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GO Z~-FROM TEAT TO TANK! 
... and Have a Complete Pipeline Milking System That's Designed and 
Engineered Entirely by ZERO-Installed and Serviced by a ZERO Dealer 
-and Operates as a Single, Harmonious Unit-on Any Dairy Farm! 

What's More, You'll Have the Only System that Provides Stable Milking Vacuum at 
the Teat End-in Parlor or Stanchion Barn-with a Low or High, Short or Long, 
Pipeline- and Without Injecting Air into the Milker Units to Move the Milk 

• Made Possible by ZERO'S Patented Milking Principle ... TWIN-VACUUM 
Here's why the ZERO CONCORD's stable milk
ing vacuum is so important! More and more 
animal health authorities have been agreeing 
that many teat and udder injuries-which have 
contributed to the spread of mastitis- have 
been caused by milking with unstable vacuum. 
Only with stable vacuum at the teat end can you 
hope to reduce leucocyte counts up to 65%
increase milk production as much as 20%
and prevent off-flavor milk. 

If Your Milk Checks Have Become Smaller Due 
to High Leucocyte Counts- Lower Milk Produc
tion- and Off-Flavor Milk . .. Investigate the 
New Model "Seventies" ZERO CONCORD Twin
Vacuum Pipeline Milking System! It's a com
bination of a revolutionary pipeline milking 
machine and the ZERO Completely-Automated 
Vacuum Bulk Milk Cooler. Designed especially 
to milk with stable vacuum at the teat end to 
prevent teat and udder injuries caused by milk
lOg with unstable vacuum. 

The Secret of the ZERO CONCORD's Stable 
Vacuum at the Teat End Lies in ZERO's Pat
ented, Revolutionary Milking Principle • • • 
TWIN-VACUUM ... whereby one vacuum milks 
the cows and an entirely-different vacuum moves 
the milk through a separate pipeline into the 
vacuum bulk tank. 'This does away with the 
need of injecting air into the milker units to 
move the milk, as is necessary with conven
tional milking systems. It also eliminates a 
major cause of off-flavor and rancid milk- by 
preventing air agitation and foaming of the milk 
in the PiP.eline. And keeps contaminated air out 
of the milk. 

Furthermore, You Save Equipment Money- be
cause .a vacuum tank does away with the need 
of a mrlk pump, releaser and other costly items. 

.A.I'!ew, Compact, Simpler, High-Capacitv Milker 
U~1t Adds to the Advantages of TWIN-VACUUM! 
Its "'!a de of. a new •. lijl'ht, strong, transparent 
material for VIsual m1lkmg-and a sturdy stain
le~s steel base . . Has a built-in Vacuum T~at Re
lease Valve that automatically releases vacuum 

Co, 

from the cow's teats immediately after comple
tion of milking. A Big-Capacity Inflation Tube 
and craw that prevents vacuum drop at the teat 
end. A Float Release that permits operator to 
quickly position Float from milking to washing 
cycle. Transparent shells. And a new type Infla
tion with a flip-open lip that permits washing 
of both milk side and vacuum side. 

You Also Have Built-in, "Push-Button", Visible, 
Self-Cleaning and Sanitizinjl' of the Entire Sys
tem- Without Disassembling. This not only 
includes the milk conveying vacuum pipeline 
and other milk contact surfaces- but also the 
milking vacuum pipeline, pulsators and even the 
outside of the inflations and inside of the shells. 

And Note! Nothing Cleans a Bulk Tank Like 
ZERO's Patented, Built-in SPA TIER-SPRAY Auto
matic Washer. Properly-spaced, vertical propel
lers hurl a cross-fire of detergent solution
with "tornado" force- against the tank's entire 
stainless steel interior. You can't get this kind of 
cleaning with a spray ball or any other method. 
The Spatter-Spray also serves as an Agitator
operating at slower speeds for uniform coolin!: 
and proper butterfat mixi ng. 

In addition, ZERO's COW MONITOR reports each 
cow's production and health at each milking. 

See Your ZERO Dealer! Or, mail Coupon today 
for full information and name of your nearest 
authorized ZERO Dealer! 

ZERO MANUFACTURING CO. 
86~- Duncan Ave.; Washington, Mo. 63090 U.S.A. 

• 
FREE! Color · Illustrated Brochure! 
Entitled, 11How to Take It Easier While You Make 

f:f1~e h~~k th':o~~~" Mo~t;;1s 7~~E~EJ~·page Brochure 

Completely-Automated Bulk Milk Cooler .111!!!'!!""'~""'1 
can fit into your good management 
program for bigger profit and easier 
dairying. Gives full information about 
all models. sizes and caoacities of 
ZERO Tanks; including new THRU-THE
WALL Model. Mail coupon at. right for 
your copy today: 

Write for FREE FLOOR PLANS for a Com· 
plete, Modern Pipeline Milkin1 System 
with a THRU-THE-WALL Tank 
••• that's designed to enable you to go from a 50-cow 
herd through 200 cows- utilizing a GOO-gallon capacity 
bulk tank through a 2,000-gallon capacity tank-without 

changing or en.lqrging the milk house 
or building an entirely-new structure 
if the milk house is otherwise ade
quate, as shown in this diagram and 
the photo above. 

MAIL COUPON FOR FR-{E1BROCHURE•ANO FLOOR PLAN S' 
- • : ~·!.. -· i'':::::.lloo;;;-::-.-..: ~ ~~--1- _ ..... 

ZERO MFG, co. CS Duncan Ave, Wllhlnaton, Mo. 13010 

Pleas~ send me FREE: Brochure described at left, Floor Plans 
descnbed above, full Information about the complete new 
M~d~l "Seventies'.' ZERO CONCORD Twin-Vacuum PIPeline 
Milkmg System w1th Cow Monitor, and name of my nearest 
ZERO Dealer. I am interested in this system for e: 

0 Parlor. 0 I am interested In a bulk tank only, 
0 Stanchion barn. 0 I am Interested In a Dealer Franchise. 

Name ··················•••••••••••••••••••••••••••••••••••••• 
Make of present milkine machinp •• , ... ,,,,,, ..... Aae .... ;, 

Make of present bulk tank ,. .... ,. ... ,. .......... ,.AJa,. ,.,. 
Size of milk house ........................ Size herd •••••••• 

Address ..... , ................. •••••••••• Phone ••••• ,,,,,,,,, 

Town : ..... ... . .•..... •• .• State •••••••••••••• Zip,,,,,,,,,, 

------------------------
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LADIES ENTERTAINMENT PROGRAM 
IAMFES Annual Meeting 

August 13-15, 1973, Rochester, N.Y. 

Monday, 1-4 p.m.-Mini tour of the city of Rochester with a "Safari" (tea tasting and cheese demonstration) at 
the Hickory Farms of Ohio store. There will be a stop-(}ff at Pittsford ... Rochester's most attractive and 
affluent suburb, for a walk along the Barge Canal with its quaint shops . .. Silversmith, ceramics, yarn and 
needlework, fabrics, baskets, woodenware, and dress boutiques. 

Tuesday, 10 a.m.-Coffee hour at the Flagship with Mrs. Charles G. Ashe, wife of NYSAMFS president, as hos
tess. 

Tuesday, 11 a.m.-2 p.m.-Tour of the Xerox Corp. downtown offices. Luncheon at the Top of the Plaza restau
rant in the hea1t of downtown Rochester and Mid town Plaza with a panoramic view from the 14th floor. 
The luncheon will feature a speaker from the local chapter of the National Organization of Women (NOW). 
Following the luncheon there will be an opportunity for shopping in the famous Midtown Plaza. 
Luncheon cost-$3.00. 

Wednesday, 11 a.m.-3 p.m.-Luncheon at the histolic Spring House on the site of the old Erie Canal, followed 
by a matinee at the Strasenburgh Planetarium, one of the world's most famous planetariums. 
Luncheon cost-$3.85. · 

All guests at the conference are cordially invited to participate in any or all of the above activities. There 
will be no charge for the tours, coffee hour, or planetarium matinee. 

In order that the committee may determine the· number of luncheon reservations required, will you please 
fill in the form below and mail it by August 1st. Your tickets will be held for you at the Ladies Hospitality 
desk in the conference registration area. 

