). In their tests, Meyer and Spencer 

showzd that Epolene wax inhibited growth of all 

three microorganisms, Polidene 930-I-I inhibited the 

growth of P. flu.orescens, and Zein had no inhibitory 

effect. It is possible, therefore, that application of 

cer tain coating materials would have a sanitizing ef

fect or at l ~ ast prevent further growth of the mic

robes present. Inhibitory properties of tl1e coatings 

tes ted in this study were less than those observed by 

Meyer and Spencer (8). 

In the event that any one of these coatings might 

be used commercially to increase egg shell sb·ength , 

they would have the added advantage of reducing 

bacterial penetration through the egg shell. For 

maximum resistance to bacterial penetration, it ap

pears that the coatings Zein and 974-1 would be the 

bes t choices. Altl1ough shelf-life studies of coat ~ d 

inoculated intact eggs were not done, from data ob

tained in these experiments, it seems reasonable to 

hypothesize that coating of shell eggs would markedly 
increase their shelf-life. 
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REPORT OF COJ\!IMITTEE ON 

FOOD EQUIPMENT 
(Continued from Page 271 ) 

Commercial Powered Food Preparation Equipment, were re

viewed by the Joint Committee. Following completion of 

the review, the proposed amendments, as revised, were recom

mended for adoption. Copies of this and all other Standards 

or Criteria are available from the National Sanitation Foun

dation , NSF Building, Ann Arbor, Michigan, 48105 . 

Standard No. 12-Auton;atic ice making equipm.ent 

Following the 3-year review of the proposed revisions in 

NSF Standard No. 12, Automatic Ice-Making Equipment, 

the amendments, as revised, were recommended for adoption . 

During the course of reviewing the Standard, the need for 

further study of Item 4.302 1·elating to the cleanability of cold 

plates including their appurtenances and the containers for 

the storage of edible ice where such plates are installed in the 

edible ice comparhnent. 

Standard No. 29-Detergent and chemical feeders for com

m ercial spray-type dishwashin g machines 

The current provisions of NSF Standard To. 29, D etergent 

and Chemical F eeders for Commercial Spray-Type Dish

washing Machines, were discussed as they related to other 

than detergent feeders. The Joint Committee agreed that 

it was its intent to include perfonnance requirements for all 

types of chemical feeders. To this end, the Foundation staff 

was requested to prepare a proposed revision in the Standard 

to provide such requirements. 

Covers and doors over the food zone (Applicable to almost all 

standard.s) 
The following specifications for covers and doors over the 

food zone have been approved by the Joint Committee fol

lowing a 2-year study to provide a feasible plan and uniform

ity between the applicable Standards: 

i (a) vVhere under anticipated use condit ion, surfaces ad

jacent to top openings to food zone may pennit contaminated 

drainage to enter the food .zone, such openings shall be pro

tected by a raised rim which shall extend at least 3/16 inch 

above the level to which liquids may acC\1111\ll(lte. 

of various coating materials on the shell strength and egg 

quality. Poultry Sci. (In press). 

9. Rutherford, P . P ., and M. \V. Murray. 1963. The 

effect of selected polymers upon the album en quality of eggs 

after storage for short periods. Poultry Sci. 42 :499-505. 

10. Solowey, M., E . H . Spaulding, and H. E. Goresline. 

1946. An investigation of a source and mode of entry of 

salmonella organisms in spray-dried whole egg powder. Food 

Res. 11:380-390. 

11. Vadehra, D. V., R. C. Baker, and H. B. Naylor. 1970. 

Infection routes of bacteria into chicken eggs. J. Food Sci. 

35:61-62. 

12. Wilson, H. E. 1921. Htmlidity control by means of 

sulfuric acid solutions, with critical compilation of vapor 

pressure data. J. Incl. Eng. Chem . 13 :326-330. 

(b) vVhere under anticipated use conditions, top openings 

to food zones are required to be covered to protect against the 

entrance of contaminants . Such openings shall be covered to 

effectively preclude the entrance of contamination. Covers 

shall meet the following requirements: (i) The cover or door 

shall be provided with a flange which overlaps the opening 

and shall be designed to prevent spillage or other foreign 

materials from entering the food zone in the closed position 

or when being opened. (ii) The cover or door shall be sloped 

to provide drainage from the door or cover surface. ( iii) Doors 

and covers shall be designed with sufficient clearance to 

avoid contact with the foods which they cover. ( iv) Hinges 

or pivots shall be designed to be easi ly cleanable and of sinlple, 

take-apart design and construction. Piano hil1ges are not 

acceptable in the food zone. Covers shall be readily re

movable or easily cleanable in place. 

\ Vhen under anticipated use condition, top openi11gs to 

food zones do not r equil·e protective covers or where the 

cover is provided as a functiona l part of the equipm ent such 

as covers for pressurized vessels, steam retaining enclosures, 

as exampled by bun warmers, or in units where a cover is 

provided but not required for protection against contamina

tion , the cover or door need not comply with the require

ments of Item 2(a) through 2(c). The covers, however, 

should comply with Item 2( d). Covers designed to permit 

stacking of units need not comply with Item 2( b ). 

Future plans 
The scheduled 3-year review of Standards Nos. 1, 2, and 

20 should be ready for study and comment by this Com

mittee before 1973. In addition, p lans for Standards for cart 

washers, re.tail food store refrigeration equipment, high pres

sure spray cleanil1g equipment, carpeting for food service 

areas, compactors, and beverage cases are being considered . 

Furthermore, the Foundation staff r eported that a number 

of comments had been received suggesting that the Founda

tion include in its Standards appropriate references to the 

metric system. Following a brief discussion, the Joint Com

mittee agreed that the Foundation Standards should include 

. dual references to the English and metric systems. 

(Continued on Page 288) 
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ABSTRACT 

\Vater limitation technjques can be useful tools to pre

serve food materials not only from autodecomposition, but 

also from microbial decomposition. Besides those organisms 

that might render a food unfit to eat because they can produce 

adverse compositional and texh1ral changes, food-borne bac

teria l pathogens are also influenced by the amount of avail

able water. This review considers several major food-born e 

bacterial pathogens and th e effect of water limitation on vari 

ous aspects of their growth. vVherever possible, references 

have been included which pertain to the influence of water 

limitation on these organisms in foods. The data reviewed 

indicate that food-borne bacterial pathogens in general can 

grow at water activity levels of 0.83 to 0.999. The implica

tions of this wide a"' range for prevention of growth of food 

pathogens and thus, the safety of foods, are discussed . 

Water content and condition affect foods in many 

ways. Enzymatic breakdown, textural and flavor 

anomalies, and decomposition as a result of the 

metabolic activities of microorganisms can result 

when the moisture content of a given food is not 

properly conh·olled. Besides spoilage, water in

flu ences growth, survival, and/or toxin production 

by food-borne pathogens which find their way into 

many foods. Thus, enlightened lo1owledge pertain

ing to methods which result in the limitation of 

moisture and the effect that this limitation has on 

food-born e pathogens are powerful techniques in 

the food scientist's armamentarium for controlling 

these pathogens. 
Although the early studies of DeFreytag (19) , Pet

terson (63), and .Tanner and Evans (80) laid much 

of the groundwork for ensuing studies on how water 

affects microorganisms, it was not until Scott and his 

co-'vvorkers (71) at the C.I.R.S.O. Laboratories in 

Aush·alia began their investigations on the moisture 

requirements of microorganisms that much of our 

present knowledge began to accumulate. This work 

clearly established the usefulness of the concept of 

water activity as a means of quantifying moisture 

content and availability. For the reader who wish

es to provide himself with basic information on the 

study of the water requirements of microorganisms, 

Scott's excellent review (73) is recommended. An ad

ditional series of papers by VVodzinski and Frazier 

(85-87), while not dealing directly with food-born e 

pathogens, further extended the concept of wa ter 

activity, or aw, and its r e 1 a t ions h i p to microbial 

growth. 

The present review has by choice been limited to 

the moisture requirements of food-borne, bacterial 

pathogens. In many instances the authors of pub

lished articles have utilized the term "percent" to 

quantify a particular solute employed to limit water. 

The reader should be cautioned against referring to 

published tables relating solute concentrations to 

water activity to obtain the more broadly applicable 

aw term . Almost invariably the particular solute i/ 

in a medium or food, the components of which may 

independently contribute to the amount of water 

available to microorganisms. 

It is hoped that the present review, while focusing 

on previous work will emphasize, to at least some 

degree, the necessity for additional studies on this 

important subject. 

CLOSTRIDIUM BOTULINUM 

The effect of water activity on spore germination, 

growth, and toxin formation by Clostridium botuli

num is of critical importance in many food systems. 

In many instances, water relations have been studied 

in conjunction with other growth conditions such as 

pH or temperature. Because this organism causes 

one of the most serious of the food-borne illnesses, at 

leas t from the standpoint of its high mortality, it is 

extremely important that food microbiologists con

sider all factors which impinge on its growth and 

toxin formation not the least of which is water activi

ty. 

Spore germination 

Baird-Parker and Freame (2) found that the mrm

mal aw for spore germination varied with the so

lute chosen for aw adjustment. Types A, B, and E 

spores germinated at a minimal aw of 0.93 if NaCl 

was the adjusting solute, however, if glycerol was 

used, the minimal aw for germination was 0.89. Hal

vorson (30) tested the spores of several C. botu.Z.inum 

sh·ains to determine the effect of various . salts on 

their germination. Concentrations of 9% NaCl, KCI, 

or MgCh were required to J:5revent germinafioi1 , 

whereas as much as 15% a,so., and lVIgSO. had 
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no effect on germination. These results are probably 
more consistent than they appear b ecause, extra
polating from the data of Ingram (36), a 15% solu
tion of NazSO. possesses a higher aw than 9% NaCl or 
KCl solutions. Others (54) have observed spore ger
mination at 8% NaCl without further growth. Ped
ersen (62) tested the effect of salt-containing media 
and curing brines on spore germination and survival 
of Type A, B, and E strains. Spore germination of 
the Type A strain was prevented at 7.4% NaCl in 
a broth medium, the Type B strain was inhibited 
at a salt concentration of 6.4%, and the two Type E 
strains were inhibited at only 4.1%. Spores of all 
strains tested survived storage for at least 21 days 
in curing brines containing from 14.8 to 22 .45~ NaCl. 

Yesair and Cameron (88) examined the effect of 
various salts , alone and in combination, on germi
nation of C. botulinum 62-A. vVhen only ·acl was 
tes ted, 5.0% of this salt produced 100% inhibition of 
germination, however, complete inhibition was also 
obtained with 3.5% NaCl plus 0.188% NaNO:~. A 
similar amount of NaCl plus only 0.0156% NaNO• 
produced 99.6% inhibition of germination. 

Spore outgmwth 

Glycerol, when used to adjust the aw of experi
mental media , appears to be less inhibitory than 
NaCl to spore outgro·wth as well as to germination 
(2) . This effect was particularly apparent with the 
Type E strain which formed vegetative cells at a 
minimal aw of 0.94 in a glycerol-adjusted medium 
and at a minimal aw of 0.97 in a medium adjusted 
with NaCl. Both germination and vegetative cell 
outgrowth occurred at lower aw levels with a 30 C 
rather than 20 C incubation temperature. Schmidt 
and Segner (70) reported 3- to 4-fold extensions of 
outgrowth time of four C. botulinum Type E strains 
as the salt concentration of a h·ypticase, peptone, 
glucose medium was increased to 4.0% at tempera
tures of 46 and 50 F. Because no outgrowth time 
extension was noted at 85 F , these authors sug
gested that normal salt concentrations of refriger
ated, cured meats might provide some protection 
against outgrowth of Type E spores. Observing 
spore outgrowth of several Type E strains over ex
tended incubation times, Segner e t al. (7 4) found 
that 5% NaCl was required to inhibit outgrovvth at 
16, 21, and 30 C, whereas significant inhibition at 
lower temperatures occurred in the presence of 4.5% 
NaCl. These results confirm those reported earlier 
by Schmidt and Segner (70) that salt concentrations 
thh do not appreciably inhibit outgrowth at op
timal temperatures can extend outgrowth at lower 
temperatures. These results further suggest that 
Type E strains are significantly more sensitive to 

NaCl than Type A or B strains. Pedersen (62) noted 
that spore outgrowth was more sensitive to elevated 
salt concenh·ations than vegetative cell growth at 
optimal temperatures. This author also reported 
some differences in response to 1 aCl between vari
ous C. botulinum types . 

Growth 

Five solutes, sodium formate, sodium chloride, po
tassium chloride, sucrose, and glucose, were used 
by Emodi and Lechowich (21) to study the effect of 
water limitation on the growth of C. botulintnn. 
Minimal aw levels supporting growth of the four 
Type E test strains were 0.980 to 0.977 with sucrose, 
0.972 to 0.970 with glucose, 0.976 to 0.971 with so
dium formate, and 0.978 to 0,976 with KCl and 
NaCl. The inhibitory aw for growth appeared to be 
in good agreement with the 0.97 minimal aw for 
growth reported by Baird-Parker and Freame (2) 
using NaCl as a solute. Emodi and Lechowich al
so examined the possibility that ionic and osmotic 
effects could be responsible for the observed inhi
bition at high solute concentration . They conclud
ed that ionic effects were probably not important 
in inhibiting growth although inhibition as a fun c
tion of osmotic phenomena could not be discounted. 
!vfm·shall et al. ( 48) also supported the finding that 
growth of C. botulinum occurred at a slightly lower 
aw level ( 0.93 ) when glycerol was the solute as com
pared to NaCl ( 0.94) . Unfortunately, the report did 
not mention the type strain used in these studies. 

Growth rates of four Type E strains at various 
aw levels were determined by Ohye et al. (60) who 
showed that maximal rates occurred at aw 0.995. No 
significant differences in growth response were re
ported ben¥een the two solute systems used to re
duce aw, KCl and a mixture of NaCl:KCl:Na2SO·•. 
It was furth er reported that a 15 C reduction in 
temperature greatly increased the water require
ments for both growth and toxin formation. Mini
mal aw levels reported by Ohye et al. (59) as support
ing growth at optimal temperature and pH were 
0.95 (5.1% NaCl) for the two Type E strains test
ed. Sensitivity to aw was increased as measured by 
increase in lag time when pH levels were reduced 
from pH 7.0 to 6.0. These authors concluded that 
10% NaCl ( aw = 0.938 ) which is reported to inhibit 
all three types of C. botulinum, may produce marg
inal inhibition at optimal pH and temperature levels, 
however, in foods in which some acidification is 
present, an ample safety margin would exist. 

Baird-Parker and Freame (2) found significant so
lute differences when the minimum aw permitting 
growth of Types A, B, and E C. botulinum were de
termined. Glycerol allowed growth at much lower 
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a ... levels than did NaCI. Like Segner et al. (74) 

these workers noted that the Type E strain appeared 

to be much more sensitive to water limitation than 

either the Type A or B strains. 

Heat resistance 
The hea t resistance of spores of several bacterial 

species in heating mensh·uums with various vvater 

activity values was determined by Murrell and Scott 

(55) . Spores of C. botulinum Type E were equili

brated with atmospheres of specific relative humi

dities at 2.5 C and heated. Spores equilibrated to an 

a .. of 0.8 to 0.9 before heating had the greatest de

gree of heat resistance. This work suffered from an 

absence of adequate water activity control during 

heating, a deficiency which was rectified to some 

extent in a second report by Murrell and Scott (56) 

by heating equilibrated spores in solutions of con

trolled water activity and by calculating the actual 

a.. in the heating ampules at various temperatures 

from existing tables. The heat resistance of the 

spores of six bacterial species were tested, including 

C. botul-inum Types B and E. A linear relationship 

was observed between the log of the number of 

viable spores and the time of heating, with greatest 

heat resistance occurring at a ... levels in the range of 

0.2-0.4. \i\Then spore suspensions were heated ( 110 

C) at aw levels in excess of 0.4, hea t resistance de

creased as a direct function of a.. increase. The 

Type E strain tested produced a Q10 value of 10 at 

high a ... values decreasing to 2 or less at aw levels 

below 0.3. Of the six organisms tested, C. botulinum 

Type E spores appeared to be the least heat resistant 

whereas Type B spores were among the most heat 

resistant. Other species sh1died were Bacillus sub

t-il·is var. niger, Bacillus coagulans, Bacillus m egater

-1-um, and BaC'illtts stearothermophil11s. 
The effect of salts (3.5% NaCl and/or 0.2% aNOa) 

on the thermal resistance of C. botulinum o. 62-A 

was reported by Yesair and Cameron (88). o ap

preciable effect coiud be produced by the added 

salts within a heating range of 230-235 F , however, 

at temperatures < 230 F, TaCl alone, NaN03 alone, 

and NaCl plus NaNOa decreased heat resistance. 

Most of the studies concerning heat resis tance of 

microorganisms in liquid systems suffer from diffi

culty in maintaining water vapor equilibrium during 

rapid heating and cooling. In addition, as pointed 

out by ~1Iurrell and Scott (56), the aw of the heating 

menstruwm and of the spores themselves will be 

altered as the temperature is changed and thus 

erroneous results can be obtained unless accurate 

compensations are made. 

Toxin formation 
Tanner and Evans (80) inves tigated the effect of 

meat curing solutions on growth and toxin formation 

by C. botulinum Types A and B. All of the C. botu

linwn strains tested failed to produce toxin in a 

glucose broth containing 8.720% NaCl, however, 

10.446% NaCl prevented toxin formation in pork in

fusion medium, whereas lower salt levels did not 

inhibit toxin formation. These au thors also found 

that the test strains varied somewhat in their reaction 

to aCI. Smprisingly, they also found that toxin 

formation occmTed at NaCl concentrations in excess 

of those permitting growth. This was especially 

h·ue with one Type B sh·ain in which growth was 

inhibited at 8.619% NaCl, whereas 10.446% NaCl in

hibited toxin production. Riemann (66) found that 

Type E toxin formation did not occur at NaCl con

centrations in excess of 2% whereas spore outgrowth 

occurred at a NaCl concentration of 4.5%. 

Ohye and Christian (59) found that minimal a .. 

levels for growth ( 0.95 Type A, 0.94 Type B, and 

.97 Type E) were identical with minimal aw levels 

for toxin formation. Toxin production was not ob

served to occur in the absence of growth. It appears 

from these studies (59, 66) that growth and toxin for

mation by Type E sh·ains are more sensitive to aw 

reductions than are Type A and B sh·ains. 

C. botulinum in foods 

All studies relating to water requirements of C. 

botulinum in foods have pertained to meats of various 

types. Scott (72) investigated the effect of curing 

ingredients on the growth of C. botulinum and con

cluded that none of the curing factors; pH, nitrate, 

nitrite, and NaCl, when used at levels normally found 

in foods , alone would prevent growth, however, it 

was possible that combinations of factors could pro

duce control. In an investigation on the possibility 

that C. botulinu-m Types A, B, and E could produce 

toxins in cured meats which remained organolepti

cally acceptable, Pivnick and Barnett (64) noted that 

increasing concentrations of salt and nih·ate inhibited 

toxin production by the Type A and Type B strains. 