IAMFES LADIES ENTERAINMENT PROGRAM Mail by August 1st 

Please make the following reservations for me: 

____ Tuesday luncheon @ $3.00 

____ Wednesday luncheon @ $3.85 
Name ---------------------------------------------

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

Enclosed find check for $---------- · 

Make check payable to Eileen King and mail to: Mrs. Alfred H. King 
84 Crescent Hill Rd. 
Pittsford, NY 14534 

PLEASE SEND ALL RESERVATIONS TO 

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

IAMFES, INC. & NMC ANNUAL MEETING 

Organization 

~arne ------------- -- ------ ---- ---------------------------------------------------------------

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

City ---------------------------------------------------------- State __________ Zip _________ _ 

Arrival Date ___ ----.-- ___ _______________________ Departure Date _____ -- __________ ---------------

D Single $14.00 

Number Rooms ----------
i 

D Double $19.00 
D Twin $19.00 

~umber People 

(Reservations held beyond 6:00 P.I\1. requires $20.00 deposit ) 

I 

Suites $45.00 & Up 



In CMilk ~nalysis 
... it's qechnicon 
[Kim 

Instruments Technicon 
A B c AutoAnalyzer II & 

Alkaline Phosphatase 

" <A lka line phosphatase) Analysis 

to Fat Content Analysis " " " s Lactose Analysis " " Protein Analysis ../ " " (I I 
Somatic Cell Analysis " " 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 
including spare parts and reagents, is 

' 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 

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 2 4-2 7 
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The History 
of Difcil 

Quality Control .. . 

and what _it means to you today 

Difco was developed by producing better products through 
control of quality. Now there is a history of more than 
seventy years of dedication to accuracy and dependability, 
specialized equipment. exacting materials control. 

It's a history of a unique kind of control. Difco tests 
each ingredient before it is accepted for use. 
Testing throughout preparation assures compatibility. 

The finished product is then tested for dependable 
performance under the conditions for which the product 
is intended. Result? Perfectly standardized products 
that give reproducible results every time. 

What does it mean to you? 

Assured reliability. Savings in time and money. 
Dependable microbiological results in your laboratory. 

DIFCO 
Difco Laboratories Detroit 48201 USA 
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VI RUSES IN FOODS' 

Nom.rAN N. PoTTER 
Department of Food Science 

Corn ell Un iversitu, Ithaca, N ew York 14850 

( Received for publication October 2, 1972) 

AnsTnAcT 

Many vi rus-food interrelationships are not yet well under

stood and hence a meaningful assessm ent of the health hazard 

caused by several foodborne viruses cannot be made at the 

present time. Interest in thi> mea is growing, however, and 

inves ti ga tions invol ving methods for quantitative recovery 

of viruses are being faci litated by increased com mercial avail

ability of animal and human cell cultmes and tissue cultme 

media. This paper reviews pertinent literatme, discusses 

some of th e problems inherent in stucUes of viruses in foods, 

and cites several areas deserving of further research. 

Viruses are subcellular entities whose structure, or

ganization, and size are comparable to those of large 

molecules . These submicroscopic entities can b e in

troduced into specific living cells and will repro

duce only inside such cells. 

Virus particles contain elements of genetic mater

ial in the form of DNA or RNA which reproduces in

side the living cells they peneh·ate. The infecting 

virus uses the synthetic machinery and energy of the 

host cell to direct the synthesis of more virus par

ticles of similar genetic makeup. The host cell sub

sequently disintegrates and liberates numerous new 

virus particles. This strict parasitism is a funda

mental property of viruses. Intracellular parasitism 

also is a property of some bacteria and protozoa but 

these forms have their own cellular organization and 

generally need the living host cell to provide some 

special nutrient or metabolic intermediate. The re

lationship between viruses and host cells is more de

manding. Viruses divert the synthetic mechanisms 

and the energy systems of the host to replicate virus 

nucleic acids and so the relationship has been called 

"parasitism at the genetic level." This intimate as

sociation of virus and host cell, except where the 

virus may remain dormant, results in an alteration 

of or ultimate destruction of the host cell. 

In addition to viruses of food animals and food 

plants being responsible for a considerable loss of 

produce, many animal viruses can cause diseases of 

man. Among the better known of these are small

pox, yellow fever, poliomyelitis , hepatitis , measles, 

mumps, rabies, various forms of encephalitis, and 

others. Many of these virus diseases have never yet 

l3een associated with foods, although outbreaks of 

'Presented at tl;~- 49·th Annual Conference of the ew York 

State Association of i'v!ilk and Food Sanitarians, Bingham

ton , New YorJ,; , September 20-22, 1972. 

food-borne poliomyelitis and h e p a t i t i s are well 

known. Other viruses that infect man include such 

cnteroviruses as coxsackieviruses and echoviruses 

which may produce intestinal disorders, foot-and

mouth disease virus which is more common in cat

tle but can cause severe blister infections in man, 

influenza virus, herpesvirus, adenovirus which pro

duces respiratory infections, and several viruses of 

fowl and egg origin. Ornithosis and Newcastle dis

C:;ase are diseases primarily of poulh·y but ornithosis 

is communicable to man producing a pneumonia

like respiratory condition, and the ewcastle dis

ease virus has caused human eye infections. There 

also are the yet incompletely understood relationships 

beh¥een viruses and tumors. It is still conh·oversial 

whether any viruses able to induce malignancy can 

cause tumors in man, but because numerous virus

induced tumors exist in other animal species "cancer 

virology" is receiving intensive investigation. 

At the present time relatively few research sci

entists are engaged in studies on viruses in foods. 

At the 1971 National Conference on Food Protection, 

sponsored by the American Public Health Association, 

it was again affirmed that foodborne illness of viral 

origin is not yet adequately understood. It was fur

ther pointed out that many technical difficulties re

main and hinder progress in this field, among them 

are problems in epidemiological recognition, methods 

of virus detection and identification from foods, and 

sometimes lengthy incubation periods making con

clusive relation beh\'een disease and a given food 

very problematic. 

It is generally agreed that there is increasing need 

for research on occurrence of viruses in our overall 

food supply, and the survival of viruses in contamin

ated food undergoing common pTocessing procedures. 

The latter need becomes especially significant with 

the increased use of milder processing conditions 

such as high temperature- short time and ultra high 

temperature-short time pasteurization and steriliza

tion techniques, membrane and other "cold steriliza

tion" h·eatments, freeze drying and other mild de

hydration techniques, ulh·a quick freezing methods, 

and use of increasing quantities of pre-prepared con

venience foods that require little or no cooking .before 

consumption. Indeed, there is every _ r e·ason to ex

pect that viruses pathogenic to man, permi tted to 
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contaminate various food raw materials, would sur
vive many of today's accepted processing and re
constitution regimens. 

Vmus-Foon STUDIES 

There is more than ample evidence that viruses of 
public health significance occur intrinsically in food 
raw materials of animal origin, and may be present 
in or on animal and plant products tlu·ough contam
ination of various kinds (6, 7, 10, 25). Outbreaks of 
poliomyelitis associated with raw milk, and infectious 
hepatitis from consumption of raw contaminated 
shellfish have been substantially documented (10). 
Less clearly defined have been the occurrences of 
human infection from foods carrying enteroviruses 
(other than the polioviruses) , reo viruses, adenovirus
es, and other viral agents spread by infected animals, 
sewage and fecal contamination, insect vectors, and 
infected food handlers. Willie the past record of 
food-associated viral infections of humans is not 
overwhelming, it is prudent to assume, until there 
is evidence to the contrary, that this is caused more 
by difficulties inherent in proving etiological relation
ships tl1an by the probability that they do not exist. 

Such observations as the following are of further 
significance. Poliovirus and echovirus have been 
isolated from farm soils irrigated with sewage (4), 
and further, ecovirus, coxsackievirus, and poliovirus 
have survived on vegetables stored under household 
conditions (5). 

Viruses which infect animals may be present in 
the apparently healthy tissues of a percentage of 
those used for human food (6). The virus of foot
and-mouth disease, for example, has been isolated 
from cuts of pork after extended storage; further
more it has survived for longer than 2 months in in
fected beef, botl1 uncured and cured (12, 13, 30). 
Coxsackievirus inoculated into ground beef was 
found not to be ~ignificantly inactivated during stor
age up to 8 days at both refrigerated and room tem
peratures, even though proteolytic bacteria were pres
ent in high numbers (21). In this same study the 
coxsackievirus inoculated into ground meat survived 
both_ the :bacterial fermentation process and subse
quent heat treatment of Thuringer sausage prepar
ation. . Enteroviruses also have been isolated from 
market samples of ground beef (29 ). 

Ornithosis and Newcastle disease have occurred 
in poulh·y plant workers handling hukeys and chick
ens (14, 17). Eggs frequently harbor viruses of poul
h·y origin (8). 

Viruses -generally are more resistant tl1an the vege
tative cells· of bacteria to adverse conditions, yet 
many of our major food preservation practices were 

developed largely on the basis of bacterial control. 
Temperatures reached witl1in meats cooked to tl1e 
rare condition are not sufficient to inactivate foot
and-mouth disease virus (15) and possibly would be 
inadequate to inactivate other viral agents that ~could 
be present. 

Eggs frequently are used in applications where 
heat is minimal, examples are bakery meringues and 
glazes. Current egg pastemization requirements aim
ed at Salmonella desh·uction were not developed 
specifically vvitl1 viruses in mind. 