Type A and B toxin production occurred in inocu

lated, cooked hams over an NaCl range of 2.1 to 3.4%; 

however, it was somewhat delayed at the highest 

NaCl concenh·ation tes ted, 3.4%, especially if the ham 

was incubated at 20 C rather than 25 or 30 C. Type 

E toxin production in a different meat preparation 

did not occur at a salt concentration of 3.3% and was 

almost completely inhibited at 2.7%. It would thus 

appear that salt plays a part in protecting cured 

meats from toxin production by C. botulinum and 

that, as noted previously, Type E toxin formation is 

somewhat more sensitive to this solute than the for

matio~ of e_ither Type A or B toxin. Greenberg et al. 

(29) mvestlgated the amount of aCl required to 

, 

\ •• I 



'1 

I 

·~ 

I 
II 

THE vVATER R ELATioNs 279 

TABLE l. SUNIJ\IAHY OF MAXIMAL aGJ CONCENTRATIONS AND M I N JJ\ !AL Aw LEVELS PHE\'ENTI NG SPOHE GERMI NATION, OUT· 

GHO\VTI-1, Al\'D TOXIN FOHMATION BY C. botulintlm IN LABORATOH Y MEDIA 

C bol ufi twm t y rc 

I 
A B E 

aw % i'\aCI aw % >"a CI a 
w 

~0 ;';a CI 

Germination .93" (2) 7.4 (62) .93" (2) 6.4 (62) .93" (2) 4.1 (62) 

.89" (2) .89" (2) .89" (2) 

Spore outgrowth - 6.5 (2) .9 1" (2) 6.5 (2) .97" (2) 5.1 (59) 

.94" (2) 

Growth .95" (59) 8.0 (59) .94" (59) 9.4 (59) .97" (59) 5.1 (59) 

9"b . 0 (2) .93" (2) 9~" . ;:) (2) 

Toxin form at ion .95" (59) 10.5 (80) .94" (59) 10.5 (80) .97" (59) 4.4 (7) 

- No mformatwn. 
Superscript letters refer to specific solutP. used to adjust a .. ; a 

1umbers in parenth eses refer to listed references. 

prevent toxin formation in cured meat inoculated 

wi th mixed (Types A and B ), heat-shocked spore 

suspensions of C. botulin-urn. These workers show

ed that significant numbers of samples ( 14 of 104 

studied ) were toxic when the meat was cured with 

7.12% brine whereas none of 103 samples prepared 

with 8.95% brine were toxic. These authors ath·ibuted 

the absence of a history of botulism in canned hams 

to the very low levels of anaerobes in this product 

and to the fact that product mishandling results in 

obvious organoleptic unaccep tability. They did not 

believe that the 5-6% brine level, normally used to 

cure hams, was sufficient to prevent the growth of 

C. botulinum; however, no mention was made of the 

effect of other curing brine components, such as 

nitrates and nitrites, acting in combination with 

NaCl, on toxin production. vVilliams and Purnell 

(84) inves tigated the relationship between moisture 

and spore germination, sporulation, and growth of a 

Type A toxin-producing strain of C. botulinum, in a 

liver paste medium. These authors shovved that at 

an equilibrium relative humidity (E.R.H. ) > 96%, 

rapid growth and sporulation occurred . Although 

growth occurred within an E.R.H. range of 96 to 98%, 

sporulation appeared to be diminished and at 94 to 

96% the rates of growth and sporulation were sharply 

reduced. Germination reportedly occurred at < 
90%, however, the basis for determining germination , 

a decrease in spore counts, was somewhat uncertain. 

D espite the intense interest during the period 1965 

to 1970 in the factors affecting growth of C. botu

limnn Type E in fish and fish products, relatively 

little published infoi·mation exists on the effect of 

water activity on growth and toxin production of 

Type E strains in foods of this type. Angelotti (1) 

suggested that processing of smoked fish could pro

quce a reduction in aw with the result that increased 

heat resistance of the spores could occur. If this 

were true, it was reasoned that the aw of the fish 

could be the principal factor influencing spore sur

vival. Another report by Boyd and Southcott (7) 

NaGI, b glycerol. 

was concerned with the effect of aCl concenh·a

tion on growth and Type E toxin , production by three 

strains of C. botulinum. Toxin production, but not 

growth, of one strain was inhibited at 3.76% NaCl 

and of a second sh·ain at 3.84%. The third sh·ain 

studied produced toxin at 4.40% NaCl. A salt con

centration of 5.05% appeared to be the maximal level 

at which spore germination and outgrowth would 

occur. These data agree with those of Sheneman 

(76) who found that smoked whitefish chunks sup

ported Type E toxin production at a brine content of 

3% but not at 5.5%. 

In summary, the aw levels required to inhibit spore 

germination and outgrowth of a given C. botulin-u:m. 

type are similar and lower than those required for 

growth and toxin formation. The Type E sh·ains 

appear to be significantly more sensitive to water 

limitation than either Type A or Type B sh·ains . 

These relationships are illustrated in Table 1. Lecho

wich ( 45) has briefly reviewed many of these effects. 

It should be emphasized that strong differences be

tween various solutes and their effect on growth 

parameters appear to exist and, in addition, inter

actions between temperature, pH, and type of me

clium or food systems can also greatly affect the re

sponse to water limitation. 

STAPHYLOCOCCUS AUREUS 

The staphylococci probably represent the most 

salt-tolerant group of the food-borne bacterial patho

gens. Microbiologists have recognized and exploited 

this property to develop media selective for staphy

lococci. Hill and White (32) in 1929 noted that 

gram-positive cocci could grow in the presence of 

high NaCl concentra tions and suggested that media 

containing NaCl be utilized to select for these or

ganisms. Koch ( 42) later incorporated 7.5% NaCl in 

an agar medium for the purpose of isolating staphy

lococci. Chapman (9) also utilized 7.5% NaCl, adding 

this solute to agar containing phenol red and manni

tol, a medium which continues in use today. 
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Growth 
Scott (71) determined the optimal aw level for 

growth rate and maximal cell yield in a medium con
taining various nitrogen sources plus yeast exh·act. 
Adjustment of this medium to various aw levels was 
achieved with a mixture of NaCl, KCl, and Na,so .•. 
The fourteen S. avreus strains tested appeared to 
produce maximal growth at aw = 0.995 to 0.99. Both 
rate and cell yield growth declined as a function of aw 
and the minimal aw at which growth occurred was 
found to be 0.86. Scott further concluded that the 
range of water activities permitting S. aureus growth 
was relatively independent of the type of solutes in 
the medium. These findings were in disagreement 
with those of Marshall et al. (48) who compared two 
solutes, glycerol and NaCl, for their ability to inhibit 
various species of bacteria. They found that inhibi
tion of staphylococcal growth rates at comparable aw 
levels was 10% greater in glycerol than in aCI. 

Iandolo et a!. (35) studied the effect of salt on lag 
time and growth rate of S. aureus MF-31 and found 
that lag times were significantly extended as the 
NaCl concentration was increased from 0.5% to 4% 
and 8%. A similar response in growth rates, how
ever, could not be demonstrated and in fact, growth 
rates were more rapid at 4.0% than either 0.5 or 8.0%. 
:Maximal populations also were somewhat reduced 
as the NaCl concentration of the medium was in
creased; these effects were amplified by incubation 
temperatures and pH levels above and below optimal 
levels. 

Parventjev and Catelli (61) found that introduction 
of 10% 1 aCl in Tryptose Phosphate broth fail ed to 
halt growth of either pathogenic or nonpathogenic 
strains of S. attreus. In contrast, solutions containing 
only NaCl were very injurious to the staphylococci; 
however, this inhibition could b e reversed by addi
tion of .03 fLg/ ml of the above medium. Growth 
rates of S. aureus C-243 at various water activities 
were measured b y Troller (82) who found that re
ductions in aw from 0.99 to 0.89 or 0.90 increased 
generation times from approximately 30 min to > 
300 min. ~vlaximal counts of staphylococci were de
creased and lag times were extended as the aw levels 
of the media were reduced . 

Enterotoxin production. 
Much of the vvork on the influence of water activity 

on en terotoxin production is rela tively current, re
fl ecting the recent development of sensitive immuno
logical techniques for quantitatively es timating entero
toxins. Genigeorgis and Sadler (22) found that entero
toxin B could be detected in Brain H eart Infusion 
(BHI ) broth at pH 6.9 containing as high as 10% 
NaCl or at pH 5.1 in a medium containing 4% NaCl. 

These authors concluded that enteroto;. .. in production 
was dependent on the interaction of pH and salt. 

Hojvat and Jackson (33) found that enterotoxin B 
production and staphylococcal growth were inhibited 
as the NaCl concenb·ation in BHI broth was increased 
from 0 to 12%. They further concluded that the ef
fect of NaCl was more marked on enterotoxin pro
duction than on staphylococcal growth. The effect 
of curing solutions on enterotoxin B production was 
also studied by McLean et al. (50) who similarly 
noted that increases in TaCl concentration from 0 
to 10% reduced toxin levels more rapidly than growth 
as measured by culture turbidity. The concenh·a
tions producing most rapid enterotoxin diminution 
were between 2 and 4% NaCl. Troller (82) related 
growth and enterotoxin B production to aw and found 
that very slight reductions in water activity exten
sively reduced the amount of toxin produced. Similar 
studies by Troller (83) utilizing an enterotoxin A-pro
ducing sh·ain of S. au.reus, indicated that this effect I 
was not as pronounced with this organism. Markus 
and Silverman ( 47) similarly noted a reduction in 
enterotoxin A production with an increase in NaCl 
content from 0 to 10% in a basal medium containing 
N-Z Amine A, a casein hydrolysate, and yeast exh·act. 
However, when toxin production was related to 
growth ( toxin/ Klett units), this parameter remained 
constan t with increasing salt concentration. 

The influence of solutes in skim milk on the therm
al resistance of S. aureus was studied by Kadan et 
al. (37) who demonstrated that sucrose concenh·a
tions to 14% decreased killing time at 60 C. How
ever, if a greater amount of sugar was employed ( 27 
to 57%), a protective effect was observed. Calhoun 
and Frazier (8) studied the thermal resistance of S. 
aureus 196E previously cultured in media adjusted to 
aw 0.95 with glucose or NaCl. Previous growth at 
the reduced aw level had a minimal effect on heat 
resistance. However, if the aw of the heating men
sh·uum was lowered to 0.95, a solute specific effect 
was noted with NaCl producing a protective effect. 
The hea ting menstruum adjusted to aw 0.95 with 
glucose did not demonstrate this effect and in fact 
was somewhat more sensitive to thermal destruction 
than the phosphate-buffered conh·ol ( aw 0.994 ) . 

Influence of pH and other factors on aw effects 

In addition to the effects of water limitation on 
S. aureus, a number of additional reports exist per
taining to aw reduction in combination with pH re
duction to inhibit growth and toxin production of 
staphylococci. ~viuch of this work has been moti
vated b y the desire to understand the combined ef
fect of NaCl, pH, and/or nitrates in meat curing 
brines. 
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Hucker and Haynes (34) speculated that a reduction 
in viable counts of toxin-producing "micrococci" fol
lowing prolonged incubation was the result of com
bined action of high sucrose concenh·ations added to 
the medium to limit water availability and to the de
velopment by the organism of an acid from the added 
sucrose. Nunhein1er and Fabian (58) investigated the 
effect of mii\i:ures of acids with sucrose or NaCl solu
tions on six S. cu.t.reus sh·ains. Only 5% NaCl plus 
0.15 millequivalents of HCl was required to achieve 
a 50% reduction in growth, however, 11.5% NaCl was 
required to produce a similar growth reduction with 
0.4 millequivalents of citric acid. Based on these 
results, these workers concluded that organic acids 
were less effective when combined with NaCl than 
inorganic acids. 

Genigeorgis et al. (24) studied production of entero
toxin C in laboratory media containing from 0 to 12% 
NaCl and adjusted to various initial pH levels. They 
found that the initial pH of the medium that allowed 
toxin production narrowed as the NaCl concentra
tion was increased. In a medium containing 10% 
NaCl, enterotoxin C was produced in a pH range of 
5.45 to 7.30 with a large inoculum. However, a 
smaller inoculum in a similar medium produced 
enterotoxin in a pH range of 6.38 to 7.30. No entero
toxin C could be detected in media containing 12% 
NaCl in the pH ranges 4.50 to 8.55 despite active 
growth as demonsh·ated by optical density increases 
in inoculated media, 

McLean et al. (50) investigated the effects of com
binations of low levels of NaNOa plus 2% NaCl and 
noted a reduction in the amount of enterotoxin B 
produced by S. aureus 243, however, it was doubtful 
if the effect was more than additive. It should also 
be noted that the low concentration of NaCl used in 
this portion of the study probably had little effect on 
the amount of available water in the medium. 

Water activity effects in foods 

Investigations on the limitation of staphylococcal 
grov.rth and enterotoxin production in foods are, with 
few exceptions, limited to studies in which meats or 
meat curing solutions were studied. This is primarily 
caused by the importance of curing brines as a means 
to adjust the vvater activity levels of hams and other 
preserved meats, and' to the high incidence of meats 
implicated in food poisoning outbreaks . Kelly and 
Dack (39) studied the influence of salted meats, i. e. 
ham, beef, tongue, and chicken, on the growth of a 
Staphylococcus isolated from sandwiches involved in 
a ' food poisoning outbreak They found that the test 
strain multiplied at NaCl concentrations as high as 
10% and that salt was highly selective for the staphy
lococci in the test foods. 

Lechowich et al. ( 44) investigated the effect of 
curing salts on the growth of four enterotoxin-pro
ducing strains of S. aureus. Curing solutions contain
ing 5% NaCl, 1.5% glucose, 0.25% I aNOa and varying, 
but low levels of NaN02 were inoculated and pumped 
into hams. Incubation was at 40 F. The counts of 
inoculated staphylococci declined rapidly in these 
hams and were undetectable after 72 hr of incubation . 
Supplementation of curing pickles with meat juices, 
however, was protective and appreciable counts of 
staphylococci were detected after 7 days of incuba
tion under these conditions. Genigeorgis et al. (22) 
showed that enterotoxin production could occur in 
hams cured in brines containing as much as 9.2% 
NaCl, a value 2 to 5 times higher than found in com
mercially cmed meats. Thatcher (81) noted entero
toxin production in inoculated Canadian bacon con
taining from 0.3 to 3.2% NaCl. Eddy and Ingram 
(20) have repmted the presence of S. a:wreus in bacon 
and its curing brines and there is a recent report (18) 
of a staphylococcal food poisoning outbreak resulting 
from ingestion of fried bacon. Working with two 
intermediate moish1re foods, one meat-based and the 
other fruit-based , Labuza et al. (43) found that the 
number of inoculated staphylococci increased in the 
meat-based food ( aw = 0.84) from initial counts of 
8.6 X 103 per gram to 5.2 X 10"/ g after 1 month of 
storage at 25 C. This aw level is somewhat lower than 
the minimal aw for staphylococcal growth, 0.86, re
ported by others (70) . 

Minin1al water activities for growth of S. aureus 
49/174 in dried milk, dried mutton, and a dried soup 
mixture were examined by Scott (71). In each in
stance, the food was rehydrated to sp ecific aw levels 
and incubated at 30 C for 30 days. In all of the 
foods at aw 0.88, slow growth occurred, however, at 
aw 0.86 only the soup mix and milk supported staphy
lococcal growth. In foods adjus ted to aw 0.84, growth 
could not be detected. Growth of an S. aureus strain 
on the top and cut surfaces of custard pies was studied 
by Preonis et al. (65). These workers noted that in
itiation of growth on the top surfaces of the pie was 
prolonged as compared to the cut surfaces and poshl
lated that this was caused by a moisture gradient 
which resulted in less available moishue on the top 
smface. Lag times were further extended when the 
aw was lowered by means of additional glucose or 
when propionic or sorbic acid was present as a pre
servative in the pies. 

Effect of aw on intracellular const·it11 ents of 
stapl1ylococci 

Intracellular contents of K+ and Na + of a number 
of halotolerant (including staphylococci) and non
halotolerant bacterial species were determined by 
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Christian and Waltho (14). These workers reported 
that halotolerance was closely correlated vvith in
creased intracellular levels of ions; especially K+. 
Additional work by Christian and Ingram (13) and 
Clu·istian and Waltho (15) demonstrated that intra
cellular a ... levels never exceeded the a,.. of the me
dium in which the cells were grown and that the 
intracellular water content of S. auretts cells grown 
at decreasing a,.. levels also decreased. The amino 
acid content of cells grown at decreasing aw levels 
also increased gradually with decreasing a,.. levels , 
however, from aw 0 .92 to 0.90 a very sharp increase in 
intracellular amino acid levels was noted. 

These data suggest that the ability of staphylococci 
to accumulate low molecular weight solutes may 
strongly influence growth of this organism under re
duced water conditions. These results also indicate 
that the staphylococcal cell membrane does not po
ssess an inherent ability to maintain an inh·acellular 
aw level above that of the medium when these cells 
are grown at low aw. The increase in intracellular 
amino acid content in staphylococci grown at low aw 
levels noted above could be caused by direct inhibi
tion of amino acid incorporation or by reduced pro
tein synthesis. Additional research by Christian and 
'i\' altho (16) in which an 80% inhibition of respiration 
was observed at reduced aw levels could result in a 
shortage of energy for protein synthesis and thus 
favors the latter hypothesis. The final resolution of 
the mechanism by which aw inhibits staphylococcal 
growth awaits additional work on the metabolism of 
this organism. The work of Christian and his col
leagues has provided an excellent basis for subse
quent efforts hopefully directed at the oxidative ma
chinery of the cell at low aw levels. 

l\tluch additional work is required to obtain a more 
complete understanding of the effect of water limita
tion on growth and toxin formation by S. aureus. Ef
fects of aw on the heat resistance of various sh·ains , 
better definition of minimal and optimal water acti
vities, and further elucidation of solute effects under 
a variety of conditions are all worthy of further re
search. 

CLOSTRIDIUM PERFRINGENS 

Reports describing the effect of water activity on 
growth, sporulation , and spore germination of C. 
pe·1j1"ingens, while few in number, are rela tively re
cent 

Ge1'1nina:tion and g1·owth 
Gough and Alford (27) investigated the effects of 

curing salts on growth and heat res istance of this 
organism. These authors found that 10,000 ppm 

aNO:o or 400 ppm aNO' or 6.0% NaCl were re-

quired to inhibit growth in a laboratory medium. 
Unfortunately, these findings were not related to aw 
levels of the curing brines and thus it is difficult to 
correlate these data with those of succeeding work
ers . Kim (40) and Kang et a!. (38) reported that !the 
minimal a,.. supporting growth of several C. perfrin
gens strains was between 0.97 and 0.95 when either 
NaCl or sucrose were used to adjust the medium, and 
between 0.95 and 0.93 if glycerol was added. It was 
further found that the minimal aw levels for growth 
were similar to those for spore germination. 

Several C. 71erfringens strains were used by Mead 
(51) to demonstrate that this organism grows in a 
medium containing 6% aCl. Growth was also ob
served in media containing 0.5% NaCl at Eh values 
of +194 to +238 mv; however, if the NaCl concen
tration was increased ten-fold, lower Eh values more 
closely approximating anaerobic conditions were re
quired for growth to occur. Strong et al. (79) report
ed minimal aw levels for growth similar to those ob- ' 
served by Kim (40) and Kang et al. (38) and like these 
authors, also noted significant solute effects. Addi
tion of glucose to adjust aw permitted growth at 
a,.. 0.960 and when this compound was used to adjust 
to higher a,.. levels, it uniformly supported more 
growth than other solutes. Media adjusted with 
KCl appeared to be the most inhibitory at compar
able a,.. levels. 

Spore formation and survival 
Spores of 50% of the C. pe·1jringens strains tested by 
Gough and Alford (27) remained viable for at least 
35 days in a brine containing 21.5% I aCl, 1,800 ppm 
NaNOa, and 1,200 ppm Nar Q , . Spores, when inocu
lated into hams with pumped curing solutions con
taining 17.9% NaCl, survived both curing and smok
ing processes. Sporulation rates decreased dramat
ically as the a,.. of Ellner's medium was reduced from 
0.993 to 0.98 or 0.97 (38). These effects could be al
leviated to some extent by supplementing this med
ium with ground veaL In addition, the observed 
sporulation rates were dependent on the solute and 
the particular sh·ain used. 

Like C. botulinum, solute effects appear to influ
ence the growth of c' perfringens at comparable aw 
levels . The minimal reported a,.. which allows growth 
of this organism is 0.93 (38) adjusted with glycerol; 
however, NaCl and KCl are somewhat more inhibi
tory and limit growth at aw 0.95 to 0.97, respectively. 
Spore germination reacts to water limitation in a 
manner similar to growth whereas sporulation re
quires aw levels in the optimal growth range (a,.. = 
0.99 ) . 

Probably because of its relatively recent discovery, 
there currently exist no published data on the effec t 

•· I 



I 

· ~ 

' ' 

THE VvATEH HELATroNs 283 

of water activity on C. pmfringens enterotoxin pro

duction, however, such information would be useful. 

In addition, much additional work is required to ex

tend the data of Kang (38) and particularly the in

fluence of proteinaceous materials on aw effects . 

SALMONELLA 

Effect of a .. on growth 

The effect of water activity on growth of Salmonel

la has been studied for almost 20 years, and like 

much of the early and excellent work on water ac

tivity, this research was mostly done in the laboratory 

of W. J. Scott in Australia. Christian and Scott (10) 

grew 16 strains of Salmonella in casamino acids

yeast extract-casitone medium adjusted to various 

a .. levels by a mixture of NaCl, KCl, and Na•SO. •. 

Growth occurred at a .. levels between 0.999 and 0.945 

with an average optimum of 0.995. Reductions of 

a .. below 0.99 produced an increase in lag period as 

well as in total cell yield, regardless of whether 

growth was aerobic or anaerobic. Severens and Tan

ner (75) reported that Salmonella. pullorum and Sal

monella schottmuelle·r-i could be adapted to grow in 

a mediwn containing 8% NaCl after growth for 10 

weeks in 3% NaCl. No attempt was made in these 

studies to relate growth to vvater activity levels . Us

ing sucrose, glucose, NaCl, or KCl to control a .. , 

Christian (12) found that Salmonella oranie·nburg 

grew at a .. 0.97, regardless of which solute was used 

to adjust the a... Only glycerol, however, allowed 

growth at 0.96 but not at 0.95. The rate of oxygen 

uptake by this organism decreased as the a .. was re

duced to 0.97 and 0.96 with NaCl, KCl, sucrose, or 

glucose; however, addition of glycerol to adjust aw 

produced little or no reduction in oxygen uptake. In 

I studies on the influence of nutritional factors on the 

limiting water for S. ora.nienburg, Christian (11) not

ed tl1at the lower aw limit for growth in three complex 

media was ben;veen 0.94 and 0.95 but was slightly 

higher (0.96 to 0.97) in a defined medium. How

ever, if proline and metl1ionine were added to this 

medium, growth was obtained at 0.96. Similarly, 

addition of eight water-soluble vitamins plus proline 

and metl1ionine further extended the minimal aw range 

to 0.95, however, addition of this vitamin mixture 

alone did not extend tl~e minimal aw for growth below 

0.97. 

Water act-ivity effects in foods 

The effect of water limitation on growth and/or 

survival of salmonellae in foods has received only 

limited investigation. Clu·istian and Scott (10) stud

ied growth of S. omnienburg in dehydrated milk, 

meat, and soups adjusted to various water contents. 

Growth occurred at aw levels of 0.95 or 0.94 in all 

three foods, but at aw 0.93, only the rehydrated soup 

supported growth. Increases in numbers could not 

be detected in foods adjusted to aw 0.92 and incubat

ed for 21 days. These authors concluded that grow

th in foods paralleled growth in laboratory media but 

occurred at slightly lower a .. levels in foods. In a 

study on the factors affecting microbial stability of 

cream fillings, Silliker and McHugh (77) briefly con

sidered growth of salmonellae. They found that an 

inoculum mixture of two species, Salmonella monte

v ideo and Salmonella paratyphi B, did not grow 

within 12 days at room temperahue in fillings ad

justed witl1 sucrose to aw levels in tl1e range 0.795 to 

0.830. These results were not too surprising, how

ever, considering tile low a ... of the fillings. Har

grove et al. (31) observed no differences in inhibition 

of four inoculated Salmonella speCies in cheese con

taining from 1.4 to 2.7% NaCl. These authors con

cluded that salt plays little or no part in the observed 

decline in numbers of Salmonella during cheese mak

ing, however, tl1e salt concenh·ations used in these 

studies probably were not withjn the inhibitory range 

for Salmonella. Clayson and Blood (17) sh1died the 

survival and growtl1 of salmonellae in thin films in 

an attempt to determine the fate of these organisms 

during surface drying or during baking. Salmonel

la typhimuriu1n was prevented from growing in films 

at or b elow 92% equilibrium relative humidity. It is 

notewortl1y that these authors attempted to adapt 

cultures of the tes t organism to increasing aCl 

concentrations but unlike Severens and Tanner (75), 

achieved variable results. 

Influe·nce of aw on heat resistance 

Because Salmonella species are considered poten

tially infectious agents, theoretically, even very low 

numbers of this genus are undesirable in foods. For 

tl1is reason, much effort has been devoted to tl1ermal 

destruction of salmonellae in foods and to the com

bined action of thermal kill and water activity. In 

tllis regard, the literature pertajning to tl1e influence 

of aw on the heat resistance of salmonellae can be di

vided into earlier work which describes an intimate 

relationship ben;veen tl1ese t\~1o factors and more re

cent research which indicates that a number of fac

tors are probably at least as critical as aw in their 

influence on heat resistance. 

Aw has a pronounced effect on the thermal lability 

of all microorganisms; generally, the lower the a .. , 

the greater the heat resistance of tl1e organism. Ban

wart and Ayres (4) investigated the combined effect 

of tl1ese t\~10 factors on the survival of salmonellae in 

albumen . They found that thermal kill increased 

rapidly at 50 to 70 C as the water content of the 

albumen was increased from 3-5% to 6-12%. Mossel 

and Koopman (53) inoculated Salmo·nella senften-
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berg into fish and meat meals and casein previously 
adjusted to aw 0.46. Based on the rate of diminution 

in Salm onella counts over a 5-day p eriod, these au

thors stated that while the chemical composition of 
the hea ting menstruum was important, the observed 

lethal effect seemed to be mainly due to exposing 
the organism to an environment of different aw. The 

heat resistance of salmonell ae in dried milk was in

ves tigated by i\ll cD onough and H argrove ( 49) who 
fo und that storage a t 37 C of nonfat dry milk pre
viously equilibrated to various moisture levels re

sulted in a redu ction in viable count corresponding 
with a rise in moisture to 15 to 20%. Beyond 20%. 
no fmther reduction in counts occurred and growth 

of salmonellae was observed at moisture levels in 
excess of 40%. These results were confirmed in mois
tened milk powders at 85 and 115 .. '5 C. At both temp

eratures the destructive effect of heating was enhanc
ed with increasing levels of moisture. \ iVith milk 
samples held at 85 C, 2 hr were insufficient to ob

tain negative counts at 4 and 7% moisture, whereas 
only 30 min were required to reach a negative count 
at the 25% moisture level. Riemann (67) noted simi
lar results in bone meals inoculated with S. senfte?1-

berg 775\i\1, a heat resistant strain, and S. t yph:inwr

iu?n. 

More recently, work a t the F ood Research Insti
tute and in England has shown that fac tors other than 
aw may be more important in influencing the heat 
sensitivity of salmonellae. Goepfert et al. (25) com

pared the heat resistance of five serotypes of Salmo

nella and could not find a direct correlation between 
aw and hea t resistance. These authors found that S. 

senftenberg 775W, previously rep orted as highly heat 
resistant, showed the least heat resistru1ce as the a .. ,. 

was lovvered . VVhen glycerol rather than sucrose 

was used to control a ... , increased heat resis tance 
could be observed in organisms previously grown 
at reduced a ... levels. Similarly, Baird-Parker et al. 
(3) found sucrose to' be more protective than either 

NaCl or glycerol, and like Goepfert et al. , these work
ers were un able to predict the heat resistance of 
salmonellae at low a ... levels. It is also evident from 
these studies that there is a large sh·ain-to-sh·ain 

variability in heat resistance among the salmonell ae 
at a var iety of water activities . 

From these data, it appears that the salmonellae 
are not pru·ticularly tolerant of low aw levels. The 
lowest aw rep orted which supports growth is 0.945, 

with an optimum repm ted aw of approximately 0.99. 
However, in view of the large solute and strain dif
ferences in response to limiting water activities, it is 

difficult to draw generalized conclusions concerning 
the effects of these factors until additional work is 

done to expand the scope of many of the existing 
studies. 

V IBRIO PA RA H AEMOLY TIC US 
l 

VibTio pamlwem oTyt-icv s has received increasing 
attention in the U. S. as a causa tive agent of food
borne infections usually resulting from the ingestion 

of raw or partially cooked sea food . Because of the 
h igh rate of consumption in Japan of these types of 
foods, the in cidence of infections caused by this or
ganism far outnumber all other types of food-borne 
infections in that counh-y. As a result, it is not sur
prising that the preponderance of research on this 

organism has been done by the Japanese workers 
and the reviews by Sakazaki (68) and Nickelson and 
Vanderzant (57) are suggested as excellent back
ground reading on this organism and the disease 
which it causes. 

One of the mos t obvious growth characteristics of 
V. parahaem olyt icus is its halophilic, or salt-requiring 
nature. Sakazaki (69) has reported that growth is 

easily obtained in culture media to which 1 to 3% 

NaCl has been added, with optimal growth occmT
ing in the 2 to 4% range. .Maximal salt concentra
tions at whi ch growth will occur are in the 8 to 9% 

range. According to LeClair et al. (46), growth will 
not occur in 1% peptone water in the absence of 
NaCl; however, growth could be obtained in this 
medium plus either 3 or 7% NaCl. Like Sakazaki, 

these workers reported no growth of this orgru1ism 
in a medium containing approximately 10% NaCl. 
Bm·oss and Liston (5), in a comparison of Japanese 

sh·ains to isolates obtained from Puget Sound, re
p orted that all of the tes t strains from both sources 
grew in the presence of 7.0% NaCl, however, none 

of the 40 Japanese strains grew in media containing 
10% aCl and only 3 of 200 of the Puget Sound sh·ains 

grew at this salt concentration. Based on these and 
other biochemical characteristics, these workers con
cluded that the two groups of V. pam lwem olyticus 

strains were identical. 
The halophilic nature of V . pa.rahaem olyticus pre

sumes that this organism has a specific requirement 

for NaCl, however, the lack of definitive data makes 
such a judgment doubtful. Additional research on 
the solute requirements of this organism and the re

lationship of these requirements to a ... is warranted . 

BACILL US CE REUS 

Bac-illus ceTetts has been incriminated as the causa

tive agent of numerous outbreaks of food poisoning, 
especially in E uropean countries. A recent article 
by Goepfert et al. (26) reviews many of these out
breaks and summarizes much of the work which 
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has been done on this organism and its relationship 
to foodborne disease. 

Smith et a!. (78) in their classical, taxonomic study 
of the aerobic, sporeforming bacilli listed one of the 
characteristics of B. cereus as its ability to grow in 5 
and 7% but not in 10% NaCI. Kim and Goepfert 
(4:1 ) also noted that 48 of .51 egg yolk-positive strains 
and 52 of 52 "narrow zone" strains could grow in 7% 
NaCI. The use of NaCl as a selective agent for 
B . . cereus was investigated by Mossel et a!. (52) who 
concluded that 5% NaCl was more useful than 10% 
when incorporated into a medium containing meat 
extract, peptone, mannitol, and phenol red. Addi
tion of 10% NaCl to this medium produced highly 
variable results in respect to recovery of tes t strains . 

There appear to b e no reports specifically related 
to the effect of aw on germination and outgrowth of 
B. cereus spores. Gould (28), however, did investi
gate the effect of NaCl on spore germination and out
growth and determined that 15% NaCl was required 
to inhibit germination of B. cereus spores, however, 
only 4 to 5% was required to prevent spore outgrowth. 

It is · apparent that much work remains to b e clone 
to determine the factors, including water relations, 
influencing the growth, sporulation, and spore germ
ination of B. cereus, both in laboratory media and 
in foods . The possibility that this organism may 
produce disease symptoms by elaboration of a toxin 
[Goepfert (26 )] furth er complicates the issue. 

S UMMARY 

Although excellent work has already b een done to 
defin e the water requirements of food-borne bacterial 
pathogens, there is need for additional information. 
;Frobably one of the most pressing needs is for the 
general recognition among workers in this area of 
the usefulness of the water activity term . Although 
most of the research currently being reported utilizes 
this term, occasional articles continue to appear re
ferring to solute concentrations on a vveight per cent 
basis. As a result, it is often difficult to relate this 
work to that of others who have used the more 
broadly applicable aw term. lt is recognized that 
many researchers, for example those investigating 
curing brines, will find percent NaCl a more appro
priate term, however, this writer advoca tes the use 
of both percent and aw terms in such instances to de
scribe the system under investigation. Along with 
the more general utilization of the aw term in food re
search, there continues to b e a need to evaluate the 

' methods for measurement of water activity in terms 
of the food system or bacteriological medium em
ployed. Frequently, these methods are complex and 
therefore difficult to use or are highly inaccurate, 

insensitive, or subject to contamination by the system 
being measured. An objective compaTison of cur
rently used methodology is urgently needed to enable 
researchers to select appropriate instrumentation for 
the system to be measured. 

Basic information on the mechanisms by which 
water limitation exerts its effects on microorganisms 
is vitally needed. Only relatively recently have data 
[Christian and Waltho (14, 16)] pertaining to the in
tracellular responses of microorganisms to aw adjust
ment begun to appear. \ iVe know virtually nothing 
of the response of cell-free extracts, electron trans
port systems, and genetic transfer to limited water. 
Similarly, we have little knowledge of nuh·itional 
transport across bacterial membranes although, sure
ly, osmotic conditions must affect rhe ability of nu
trients to cross these membranes. Some food-borne 
pathogens produce toxins in foods before these foods 
are consumed, yet relatively little is known about 
the effect of water limitation on production and bio
logical activity of these toxins . The interactive ef
fects of aw and other factors in foods , such as pH and 
nutrients, on toxins also require thorough investiga
tion . 

Solute specific effects are frequently cited in this 
review. One of the most notable of these is the tend
ency for glycerol to allow growth at lower aw levels 
than other solutes utilized for aw adjustment. In at 
least some instances, it is p ossible that the organisms 
under investigation could have utilized a portion of 
the glycerol as a carbon source and thus lowered the 
concentration of this compound with a concomitant 
increase in aw. Because a ,. levels following growth 
and /or analyses of final concentrations of the solute 
were not done, or at leas t were not reported , solute 
specific effects of this type must b e regarded with 
some suspicion. Hecognition of possible utilization of 
solutes by the test organism should be considered, 
especially when utilizable or potentially utilizable 
carbohydrates, such as glycerol, sucrose, or glucose 
are involved . On the other hand, the greater toler
ance of glycerol shown by many food-borne patho
gens could b e attributed to the fact that glycerol solu
tions tend to show a lower aw level than salt solu
tions, especially when measured by electric hygro
meters or dew p oint devices . These data are discuss
ed in greater detail b y Black et a!. (6). 

The limitation of water as a means of preserving 
foods and preventing the growth of food-borne path
ogens continues to be of great significance to food 
scientists. The growing interest in intermediate 
moisture foods is an excellent example of the future 
applicability of such information, however, existing 
foods and food processing techniques must also b e 
interpreted in terms of water availability. As addi-
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tional data become available, the utilization and 
exploitation of water limitation as a useful means of 
preserving food materials will assume ever increasing 

status. 
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REPORT OF COi\IIMITTEE ON 
FOOD EQUIPMENT 

(Continued from Page 275 ) 

1 ATIONAL AuTOMATIC MERCHANDISING AssocJATION ( NAMA ) 

The National Automatic Merchandisin g Association's Auto

matic Merchandising Health-Industry Council ( AMHIC) h eld 

its 16th annual m eeting during October 1971, and this As

sociation and other public h ealth organizations and the affect

eel industries were represented and participated in AMHIC's 

discussions. 

The afternoon of the fi rst day was reserved solely for a 

meeting of the public health representatives and was used 

by them to discuss and clarify their view on public h ealth 

objectives and policies to be followed in their work with tl1e 

entire membership of th e AMHIC. The Chainnan of the 

IAlviFES Food Equipment Committee was re-elected Chair

man of th e Public Health Group and also served as Co-Chair

man of AMHIC durin~ 1971-1972. 

Evaluation mamwl for food and beverage vending machines 

Carbonation !Jackflow prevention. At th e 1970 meeting 

the members of AMHIC revised the NAMA Vending lachin e 

Evaluation Manual to require th e use of a vented check 

valve or other positive venting device, in addition to the nor

mal check valves, in all vending machines with carbonated 

water. This more stringent amendment to Item 603.1 still 

failed , in th e opinion of severa l members of AMHIC, to 

offer adequate protection to th e consumer; and the follow

ing proposal was discussed: in air-gapped machines, no toxic 

materials should be p ermitted downstream ( from th e air gap ) 

in the water supply contact zones. However, in lieu of im

mediate application of this proposal, the following additional 

charge was given to the Committee on Carbonation Back-flow 

Prevention: to survey industry and operator effects of its 

implementation , the operational history of vented valves 

and industry trends, and to report the Committte's findings 

and recomm endations on or before the n ext meeting. 