Cheeses commonly made from underpastemized 
milk require minimum ageing of 60 to 90 days in the 
U .S . and certain other counh·ies as a safety measme 
against survival of pathogenic bacteria. The efficacy 
of this requirement against viral agents has not been 
adequately explored. Once inh'oduced, poliovirus 
and other enteric viruses also have been found to per
sist in cottage cheese curd (22) as well as in som 
nllik products (23) . I 

Many convenience foods are only partially cooked 
and then frozen or dehydrated to be reconstituted 
before consumption. Reconstitution practices fre
quently employ insufficient heat to assme bacterial 
destruction. Such practices would not be expected 
to inactivate tl1e more heat resistant viruses. In this 
context it is interesting to note that the foot-and
mouth disease virus possesses a different degree of 
heat resistance depending on whether it is a chance 
surface contaminant or whether it occms within the 
cells of meat tissue. The latter condition imparts 
considerable protection to the virus, so that it sm
vives more than 4 hr at 80 C (176 F) within tissue 
(15). This is the same virus that may go unnoticed 
dming antimortem and postmortem carcass inspections 
and then go into commercial products such as cmed 
meats where the normal processes of ripening, salt
ing, and storage have been found ineffective in ren
dering the meat virus-free (12). Protective effects 
of food constituents such as fats and sugars as noted 
when bacteria are inactivated by heat and chemical 
preservatives also should be expected to influence 
virus survival. 

Viruses can survive in foods of different composi
tions, and still be recoverable as infective agents even 
after the foods have undergone gross decomposition 
(24). This is highly significant since it demonstrates 
that the normal microbial flora of such foods does 
not desh·oy the virus either directly or tlu·ough de
composition products. 

In the food processing industries there is an in
creased tendency to use milder preservation processes 
to minimize product quality loss. This extends to 
methods of drying, freezing, and other means of 
microbial conh·ol. Economic considerations, and a 

, , 
;. 
I 

'! 



I 

' 

I 

·~ 

' ' 

VmusEs IN FooDs 309 

tendency of American tastes for blander foods, also 

are influencing the degrees of fermentation, ageing, 

salting, smoking, and other practices used to preserve 

different foods. The above trends have public health 

significance not yet fully understood. 

.tvfilder preservation processes based on heat take 

many forms, including use of lower temperatures in 

combination vvith certain chemicals. In our labor

atory we studied the effects of commercial egg pas

teurization treatments on the survival of poliovirus 

and echovirus (27). Results illush·ate how processing 

conditions developed to be effective against one 

group of organisms, in this instance Salmon ella, may 

be less effective against commonly encountered vi

ruses. 

\Vith respect to liquid egg processing, currently in 

the U.S. and certain other countries all forms of liquid 

egg used commercially must receive a pasteurization 

treahnent to render the product Salmonella-negative. 

Regulations with respect to heat treatment are not 

rigid, however, and the processor currently may 

choose from several methods that have been shown 

to b e effective against Salmonella (1). All com

mercial pasteurization treatments for egg employ a 

considerably milder heat h·eatment than is used 

for milk and various other low acid foods because 

the functional properties of eggs are highly sensitive 

to heat. \l\1ith egg white, which is still more sensitive 

than yolk-containing products, temperatures as low 

as 51.7-54.4 C ( 125-130 F) for 3.5 min or less com

bined with addition of hydrogen peroxide constitutes 

effective pasteurization when Salmon ella is concern

ed. Without the peroxide slightly more severe heat 

6xposures are required to inactivate Salmon ella but 

egg white proteins are easily denatured. 

Our studies showed that neither poliovirus nor 

echovirus inoculated into fresh liquid whole egg and 

egg white survived the various hea t exposures used 

commercially for egg pastemization. However, both 

viruses survived the various milder heat-peroxide 

treatments applied to egg white. Although com

mercial equipment was not used in these studies, 

times, temperatures, and peroxide levels duplicated 

those cmrently used commercially. Thus we con

cluded that commercial egg white rendered Salmonel

la-negative by mild hea t plus peroxide can re tain 

viable virus particles. 

MoRE I NFORMATION NEEDED 

In his excellent review on the food vehicle in virus 

transmission, Berg (6) suggested three general areas 

needing more study. These included furth er search 

for viruses in foods, increased inves tigation of the 

relationship of viruses detected in foods to human 

disease, and effects of food processing procedures 

and preparation techniques on survival of viruses in 

foods. To these must be added furth er study on 

methods of virus detection, recovery, and identifica

tion from food systems . 

·with regard to food processing procedmes and 

preparation techniques opportunities for study ap

pear almost limitless. For example, more should be 

known about the effects on viruses of changing egg 

pasteurization methods; the effects of making cheese 

from underpasteurizecl milk and subsequent ageing 

of the cheese; freeze drying of eggs, meat and sea

foods ; curing chemicals in the production of uncook

ed sausage products; freezing of fruit and vegetable 

products where chemical trea tments replace heat as 

a means of controlling oxidative changes; approved 

chemicals such as sulfur dioxide, sorbic acid, sodium 

benzoate, and high levels of salt, sugar, and acid 

used as preservatives in appropriate foods; refriger

ated storage of pre-prepared salads, cole slaw, and 

other convenience foods that are not cooked before 

eating; and mild heat used in reconstitution of select

eel convenience foods , including hamburger cooked 

to the rare condition. 

In recent years quantitative methods for viral re

covery using tissue culture techniques have success

fully been adapted to detection of a variety of viruses 

m tood materials ( lo, 1(:), ~U, ~4, :Lii). 1\.mung ttwu, 

have been various types of poliovirus, coxsackievirus, 

echovirus, reovirus, adenovirus, herpes simplex virus, 

influenza virus, Newcastle disease virus, simian virus, 

and others. These viruses have produced cytopathic 

effects on several susceptible cell lines in the presence 

of a wide range of contaminating food materials when 

bacterial and fungal growth was conh·olled by ap

propriate addition of antibiotics. Problems of meth

odology have been markedly eased with the in

creased commercial availability of animal and human 

cell cultures and tissue cultme media (2, 3, 11 , 18, 26). 

Provocative questions of public health related to 

majm food commodities are inherent in a number of 

studies ( 4, 5, 6, 8, 9, 12, 1.3, 14, 15, 17, 24, 30), yet in

vestigations specifically directed at effects of pro

cess ing conditions on virus survival in foods have 

been remarkably few. A meaningful assessment of 

the health hazard of food-borne viruses cannot be 

made at the present time because of in adequate 

knowledge. 

Unlike bacteria, viruses cannot multiply outside 

of living cells. Certainly this keeps their numbers 

down in most food products that may become con

taminated from animal or human sources. \Vere it 

not for this, the role of viruses in food-born e disease 

surely would be considerably multiplied. I everthe

less, opportunities for viral contamination of a wide 
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variety of foods are great, and in the opmwn of 
many are increasing as population concentrations in
crease and as our total environment becomes fur
ther assaulted by pollution of various kinds. Nor 
should it be assumed that large virus populations 
need be ingested to produce disease in man. Act
ually very little is known about the minimum in
fective doses of several viruses for persons of dif
ferent ages and states of health, and, as with bac
terial pathogens, this is one of the more difficult 
areas in which to develop meaningful data. 

Interes t in tl1e role of viruses in food-borne dis
ease is growing. One indication of this is the recent 
es tablishment of a ' iVorld Health Organization Com
mittee to assemble the names of all scientific work
ers studying virus-food interrelationships and to cata
log the nature of their specific studies. Certainly 
opportunities for research in this field are many. 
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ADSTHACT 

The literature includes a few reports on the ability of 

the fungus Sporothrix schenckii to survive at high tempera

tures, and one suggests that it could survive processing pro

cedures used to manufacture frankfurters. Reported are 

studies to detennine the extent that S. schenckii could sur

vive processing procedures used by most manufacturers of 

commercial frankfurters. 
A frankfurter tes t model was devised to approximate the 

length, dian1eter, and cooking characteristics of a commer

cial frankfurter. Uncooked emulsion was inoculated with 

the organism and recovery was attempted throughout the 

ell:perimental cooking process. In 32% of the experimental 

studies, the maximtm1 tim es and temperatmes for positive 

recovery of the organism met or exceeded the processing 

standards used by most manufacturers. Thus, S. schenckii 

may survive in commercial frankfurters and be a potential 

health hazard. 

For nearly 75 years the disease sporotrichosis has 

been reported in the world literature. Investigations 

of this cutaneous and systemic fungal disease have 

ranged from the gross lesions in animals and man 

to the ultrastructure of the dimorphic organism's 

cell wall. Hardly any body organ or tissue is exempt 

from invasion, and all common routes of entry have 

been used by the organism (6, 9). 

Members of the Spomth:rix ( Spomtrichum) genus 

are known to survive at low temperatures since 

Sporotrichum carnis is responsible for "White Spot" 

on chilled meats (2, 4), and Spo·rothrix schencki.i has 

been reported growing on frankfurters stored at 5 C 
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(1 ). The organism's ability to survive at high tem

peratures was first reported in 1898, by Schenck (8). 