84 . vVilliams, 0 . B., a11cl H. G. Purnell. 1953. Spore 

gem1ination, growth, and spore formation by Clostridium 

botulinum in relation to the water content of the substrate. 

Food Res. 18:35-39. 
85. \<1/odzinsk:i , R. J., and W. C. Frazier. 1960. Moisture 

requirements of bacteria. I. Influences of temperature rtncl 

pH requirements of Pseuclomonas fluorescens. J. Bacteriol. 

79:572-578. 
86. Woclzinski, R. J., and W. C. Frazier. 1961. Moisture 

requirements of bacteria . II. Influence of t emperature, pH, 

and malate concentration requirements of Aerobacter aero-

genes. J. Bacteriol. 81:353-358. · 

87. Wodzinski, R. J., a11cl W . C. Frazier. 1961. Moisture 

requirements of bacteria. III. Influence of temperature, pH, 

and malate and thiamine concentration on requirements of 

Lactobacillus v iridescens. J. Bacteriol. 81:359-365. 

88. Yesair, J., and E. J. Ca111eron. 1942. Inhibitive ef

fect of curing agents on anaerobic spores. Canner 94:89-92. 

Cut-off controls. At the request of the Committee on 

Cut-off Controls, two different field tests were developed 

by members of AMHIC to determine the cut-off temperature 

which would de-activate the potentially hazardous food vend

ing machine and cause it to indicate "sold out." Both of 

these tests using a thennometer equipped with a remote sen~

ing device were successfully demonstrated at the 1971 meeting 

of AMHIC and were proven effective and applicable for 

use by sanitarians in the field . 

In addition, there was a general reporting of changes made 

by manufacturers to in1prove accessibility to controls in the 

fi eld and to phase out limited vapor filled controls which 

have proven difficult to field test with body heat. 

In view of progress made by the Committee on Cut-off Con

trols, there was agreement that the NAMA staff and the 

AMHIC Committee on Education and Training are with suf

fi cient data to develop a Handbook on Location and Field 

Testing of Health Code Ctt.t -off Controls. Such a Handbook 

is urgently needed by industry m1d public health to aiel in 

safe guarding the health of th e consumer and not only to 

make the applicabl e provisions of the Evaluation Manual and 

the PHS Recommended V ending Code meaningful but also to 

promote th eir compliance. 

Coin -operated special devices or dispensers. The Com

mittee on Coin-operated Special Devices or Dispensers pre

sented a report which indicated a growing demand for this 

"office" type of equipment and a need to develop adequate 

sanitary specifications which would aid in fabricating ac

ceptable equipment to satisfy this demand . 

The NAMA Staff reviewed the two distinct problems as

sociated with small coin-operated dispensers: (a) the present 

definition of "vending machine" which has forced states and 

municipalities to license and inspect this equipment whether 

th ey deemed it necessary or not; and (b) inability of NAMA 

to accept most such dispensers for evaluation because of 

th e lack of a reasonable standard. 

The PHS-FDA r epresentative on AMHIC, in response to 

(Continued on Page 295 ) 
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SOLIDS-LIQUID SEPARATION: AN IMPORTANT STEP IN THE 
RECYCLING OF DAIRY COW WASTES'· • 

A. c. DALE 

Departm ent of Agricultural Engineering 
Pw·due University, Lafayette, Indiana 47907 

ABSTRACT 

Use of a solids-liquid separator in the manegement of 
dairy cattle wastes may (a) reduce labor requirements, (b) 

make mechanical handling more feasible, (c) improve automa
tion, (d) produce solids with economic value, and (e) produce 
a liquid that may be handled by ordinary equipment and 
treated to produce potable water and fertilizer. In solids

liquid separation of dairy cattle wa,i:es, macro-colloidal ( > 
51-') and larger solid particles are partially removed from 
the liquid portion by screens, sieves, and compressors. The 
two products produced are (a) wet solids and (b) a dilute 
liquid. The solids contain about 45 to 80% water depending 
on the systems used and are stable in nature. The solids 

have little or no odor and may be dried and used for bed
cling, refeecling, or mulch, thus having economic value. The 
liquid is clark brown in color and contains about 85-90% 
of the 5-clay BOD and only about 1-3% suspended and dis
solved solids. It may be handled by ordinary equipm ent and 
does not require special liquid pumps and high-powered trac
tors for mixing, pumping, and conveying. The liquid may be 
irrigated directly onto crops and soils or it may be treated to 
make potable water and a more concentrated fertilizer. 

For some 5 to 1 years several researchers have 
been diligently seeking a "break through" in farm 
animal waste handling and management. They have 
been looking for a system that has or is: (a) low 
labor requirements, (b) mechanical handling and 
treatment, (c) automatic or nearly automatic con
trols, (d) non-pollutional (low odor, BOD, and nu
trient discharge), and (e) economical. Furthermore, 
it seems that the farm animal producer expects such 
a development. Solids-liquid separation appears to 
be a step in this direction. 

The dairy fann sit-uation 
In general the dairy farm has not needed a new 

system for large quantities of wastes as much as the 
beef producer, swine grower, or poultry raiser. Dairy 
sizes in terms of numbers of animals per acre gen
erally have not been as great as these other enter
prises. For example, it is difficult to name a 10,000 
head dairy operation. Yet there are many such beef-

'The author expresses his appreciation to Lee G. Carlson and 
Roger Swanson, Environmental Division, Babson Bros., Inc. , 
2100 S. York Rd., Oak Brook, Illinois 60521, and to Don D . 
Jones, Graduate Assistant, Dept. of Agricultural Engineering, 
Purdue University, Lafayette, Indiana 47907 for their as
sistance in the preparation of this paper. 
' Presented at the 59th Annual Meeting of the International 
Association of ~'!ilk, Food, and Environmental Sanitarians, 

Milwaukee, '"lisconsi.n, August 21-24, 1972. 

cattle operations and some equivalent swine and 
poultry operations. Although there are rumors that 
the dairy herd size is going to increase to 80 to 85 
within the near fuh1re, the average dairy herd is 
still less than 50 cows (2). 

Dairy operations have also generally been connect
ed directly to or with a farming operation of some 
160 or more acres of land. Thus, the ratio of animals 
per acre has been generally quite low, and it has 
been a problem of simply (if it may be put in such 
terms ) returning the vvastes (manure, waste water, 
etc.) to the land by some means. ' "lith the relatively 
small quantity of wastes, it was almost impossible to 
pollute land, water, or air if normal discretion was 
used. evertheless, many dairy fanners would like 
to have a "better system" for waste management in 
their present operation. Increases in the size of 
operations in the future may require such improve
ments. 

'i\Taste disposal is a very important aspect of com
mercial dairy farming. A cow produces several 
pounds of manure/ pound of milk and this waste 
must be disposed of in a safe, inoffensive manner. 
Tables 1 and 2 give the properties of fresh dairy 

TABL E l. SoME PROPEHnEs OF DAmY CATTLE 1ANUHE 

Average daily manure production ------ ---
Portion of manure as feces - --- ---- -------
Portion of manure as urine ---------------
Percent body weight ----- -------- ----- -
Moisture content of feces ---------------
Moisture content of urine - ------ - ------ --
Average moisture content of manure ____ ___ _ 

Fixed solids in feces - --------- - - - ------
Fixed solids in urine --- ----- -----------
BOD cf straight manure (mine plus feces ) __ 

BOD per clay --- - --------- --- --- -- - --- --

107.8 lb. 
68.8% 
31.2% 

7.22% 
82.7% 
95.1% 
87.5% 
13.8% 
37.6% 
25,600 ppm 

2.76 lb. 

TABLE 2. CHEl\•f!CAL CoNTENTS OF DAIHY CATTLE MANURE 

Lb/ ton n1anure 

Moisture 
content p K s Ca F e Mg us Fat 

79% 11.2 2.0 10.2 1.0 5.6 0.08 2.2 322 7 

cow manure (3) . At present there are numerous dis
posal or treatment methods being used, each with its 
O\'Vll advantages and disadvantages. One modifica
tion that may improve these methods in solids-liquid 

separation. 
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Some general waste handli.ng terminology 
Several waste handling terms are being used which 

may not be entirely clear. Some of them are dis
cussed below: 

Recycl·ing. This term usually means one or two 
things. It can mean simply returning the waste 
materials to the soil where they are degraded by the 
natural organisms for reuse by plants along with the 
sun's energy to produce more feed . Others have used 
the term to mean the direct return of the wastes 
to the animal as a feed or in combination vvith other 
feeds for direct consumption by the animal. Both 
are correct terms and are used in this paper, how
ever, they are differentiated between as used. The 
use of a portion of the solids for bedding may also 
be referred to as recycling. 

Solids-l·iqttid sepa·ration. Generally solids-liquid 
separation means the removal of the macro-colloidal 
and larger solid particles from its liquid support 
media. The division is not "clear cut" but generally 
any particle less than about 5 flu is considered to act 
about the same as if it were dissolved and generally 
remains in suspension with only slight settling if any. 
Some engineers prefer to use the terms suspended and 
settleable solids but again they do not apply to all 
conditions as some suspended material in animal 
wastes may be quite large. Therefore, it is assumed 
that solids-liquid separation is the removal of most 
of the matter above 5 flu or slightly larger from the 
liquid. 

Solids-liquid separation is a fairly new technique 
in livestock waste management. There are present
ly about 30 solids-liquid separators installed in 
dairies, mostly in California, to screen out fiber, un
digested feed, and other large particles contained in 
liquid manure (6) . There is also one in Ohio (12). 

Biodegradability and non-b-iodegradability. Most or 
maybe all organic materials are theoretically biode
gradable if given sufficient time with the right bac
teria at the correct temperature. Nevertheless the 
terms biodegradable and non-biodegradable have 
come to mean something slightly different to many 
sanitary engineers and perhaps to others. Generally 
the term "biodegradable" has come to mean some
thing that can be readily hydrolyzed and broken 
down into more basic forms in a few clays . 

If the above definition holds for ordinary treatment 
(anaerobic or aerobic treatment for 4 or 5 clays), 
animal wastes could be said to contain much non
biodegradable material. This "non-biodegradable" 
quantity may be as high as 60 or 70% of the total 
solids in the wastes (manure). The author once con
ducted an aerobic digestion experiment with dairy 
cow manure for over 180 clays only to find that over 
one-half of the organic solids still remained in the 
unreduced form . The remaining organic matter con-

sisted generally of fibrous material and undigested 
feed particles which would have eventually broken 
down but which would have required more time. 

The separated sol·ids and liq·uicl l 

Products from the solids-liquid separator still con
tain the original materials found in the wastes but 
they are in a different form, and are more manage
able and usable. 

Th e sol-ids contain about 40 to 60% of the suspend
ed and settleable solid of the raw wastes. These 
solids are made up mainly of undigested feed par
ticles such as stems of hay, particles of corn, silage 
cuts, and other large pieces that have defied digestion 
within the ruminant Of course some bacterial cells 
and other stable organics and inorganics are also in 
the mixture. These materials are often referred to as 
non-biodegradable even though they could possibly 
be decomposed over a long period ( 6 months to 2 
years) . 

Because of the non-biodegradability of the solids 
they are referred to as stable and contain only about 
5 to 15% of the 5-day BOD of the raw wastes. The 
moisture content of the solids depends on the ef
fi ciency of the separator and seems to vary between 
about 45 and 85%. No doubt further development of 
the separators will provide a lower moisture content 
in the fu tme. 

The dried solids are light and fluffy. They are 
unobnoxious and may be stored or used almost any 
place desired. Odor is nil. 

Th e liquid effluent from the separators contains 
more pollutional materials than the solids but it is in 
a form that may be readily handled (pumped, con
veyed, etc . ) . D epending on the separator used and 
the dilution water added, the liquid contains from 
0.5% to about 4% finely suspended and dissolved 
solids. It may be irrigated directly onto crops and 
soils or it may b e h·eated furth er. 

The liquid portion contains approximately 85 to 
95% of the 5-day BOD. This means it contains by 
far the greatest percent of the biodegradable portion 
of the raw wastes. However, since it does not con
tain the large quantity of suspended and settleable 
solids that the raw wastes contain, it may be more 
readily aerated in an oxidation ditch or lagoon. Also 
the alpha factor ( h·ansfer of oxygen from the air to 
the mixture) would probably be considerably higher, 
thus lowering power requirements for providing oxy
gen and reducing the cost of treatment. 

A solids-liquid waste management system 
Solids-liquid separation should be thought of as 

an integral part in a new system such as the follow
ing. (a) Solids and liquids are flush ed or scraped to 
a 2- or 3-day capacity holding tank (b) The waste 
mixture is mixed and pumped by a submersible pump 
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(about 5 horsepower) to the solids-liquid separator. 
(c) The solids are separated from the liquids by the 
solids-liquid separator using screens, sieves, presses, 
etc. (d) Solids are discharged to an open storage for 
drying before reuse as ( i) bedding, ( ii ) feed, (iii) 
mulch, or ( iv) returned to land. (e) Liquids are dis
charged to a holding lagoon or tank prior to ( i ) 
irrigation onto soil and crops or ( ii) further b·eat
ment. A 2 to 3-horsepower, elecb·ically driven pump 
will move the liquids for either pw-pose. (f ) A sim
ple, low cost irrigation system can be permanently 
installed to sprinkle or flood irrigate some given crop 
and land. One and one-half-inch plastic pipe can 
be placed underground to convey the liquids to de
sired locations in the field . If an irrigation system is 
used, it should be designed properly taking into ac
count the permeability of the soil, sealing characteris
tics of the liquid, and the nub·ients therein. 

'Vinte1· opemtion requires some special consider
ation. For example, the holding tank or lagoon must 
be large enough to hold the liquids through the sea
son of frozen soil if irrigation is not permitted during 
such a period. This is a time when maximum re
circulation of the wash water should be used to avoid 
any excess water use which would require a larger 
storage capacity. 

The storage p1'0videcl should be given some special 
attention and consideration. An outdoor lagoon type 
storage provides the most economical unit. How
ever such a storage should be located where no run
off will enter it. The cost of such a lagoon is rela
tively low regardless of location as the excavated 
soil may be used to elevate the sides thereby in
creasing the volume. A capacity of about 2 ft"/cow/ 
day for about 180 days should be the minimum la
goon storage. 

Odor conb·ol may be an important item for con
sideration in the near futme in all systems. ' iVith 
the liquid stored in the lagoon this may be somewhat 
of a problem but it can be easily conb·olled by aer
ation if necessary. It apperu·s that aeration equivalent 
to about the 5-day BOD would do a satisfactory job 
of conb·olling odor. This past year at the Purdue 
Dairy C enter, the odor of whole wastes accumulating 
in a storage lagoon from about 130 dairy cows during 
November to April, was controlled by one 5-horse
power floating aerator.. The aerator was not turned 
on until the ice melted in March . So odors can be 
controlled if necessary but it costs exh·a. According 
to Koelliker and Miner (8) efflu ent irrigated from an 
anaerobic lagoon loses its odor producing capabilities 
within hours after being exposed to the open air . 

The solids produced by the above waste manage
ment systems with a solids-liquid separator may have 
many useful or even profitable uses. As mentioned 
before, the separated solids are large, relatively inert 

particles and may be dried, incinerated, composted, 
or used directly as soil conditioners. Dried or com
posted solids have been used for livestock b edding, 
refeeding, or mulch or organic matter for soil con
ditioning. Vi'hen properly dried, the waste solids 
form a light fluffy litter that has been found satis
factory for bedding in free stalls with no staining of 
the cows ( 4). It may be an even better source of 
calf bedding than wood shavings because the calves 
do not eat the manure solids and because the dry 
solids absorbs about four times their own weight in 
liquids. ·with money saved on litter the dairyman 
may be able to cover much of the expense of separ
ation as well as making the remaining liquid manme 
considerably easier to dispose of. Dairy manure 
solids have also been tested in .poulh-y houses and 
has been reported to be an excellent floor litter for 
growing chicks (14). 

Dried or composted solids may have a potential 
as a mulch or soil conditioner. In California, a golf 
course has used the dried manure as a mulch over 
grass seed placed on bald spots caused b y excess 
salinity. When spread over the seed at 3/ 8 to 3/ 4-
inch thick, vigorous green grass sprang up within 
several days. The mulch apparently worked to over
come the salinity problem by holding moisture near 
the soil surface and preventing the grass seed from 
drying out. In ' iVashington state, a county purchased 
manure solids from a local dairy at $3/yard for use 
in flower and shrub beds. They reported excellent 
results ( 4). 

Research in refeeding of livestock solids has been 
reported for swine, poulb·y, and sheep wastes but it 
is unlikely that government health agencies will per
mit refeeding for dairy cows for some time to come. 
The Federal Food, Drug, and Cosmetic Act of 1938 
prohibits interstate commerce in adulterated or mis
branded foods and drugs. "The Act" does not dis
tinguish beh veen food used solely for animals as op
posed to food used solely for man . It deems a food 
adulterated if that food contains any poisonous or 
deleterious substance which may render it injurious 
to health, if it contains any food additive which is 
unsafe, or if it consists in whole or in part of any 
filthy, pub·icl or decomposed substance (14) . 

At present, while not sanctioning the reuse of man
ure as an animal feed, the FDA does not discourage 
research in this area. It will continue to review in
formation on waste products as research makes the 
facts available. ·when sufficient information is avail
able on whether a specific waste is safe for con
sumption by the target species and that the meat 
and by-products from the animals are safe for con
sumption, the FDA vvill review their objections to 
the use of animal wastes in livestock diet (14). At 
present, refeeding is still in the research stage and 

l 
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should not be attempted without government per
mission and sh·ict controls (15). 

The liquid port-ion has a potential use in the pro
duction of protein b y yeast or bacteria (9, 10). Al
though the mechanics of such a system need to be 
simplified somewhat, tlus type of conversion may 
have much . potential, not only in refeeding, but in 
the manufacture of commercial products . It seems 
that refeeding, either directly or through protein pro
duction, would yield significant improvements in feed 
conversion by making several passes through the 
animal. 

Solids-liquid separators 
Currently there are at least three solids-liquid 

separators and separation systems in limited use for 
dairy cow wastes. There are other separators being 
developed but the status of their adaptation to dairy 
cow wastes is unknown. 

Basically all the solids-liquid separators require 
that dairy covv wastes be collected, diluted ( amotmt 
of dilution varies with separators) , and mixed in a 
sump prior to discharge or pumping to the separator 
mechanism. From this point on the separation is 
performed by the equipment. Three such separators 
are discussed briefl y below: 

Th e S'VEC O Vibro -Enm·gy Separator is a screen
ing device that vibrates about its center of mass. 
Vibration is accomplished by eccentric weigh ts on 
the upper and lower ends of the motor shaft. Ro
tation of the top weight creates vibration in the hori
zontal plane, which causes materials to move across 
the screen to the periphery. The lower weight acts 
to tilt the machine, causing vibration in the vertical 
and tangential planes . The screen ( available in var
ious meshes ) which varies in diameter from 18 to 60 
inches is closed in the center with the diluted wastes. 
The liquid portion falls on through. Solids are 
caught on the screen wluch vi-brates (moves) them 
to the exterior from whence they are discharged a t 
the periphery nex t ~o the shroud into a stack. Ac
cording to Fairbank (5), the separator works quite 
well as long as the manure is diluted with 10 to 12 
volumes of water. This might be called a high dilu
tion rate and could lead to problems of water supply. 