H e noted that " ... the vitality of cultures is de

stroyed by exposure to a temperature of 60 C for 5 

min. Hertoken and Perkins (5) found in 1900, that 

4 min at 60 C did not en tirely kill S. schenckii, but 

that 4.5 min was fatal. De Beurmann (3) concluded 

in 1912, that the " ... spores can survive temperatures 

of 0 and 55 C plus ." How these early researchers 

determined these time and temperah1re limits is not 

mentioned. 

Of several hundred reports in the literahne, only 

one suggests that this pathogenic fungus is capable 

of surviving in meat products, and this vvas in com

mercially processed frankfurters (1 ) . The present 

study was undertaken to determine the e>..i:ent that 

S. schenchi could survive the processing procedures 

employed by most manufacturers of commercial 

frankfurters by duplicating the processing tin1es and 

temperah1res on simulated frankfurters inoculated 

with the organism. The frankfurter test model had 

the approximate length, diameter, and cooking char

acteristics of commercial frankfurters. 

MATERIALS Al\'D METHODS 

Development of a test model 

The frankfmter test model was fashioned from a 15.9 X 

116 mm polypropylene test tube which had the walls of the 

lower po·rtion of the tube prutially removed. Over this basic 

model a section of cellulose casing was slipped ru1d held in 

place with rubber bands. A glass test tube, with a cliru11eter 

slightly smaller than that of the model, was inserted into 

the mouth of th e model. This glass tube ac ted as a form 

upon which to shrink the cellulose casing for a mufonn fit 

when the assembled model was sterilized, and as a plunger 

when stttffing the model with uncooked, inoculated frank

furter emulsion. It was not a part of the final test model 

(Fig. 1). 

P1·eparation of stock cultuTes 

A strain of S. schenckii isolated from a case of hmnan 

sporotrichosis ( Culture B-958, National Center for Disease 

Control, Atlru1ta, GA) was maintained in om laboratory on 

slants of Mycobiotic Agru· ( Difco Laboratories, D eb·oit, MI ) 

in both the mycelial and yeast phases. A pilot study was 

conducted to determine if this strain, compared to another 

human ru1d to a canine isolate, was mmsally heat resistan t. 

The method of t esting was similar to that described later in 
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Figure I. Frankfurter test model: (a) Basic tes t model, (b) 
cellulose casin g, (c) glass test tube form and phmger, and 
(d) assembl ed tes t model with glass tube fonn in place for 
sterilization . 

tlus paper. 
One agar slant of each phase was flooded with 5 ml 

of Brain Heart Infusion Broth ( BHIB) ( Baltimore Biologi
cal Laboratories, Baltimore, MD ) and harvested by scraping 
with flam ed inoculating n eedles . Each harves ted culture 
was separately streaked on to Mycobiotic Agar slants with 
a steri le swab. These two groups of stock cultures were 
a llowed to grow 9 days in incubators at 25 C for the mycelia l 
p hase, and 37 C for the yeast phase. By then , fungal growth 
had totall y covered the surfaces of the agar slants. All stock 
cultures th en were maintained in a refri gerator at 5 C. 

Inoculat ion of the emulsion 

Several pounds of uncooked, all-beef frankfurter emulsion 
was supplied by a large Midwest producer, and frozen at 
-20 C until used for experimental purposes. This emulsion 
"·as initiall y cultured on Mycobiotic Agar slan ts to detem1ine 
the presence of m1y pre-existing fun gi, especially S. schenckii. 
For each group of experim ental stucues, 120 g of the emul
sion was th awed and blended in a sterile \•\faring Blendor 
with approximately 25 ml of steril e distilled water. The 
resulting emulsion had a consistency that fa cilitated hand
fill ing of th e test models. Two stock cultme agar slants, of 
either th e mycelial or yeast phase, were each flooded with 
5 ml of BHIB and l1arves ted by scraping with flam ed in
oculating needl es . The entire 10 ml of harvested inoculum 
was added to the 120 g of emulsion and thoroughly blended, 
yieldin g an average of 107 particles of S. schenckii per gram 
of emubion , as determined by serial plate counting methods. 
This concentration of organisms is consistent with other ex
perim ental designs (9). 

A sterile franHmter tes t model was stuffed with the in
oculated emulsion. A laboratory spatula and th e glass tube 
plunger were alternately used to fill and compress the emulsion 
inside th e model and eliminate air pockets . In each study, 
anoth er test model was filled with the inoculated emulsion 
and a dial thennometer inserted to record the internal temp
erature of the emulsion. Initial pi lot studies showed that th e 
internal temperatures witllin the two tes t models would. b e 
the same, or nea rl y so, tluoughout the cooking process . The 
models then were placed in a refri gerator to equalize be
ginning internal temperatmes at 10 C, before bein g simultan
eously p laced in th e oven for cooking. 

Th ermal processing of the em·ulsion 
A large Midwest producer furnished the fo llowing scheme 

and internal temperature reference points for processing their 
frankfurters in forced-air ovens: Starting interna l tempera
ture of the emulsion would be 10 C or lower; at the end of 
24 min at an oven temperature of 85 C, the internal temp
erature of the frankfurters would be about 54 C; and, after 
an additional 19 min at an oven temperature of 100 C, the 
fina l internal temperature of the frankfurters would be ap
proximately 71 C. Though processing schemes vary some
what, most producers approach tl1is 43 min 71 C standard, 
and Price and Schweigert (7) state that most producers achieve 
a final internal temperature of 68 to 72 C. Thus, the cook
ing scheme outlined above, plus an additional 7 min at 100 
C, was adopted for the experin1ental studies. This gave a 
total experimental processing time of 50 min. A small , 
gravity convection laboratory oven (Blue M, model SvV-
11 TA, Scientific Products, Evanston, IL ) was the experi
mental processing oven. 

Recovery procedures faT S. schenckii. 
At periodic intervals during the cooking process, ;ierile 

swabs moistened in BHIB were inserted into the inoculated 
emulsion and streaked on Mycobiotic Agar slants. A pilot 
study established the time intervals for attempting recovery ' 
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processing conditions for most commercial frankfur

ters and were suitable for the study of the survival 

of S. schenckii in frankfurters. 

Experimental studies 

All three strains of S. schenckii compared in pilot 

studies for possible heat resistance had similar sur

vival capabilities in relation to exposure times and 

temperatures. Cultural examination of the emulsion 

before any experimentation revealed no pre-existing 

fungi. 

For each study the maximum processing time, and 

the corresponding maximum internal temperahue, at 

which positive recovery of the organism was made 

using the frankfurter tes t model are shown in Table 

l. For the total 60 studies, the means of the maxi

mum processing times and the maximum internal 

temperatures with survival and recovery of S. schen

ckii were calculated to be 37 min, with a standard 

deviation of 7 min, and 67 C, with a standard de

viation of 6 C. The range of maximum processing 

times was 26 to 50 min, and the range of maximum 

PROCESSING TIME {minutes) 100..--------.... 

Figure 3. Percent positive recovery of S. schenckU from 

the frankfurter test model at each processing time for the 90 

mycelial and yeast phase studies. 

of the organism at every 4 min from 0 to 20 min of process

ing time, every 2 min from 22 to 40 min of processing time, 

and at 43, 45, and 50 min of processing time. This made 

a total of 19 recovery attempts in each study. At 

each timed recovery attempt th e internal temperature of 

the emulsion was recorded from th e thermom eter in the 

adjacent t est model. The recovery agar slants were incubated 

7 clays at 25 or 37 C, depending on the fun gal phase being 

studied in each experiment. Posi tive or negative recove1y 

of S. schenck i-i was detemuned for each recoveTy attempt in 

each study by the presence or absence of coloni es of the 

organism on 1he recovery agar slants. The nwnber and per

centage of positive recoveries for each tim e interval were 

also detenninecl. TlUrty of the studies used the mycelial phase 

stock cultures and 30 used the yeast phase stock cultures, for 

a total of 60 exp erin1ental studies. 

R ESULTS AND D ISCUSSION 

Test model 
Figme 2 shows the mean and standard deviation 

of internal temperatmes recorded for each processing 

tin1e interval in the 60 studies. A close approxima

tion is seen when the mean internal temperatures of 

the frankfmter test model are compared with the 

commercial tempe!,ature reference points. Thus, the 

tes t model · and methods adequately duplicated the 
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TABLE l. MA XIMUIII PHOCESSING TIMES AND I NTEHNAL 

TEIIIPERATUHES WITH HECOVEHY OF S. schenckii FHOIII THE 

FRANKFUHTEH TEST l\IODEL 

ao ~[ycclial pha se st ud ies 

J<;x per 
iment 

II Umber 

1m 
2m• 
3m• 
4m 
9m• 

10m 
11m• 
12m 
17m 
18m • 
19m 0 

20m 
21m • 
22m• 
29m 
30m • 
31m 
32m 
33m 
34m 
41m• 
42m • 
43m 
44m 
45m • 
46m 
53m 
54m 
55m 
56m 

Mean•• 
Star. dard 
deviation • • 

)lax . 
time 

(min) 

45 
50 
45 
40 
43 
30 
43 
36 
34 
50 
50 
40 
45 
50 
30 
45 
34 
32 
30 
34 
43 
50 
32 
40 
43 
32 
30 
30 
28 
36 

39 

7 

~fax. 
temp. 