The solids as they come from the above separator 
contain approximately 80% moisture. However, they 
are relative "clean" and stable as they have been 
washed with the highly diluted water. After the 
solids have been spread in the sun to dry for a few 
clays they become an ordorless, inert material which 
may be used for bedding, chicken litter, or a mush
room growing medium. 

The liquid portion contains less than 0.5% solids 
and is ready for irrigating onto crops and soils. It 
is usually not acceptable for discharge into ditches 
·without further treatment. Treatment which would 

remove more solids may be desirable as it could then 
be used to dilute the raw wastes . 

The Ba·uer H ydrasieve for solids-liquid separation 
has no moving parts. It was developed primarily as 
a thickener for the pulp and paper indushy Hdw
ever, it has been found to be adaptable to other in
dustries such as sewage u·eatment, food processing, 
chemical process ing, etc . The heart of the Hydra
sieve is a screen assembly of specially designed wires 
with unique singular curves. 'The physical structure 
of the device resembles the u·aditional flat side-hill 
screen, but the technique of separation of the solids 
from fluids is basically different from other static 
screens. The Hydrasieve achieves fluid removal by 
a hydraulic surface attachment utilizing the Coanda 
effect on a multiplicity of essentially V-section screen 
bars which between the supporting members are 
formed in a single arc, the apex of which is directed in 
the sense of the slurry flow (7). 

Solids of anim al wastes coming from the Hydra- ' 
sieve contain approximately 80% water and are ready 
for further processing (drying, com posting, etc .). 

The liquid contains around 1 to 2% solids and is 
ready for further treatment or irrigation onto crops 
and soils . It is not of a quality that is acceptable to 
be discharged into a stream. 

Bahson Bros. Compan y, recognizing the need for 
a farm animal waste treatment system has also de
veloped a solids-liquid separator for specific use 
with dairy cow wastes. This separator goes beyond 
the normal solids-liquid separation in that plans are 
to treat the liquids and to produce potable water and 
fertilizer. The unit is referred to as Babson Bros . Co. 
TRU ( total recycle unit ) . Although some successful 
prototypes have been fabricated and are in use it is 
still in the developmental stage. 

Briefly the Babson Bros. solids-liquid separator 
consists of a loading hopper with a rewash mechan
ism, a sloping screen onto which the wastes are di
rected from the hopper, and a porous belt to accept 
the solids as they roll off the screen . The solids are 
then conveyed through a "roller-squeezer" to remove 
excess moisture before final discharge. A dilution 
of about one part vvater to one part manure is needed 
to make the separator function at its optimum. Final 
plans include adding a second conveyor and roller
squeezer to furth er reduce the moisture content to 
produce a more readily manageable product. 

Solids produced by the separator contain about 45 
to 50% moisture and give a "clean appearance." The 
solids dry rapidly when spread out in a thin layer 
and have been used successfully for bedding. 

The liquid discharged from the separator contains 
3% to 4% dissolved and finely suspended solids. Plans 
are to trea t this matei-ial in such a way as to separa te 
much of the remaining solids and nutrients thereby 
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producing a potable vva ter and a concentrated fertil

izer. However, it may be irrigated directly onto 

crops and soil without additional treabnent but it 

contains matter that may close the pores of some 

soils. 

Other solids-liquid separators are available but only 

a few are being adapted for use with animal wastes. 

Solids-liquid separation. ancl present waste 
management 

To see how solids-liquid separation may fit into 

dairy wastes management systems, it may be helpful 

to first review dairy waste trea tment systems now in 

operation . 
Scmping and water flushing-holding tank-land dis

posal. This is perhaps the most commonly used 

method of dairy waste management. Pens, gutters, 

and driveways are washed down with water under 

pressure and the washwater drains by gravity into a 

manure storage tank. The waste is then stored until 

the dairyman's work schedule and the weather permit 

field disposal. One of the primary difficulties of this 

system is that the waste in the holding tank is under 

anaerobic conditions and noxious odors produced can 

cause difficulty unless proper ventilation is provided. 

Solids-liquid separation could be provided by us

ing two holding tanks in series with a shaker screen 

for solids-liquid separation in between. This would 

allow a small separator to work continuously at a 

low rate of flow even though water flushing is done 

periodically. H ere the first tank would be merely 

a sump to hold the waste until it can be processed . 

Solids-liquid separation would not have a major bene

ficial effect for odor conb·ol in this system since the 

high pollution sh·ength liquid would still be stored 

under septic conditions . The major advantage of 

using a separator in this sys tem would b e in trans

porting the separated liquid to the land disposal site. 

vVith most of the suspended solids removed, the 

liquid could be easily pumped to the field without 

fouling transport pipes or irrigation nozzles . The 

need of an extra tractor is eliminated and not "tied 

up" in pumping liquid manure since a small sewage 

pump can easily do the job. Also the power and 
time required to "homogenize" ( mix) the solids and 

liquid is eliminated. 

The effluent liquid from the separator is still very 

unstable and would probably not be suitable for reuse 

in flushing. This system would therefore require a 

relatively large volume of fresh wa ter for flushing and 

dilution . 

i Water flushing-aembic un-it-land d·isposal. This is 

identical to system just described except that an aero

bic unit is substituted for the holding tank. This 

sys tem would not have problems with odors but does 

have the disadvantage of a higher cost because of a 

large power demand for a mechanically aerated oxi

dation ditch or aerated lagoon or because of a large 

area and construction cost for an oxidation pond. 

This system could be improved by adding a solids

liquid separator before aerobic treatment. This 

would decrease the cos t of aerobic treahnent with 

an oxidation pond because it would decrease sedi

mentation in the pond and therefore increase the 

useful life of the pond. Separation would also de

crease cost with the mechanically aerated systems 

since much of the power normally provided is to 

keep solids in the unit in suspension. Also the rate 

of h·ansfer of oxygen from the air to the wastes (alpha 

factor ) is improved with a decrease in solids con

cenh·ation. 
It may be advantageous to 1.1se the effluent from 

the aerobic unit to supplement the flu shing water 

supply. This would tend to dilute the waste, aid 

the separation process, and decrease the amount of 

fr esh water needed. Also, excess water would not 

accrue in the lagoon. 
W a.ter flush·ing-ana.erobic un:it-aerob·ic unit-land clis

JJOsal. Basically, an anaerobic unit has the function 

of converting suspended solids in a waste to dissolved 

organic compounds and gases. In other words, a 

liquid waste is produced from a solid waste with a 

net loss in pollution potential. 
Since the solids produced by solids-liquid separ

ation are large relatively inert particles, they are not 

modified very much b y either anaerobic or aerobic 

treatment. They may, however, cause sedimentation 

problems in both units and therefore a separator in 

the was te flow line may help to remove this material 

before it reaches the treatment unit. It may b e feasi

ble to use the effluent from the aerobic h·eatment 

unit for flushing h ere also. 

In-house oxidatio·n u nit-holdi.ng u.n'it-lancl disposal. 

If a dairy is set up with an in-house oxidation ditch , 

the solids-liquid sepamtor has no place before treat

ment. The solids and liquids fall into the ditch 

through the slotted floor directly into the ditch . 

However, immediately after h·eatment in the oxida

tion ditch, the solids-liquid separator would be ad

vantageous since the solids could b e removed for 

other uses and the liquids irrigated onto land or some 

reh1rned to the ditch for dilution purposes . One of 

the difficulties with oxidation ditches is their ten

dency to become "over loaded" with solids that either 

settle out or result in poor oxygen transfer or poor 
mixing in the ditch . The solids-liquid separator used 

in this way would eliminate this difficulty. 

In-housing hold-ing unit-la·nd disposal. This sys

tem involves use of a holding tank under either a 
slotted floor or one into which wastes may be scrap
ed . The wastes can be held in this unit for whatever 
storage period it was designed. The entire wastes 
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are then usually mixed by a tractor-driven pump and 

recirculator before spreading on the soil. A second 

h·actor is used to convey the "liquid" wastes to the 

field for spreading onto the land. If this system is 

working entirely satisfactory for the dairy producer 

and h·actor power and odors are not problems, per

haps the solids-liquid separator has no place. How

ever if there are problems with the system perhaps 

the installation of a slightly deeper sump in one or tv,ro 

ends of the storage could serve as a collection pit for 

pumping to a solids-liquid separator. Then by use 

of such a separator solids could be removed with 

the liquid going (a) onto land by irrigation, (b) into 

an outside storage, or (c) returned to the underfloor 

pit for dilution of incoming wastes. Some dilution 

is necessary to properly operate a solids-liquid separ

ator anyway and liquid flushing to the sump in the 

pit is also required. 

Other waste managem ent systems without solids

liquid separat iO'n 
Drying e·ntire wastes. If the entire vvaste of dairy 

cows is dried, solids-liquid separation has no place 

in the system. Incinerat-ion with the ash being re

turned to the land also has no need of a solids-liquid 

separator. However most animal wastes will not 

furnish sufficient heat to incinerate themselves. Gases 

and particulate matter discharged to the air are also 

pollutional and costly to conh·ol. Therefore this sys

tem has not received wide acceptance. 

CO'Inposting. Most wastes contain too much water 

to compost properly without mechanical aids and 

addition of dry organic solids. A solids-liquid separ

ator that does not require much dilution or one in 

which the separated liquids are returned for dilution 

could possibly improve composting of animal wastes. 

Other w aste managem ent systems imp·roved by 

sol-ids-liquid sepamt-ion 

Refeeding. A solids-liquid separation may be a 

big assist for refeeding either as a dry feed mix or 

silage. 

Protein pmduction. The liquid portion with the 

nutrients is the part of the wastes that are needed for 

this according to ye (9). Other fermentation pro

cesses also require the liquid without the inert solids. 

Buildi.ng blocks. The liquid portion must be re

moved in this process, thus solids-liquid separation is 

desirable. 

Raw material for oil. Generally a solids-liquid 

separation would help this process. The solids are 

needed without much of the liquid although a quan

tity of the organics left in the liquid are also useful 

in this process. 

'Methane pmduction from dairy was te could be

come a reality with the liquid portion of the wastes 

which contains much readily usable materials for 

the methane formers . 

SuMMARY 

Farm animal wastes are a mixture of water (about 

87.5%) and solids ( 12.5%). The total solids are com

posed of a mixture of large particles of non-biode

gradable organic solids, dissolved or finely suspend

ed biodegradable organic solids! dissolved inorganic 

solids, and bacterial cells. Separation of the large 

non-biodegradable portion of organic solids from 

the mixture is a desirable step in that it provides 

the following: (a) Solids that may be used for bed

cling, refeeding, mulch and other by-products which 

have economic value to the dairyman. (b) A liquid 

that is easy to pump, contains most of the 5-day BOD 

but which is readily h·eatable by aeration to conh·ol 

odor, is irrigable, contains most of the nuh·ients, and 

is desirable as a fertilizer. (c) A liquid that can be 

readily h·eated to produce potable water and con

cenh·ated fertilizer. (d) An important step in mech

anizing and automating waste management. (e) A 

step that improves present waste management syst

ems by reducing power requirements of two or more 

tractors for mixing, pumping, and spreading and mak

ing possible the management of the wastes with or

dinary equipment. 
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REPORT OF COM~vliTTEE ON 
FOOD EQUIPMENT 

(Continued from Page 288 ) 

questions, pointed out that revision of the PHS Vending Code 
could require several years and that, in th e meantime, his 
agency, in his opinion, would not disapprove of : (a) reason
able standards for specia lized types of equipment; and (b) 

state/ local amendment of definition s to specify the types of 
equipment not subject to licensing and routine inspection. 

At the conclusion of this discussion, members of Alv!HIC 
furth er charged th e Comm ittee on Coin-operated Special 

Devices or Dispensers to appropriately consider the fore

going matters and that a proposed Stnndard for Special D e
vices or Dispensers be developed by A.MHIC. The Commit

tee on Special Devices h as met, and a report should be 
available in the near future to this Committee and other 
interested persons fo r review and comment. 

The Evaluation Manual, policies and procedures, and oth er 
educational materials developed by AMHIC and/ or NAMA 
may be obtained from th e Tational Automatic Merchandising 
Association, 7 South De:uborn Street, Chicago, Illinois,60603 . 

Seal of (tpproval 
The advisability and feasibility of a NAMA Seal of Ap

proval program and its application to 1 AMA evaluated vend
ing machines was thoroughly discussed, and the members of 
AMHIC indicated th eir favor of an in-depth exploration of 
a seal program by instructing the Committee on Education 
and Training to explore all aspects of a seal of approval 
program and to submit its recommendations to AMHIC. 

The Committee on Education and Training developed a 
survey procedure concerning essential aspects of a seal of 
approval program; and using this procedure, it has surveyed 

certain public health and industry personnel as an initial 
step in implementin g its new charge to explore a NAMA 
Seal of Approval program for Vending Machines. The Com
mittee has started tabulating initial survey findings and should 
have a very interesting report including recomm endations 
for r eview at the next meetin3 of AMI-IIC . 

Other acti vities 
The NAMA staff reported th at th e relat ionship of the 

NAiVIA Vending Machine Evaluation Ma nual as an official 

standard to the applica tion of the Occupational Safety and 
Health Act of 1970 is being explored. Further, the NA.J.\ifA 

f-abeling Gtt:ide including a sta tement on proposals t o re
quire ingredient list ing of mandatory ingredi ents of standard

ized food has been subn~itted to the F ederal Food and Drug 
Administration for approval; and the pending proposals to 
the U. S. D eparb11 ent of Agriculture to determine the applica
tion of th e Federal rvleat and Poultry Inspection Programs to 

13. Taylor, J. C. 1970. There's g::>ld in th em-t lnr hills 
of manure. The Dairyman, p. 40 . 

14. Taylor, J. C. 1971. Hegulating aspects of recycled 
livestock and poultry wastes. Livestock \1\laste 1anagement 
and Poliution Abatement. Proceedings of International Sym
posium on Livestock \1Vastes, American Society of Agricul
tura l E ngineers, St. Joseph , Michigan 49085. 

15. Yeck, H. C., and P. E . Schleusener. 1971. Hecycling 
of animal wastes. Proceedings of National Symposium on 

Animal \1\las te Management. Pub. by th e Council of State 
Governm ents, \Vashington, D. C. 

Commissaries h as delayed completion of the AMHIC Com

missary Guide. In addition, a new bulletin on Heart Pace
makers and Mi crowave Ovens which has been published re
cently by NAfv!A should prove ben~icia l to all sanitarians in 
answering questions concerning th e hazard potential to pace
maker users from association with microwave ovens . 

HECOMMENDATIONS 

(a) The Ass::>ciation rea ffinn its support of the National 

Sanitation Foundation and the National Automatic Mer
chandising Association and continue to work with these two 
organizations in developing acceptable standards and educa
tional materials for the food industry and p ublic health . 

(b) The Association urges all san itarians to obtain a com
plete set of the National Sanitation Foundation's Food Equip
ment Standards and Criteria and a copy of the ational Auto
matic Merchandising Association-Automatic Merchandising 
Health-Industry Council's Vending Machine Evaluation Man
ual and related materials; to evaluate each piece of food 
equipment and vending machine in th e field to determin e 
compliance with th e applicable sanitation guidelines; and to 
let this Committee and the appropriate evalu ation agency 

k-now of any manufacturer, install er, or operator failing to 
comply witl1 these guidelines . 

(c) The Association urges all sanitarians and regulatory 
agencies to support tl1 e work of th e Associa tion's Committee, 
submit sugges tions for developing new guidelines and for 
amending same, and subscribe, by law or administra tive policy, 
to the principles represented by th e Standards, CTiteria, and 
Evaluation Manual for Food Equ ipm ent and Ve nd-ing M.a
chines. 

This report of th e Committee on Food Equipm ent Sanitary 
Standards respectfully submitted by: 

Kar l K. Jones, Clwirman, Purdue Univers ity, \ Vest Lafay
ette, Ind iana . 

Irving L. Bell , Sta te Departm ent of Health, Frankfort, Ken
tucky. 

Glenn Brauner. National Canners Association, \ Vashington, 
D .C. 

Hobert H. Dalton , State D epartment of Public H ealth , 
Lansing, Michigan. 

Carl Henderson, State Departm ent of Health & Social Serv
ices, Santa Fe, New lv!exico. 

Howard Hutchings, State Departm en t of H ealth, Pierre, 
South Dakota. 

0. Donald r..'!oore, Food l:.x Drug Administration , Atlanta, 
Ceorgia. 

\ V. Joel Simpson, State Department of Environmental Re
sources, Harrisburg, Pennsylvania . 

Harold \-\Ta iness, Harold vVainess and Associates, orthfield, 
Illinois 
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vironmental Sanitarians 

LEON TowNSEND, Kentucky Assn. of Milk, Food and 
Environmental Sanitarians 

ERWIN P. GADD, Missouri Assn. Milk and Food Sani
tarians 

JAY B. BoosiNGER, Florida Assn. Milk and Food Sani
tarians 

FRED RoBINS, California Assn. Dairy & Milk Sani
tarians 

' FRANK YATCKOSKE, Rocky Mountain Assn. Milk, Food 
and Environmental Sanitarians 

RAY CARSON, \ iVashington Milk Sanitarians, Inc. 
HowARD HuTCHINGS, South Dakota Assn. of Sani

tarians 
\iVILLIAM H. GILL, Virginia Assn. Sanitarians and 

Dairy Fieldmen 
JIMMY W. BRAY, Mississippi Assn. of Sanitarians 
DoN KIMBALL, Indiana Assn. Sanitarians 
R. P. MARCH, New York State Assn. Milk and Food 

Sanitarians 
RICHARD M. PARRY, Connecticut Dairy and Food 

Association 
ALVIN E. TESDALE, Oregon Assn. of Sanitarians 
RoBERT CoE, Associated Illinois Milk, Food and En

' vironmental Sanitarians 
H. E. HANSEN, Iowa Assn. Milk, Food and Environ

mental Sanitarians 
VERN PACKARD, Minnesota Sanitarians Assn. 
HARRY FURGESON, Idaho Environmental Health Ass'n. 