(C) 

69 
74 
75 
70 
74 
62 
75 
69 
64 
73 
77 
72 
75 
77 
63 
77 
67 
64 
61 
65 
73 
76 
62 
69 
7l 
62 
61 
61 
59 
68 

69 

6 

30 Yea st phase studies 

Exper 
im ent 

numb er 

5y 
6y 
7y• 
By• 

13y• 
14y 
15y 0 

16y 
23y 
24y 
25y 
26y 
27y 
28y 
35y 
36y 
37y• 
38y 0 

39y 
40y 
47y 
48y 
49y 
50y 
51y 
52y 
57y 
5Sy• 
59y 
GOy 

Max . 
tim e 

(min ) 

40 
36 
43 
43 
45 
36 
43 
36 
40 
30 
34 
32 
40 
36 
34 
34 
45 
50 
32 
26 
34 
26 
30 
28 
30 
32 
30 
45 
30 
38 

36 

6 

~lax. 
temtL 

(C) 

7l 
68 
71 
75 
76 
66 
74 
67 
68 
60 
64 
62 
70 
67 
65 
65 
7l 
74 
66 
55 
64 
51 
60 
56 
60 
63 
6.3 
73 
64 
74 

66 

6 

• Indicates th e 19 studi es ( 32%) that meet or exceed the 43 
min, 71 C standard . 

• •Mean and standard deviation for all 60 studies is 37 ± 7 
min , and 67 ± 6 C. 

internal temperatures ·was 51 to 77 C. The mean 
maximum processing time and internal temperature 
for recovery of the mycelial phase were only slightly 
greater than those of the yeast phase, probably be
cause the mycelial phase is hardier. Data in Table 
1 also indicate that in 32% ( 19/ 60 ) of the studies, the 
maximum processing times and internal temperah1res 
for recovery met OT exceeded the 43 min, 71 C stand
ard currently approximated by mos t manufacturers 
of commercial frankfurters. 

The percent of positive recoveries of S. schenckii 
for each pr()cessing time in the 30 mycelial, 30 yeas t, 
and 60 total studies are ._shown._ in . F)g, .3 and . 4 . . In 
Fig. 3; . the mycelial phase . sh6v\red · ·~ - slightly grea.ter 
percent recovery than th e yeas t phase, · especially at 

later processing times. This was expected since the 
mycelial phase is hardier and is the phase found ex
posed to the envil'Onment on soil ~md organic matter. 

Percent positive recovery o.f the organism in Fig. 
4 showed a decrease from 98% at 26 min of process! 
ing time, to 18% at 38 min. This sharp decrease in
dicated rapid death of the organism as time and 
temperature increased. However, after the full 50 
min of experimental processing time there was still 
positive recovery in 10% of the 'sh1dies. The slight 
inorease in p ercent recovery, with a following de
crease, from 38 to 43 min may have resulted from 
activation of dormant spores or undetected experi
mental variation. 

Any undetected, diseased carcass containing the 
yeas t phase of the organism, wbjch is processed into 
various meat products, esp ecially frankfurters, could 
be a source of preprocessing contanlination. Also, 
as the fungus is found worldwide on soil and organic 
matter (6), an additional source of both preprocess
ing and postprocessing contamination with the my
celial phase would exist wherever there is poor sani
tation . 

Results of our e.x.'Periments indicate that S. schenckii 
may survive proc e'ss,ing procedures used to manu
facttu·e most commercial frankfurters and be a po
tential health hazard to man ·and animals. These 
findings are imp01tant to manufactmers, public health 
officials, and other resp onsible persons and agencies 
because S. schenck'i'i can infect man and animals via 
the gash·ointes tinal h·act and result in systemic dis
ease (6, 9 ). 
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ADSTHACT 

A survev was conducted to determiuc the incidence of 
sa lm onella~ in sandwiches prepared in commercial kitchens 
for distribution through vending machines. A total of 646 
samples consisting of 13 different types of sandwiches oL
tained from five vending fim1 s was analyzed. Salmonellae 
were not detected in any of the sandwiches. It is concluded 
that the routine use of mayonnaise and other acid ingredients 
along with proper maintenance of hygienic conditions and ef
fective temperature control of vending machines play an im
portant role in the prevention of Salmonella infection in com
mercially prepared sandwiches . 

One of the contributions of modern technology is 
mass production of ready-made foods and their sale 
through vending machines. Sandwiches are one of 
the most popular single forms of food consumed in 
the United States. The consumption of sandwiches 
during 1970 was es timated at 100 to 200 million per 
dav (2). 

Sandwiches are prepared almost entirely by hand 
and the ingredients used for their preparation sup
port bacterial growth. Adame et al. (1) reported find
ing numerous coliform bacteria in commercially pre
pared sandwiches . The source of contamination 
might have been the sandwich ingredients or the food 
handlers. The latter source also may be an important 
route of foodborn e pathogens into sandvviches. The 
National Academy of Sciences reported that the in
cidence of Salmonella carriers among food handlers 
is higher than that of the general population in the 
United States (7) . Epidemiological studies of sal
monellosis have revealed that food and food ingred
ients play an important role in the chain of infection. 

This study was conducted to determine the incid
ence of salmonellae in sandwiches prepared in com
mercial kitchens for the vending trade. Various kinds 
of sandwiches from a number of vending machines 
and from kitchens of five distributors of vended foods 
were examined. 

MATEIUALS AND METHODS 

A total of 646 sampl es consisting of 13 differen t types of 
sandwiches was analyzed in this study. A summary of the 
spmples analyzed according to type of sandwich and the source 
of collection is shown in Table l. 

A 30-g sample was aseptically cut from the middle third 

'Present address TOM 'S FOODS LTD, Columbus, Georgia, 
31902. 

portion of each sandwich and b lend ed with 200 ml of lactose 
broth in a sterile \•Varing Blendor. The blended sample was 
incubated at 37 C for 18-24 hr and 1 ml was transferred 
to 9 ml of Tetrathionate ( TET) broth. The TET broth was 
mcubated at 37 C for 18-24 hr and the broth 'vas streaked 
en Brilliant Green Agar ( BGA) containing 0.016% sodium 
sulfadiazine. BGA p lates were incubated at 37 C for 24 
hr and at leas t five non-lactose fem1 enting colonies were 
inoculated into Triple Sugar Iron ·( TSI) agar slan ts. The 
TSI agar slants were examin ed after 24 hr of incubation at 
37 C. Cultures that produced alkaline slants with acid butts 
with or without gas or hydrogen sulfide in TSI medium were 
suspected as Salmonella. These cultures hereafter will be 
referred to as TSI-positive organisms. 

The somatic antigens of the TSI-positive cultmes were typ
ed with polyvalent 0 antiserwn ( Difco) and also with the in
dividual antisera that comprise the polyvalent 0 group. The 
cultures were tes ted further for lysine decarboxylase produc
tion and inability to produce indole and urease. ~vl otility was 
determined on Moti lity GI meclitm1 ( Difco) and serological 
typing for flagellar antigens was accomplished with pooled 
Spicer-Edwards antisera ( Difco). 

Studies were conducted in our laboratory to evaluate the 
sensitivity of the Salmonella recovery technique. Various 
levels of Salmonella thompson were added to egg salad sand-

TABLE l. LIST OF TYPES AND SOURCE OF SA:-IDW!CHES 

ODI'AINED FHOl\1 F IVE D!STH!BUTOHS 

Distributor Kind No. 

A From. vending macl1 ine 

1-hmbmger 9 
Cheeseburger 2 
Sausage & biscuit 4 
Hot dog 2 
Smoked sausage 1 
Pim ento cheese 2 
Fish sandwich 2 
Hoast beef 1 
Cheese & ham 1 
Ham salad 1 
Bologna & lettuce 29 
Tuna salad 31 

Fresh from kitchen 

Bologna & lettuce 20 
T una salad . 30 

Ham salad 50 

B Tuna salad 132 
Egg salad 100 

c Bologna & lettuce 49 
Ham salad 50 

D Ham salad 30 

E Tuna salad 50 
Egg sa lad 50 

646 
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wiches and immediately after preparation the sandwiches 
were analyzed for S. thompson as previously described . Sam
ples inoculated with 1-2 salmonellae per 100 g of sandwich 
were found positive for · salmonellae in 60% of th e recovery 
attempts. 

RESULTS Al\T]) DISCUSSION 

A total of 203 or 31.4% of the samples yielded TSI
positive organisms. These cultures also reacted with 
polyvalent 0 antiserum. Among the serological sub
groups tested, the highest percentage of organisms 
reacted with somatic antiserum subgroup B ( 29.5%) 
followed by C• ( 26.6%) and C, ( 24.1%). On the basis 
of their negative reaction to H antisera none of the 
cultures was conf1rmed to be Salmonella. Further 

n· ; 
identification of,.t11 e organisms was not attempted. 

Results of this. ~ tudy are consistent with the obser
vations of Adame et al. (1) and NicCroan et al. (6). 
These two groups of investigators did not recover 
salmonellae from a total of 850 commercially pre
pared sandwiches . 

Although there are several possible routes whereby 
salmonellae may enter sandwiches during prepara
tion, there has been, however, only one published re
port of salmonellosis involving commercially pre
pared sandwiches (5). That outbreak occuned at an 
army camp in 1944 and involved 97 persons who ate 
Salmonella typhi11t11rhmt-contaminated egg salad 
s<mdwiches pmchased from a vendor. 

A few reports indicate that low pH produced by 
certain sandwich ingredients, especially mayonnaise, 
and the competition and antagonism by saprophytic 
organisms probably have played important roles in 
the prevention of sandwich-borne Salmonella infec
tions. Low pH of commercially prepared sand
wiches containing mayonnaise and salad dressing was 
reported by McCroan et al. (6) as a significant factor 
in the prevention of foodborne illness . W'ethington 
and Fabian (9) reported that salmonellae failed to 
survive in commercial mayonnaise and salad dressing 
because of low pH. :tviost of the sandwiches analyz
ed in this study had either mayonnaise or salad dress
ing as one of the ingredients. 

The effect of competition and antagonism from 
saprophytic organisnis in suppressing the growth of 
Salmonella was reported by Dack and Lippitz ( 4). 
A profound inhibitory effect on the growth of S. 
typhimurium was noticed by these investigators when 
the number of saprophytic organisms reached 19,000/g 
of sluny of pot pies. Dming om investigation many 
sandwiches were analyzed that had a considerable 
population of lactose- and sacchaxose-fermenting bac
teria. These organisms were observed on Brilliant 
Green Agar after enrichment of the sandwiches in 

lactose and TET broths. 

The important role pbyed by public health author
ities in implementing effective hygienic standards 
and proper temperature control in vending machines 
have also contributed to prevention of Salmone,lla 
infection in commercially prepared sandwiches. Ther
mal death time studies conducted by Angelotti et al. 
(3) have revealed that 45-min e~.'posuTe at 60 C would 
reduce 1,000 salmonellae/g of food to a nondetect
able level. According to Section V of the Sanitation 
ordinance and code 1965 (8 ), potentially hazardous 
food within the vending machine should be maintain
ed at 7 C or below for cold foods or 60 C for hot 
served foods. All multiused containers or parts of 
vending machines which come in contact with po
tentially hazardous food should be removed from the 
machine daily and thoroughly cleaned and sanitized. 
The requirement for daily cleaning and sanitation is 
waived for those food contact surfaces which are main
tained at all tim es at a temperatme of 7 C or below, 

or 60 C or above, and an approved cleaning program ' 
is followed. 

In summary it is concluded that the routine use of 
mayonnaise and other acid ingredients in commer
cially prepared sandwiches along with proper main
tenance of hygienic conditions and effective tempera
ture conh·ol of vending machines have played an im
portant role in the prevention of Salmonella infection 
in sandwiches sold through vending machines. 
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FATE OF BACILLUS CEREUS IN CULTURED 
AND DIRECT ACIDIFIED SKIMMILK AND CHEDDAR CHEESE' 
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T. KmsTOFFERSEN 
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ABSTRACT 

Germination, growth, sporulation, and smvival of Bacillus 

cereus 7 was determined in cultured . (Streptococcus lactis 

C10 ) and dir~ct acidified ( lactic acid ) skimmilks. For cul

tured sys tems, B. cereus increased initiall y at approximately 

the same rate in milks witJ1 or witJ10ut >ireptococci. How

ever, as the acidity of th e milk increased, vegetative B. cereus 

cells failed to survive but spore counts remained unchanged. 

B. ceTeus organisms d id not influence acid production or 

multiplication of th e lactic streptococci. In direct acidified 

skin1milk, spore germ ination and outgrowth and vegetative 

cell multiplication decreased as th e pH of th e system was 

lowered from 6.5 to 5.0. In skil1m1ilk at pH 5.0, vegetative 

cells failed to multiply and spore gem1ination ceased. In 

Cheddar cheese manufacture, B. cereus multiplied rapidl y 

during the period from the end of cooki11g to milling of the 

curd . B. cereus smvived in the spore state in Cheddar cheese 

during 52 weeks curing. 

It is becoming increasingly evident that Bac-illus 

cere11s can b e an e tiological agent in some cases of 

food poisoning. Although to date, the actual mech

anism(s ) by which this occurs is unclem (3) . 

In some aspects, B. cereus food poisoning resembles 

that of Clostridium perf-r-ingens (3, 11). There is con

vincing proof that food poisoning by C . perfri·nge'/1S 

requires consumption of foods con taining large num

bers of vegeta·tive cells ( 4). For B. oereus food poi

soning, cotmts in excess of 10"-10"/ g have been en

countered in suspeo~ foods (3) . 

B. cereus is widely distributed . In our 1961 sur

vey of raw milk from Ohio farms , B. cereus spores 

were present in 37% of 287 samples examined (7). 

Higher values were reported by European vvorkers 

(3) who found that over 70% of the milk samples 

contained B. cereus. Dried skimmilk and pasteurized 

milk have been found to be contaminated with B . 

cerevs (3, 6). 
As part of a con tinuing investigation, we have re

ported on B. cereus spore germination and outgrowth 

(9), proteolytic activity (1, 2), and heat resis tance (8) 

in skimmilk. This study reports on the behavior of 

B. cere·us in cultured and direct acidi fi ed skimmilk 

and during Cheddar cheese manufacture and curing. 

'Approved as Journa l Series Article No. lll-7:2 of the Ohi o 

·Agricultura l Resem·ch and Development Center. 

i\'[ETHODS 

Bacillus cereus 7, originally isolated from a raw milk sup

ply, (7, 9) was used . As described previously (1 , 9), spores 

were prepared by the non-heat metJ1od m1d vegetative cells 

in exponential growth and synchronous division by successive 

transfer in modified G mediwn containing 0.2% casamino 

acids. The skin1milk medium was Mah·ix MotJ1er Culture 

~·! edia ( Calloway-\'Vest Co., Fond du Lac, Wise.) recon

stituted to 11% total solids and sterilized at 121 C for 10 

min . Cultured skimmilk was prepared by inoculation at the 

C.5% level with Streptococcus lactis ClO. For the direct 

acidified samples, tJ1e p H of the autoclaved skil11m ilk was 

adjusted with sterile lactic acid and incubated at 30° C. 

Cheddar cheese was manufactmed in the conventional man

ner from milk pa;i eurized at 72.2 C for 17 sec and inocu

lated with 1% Hansen's H-4 mixed culture. Two separate 

trials were made. For each trial, two lots of cheese were 

prepared: one was m·tificially infected witJ1 heat-shocked 

( 80 C - 12 min) B. cereus 7 spores to yield a fin al spore 

count of approxin1ately 4,000/ ml of milk and tJ1e oth er lot 

served as the control. 

The mannitol-egg yolk-polymyxin ( MYP) medium of Mos 

sel et a!. (10) was used to enum erate B. cereus organisms in 

th e presence of lactic streptococci. This medium has been 

evaluated and utilized by Kiln and Goepfert (5, 6) for studies 

of B. cereus contamination of food products. Characteristic 

colonies appem·ing on MYP agar weJ·e cotmted following in

cubation of plates at 35 C for 24 hr. In systems containing 

only B. cereus, Standard Plate Count agar was employed. 

Spore counts were done on heated samples ( 80 C - 12 min) 

using Standard Plate Count agar containing 0.1% soluble 

starch with incubation at 35 C. 
To enum erate lactic streptococci in the presence of 13. cereus, 

Standard Plate Count agar was used m1d counts were cor

rected by substrating B. cereus counts of th e sam e system ob

tained on MYP agar. 
Percent gennination, generation time, and nwnber of gen

erations were calculated as previously reported (9 ). 

Curd samples for microbiological analysis were prepared 

by grinding 11 g of curd with 99 ml of sterile 2% sodium 

citrate at 40 C in a \•Varing Blender. 
Titratable acidity expressed as percent lactic acid was 

detennined by ;iandard procedures utilizing 0.1 N NaOH and 

phenolphthalein indicator. 