TOPICS FOR AFFILIATE AGENDA 
AT ANNUAL MEETING 

(To be announced later ) 

SUNDAY, AUGUST 12, 1973 

3:00-8:00 P.M.-Registration- Torth Corridor, 2nd 
Floor 

1:30-5:30 P.M.-Executive Board-Board Room 

8 :00-11:00 P.NI.-Executive Board-Board Room 

MONDAY, AUGUST 13, 1973 

8:30 A.M.-5:30 P. :M.-Regisb·ation-Nortb Corridor, 
2nd Floor 

NATIONAL MASTITIS COUNCIL REGIONAL MEETING 

9:00 A.M.-5:00 P.M.-(See separate program ) 
Tudor Room 

COMMITTEE MEETINGS 

Check Bulletin Board- orth Corridor, 2nd Floor 

SPECIAL MEETINGS 

9:00 A.M.-12 :00 noon-Executive Board - Board 
Room 

1. Report on Local Arrangements 
:2. Report of Executive Secretary 
3. Report of Sanitarians Joint Council 

1:30-5:00 P.M.-Executive Board-Board Room 
1. Report of Journal Management Commit-

tee 
2. Regular Agenda 
3. Committee Chairman 
4. Meet with Past Presidents 

1:30-5:00 P.M.-Individual Committee Meetings 
(See Bulletin Board) North Corridor, 2nd Floor 

5:30-6 :30 P Jvi.-Reception-Stuart Room 

6:30 P.~'L-New York State Association of Milk and 
Food Sanitarians 
50th Anniversary Celebration Dinner 
\iVindsor Room 
(All are invited to attend) 

7:30-9:00 P.M.-Affiliate Council-Grenadier Room 

9:00 P.M.-Farm Methods Committee Meeting 
Genesee and Crossroads Room 

TUESDAY, AUGUST 14, 1973 

8:30 A.M.-5:00 P.M.-REGISTRATIO LNorth Cor
ridor, 2nd Floor Lobby 

8:00 A.M.-9:00 A.M.-Executive Board-Board Room 
Report of Affiliate Council 
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MORNING-GENERAL SESSION 3:15-MICROBIOLOGY OF EGGS 

WINDSOR ROOM HOBERT C. BAKER 

EARL 0 . \1\TrucHT, President-Elect, Presiclin.g 4: 00-1 EW YOHK STATE Vllr E HESEAHCH 

9 :30-Il VOCATION WILLARD B. HOBINSON 

9:35-ADDH.ESS OF WELCOME ~ 
CHARLES G. AsHE, President, NYSAMFS 

9:50-PHESIDENTIAL ADDRESS 
'WALTER F . \ iVILSOK 

10:1.5-0PPOHTU !TIES UNLii\IIITED 
\1\TILLIAlVI B. LANE 

ll :00-CAHEER OPPORTUNITIES 
H AROLD E. CALBERT 

Jl:45- TOMir ATIOr S, 1973 

AFTERNOON-MILK SANITATION SECTION 

WINDSOR ROOM 

H :\BOLD E. THo;vrPSON, JR., Presiding 

1:30-DOOH PRIZE DRAWING 

1:35-FLAVOH Ar D SHELF LIFE 
SIDNEY E. BARNARD 

2:15-PASTEURIZATIO OF GRADE A i\if!LK 
AND MILK PRODUCTS BY STEAM I L 

JECTION 
RoGER W. DrcKERSON, JR. 

3: 00-MILK BHEAK 
Regimental Corridor 

3:15-LICONE SYSTEM FOR A IMAL WASTE 
MANAGEMENT 
BERNARD HOFFlVIAl\' 

4: 00-IMPACT OF FEDERAL A D STATE POL
LUTION CONTROL LAWS A TD RECULA
TIOr S ON DAIHY PRODUCTS 

JoHN B. ADAMs. 

AFTERNOON-FOOD AND ENVIRONMENTAL 

SANITATION SECTION 

TUDOR ROOM 

P. J. SKULBORSTAD, Presiding 

1:30-DOOH PRIZE DHAWI G 

1:35- UTRITIONAL LABELl G 
IRA I. So 1ERS 

2:15-lviiCROBIOLOGICAL MONITORING OF 
THE FOOD PROCESS! G PLANT 
D AVID BALDOCK 

3:00-MILK BREAK 
Regimental Corridor 

TUESDAY EVENING, AUGUST 14, 1973 

7:30-9:30-EVENING DISCUSSION GROUPS 

7 :30-FOOD SA ITATION 
State Room 
Joril BRuHK, Moderator 
vERN OK E. COHDELL 
WrLLIA:lvi S. LAGRANGE 
EMlVIANUEL SOMERS 

7:30-MILK: 

.... .. 

Discussion of the 13th edition of Standard 
Methods for the Examination of Dairy Prod-
ucts and needs for changes. 1 
Genesee and Crossroads Room 
HoBERT T. MARSHALL, M odemtors 
ELMER H. M fUUH 
SIDNEY E. BARNM\D 
]'AMES H. MARTIN 
RoBERT \ i\TEIK 

7:30-ENVIH.ONMENTAL SA ITATIO 
Corinthian Room 
SHELBY JOHNSON, Moderato r 
J. D AVID BALDOCK 
JOl-IN TESKE 
DICK B. VVHITEHEAD 

WEDNESDAY, AUGUST 15, 1973 

8:30 A.M.-5:00 P.M.-Registration-North Corridor, 
2nd Floor 

MORNING-GENERAL SESSION 

WINDSOR ROOM 

\ i\1 ALTER F. \ i\TrLSON, P·resident, Presiding 

8:30-DOOR PRIZE DRAWING 

8:35-FILM, CHOLESTEROL STOH.Y 

9:00-ENVIH.O MENTAL HEALTH PH.OGH.AM 
PLA! NING AND IMPLEME TATION 
BAILUS \VALKER, J'R . 

9 :45-MILK BH.EAK 
H.egimental Corridor 

10:00-DOOR PRIZE DRAWING 

10:05-A Tr UAL BUS! TESS MEETING · 
l. H.eport of Executive Secretary 
2. H.eport of Secretary-Treasurer 

~ .. 
I 
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3. Committee Reports 
4. 3-A Symbol Council Reports 

5. Report of Resolutions Committee 

6. Report of Affiliate Council 

7. Old Business 
8. New Business 
9. Election of Officers 

12:00-1:30 P.M.- ew York State Council of Affili

ates Ltmcheon-Grenadier Room 

WEDNESDAY, AUGUST 15, 1973 

AFTERNOON- MILK SANITATION SECTION 

WINDSOR ROOM 

CHARLES G . AsHE, Presiding 

1:30- DOOR PRIZE DRAWING 

1:35-STANDARDS OF IDENTITY FOR FLUID 

MILK AND MILK PRODUCTS 

RoBERT WEIK 

2:15-INHIBITORS IN RAvV AND FINISHED 

MILK PRODUCTS 
JAMES w. MESSER 

3:00-MILK BREAK 
Regimental Corridor 

3:15- SIGNIFICANCE OF SPORES IN MILK 

J AMES H. MARTIN 

4:00-REPORT FROM NATI01 AL CONFERENCE 

ON INTERSTATE MILK SHIPMENTS 

J. C. ScHILLING 

AFTERNOON-ENVIRONMENTAL 

SANITATION SECTION 

STUART ROOM 

0RLOWE M. OsTEN, Presiding 

1:30- DOOR PRIZE DRAWING 

1:35-TRAINING FOR RECOG1 ITIO AND 

EVALUATIO OF TARGET HEALTH 

HAZARDS 
JOHN TF.'>KE 

2:15-A STATE PLAN FOR OSHA 

DICK B. ' iVHITEHEAD 

3:00- MILK BREAK 
Regimental Conidor 

3:15-INSECT CO TROL A D CHEMICAL 

TOXICITY 
JOHN G. MATTHYSSE 

4:00-AGRICULTURAL WASTE i'vlANAGEMENT 

-THE BIG PICTURE 
RAYMO ND C. LOEHR 

W EDNESDAY, AUGUST 15, 1973 

AFTERNOON- FOOD INDUSTRY 

SANITATION SECTION 

TUDOR ROOM 

RICHARD A . LEDFORD, Presidi11g 

1:30-DOOR PRIZE DRAWING 

1:35-ENVIRO MENTAL CO TAl\111 TAl TS IN 

FOODS 
EMMAl\TUEL SmviERS 

2:15-NEW YORK STATE SHELLFISH SANITA

TIO PH.OGRAiVI 
HOBERT B. MACMILLAN" 

3:00-MILK BHEAK 
Hegimental Corridor 

3:15-SOl"vlE THINGS YOU'VE WA TED TO 

KNOW ABOUT FOODBOH IE ILLNESS 

BUT HESITATED TO ASK 

vv. s. LAGRANGE 

4:00-CHARTI TG OF A SAFENESS COUHSE OF 

THE FOOD I DUSTHY 
VERNON CoRDELL 

WEDNESDAY EVENING, AUGUST 15, 1973 

6:00-7:00 P.M.- COCKTAIL HOUH 

StuaTt Hoom 

7:00 P.M.-A 11 UAL AWARDS BANQUET 

vVindsor Hoom 

VV ALTEH F. ·WILSON, President, Presiding 

INVOCATION 

I v At'\' E. pARKIN 

MASTEH OF CEH.Ei\110 IES 

JAMES c. WHITE 

INTHODUCTIONS 

PHESE TTATION OF AWAHDS 

DICK B. ' iVHITEHEAD, Chairman 

1. Past President's Award 

2. Citation Award 

3. Honorary Life Membership 

4. Sanitarians Award 
Sponsored by : Klenzade Products, Inc., Di

vision Economics Laboratories, Pennwalt 

Chemical, Inc., Diversey Corporation, Inc. 

5. Indusb-y and/ or Educator Sanitarian's 

Award 

Sponsored by : Farm Equipment Institute 

INSTALLATION OF OFFICEHS 

E TTEHTAI ME T 
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THURSDAY, AUGUST 16, 1973 

MORNING-GENERAL SESSION 

WINDSOR ROOM 

PAT J. DoLAN, Presiding 

9:00-DOOR PRIZE DRAWING 

9:15-A QUALITY ASSURANCE PROGRAM FOR 

SUPERMARKETS 

iVIARY ELLEN BuRRIS 

10:00-THE PHOSPHATE DILEMMA 

PAUL F. DERR 

10:45-PARALYTIC SHELLFISH POISO i : 

A REPORT OF A T OUTBREAK 

DANIEL A. HUNT 

12:30-EXECUTIVE BOARD :tviEETING 

Board Room 

AFTERNOON 

1:30 P.M.-VISIT TO THE \iVI1 E COUNTRY AND 

TOUR OF \ iVIDi\IIER'S WINE CELLARS, 

INC. 

(Limited to first 250 people who sign up for 

Tour ) 

ENTER TAl NMENT 

MEN AND WOMEN 

MO TDAY, AUGUST 13, 1973 

5:30-6:30 P.lVI.-RECEPTION 

Shwrt Room 

6:30 PJvi.-50TH ANI IVERSARY CELEBRATION 

DINNER 
New York State Association of t-dilk and Food 

Sanitarians 

vVindsor Room 

(All are invited to attend ) 

WEDNESDAY, AUGUST 15, 1973 

LUNCHEON 

12:00-1:30 P.M.-NYSAMFS COU TCIL OF 

AFFILIATES 

Grenadier Room 

6:00-7:00 P.t-.'1.-COCKTAIL HOUR 

Stuart Room 

7:00 P.M.-BANQUET A D ENTERTAINMENT 

·windsor Room 

THURSDAY, AUGUST 16, 1973 

1:30 P.M.-VISIT TO THE WI1 E COU TTRY A D 

TOUR OF WIDMER'S WINE CELLAH.S, 

I I C. 

(Limited to first .2.50 people who sign up for 

Tour ) 

ENTERTAINMENT 

FOR THE LADIES 

( Ladies are invited to attend any of the meeting 

sessions ) 

i\·101 DAY, AUGUST 13, 1973 

Mini-tour of Rochester 

Cheese D emonsb·ation and Tasting Session at 

Hickory Farms Store 

TUESDA~AUGUST1~ 19~ 

Tom of Xerox Building 

Luncheon and Style Show at the Top of the 

Plaza Restaurant 

\VED1 ESDAY, AUGUST 15, 1973 

Continental Breakfast with Speaker from the 

Rochester Chapter of National Organization 

of Women (NOW) 

Executive Room 

LADIES HOSPITALITY ROOM 

t-.'IONDAY-THURSDAY, AUGUST 13-16, 1973 

9:00 A.M.-5:00 P.M.-Executive Room-Main Floor 

NATIONAL MASTITIS COUNCIL 

1973 REGIONAL MEETING 

MONDAY, AUGUST 13, 1973 

FLAGSHIP-ROCHESTER, ROCHESTER, NEW YORK 

TUDOR ROOM 

PROGRAM 

M onclay morning 

9:00-GREETI TGS FROM MC PRESIDENT 

HARVEY J. \illrLHELM 

9:10-REPORT ON DAIRYMAN'S BULLETI1 

NMC 
JOHN H . 1 ICOLAI, Jn. 

9 :30-ECO TOMICS OF MASTITIS CONTROL 

GLEN H . SCHMIDT, PH.D. 

10:15-BREAK 

10:30-EVALUATI G A NEW MASTITIS 

TREATME T 

GEORGE J. CHRISTIE, DVM 

, , 

, 
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11:15-\i'lHAT RESEARCH TELLS THE DAIRY- DICKERSON, RoGER W., JR.-Chief, Food Engineering 
MAN ABOUT MASTITIS Branch, Food and Drug Adminish·ation, Cincin-
vV. NELSON PHILPOT, PH.D . nati, Ohio 

12:00-BREAK 

1:30-IMMUNIZATION AS A COr TROL PROCE
DURE FOR MASTITIS 
NEIL L. NoRCRoss, PH.D. 

2:1.'5-WI-IAT MILKING MACHINE RESEAHCH 
TELLS US ABOUT THE FUTURE 
H. L. APPLEBY 

3:00-BREAK 

3:15-COLIFORlVI !viASTITIS - F H. 0 !vi A HE
SEARCH POINT OF VIEvV 
R. J. EBERHART, DVM, PH.D. 

:3:45-COLIFOR~I'l MASTITIS - FROM A CLINI-
CIAN'S POINT OF VIEW 
R. B. HILLMAN, DVi\II 

4 :15-TI-IE DAIRYMAN"S VIEWPOINT 
to be announced 

PROGRAM PARTICIPANTS 

ADAMS, JoHN B.-Director, Environmental and Con
sumer Affairs, National Milk Producers Feder
ation, Washington, D. C. 

AsHE, CHARLES G.-Dish·ict Sales Manager, The Ken
dall Co. , Fayetteville, New York 

BAKER, RoBERT C.-Director, Institut ~ of Food Science 
and Marketing, Cornell University, Ithaca, few 
York 

f BALDOCK, J. DAvm-DeparbDent of Food Science ;mel 
Technology, Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia 

BAnNARD, SIDNEY E.-Extension Dairy Specialist, Penn
sylvania State University, University Park, Penn
sylvania 

BRUHN, JoHN C.-Extension Food Teclmologist, Uni
versity of California, Davis, California 

Bunms, i\ 'IARY ELLEK-Director of Consumers Affairs, 
\Vegman Food M~rkets, Rochester, New York 

CALBERT, HAROLD E.-Chairman, Food Science De
partment, Univnsity of \i'/isconsin, Madison, \Vis
consin 

CcmDELL, VERNON E.-Director, Public Health, Safety, 
' and Research Division, National Restaurant Asso

ciation, Chicago, Illinois 

D EHR, P.-\UL F.-Research and Development, F.M.C. 
.Corporation, Princeton, New Jersey 

DoLA , PAT J.-Regional Administrator, Bureau of 
Dairy Service, California Department of Agri
culture, Sacramento, California 

HoFFl\IAl\'", BEn"'AHD-Director of Research, DeLaval 
Separator Co. , Poughkeepsie, New York 

HuKT, DANIEL A.-Director, Shellfish Sanitation, Food 
and Drug Administration, vVashington, D. C. 

JoHNSON, SHELBY-Director, Environmental Services 
Program, Kentucky State Deparh11ent of Health, 
Frankfort, Kentucky 

LAGRANGE, \VILLIAM S.-Extension Food Technolo
gist, Iowa State University, Ames, Iowa 

LA:--.rE, '"' JLLIAM B.-Plant Manager, Crowley Foods, 
Inc., Arkport, New York 

LEDFORD, RICHARD A.-Chairman, Department of Food 
Science, Cornell University, Ithaca, ew York 

LoEHR, RAYMOND C.-Director of Environmental Stud
ies, New York State College of Agriculture and 
Life Sciences, Cornell University, Ithaca, New 
York 

i\'lAcMILLA1 , RoBERT B.-" ew York State Environ
mental Conservation D epartment, Stony Brook, 
New York 

MARSHALL, RoBERT T.-Deparb11ent of Food Science 
and lub·ition, University of Missouri, Columbia, 
Missouri 

MARTI-I, ELMER H.-Depmtment of Food Science, 
University of \Visconsin, Madison, vVisconsin 

MARTIN, JAMES H.-Professor and Head, Dairy Sci
ence Department, South Dakota State Univer
sity, Brookings, South Dakota 

i\'!ATTI-IYSSE, JoHN G.-Depaliment of Entomology, 
Cornell University, Ithaca, lew York 

MESSER, JAMES W.-Microbiologist, Laboratory 
Branch, Food and Drug Administration, Cincin
nati , Ohio 

OsTEN, OnLOWE M.-Director, Dairy Industries Di
vision, Minnesota Deparh11ent of Agriculture, St. 
Paul, Minnesota 

PARKIN, IvAN E.-Retired, \Vestbrook, Connecticut 

RoBINSON, \VILLARD B.-Chairman, Department of 
Food Science and Teclmology, New York State 
Agriculh1ral Experiment Station, Cornell Uni
versity, Geneva, New York 

ScHILLING, JoHN C.-St. Louis Health Division, St. 
Louis, Missouri 
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SKULBORSTAD, P. J.- Vice President, Sales and Market
ing, Babson Brothers Co., Oak Brook, Illinois 

Environmental Health Adminish·ation, Washing
ton, D . C. 

SoMERS, EMMANUEL-Director, Food Research Lab
oratories, Dept. of National Health & W elfare, 
Tunney's Pasture, Ottawa, Ontario, Canada 

WEIK, RoBERT-Dairy, Fats and Oil Branch, Food 
and Drug Administration, Washington, D. G· 

WHITE, JAJ\-IES C.-School of Hotel Administration, 
Cornell University, Ithaca, New York 

SoMEHS, IRA I.-Executive Vice President, National 
Canners Association, Washington, D. C. WHITEHEAD, DicK B.-Director, Occupational Safety 

and Health, Mississippi . State Board of Health, 
Jackson, Mississippi TESKE, }Ol-IN-OSHA Training Institute, U. S. Depart

ment of Labor, Rosemont, Illinois 

THOMPSON, HAHOLD E., Jn.-U. S. Public Health Serv
ice, Food and Drug Adminish·ation, Washington, 
D. C. 