R ESULTS AND DISCUSSION 

Gultured skimmilk 
The effect onactic acid streptococci on the rate of 

outgrowth and germination of Bacillus spores in skim

milk was determined (Fig. 1 ) . During the first 4 
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Figure l. Effect of S. lactis ClO on the gem1ination and 
outgrowth of B. cereus 7 spores in skimmilk. The percent 
germination is shown at 4 hr. (Average of 3 trials). 

lu· of incubation, outgrowth of B. cereus was approxi
mately tl1e same whether or not S. lactis was present. 
Beyond 6 hr, counts of B. cereus in the cultured sys
tem dropped rapidly, whereas counts of tl1e control 
milk continued to increase at an exponential rate. 
At 4 111', 77% of tlw B. cereus spores had germinated 
in the culh1red system as compared to 97% for the 
control. 

The rate of acid development by S. lactis ClO was 
not affected by tl1e presence of the B. cereus organ
isms (Fig. 2). In fact, dming tl1e period of 6 to 8 
hr, acid production by S. lactis ClO was slightly high
er in tl1e presence than in the absence of B. cereus. 
However, the increased acidic ·environment did de
crease markedly the survival of B. cereus cells (Fig. 
1). 

Altl1ough not shown, studies witl1 B. cereus 7 spores 
and Streptococcus cremoris US3 or Hansen's H-4 
yielded. similar results. 

Direct acidified skimmilk 
To determine the effect of acidification on germin

ation and outgrowth of B. cereus 7 spores and on B. 
cereus vegetative cells, sterile lactic acid was used 
to adjust the pH of skimmilk and the systems were 
inoculated vvitl1 heat-shocked. spores or vegetative 
cells 'in exponential growth. 

With resp ect to spore outgrowth (Fig. 3) particu
larly dming tl1e period of 4 to 8 hr incubation, the 
population level and rate of growth varied with the 
pH of the skimmilk. As tl1e pH decreased from 6.55 
to 5.03, there was a corresponding decrease in the 
rate of growth and/or in the total count of organisms 
present at each time interval . 

Spore germination was also influenced. by pH of 
tl1e system (Fig. 3). With the . exception of pH 5.03, 
in all other instances, spore numbers decreased gradu
ally with increasing incubation indicating germination. 
The rate and extent of germination increased with 
increases in pH. For example, at 6 hr of incubation, 
the percent germination ranged from 0 for pH 5.03 
skimmilk to 97 for pH 6.55 skinll'nilk. In the later 
milk, initiation of sporulation was detected at 8 hr. 

Results shown in Fig. 4 are for vegetative B. cereus 
cells in exponential growth added to direct acidified 
skimmilk. Active cell multiplication occuned in all 
but pH 5.03 skimmilk. As the pH of the skimmilk 
was decreased to 5.03, there was a corresponding de
crease in tl1e rate and extent of multiplication of 
vegetative cells. At pH 5.03, vegetative cell numbers 
decreased rapidly indicating that the organisms failed 
to survive in the acid environment. 

For B. cemus in a direot acidified system, pH 5.0 
appears to be the pH at which inhibition of spore 
germination and outgrowtl1 and active cell multi
plication is manifested. However, spores are not 
desh·oyed at this pH. In associated growtl1 systems, 
as was observed with the lactic sb:eptococci, some 
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Figure 2. Influence of B. cereus 7 on acid production in 
skimmilk by S. lactis ClO (Average of 3 trials ) . 
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Figure 3. Effect of pH of skimmilk on germina tion and 

outgrowth of B. cereu.s 7 spores. The p ercent germination is 

shown at 6 hr. and the pH of the skimmilk in the extreme 

right column . (Average of 3 trials) 

inhibition of spore germination and active cell multi

plication may occur at higher pH. 

Cheddar cheese 
To ascertain the fate of the B. cereus spore dming 

manufacture and curing of Cheddax cheese, milk was 

infected w ith approximately 4,000 heat-shocked 

spores/ml prior to manufacture. B. cereus counts on 

selective MYP agar and on Standard Plate Count agar 

were done at each step of the manufacturing process 

and at selected time intervals dming curing at 4 C 

for 52 weeks. 

F or the data shown in Table 1, the approximate 

time for each of the following cheesemaking steps 

was 1 1/4 hr for ripening and xenneting, 1 lu· for 

cooking, and 2 1/2 hr for cheddaring. The total time 

from the addition of the spores to hooping was about 

6 hr. 

B. cereus counts increased approximately 5-fold 

during ripening of the milk with a 10-fold decrease 

iJ! spore counts. At cutting, the curd contained 19,500 

B. cereus/g and at milling, the counts had increased 

to 220,000/ g. Following salting and at hooping, the 

MYP counts had decreased to 42,000/g. However, 

spore counts of the curd had increased to 61000/g 

from a low of 690/ g at cutting. 

Part of the observed increases in counts may have 

resulted from physical entrapment of the organisms 

in the cmd coupled with concentration of the curd 

upon expulsion of the whey. 
In one-day old cheese, B. cereus counts on MYP 

agar were 4,300/g, whereas spore counts of the same 

syst em were 5,600/g. Apparently, the B. cereus 

organisms smvive in the spore state. MYP agru: does 

not diffe,rentiate bet\veen tl1e vegetative or spore 

state, enumerating botl1 states . The difference be

t\veen MYP counts and spore counts is probably re

lated to nonnal variation in plating techn iques and/ or 

to an inability of some of tl1e spores to germinate and 

outgrow on tl1e selective agar . Spores of species 

other tl1an B. cereus were not a faotor in the increased 

spore count because the conh·o1 lot of cheese pre

p ared without added spores had counts of only 155/g 

at 1 day . 
As the curing time progressed from 8 to 52 weeks, 

counts on MYP agar and sp OTe cot.mts varied only 

slightly from each other and remained relatively con

st ant within the range of 5,500 to 8,200/ g. 

The flavor, body, and texture quality of botl1 tl1e 

infected and conb·ol lot s of cheese were similar and 

highly acceptable. At 52 weeks, the cheese was 

TABLE 1. FATE OF Bacillus cereus SPORES 1>1 THE 

MANUFACTUR E ANn CURJ NG OF CHEDDAR CHEESE" 

Sa mple Total co untb Sporesc 

(No./g or ml) 

Milk used for cheese manufacture 120 28 

Upon addition of B. cereus spores 3,600 3,900 

E nd of ripening 21,500 440 

En d of rennet ing 6,000 380 

At cutting : W hey 1,800 30 

Curd 19,500 690 

End of cooking: Whey 2,700 30 

Curd 44,000 2,600 

Curd at milling 220,000 5,600 

Curd at hooping 42,000 6,000 

Cheese after curing for - 1 day 4,300 5,600 

7 clays 5,500 4,200 

14 days 7,000 6,700 

28 days 6,100 5,500 

8 weeks 6,000 5,800 

12 weeks 7,400 7,100 

16 weeks 5,500 5,700 

24 weeks 8,200 5,900 

30 weeks 6,500 5,700 

52 weeks 5,800 6,200 

"Averages of two separate lots of ch eese. Control cheeses pl·e

parecl with the same milks had 28 spores/ ml in cheese milk 

:mel the finished cheese had 155, 180, 58, and 80 spores/ gram 

followin g curin g of 24 hr, 12 weeks, 24 weeks, and 52 weeks, 

resp ectively. 

"Total B. cereus count on MYP selective agar. 

<Counts obtained following heat treatment of ample at 8J 

C - 12 min. 
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Figure 4. Hesponse of B. cereus 7 cells in exponential 
grmvth upon inoculation into direct acidified skimmilk of 
varying pH. (Average of 5 trials) 

criticized for sligh t unclean flavor. 
The two major findings of the Cheddar cheese 

phase of the study vvere: one, that concentration and 
rapid proliferation of the B. cereus organism can oc
cur in curd particularly after stimulation of the spore 
during the cooking process and, two, that spore counts 
of B. cereus in some systems do not represent the en
tire B. cereus population especially where large num
bers of these organisms are present in the heat-labile 
vegetative state. 

Few or no vegetative B. cereus cells were present in 
the cheese during the curil:Jg period substantiating the 
findil1g from the cultured and dil·ect acidified study 
that the pH of properly prepared Cheddar cheese is 
inhibitory. \ 

It should be noted that if the mechanisms for food 
poisoning by B. cereus involves the pre-formed toxin, 
thm the ability of the organisms to multiply prior to 
development of sufficient acid by the lactic strepto
cocci should be of concern. 
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EFFECT OF EGG SHELL SWEATING ON MICROBIAL 

SPOILAGE OF CHICKEN EGGS' 

D. v. VADEHRA AND R. c. B AKER 

Department of Poultry Science, Food Science Sect ion 

Corn ell University, Ithaca, New York 14850 

( Received fo r publication March 1, 1972 ) 

ABSTRACT 

A study was undertaken to show the effect of sweating 

on microbial spoilage of eggs. Sweating had little effect on 

the spoilage pattern. The improper washing procedure had 

a greater influence on spoilage than the sweating treah11en t·. 