"\iVILSON, vV ALTER F.-Environmental Management De
puty, Los Angeles County Department of Health, 
Los Angeles, California 

Vi1 ALKEH, BAILUS, JR.-Director, District of Columbia 
vVmcHT, EARL 0 .-Extension Food Technologist, Iowa 

State University, Ames, Iowa 

AFFILIATES OF 

International Assn. of Milk, Food & Environmental Sanitarians 

AssociATED ILLINOIS MILK, FooD, AND 
E NVillONMENTAL SANITARIANS 

P1·es., Don King ________ Melrose Park 

P-res. -Elect, H arold McAvoy --------
- ----- -- -- - - - --- - ---- Springfield 

First V-ice-Pres ., vVarren H ewes - ---- 
-------------- -- -- - - - -- Chicago 

Second Vice-P.res. , George Muck -- --- 
- - - -- -- - -- - ----------- Rockford 

Sec'y-T1·eas., Robert Coe, 
Rt. 1, Box 149A, Hinckley 60520 

Sgt . at A rms, Lewis Schultz ____ Aurora 

CALIFORNIA ASSOCIATION OF DAmY AND 
MILK SANITARIANS 

Pres., Pat. J. Dolan ______ __ Sacramento 

First V ice-Pres., Ron McLaughlin --- -
- - -- - --- - ---- - ---- - - - - -- F resno 

Second Vice-Pres., Hugh H . Bement - 
- - -- - - -- -- --·-- - ----- La 1\lfirada 

Sec'u. -Treas., Fred I. Robins, 1351-24th 
Ave., San Francisco, Ca. 94122 

Past Pres., Jat:k S. Gould __ Los Angeles 

CONNECTICUT AsSOCIATION OF 
DAmY AND Foo" SANITARIANS 

!'res., Lester Hankin _____ _ New Haven 

Vice Pres., vVilliam Ullm ann _Hartford 
Sec'u., Rich ard M. Parry, D ept. of Agric. 

State Office Bldg. __ ____ Hartford 
'J'rem. , Henry \ Vilson, D ept. of Agric., 

State Office Bldg. ____ __ Hartford 
Asst. T reas., Carl Jekanouski __ Hartforc1 
Board of Go vernors : 

E. Kell arson _____ _ vVarehouse P t. 
vV. Ullm ann ______ __ E ast Hartford 

F. Davis -- --- --- - ----- --------
T. Burkhard __ ____ ____ Trumbull 
K. Crane __ _____ ______ Bridgeport 
P . . Vozzola - --- -----W est Granby 
Joseph Carlson ---------------
\¥alter Dilhnan ------ - ---------
G. Van\iVormer ____ __ __ Simsbury 

FLORIDA AssociATION OF MILK AND 
FooD SANITAIUANs 

Pres., Dan Horne __ _ \¥est Palm Beach 

Sec'y .-Treas ., Jay Boosinger 1340 Linda 
Ann Dr. __ Tallah assee, Fla. 32301 

Board of Di-rectors: 
Dan Horne ___ _ W est Palm Beach 
J . F. Beatty _______ __ Jacksonville 
Victor N . Yeager __ ___ Jacksonville 
John L. Miller _______ ___ Orlando 
John Manning ----- - - - -~Miramar 
Jay B. Boosinger _____ Tallahassee 
Richard Jolley -- - - ----Tallahassee 
John L. Tredway ____ __ ___ Miami 

IDAHO E NVillONMENTAL 
H EALTH AssociATION 

PTes., Stephan E. Bastian ____ Preston 
V ice-Pres., H arold R. Hyer ____ Boise 
Sec' y-Tm as., H arry F urgeson, 

15 orth 6th St., Pocatello, Idaho 
83201 

I NDIANA AssociATJON oF 
SANITARIANS 

Pres., Pa ul McBride _____ __ ___ Bedford 

P·res.- Elect, Lloyd Grannan _Indianapolis 
First V ice-P·res., Paul Welch - - ------

- --- ----- -- - -- ----- Terre Haute 
Second V ice-P-res., Tom Atkinson ____ _ 

- - - ---- - ------------- Richmond 
Senio1· Past-PTes., Joe Mcintosh _____ _ 

- - - -- - -- ---- -- -- - -- Indianapolis 
Jun ior Past-PTes. , Robert Jump ------ -

-- - - -- - -- _______ __ _ Indianapolis 
Secretaru, Paul Meyers ____ Indianapolis 
Treasurer, Gene Kelso ____ V/ashington 
i\uditors : 

Richard Harlow ________ Lafayette 
Charles Scull ____ __ _____ _ Muncie 

JAM FES Chairman, James Harton ___ _ 
---- - ----- - ___ -- --- Indianapolis 

IowA AssociATION OF MILK, FooD AND 
E NVJRONl\•IENTAL SANITARIANS, INC. 

P-res., Alvin Grey ______ Marshalltown 
Pres.-Elect, Glenn Cavin __ Cedar F alls 
First V ice Pres., R. H . Wilke_Dubuque 
Second V ice Pres., John Hallback ___ _ 

----------- -- - ----- Cedar F alls 
Sec' rJ .-Treas., H. E. Hansen, State Hea:lth 

Dept., Robert Lucas Bldg., Des 
Moines, Ia. 50319 

Faculty Advisors: 
Earl 0. Wright ____________ Ames 
W. S. LaGrange _______ ____ Ames 

Past Pres., Farris Biggart _Cedar Rapids 

KANSAS AssoCIATION OF 
ENVIRONMENT A LISTS 

Pres., 0 . L. Honomuchl - - ----Wichita 
First V ·ice-Pres., George Garrison __ __ _ _ 

------- - ------- - - - -- - - -- Topeka 
Second Vice-P-res., Jack Milburn --- -- 
Secreta-ry-Treas., John J. Austermiller, 

800 Polk, Apt. 20, Topeka, Kansas 
66612 

KENTUCKY AssoCIATION OF lvlrLK, Fooo 
AND ENvmoNMENTAL SANITARIANs, INc. 

Pres., Dudley J . Conner _____ Frankfort 

Past Pres., Donald L. Colgan - - - - - -- -
-- - --- - - - ---- -- - -- Flemingsberg 

Pres-Elect, James C. Hartley _Lexington 
V ice-Pres., Bruce K. Lane __ _ Louisville 

Secretary-Treas., Leon Townsend, 110 
Tecumse T r a i 1, Frankfort, Ky. 
40601 

Directo-rs: 
Max W eaver, W. Region __ Murray 
Doug Perkins, M.W. Region ____ _ _ 
-- -------------- ------- Glasgow 
Hubert D . Edds __ ___ ___ Callloun 

Don Eckler, N.C. Region ------
--- ---- - - - ------ ----- Carrollton 
A. P. Bell, N.C. Region --------
------ ------------ --- Louisville 
Floyd Gritton _______ ___ Owenton 
Paul ' D evine ________ Harrodsburg 
L. E. Mayhugh, S.C. Region ___ _ 
- - - - -------- - - - -- Campbellsburg 
Tom Forde, E. Region __ Newport 
\Villiam L. Stephenson ____ Union 

MICHIGAN ENVillONMENTAL 
HEALTH AssociATION 

Past Pms., Jack Mason _____ _ Whitehall 
Pt·es., James H . Shifflet __ Grand Rapids 

, 

.. 
I 
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P.res.,-Elect, Raymond .tv!. Jurczyk 
------------------- - East Tawas 

Secretary, Theodore J. Kilm er, Oakland 
Co. H ealth Dept. 1200 T_ T ele
graph Rd., Pontiac, Mich. 48053 

Treas., Richard E . Vincent ____ Pontiac 
Board of D·irectors: 

Milton Stanton ______ Traverse City 
Philip Kirlnvood ____ Battle Creek 
Oscar B. Boyer ____ ____ __ Pontiac 
James Akers ____________ Monroe 
James P. Robertson __ Grand Rapids 
K. Durwood Zank __ ____ Charlotte 

Nh NNESOTA SANITARIANS AssociATION 
Sec'y.-Treas., Dr. Vern Packard, Food 

Sc. & Indust. , Univ. Minn ., St. 
Paul, Minn. 55101 

( No Up-To-Date List Available) 

il'lrssrssrPPr AssoCIATION oF SANITAHIANS 
Sec'u.-Treas., Jimmy vV. Bray, 202 N. 

Robinson St. , Senatofia, Miss. 38668 
(No Up-To-Date List Available) 

i'vhssoum AssoCIATION OF MILK 
AND FOOD SANITAIUANS 

P·res., Harold Bengsch _____ Springfield 
F-irst Vice-PTes., Gerald Bums ______ _ 

____________ __ _____ _ Kansas City 
Seconcl V·ice-Pms., Mike Sanford ___ _ _ 

--------- -- -- ------- - Columbia 

Nmv YanK AssociATION OF MILK AND 
FooD SANITAIUANS 

Pms., Charles Asl~e __ _____ Fayetteville 
Pres.-Elect, David K. Bandler __ Ithaca 
Past Pres., Joseph F. Tiernan -- - -----

------------------ White Plains 
Sec'u.-Tt·eas. , H. .1:'. March, lHl Stocking 

Hall, Cornell Univ., Ithaca, N. Y. 
t:~·ecutive Hoard: 

John G. Burke --------Watertown 
Maurice Guerrette ________ Albany 
Donald A. Brownell __ Binghamton 

ONTAI\10 AssOCIATION OF j\o1JLK AND 

FooD SANITAHIANs 
Sec'y.-Treas ., George Hazelwood, Eto

bicoke H ealth Unit, 550 Burnham
thorpe Rd. , Etobicoke, Ontario, Can
ada 

(No Up-To-Date List Available) 

OREGON AssOCIATION OF MILK AND 
Fooo SANITARIANS 

Pres., Mark Prescott _______ Clackamas 
Vice-Pres., Loren Edltmd __ ____ _ Salem 
Sec'y.-Treas. , Alvin E. Tesdal, 5155 -

7th Ave. , N. E. , Salem, Oregon 
97303 

Dh·ectors: 
Tom Bailey --- --~----Cloverdale 
Virgil Sin1mons ___________ Salem 
Gleim Briody __________ Portland 
Donald Raistakka _______ Portland 
Don Anderson ----------Estacada 

Auditors: 
Jim Black ___ _____ __ ___ Tillamook 
Ralph Cook --------------Tigard 

PENNSYLVANIA DAIHY SANITARIANS 
AssociATION 

Pres.; John R eid _____ ___________ Erie 

AFFILIATES OF IAMFES 

Pres.-Elect, Bernard E. Hinish ___ _ 
_____ -------- __ ____ _ Currysville 

Vice-Pres., John Boore __ ____ Grantville 
Past Pres ., Raymond Gelwicks _Lah·obe 
Sec'u-Tt·eas., Gerald Schick, _____ __ _ 

______ R. R. 2. Latrobe. Pa. 15650 
Association f~duiso rs : Sidne)' Barnard , 

Stephen Spencer, Dr. Samuel Cuss, 
Penn. State Univ. 

Executive Committees Association Offi
cers and appointed representatives 
of regional associat ions. 

RocKY MouNTAIN AssociATION OF MILK, 
Foon AND E NVIRONMENTAL SANITARIANS 

P·res., John Nussbaumer ____ __ D enver 
PTes.-Elect . D arrell Deane ----------

- --------------- Laramie, 'vVyo. 
Sec'y .-T1·eas., Frank Yatckoske, 3150 

\Vest 25th Avenue, Denver, Colo
rado 80211 

Directors : 
H elen Hovers __ _____ ____ Aurora 
Carl Yeager __________ Longmont 

SOUTH D AKOTA ASSOCIATION 
OF SANITARIAKS 

PTes., Robert W em1ers __ __ Rapid City 
Vice-Pres., Ed Michalewicz __ Brookings 
Sec'u.-Treas., Howard Hutchings, Div. 

San. Eng. State D ept. H ealth , Pierre, 
S. D. 57501 

Directors : 
Wayne Balsma _____ ___ _ Mitchell 
Casper Twiss _____ ___ Pine Ridge 
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VIRGINLo\ ASSOCIATION OF SANITARIANS 
AND DAIRY FIELDMAN 

P-res., J. 0. Gunter __________ Evington 
FiTst Vice-P·res., J. C. Bussey __ _____ _ 
Second Vice-Pres., M. R. Cooper __ _ _ 

- ----- --- ---------- -- Broadway 
Past PTes., V. M. Yeary _______ Marion 
Intem ational Rep. , J . G. Hampton ___ _ 

------------ - ------------ Galax 
Sec'y-Tm as., Vir. H. Gill, 6702 Van 

Buren Ave. , Richmond, Va. 23226 

\VASHINGTON AssociATION OF 
MILK SANIT.-\1\TANS 

Pres., Jack Salvadalena _______ Everett 
Pms.-Elect, Jas. L. Shoemake __ Pullman 
Sec'y.-TTeas. , Ray Carson , 2505 So. Mc-

Cl ellan St. , Seattle, Wn. 98144 
Past Pres., Robert Bishop ______ Seattle 
Directors : 

!'vlartin J. Schuriger __ ___ {)lympia 
Bob Ratfielcl __ _________ _ Seattle 
Joe Suiter ' --- ---- --- -- - -Yakima 
Steve Travis ___ _________ Spokane 
Frank L ewis ____ ___ ___ _ Spokane 

\•VISCONSIN AssOCIATION OF MILK AND 
FooD SANITARIANS 

Pres ., John G. Coll er -- --- --Waukesha 
Pres. -Elect .. \Vard K. Peterson -----

- - - --~-- ---- ---- -- -- Milwaukee 
Sec'y .-Treas., L. vVayne Brown , 4702 

Univ. Ave., ~vl ad ison , vVis. 53705 
Past Pres., Douglas R. Braatz _Shawano 
Directors: 

Elm er H. Marth ______ Madison 
Clifford Mack _____ Prairie du Sac 

Proletl Her VlitA TAe Betti 

This 21h lb. FLYS-OFF Aerosol gives the 
fly-killing power of 17 gallons of oil base 
spray .. . and without the oil. 
134 million fly-killing particles released 
each second. 
3 seconds (2¢) treats a standard milk 
house; 8 seconds (5¢) a regular size milk
ing parlor. 
Meets today's requirements for use in milk 
house, milking parlor and on producing 
animals. 

GUARANTEED BETTER DR IT'S FREE! 

Ask your supplier for FLYS-OFF today! 
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VIRGINIA ASSOCIATION OF SANITARIANS 

AND DAIRY FIELDMAN 
OFFICERS ELECTED AT MARCH, 6, 7, 8 

ANNUAL MEETING 

Pres., J. 0 . Gunter ; 2nd Vice-Pres., M. R. Cooper ; l st 
Vice-Pres ., J. C. Bussey; International Representative, J. C. 
Hampton ; Sec'y.-Treas., W. H. Gill. 

ROCKY MOUNTAIN CONFERENCE 
ON FOOD SAFETY 

The reorganization of the Rocky Mountain Associa
tion of Milk, Food and Environmental Sanitarians 
Association got off to an excellent beginning in co
operating with Rocky Mow1tain Chapter, Institute 
of Food Technology; Colorado Dairy Technology 
Society; The University of 'i\' yoming, College of Agri
culhu·e, Division of Animal Sciences; Colorado State 
University, College of Agriculhu·e, D epartment of 
Animal Sciences and Program in Food Technology 
in the Rocky Mountain Conference on Food Safety 
April 19 and 20 at Colorado State University, Ft. 
Collins. 

The attendance was good in spite of a bad snow 
storm which prevented attendance by many from 
'Vyoming. The tone of an excellent meeting was 
set by the key note address of Norman Myrick, Di
rector of Public Relations, Single Service Division, 
International Paper Company, New York. His sub
ject was, "Facts of Life." 

Other excellent topics presented were : The Micm
bial Facts of Life, Oliver W . Kaufmann, Food and 
Drug Adminisb·ation, Cincinnati, Ohio; Milk Section: 
Safety and Quality of Milk from Cow to the Con
sumer-A panel discussion; Coordination of personnel 
efforts in Milk Sanitation and Safety to Consumer
A panel discussion ; Food Section: Safety and Quality 
Control of Meat for the Consumer-A panel discus-

sion; General Session April 20; Cooperation Between 
Regulatory Agencies and Food Processors: Walt~r F. 
''Vilson, (President of International Association of 
~·!ilk, Food and Environmental Sanitarians, Inc. ) En
vironmental Management Deputy, Dept. of Health 
Service, Los Angeles, Calif.; Panel Discussion: Inter
faces within the Food Industry; Douglas McCluskie, 
Director Environmental Health, Denver Dept. of 
Health ; H. L. Thomasson, Exec. Sec'y., Mg. Ed. , 
IAMFES, Inc.; Hyman S. Fischbach, Consultant, 
'iVyoming-Colorado Restaurant Assoc. 

Additional topics at general session were: Over
view of Food Product Hazards: Pesticides, Additives, 
Toxins, Pathogens; K. G. Weckel, Professor, U. of 
'Vis. , Dept. of Food Science and Thaddeus F . Mi
dura, Research Microbiologist, State of Calif., Dept. 
of Public Health, Berkeley, Calif. A special luncheon , 
was presided over by John M. Nussbaumer, City
County of Denver Dept. of Health and Frank Yat
choske, Dairy Section, Colorado State Dept. of Agri
cultme. John, President and Frank, Sec'y.-Treas. of 
the Rocky Mountain Association presented Walter 
Wilson, H. L. Thomasson and K. G. 'i\Teckel who dis
cussed history, services and objectives of IAMFES, 
Inc. 

The final session was: Milk Sanitation Surveys: 
Why? Where? How? participated in by Don K. 
Summers, Regional Milk & Food Consultant, FDA, 
PHS, Denver; Jolm Bagholt, Div. of Food and Drug, 
Colm·ado State Dept. of Health, Denver; Laurence 
Hertske, Hertske Brothers Dairy, Greeley; Francis 
Gregarson, Longmont; and Arden ·wolfe, Sinton 
Dairy, Colorado Springs . 

NEW 3-A STANDARD 
IS BREAK-THROUGH 

Approval of a new 3-A standard with particular 
application to the processing of viscous products was 
among the major actions taken by the 3-A Sanitary 
Standm·ds Committees' spring meeting at St. Paul 
April 10-12. 

The new standard is for scraped smface heat ex
changers, and is the third document written for the 
heating process. Eru·lier standru·ds had dealt with 
the traditional plate heat and tubular exchangers. 

Adoption of the standard "offers a substantial 
break-through for thermally processing of foods sub
ject to great pressure drops during processing," said 
Don Williams, secretary of the 3-A committees. 

In other actions an amendment to the 3-A storage 
tank standru·d, which adds new criteria for insulation 

, , 
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and agitation, was also adopted. "These criteria pro
vide new flexibility for bulkheaded installation," add
ed Williams. 

Both the storage tank amendment and heat ex
changer standard will be prepared for signing and 
publication following editorial polishing of the final 
drafts. Publication is scheduled for late 1973. 

In addition, the first complete overhaul in more 
than 10 years of the fann milk cooling tank stand
ard and first in 23 years for the ins:trwnent fittings 
standard were reviewed by the committees. The 
revisions , when finally adopted, would update the 
standards with respect to format, materials defini
tions and new fabricating teclmology, as well as 
making documents more compact, convenient and 
sophisticated. 

Considerable discussion was given to the inclusion 
in 3-A standards of criteria necessary for equipment 
to be used in aseptic processing systems sterilized 
by heat and operated at temperatme of 250° F or 
higher. The committees explored the inh·ioacies of 
inclusion of such criteria in the standards program. 

The committees also reviewed an amendment to the 
standards for silo tanks, revision of published 3-A 
standards for pumps, fillers and sealers of single
service oontaine;r:s, and a new standard for uninsulated 
tanks. 

The 3-A program for dairy equipment is the result 
of cooperation among daily processors, the users of 
equipment; dairy indush·ial suppliers and equippers, 
the manufacturers and sellers of dairy equipment; 
and public health officials and sanitarians, the regu
latory officials under whose jurisdiction the equip
ment is installed and used. 

Voluntarily supported by the national h·ade asso
ciations in the dairy processing indush·y, the pro
gram has resulted in the adoption of a total of 32 
Standards and Practices for dairy equipment. Equip
ment complying with the standards may carry the 
3-A Symbol, provided its manufactmer received au
thorization to do so from the 3-A Symbol Cow1cil . 

Generally speaking, ·the 3-A Standards and Prac
tices are acceptable in public health jmisdictions in 
nearly every town, city and state in the U. S. The 
3-A Sanitary Standards and Practices are cited in 
the recommended Grade "A" Pastemized Milk Or
dinance of the U. S. Public Health Service. 

INTERSOCIETY COUNCIL TO DEVELOP 
NEW EDITION OF STANDARD METHODS 

. . An Intersociety Council has been organized to de
velop the 14th edition of Stardard Methods for the 
Examination of Dairy Products. This widely distri-

buted and well recognized book on laboratory meth
ods serves indush'ial, regulatory, and research work
ers concerned with milk and milk products. Many 
methods detailed in the book also have been used to 
test numerous other food products. 

The Intersociety Council is headed by Dr. Elmer 
H. Marth, Professor of Food Science and Bacteriology, 
Deparh11ent of Food Science, University of \ iViscon
sin, Madison. Other members of the Council and the 
organizations they represent are as follows : Dr. vVar
ren S. Clark, Jr. , American Dry i\tlilk Institute, Chi
cago (representative of Indusb:y); Dr. Jim L . Dizikes, 
Chemist-In-Charge, Dairy Division Laboratory, U. S. 
Deparhnent of Agriculture, Chicago (representa-tive 
of U. S. D. A.); Dr. Willian1 J. Hausler, Jr. , Director, 
State Laboratory o.f Hygiene, · University of Iowa, 
Iowa City (representative of the American Public 
Health Association and editm· of the 13th edition of 
Standard Methods); Dr. Robert T. Marshall, Pro
fessor of Food Science and 1 uh·ition, University of 
Ivlissouri, Columbia (representative of the Internation
al Association of Milk, Food, and Envir01m1ental Sani
tarians ); Dr. Don \ V. Mather, Ma11ager, Dail·y Prod
ucts Laboratory, Research and Development Division, 
Kraftco C011)oration, Glenview, Illinois (representa
tive of Industry); Dr. George W. Reinbold, Professor 
of Dairy Microbiology, Iowa State University, Ames 
(representative of Academia ); Dr. Gary H. Richard
son, Professor of Tuh'ition and Food Sciences, Utah 
State University, Logan ( representative of the Ameri
can Dairy Science Association); and Dr. Vl illiam Vll. 
Ullmann, Director of the Laboratory Division, Con
necticut Dep arhnent of H ealth, H artford (representa
tive of the Association of State and Tenitorial Public 
Health Laboratm·y Directors ) . 

Activities of the Council, which include sponsor
ship o.f some sh1dies needed to improve methods de
scribed in Standard Methods, are funded through 
a conh·act bet\veen the Americ~m Public Health Asso
ciation and the Food and Drug AdmiDish·ation. The 
Project Director is Dr. Howard L . Bodily, Staff Asso
ciate for Laboratory Programs, American Public 
Health Association, Midway, Utah, and the Project 
Officc: r is Dr. Ralston B. Read, Ji· ., Deputy Director, 
Division of Miorobiology, Food and Drug Adminish·a
tion, Washington, D. C. 

The Council is now identiflying changes needed 
in the book to update the 14th edition and to make it 
more useful to laboratory worke,rs . Committees to 
revise the chapters and appendices are also being 
developed. 

Anyone vvho is familiar with the 13th edition of 
Standard Methods and who has suggestions for im
provement of the book is invited to communicate 
with the Chairman or any member of the Council. 
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TRI-CLOVER GOLD VALVE PRESENTED 
TO THE KROGER CO. 

:'!I 

Accepting the gold plated valve from R. L. Nissen (right) 

General Sales Manager, Tri-Clover Division, are Ronald Hice 

(middle) Manager of the new Kroger dairy products plant 

in Indianapolis and Vililliam Siffenniller, l\<fanager of pro

duction and plant engineering for the Kroger Co. 

Ladish Co., Tri-Clover Division mru:ked its 50,000th 

Air-Ach1ated Valve with an unique piece of indus

trial sculpture-a 24 kt. gold valve now on display at 

the Kroger Co.'s new Indiru1apolis, Indiana dairy 

products processing plru1t. 
According to R. L. Nissen, Ladish Co., Tri-Clover 

Division's General Sales 11Iru1ager, the gold valve 

serves " . .. to emphasize the increased use of auto

mated process flow control ru1d cleaning systems by 

pr'Jce·ssors in order to meet the almost impossible de

mands being placed on them by ru1 expanding economy 

and population." 
The first sanitru-y air-actuated valve was installed 

by Tri-Clover in 1958, the 15,000th in 1965, the 

50,000th last October with more thru1 6,700 being 

prduced since then. The gold valve, though oper

able, will not be put on strerun at Kroger where it 

was one of 345 Tri-Flo Valves specified for use in 

the Indianapolis plru1t. 
Economics Laboratory, Inc., Equipment-Engineer

ing Division, Beloit, Wisconsin, had the responsibility 

for the design and installation of the process flow 

control and cleru1ing system. 

REPORT OF THE BAKING INDUSTRY 
EQUIPMENT COMMITTEE, 1971-1972 

This committee had two meetings with the Baking In

dustry Sanitation Standard Committee ( BISSC) since our 

repo1t last year. The Fall meeting was h eld in Miami Beach, 

Florida. At this meeting Paul Laughlin, Director of Sani

tation for the National Biscuit Company was elected Chair

man of BISSC. 'fr. Laughlin succeeds Phillip Winters of 

the Kroger Company who was Chainnan of BISSC for the 

last 10 years. It was decided to revise and update all pub

lished bakery standards including BISSC Basic Criteria. This 

revision is actively being pursued and will continue until all 

standards have been revised. This continuous revision is 

necessary because of th e rapid strides being made in in1prov,ed 

bakery equipmen t. · 

The Spring meeting was held in Chicago, Illinois and 

three standards, Conveyors, Donut Equipment, and Electric 

lvlotors and Accessory Equipm ent were approved as revised. 

Revisions of the Basic Criteria, Casters and Mechanical Ovens 

Standard were preliminary accepted, 
To date 34 bakery standards have been approved and pub

lished. These bakery standards are available without charge 

to members of this Associa tion by writing to the Executive 

Secretary of BISSC, 52l-5tl1 Ave., N.Y., N.Y. 10017. 

This Committee believes that conversion to the metric 

system is making rapid strides. This committee is therefore 

recommending to BISSC that all standards published in the 

futme show the metric equivalent of any dimensions given 

in inches or feet. The Committee also requests tllat sani

tarians everywhere acquaint themselves with BISSC Standards 

and the availability of bakery equipment manufactured to 

BISSC Standards. 
Vincent T. Foley, Cha'innan, City Health Department, 21st 1 

Floor City Hall , Kansas City, Missouri 64106. 
Louis A. King, Jr., American Institute of Baking, 400 East 

Ontario, Chicago, Illinois 60611. 
Harold \Vainess, \'Vainess and Associates, 510 Torth Dear

born Street, Chicago, Illinois 60610. 
A. E. Abrahamson, City H eal th Deparunent, 125 Vlorth 

Street, New York, New York. 
Fred Vitale, Continental Baking Company, Inc., P . 0. Box 

731, Rye, New York 10580. 

REPORT OF THE COMMITTEE 
ON SANITARY PROCEDURES, 1971-1972 

The Committee on Sanitary Procedures of tl1e International 

Association of Milk, Food, and Environmental Sanitarians is 

one of the outstanding examples of work which IAMFES has 

done throughout tl1e years together with tl1e regulatory agen

cies, namely tl1e Public H ealth Service (now PHS/ FDA), 

and the trade associations on the 3-A Standm·ds Committees 

to develop equipment standards for fabrication of dairy equip

ment. So much progress has been made in this field that 

other food industries are now looking to the 3-A Standards 

Committees for guidance and also, in some instances, full 

participation in promulgating standards for that particular 

industr-y. 
Throughout the years many outstanding members of 

IAMFES have served on the Committee on Sanitary Pro

cedures as working members and also as chainnen. \•Ve have 

been particularly fortunate in having outstanding men who 

have given willingly of their time to participate in develop

ment of fabrication standards for dairy equipment . These 

men have conh·ibuted knowledge which they gained tl1rough 

many years of experience in the dairy field. 
Dming the past 2 years the Committee on Sanitary Proced

ures has undergone some changes in membership and also in 

chairmanship. \ 'Ve have had such outstanding chainnen as 

C. A. Abele who probably was one of tlle most outstanding 

sm1itarians insofar as years of service and who gave many 

years of his life to· the work of CSP. Mr. Abele was then 

followed by an outstanding chaim1an, D. B. \ 'Vhitehead, who 

contr·ibuted tremendously in a short time. It was rather 

unfortunate that Mr. Whitehead went into another area 6f 

work which certainly is a challenge · to hhn and one in which 

, , 
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he will gain tremendous stature but, unfortunately for CSP, 
he could not continue as chaim1an of the committee. Mr. 
Whitehead and the president of IAMFES, Mr. Orlowe Osten, 
asked me to take over the chairmanship of the committee for 
a period so we might reorganize and make some changes in 
membership of the commit!l:ee. I have agreed to do this and 
with the cooperation of the president and Mr. ' Vhitehead, 
who at this point has agreed to serve as vice-chairman of tl1e 
committee, we will proceed in that direction. 

At a meeting of CSP at Atlanta, Georgia a year ago, tl1e 
committee made certain recommendations which we have 
passed on to the president of IAMFES. One of them was 
that the CSP be broadened to bring in new individuals who 
have a broad background not only in milk sanitation but in 
the entire food field. As you know, other food processing in
dustries have approached 3-A for standards for their equip
ment. 

In the coming year as chainnan of CSP I intend to follow 
through on this recommendation. To do so I will need tl1e 
help of the secretary of your affiliate to es tablish a reservoir of 
manpower that we can draw from in making our recommenda
tions to the president of IAMFES in increasing the member
ship of the Committee. This will also be helpful when vacan
cies occur so that we can immediately make recommenda
tions for replacements. 

We would like your wholehearted cooperation in submit
ting to us names of outstanding members in your affiliate 
who have a broad background in tl1e area of milk and food 
and we would like to have it evenly divided between repre
sentatives of official agencies such as health departments, 
state or local, and state departments of agriculture. We 
were wondering if you could give us a short resume on tl1e 
background of each individual. We will tl1en contact tl1em with 
an invitation to serve on the Committee on Sanitary Proced
ures. 

Would it be asking too much if you would give us your 
recommendations by October 1 so that we then can make our 
recommendations to the new president of IAMFES who has 
the authority to make the appointment. As chairman of 
CSP I am only in a position of making recommendations to 
the president. 

When you are sending the suggested names, please remem
ber that all members whom you recommend may not be 
selected because we will have to keep in mind that we have 
geographical areas that should be represented . We believe 
that any member whom you recommend should feel honored 
to be recommended to serve on this very important commit
tee. I will be eagerly awaiting your reply. 

C. K. L ucHTERHAND, Chairman 
P. 0 . Box 309, Madison, Wis. 53701 

THE PENNSYLVANIA STATE UNIVERSITY 
COLLEGE OF AGRICULTURE 

31st Annual Dairy Fieldmen's Conference 
June 12 and 13, 1973 

The annual Dairy Fieldmen's Conference is going to be 
held at The Pennsylvania State University on }w1e 12 and 13, 
1973. All meetings will be held in the auditdrium of the 
J. Orvis Keller Building, and the banquet will be held on 
Tuesday evening at. the Ntttany Lion Inn. Registrants should 
mAke reservations directly with tl1e hotel or motel of their 
choice at their earliest opportunity, as several other large con
ferences will be meeting concmrently. 

The fee is $15.00 per person and includes: Registration , 

v 

conference proceedings, banqu t, and Dairy Fieldmen's Scho
lm·ship. For further information write: Agricultmal Con
ference Coordinator, Room 4101, }. Orvis Keller BU!ilding, 
The Pe1msylvania State University, University Park, Penn
sylvania 16802. 
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Single Service milk sample tubes. For further in· 
formation and a catalogue please write, Dairy Technology 
Inc., P. 0. Box 101, Eugene, Oregon 97401. 
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TANACO PRODUCTS 
2825 Benedict St. Los Angeles, Cal. 90039 
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U.S. P~ LIQUID PETROLATU.M SPRAY 
U.S.P. UHITIO STATES PHARMACEUTICAL STAHOAROS 

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 

Tlci6 fiKe 
Jflm-eike 
HAYNES-SPRAY 
6lcauf4 ~ U4e4 ~ ~: 
SANITARY VAlVES 
HOMOGENIZER PISTONS - RING$ 
SANITARY SEAlS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILliNG 
MACHINE PARTS 
and for ALl OTHER SANITARY 
MACHINE PARTS which are 
cleaned doily. 

Tke Jffede!m HAYNES-SPRAY JffelJcd ~ .CuhJUwfioa 
CcmhiVUtl3 lllifk flee Jflifk Oltdiiuulee cued CDde 
R~ by Uce U. S. PKbfie Heafflt Serwiu 

The Haynes-Spray eliminates the danger of contamination which is 
possible by old fashioned lubricating methods . Spreading lubricants 
by the use of the finger method may entirely destroy previous 
bactericidol treatment of equipment. 

PACKED -6-12 oz . CANS PER CARTON SHIPPING WEIGHT- ? LBS . 

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

Gasket Color ••• 
slightly off· white 

*MADE FROM 

TEFLON® 
" Tke SllP~fiwted G~ket II 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 
PRESSURE LINES 

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

fO~ A FITTING GASKET THAT WILL OUT-PERFORM ALL OTHERS ... 

Specily ••• HAYNES SNAP-liTES of TEFLON 
e TfFLON ACCE,ED SAFE FOI USE ON FOOD & PIOCESSING 

EQUIPMENT 8Y U. S. FOOD AND DIUG ADMINISTIATION 

* Gaskols made of DuPont TEFLON ® TFE-FLUOROCARBON RESINS 

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

SNAP INTO 
FITTINGS 

LEAK-PREVENTING 
NEOPRENE GASKET lo~ Sanitary Fittings 

ekd tk4e $NA1'!J'I'l'E /leW41et~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

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

Eliminate line blocks 
Help overcome line vibrations 

Long life, use over and over 

Ayailable lor I", 1~". 2•, 2~· ond 3" fittings . 
Pocked 100 to the box. Order through your doiry supply house. 

THE HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

Avadat/e in tolk 
SPRAY AND TUBE 

All Lubri ·Film ingredients are 

approved additives and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies- Ice Cream Plants- Breweries

Beverage Plants - Bakeries- Canneries- Packing Plants 

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

TUBES - PACKED 12-4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 
CLEVElAND OHIO 4411J 



Dairy authorities speak out on better cow milking 

Walter F. Wilson/President/ 
International Association of Milk, 
Food and Environmental Sanitarians 

Welded lines: Great help in 
producing a quality product. 

Reviewing changes in California's dairy milking 
practices over the past ten years brings two important 
changes to mind : 

One-nearly 100 percent of all milking operations use 
a pipeline system. 

Secondly-well over 50 percent of those pipeline 
milking systems use welded joints completely throughout 
except where joining to other equipment, such as 
receiver jars, pumps, tanks, filters, etc. 

Neither of these changes happened overnight but once 
they were tried, their use by California dairymen 
continued to grow steadily. Why? A summary of the 
superior features of a welded pipeline, whether the 
summary was made by an inspector, a milk producer, or 
a milk distributor, would certainly include the following: 

1. Better and easier cleaning and sanitizing 
2. Less possibility for loss of vacuum control 
3. Less foaming of milk in the pipeline 
4. Lower initial cost of installation and lower 

maintenance costs. 

Observations on dairies and milk plants in California 
during the last 25 years have resulted in the following 
conclusions relating to we lded joint pipeline 
milking systems. 

In-place circulation cleaners cannot accommodate 
excessive foaming because the foaming interferes 
with cleaning action. Pockets of foam prevent cleaning 
solutions from reaching the surface of the pipeline. 
Air leaks which so often occur at unions in jointed 
pipelines can cause foaming and thus interfere with 
good cleaning action. Sanitizing solutions cannot work 
on improperly cleaned surfaces. Properly welded 
pipeline joints clean as completely as the entire length 
of the pipeline. By eliminating air leaks, welded joints 
therefore help provide superior cleaning and sanitizing 

bf pipelines. Welds in pipelines must be of good 
quality without pits in the welded areas. 

Vacuum stability is an essential part of all successful 
pipeline milking systems. Proper size of lines, vacuum 
pump, regulator, and vacuum reserve are all necessary 
parts but all of these good features can be ruined by 
air leaks at joints in the pipeline milkers. The best 
vacuum system ever designed cannot compensate for 
continual air leaks. Without good control of vacuum 
in a milking system, milking-rest ratios are not clearly 
separated. This poor milking procedure may result in 
mastitis aggravation. Welded lines prevent this 
possible cause of vacuum loss. 

Mixing of air and milk at body temperature can cause 
two of milk's most severe flavor defects-oxidized and 
rancid milk. Both of these flavors have other factors 
involved but it has been demonstrated that air mixed 
with milk through air leaks in pipeline milking does 
contribute to these bad flavors. They both reach a point 
at which the average consumer can detect them and 
wi ll refuse to drink the milk. Obviously, no milk 
distributor can have these flavors in his milk and hope 
to retain customers. There is no practical way that 
eithe·r of the flavors can be removed, or even masked 
in milk once the defect has developed. Welded pipeline 
joints reduce the possibility of air leaks to a minimum. 

The final but not the least important consideration is 
cost. The cost of each we lded pipe union is less than 
the cost of a conventional sanitary pipe union. Add to 
this the continuing cost of opening the joints for 
cleaning when needed, the use of gaskets when leaks 
occur, and you will agree that welded pipe joints ' 
start cheaper and maintenance remains cheaper. 

These four benefits : better sanitation ; reliable vacuum 
control ; control of flavor; and lowered costs are all 
important to quality-minded milk producers. 

"You're a step ahead with Surge" 

Babson Bros. Co., 2100 S. York Rd ., Oak Brook, Illinois 60521 

Th is is one of a series of topics developed by noted Dairy authorities. For a complete set write for a free bookl et. 
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