Induced infection studies showed fa r greater spoilage due 

to Pseudomonas than to Salmon ella but the sweating pro

cedure did not influence the spoilage pattern. 

It is a common belief in the poulh·y industry and 

also among research workers that sweating is detrimen

tal to egg quality and enhances the chances of egg 

spoilage. The term "sweating" refers to the accumu

lation of water droplets on the egg's exterior when 

eggs are moved from refrigerated storage to room 

temperature. The presence of moisture on egg shell 

is believed to facilitate the locomotion of bacteria 

and enhance their peneh·ation through the egg shell 

resulting in egg spoilage. 

A review of the literature revealed that little if 

any work has been done in this area although several 

reports are available on the effect of humidity and 

storage conditions on the internal quality of eggs. 

Extensive works has been done on the oiling of eggs 

and its effect on egg quality. Korslund et al. (3) 

studied the effect of washing and oiling on egg 

weight loss and albumen quality. Sabet et al. (5) 

showed that an oil-water emulsion for coating of eggs 

did not increase the microbial peneh·ation rate when 

eggs were stored at 1 C and a relative humidity 

(RH) of 75 to 85%. Funk (2) also reported on the 

effect of temperature and humidity on the keeping 

quality of shell eggs. Van Wagenen et al. (7) re

ported that a RH of 60% and a temperature of 7.3 C 

were satisfactory for short time £ann holding of 

eggs. 
This study was undertaken to determine the effect 

of sweating on the spoilage of eggs. 

MATEHIALS AND METHODS 

Effect of sweating 
i Washing treatments. Eggs used tluoughout tl1is study 

were from one strain of Wl1ite Leghorn h ens from the Cornell 

'This investiga tion was supported in whole by PH S Research 

Grant 1o. FD 00080 from the Food and Drug Administration . 

TABLE l. EFFECT OF WASHING PROCEDURE AND SWEATI NG ON 

PERCENT SPOILAGE OF EGGS L'-'CUBATED AT 13 C FOR 60 DAYS 1 

!\umber of sweatings 

l'yne of washing None On e Three Daily 

---(Percent Spoilage )'1'---

o washing 6 •10 8 10 

Proper washing 6 8 6 12 

Improper washing 12 12 12 14 

Average for treatm ents 8 10 9 12 

'60 eggs were used for each treabnent. 
0 Eggs were considered spoiled when they showed greenish 

fluorescence tmder U.V. light. 

TABLE 2. EFFECT OF INDUCED I NFECTIO ' A ND SWEATING ON 

PEHCENT SPOILAGE OF EGGS I NCUBATED AT 13 C FOR 60 DAYS 1 

Number of sweatingS 

'!'est orga ni sm 

Pseudomonas aeruginosa 

Salmonella typhimw·ium 

Sabnon ella derby 

X one On e 

---(Percent 

74 78 
4 0 
0 0 

'60 eggs were used for each treabnent. 

Three Daily 

spoilage) "---

88 76 
0 0 
4 4 

• Eggs were considered spoiled when they showed a greenish 

fluo rescence for Pseudomonas and positive tes t for Salmonella. 

University Poultry Farm and were one clay old unless other

wise specified. T he eggs were obtained nest clean and wew 

given the following h·eab11 ents: Tmatm ent 1: no washing. 

Treatment 2: proper washing. vVashing for 3 min in an inl

mersion type egg washer usin g a sanitizer-detergent solution 

at a temperatme of 45 C. The eggs were rinsed with water 

at 40 C to remove any residual detergent on tl1e egg smface. 

Tt·eatment 3: improper washing. The wash water, in addition 

to tl1e sanitizer detergent, contain ed 250 g of chicken fecal 

matter per 30 liters. Other conditions of tempera ture and 

time were similar to treatment nw11ber 2. 

Sweating procedums. The eggs were stored tlu·oughout this 

study in a refrigerator ( 13 C) in styrofoam egg crutons. To 

induce sweating, cartons were moved to room temperature 

and the covers opened. Cartons were left at iliis temperatme 

until visible water droplets could be seen ( 1 to 2 hr). The 

room tempera.htre was 25 to 27 C; the RH was 80 to. 85%. The 

sweating procedures for d1e eggs were as follows: (a) no 

sweating-stored at 13 C for d1e lengtl1 of this study ( 60 

clays); (b) sweating once-brought to room temperature once, 

allowed to sweat d1en retwned to 13 C refrigerator for . the 

remainder of the . storage study; (c) sweating drree tinles-on 

tlrr~e consecu.tive days, . brought to room temperature, allowed 

to sweat, d1en returned to a 13 c rehiget'ator; . and ·( d) sweat

ing daily for tl1e length of the study. 
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Effect of induced infection 
Method of infection . Eggs were washed as in treatm ent 2. 

The rinse water was at 40 C and clip water containing the 
tes t organism was 15 C. This provided a temperature differ
ential for entry of bacteria into eggs . The bacterial count of 
dip water was approximately 106/ ml. T est organisms used 
were (a) Pseudomonas aeruginosa isolated in this laboratory 
from a spoiled egg (b) Salmonella typhimuriwn L T 2, ami 
(c) Salmonella derby. The organisms were grown in glucose 
yea~t extract broth at 30 C for 24 hr. 

Bacteriological examination. Exru11ination for spoilage by 
Pseudomonas infection was clone by candling usin g illl ul
traviolet light (1). E ggs showing greenish fluorescence were 
considered positive. E ggs infected with Salmonella species 
were prepared for bacteriological e.xru11ination according to 
the procedure of Brown et al. (1). The albuh1en was plated 
on standard plate agar. Plates were incubated at 37 C for 
48 hr. T en to fifteen colonies were randomly picked per 
plate and tested for Salmonella by the standard procedures ( 4). 

R ESULTS AN D DISCUSSION 

The effect of the washing and sweating h-eatments 
on spoilage of eggs is shown in Table l. These data 
indicate that spoilage was not increased by sweating 
except possibly when sweating was repeated daily, 
a condition which seldom exists in the indushy Eggs 
washed improperly (fecal matter in wash water) 
showed a slight increase in spoilage when compared 
to eggs washed properly. Results of improper wash
ing were similar to those found with cracked eggs 
as reported by Vadelu'a et al. (6). 

Results of induced infection on spoilage of con
trol eggs and eggs e.x.rposed to sevnal sweating pro-

cedures are summarized in Table :2. The results 
indicate that sweating h·eatments did not influence 
spoilage of c ggs irrespective of type of organism 
used. Spoilage was far greater when P. aeruginoso 
was used as the test organism than when S. t!}7JhimL,'I'
iwn or S. derby was used. The absence of spoilage 
with Sa!mon ella speci::s is probably due to the incu 
bation temperature ( 13 C ) used in this study which 
is far below the optimum growth temperature for 
this organism; however, this is a commonly used stor
age temperature. 
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POLYUNSATURATED MEAT AND MILK 
DESCRIBED BY USDA SCIENTISTS: 

.Milk with 10 times the normal amount of poly
unsaturated fat and beef with 4 times its usual con
tent of such fat were described here today b y U. S. 
D epartment of Agriculture scientists. 

These experimen tai foods were produced by cattle 
given feed containing specially n·eated vegetable oils. 
Flavor, processing characte!ristics , and other proper
ties of the polyunsahu-ated milk and meat were d ::
scribecl by chemists Locke F. Edmondson and Joel 
Bibnan of USDA's Agriculh u-al Research Service at 
the 64th aruma! meeting of the American Oil Ch <-m
ists' Societv. 

Besides -increasing unsah.tTated fats in meat and 
milk, the exp erimental cattle-feeding regim e also re
duced tl1e amount of saturated fat:s. The idea is that 
these new livestock products may conn·ibute to a 
better dietary balance of unsaturated and saturated 
fats, and thus help to lower the blood cholesterol of 
some consumers. .tviedical evidence has indicated 

that less cholesterol in tl1e blood redu ces tl1 ~ risk 
of heart and circulatory ailments. 

The special vegetable oils used by Edmondson and 
Bitman were prepaTed by a method, fi rst developed 
in Australia, in which oil drople ts are coated with 
casein, b:eated with formaldehyde, and spray dried . 
The protective coating ensures passage of the oil 
through the diges tive h-act of cattle in unsa turated 
fo-rm. Normally, m osrt: of the unsaturated fats present 
in feed become saturated in the cow's rumen before 
they find their way into milk and meat. 

As tl1e cows weTe fed incre•asing amotmts of saf
flower oil b-eated with formaldehyde, tl1e polyun
saturate- d fatty acids in their milk rose from 3 to 30 
percent of the total fat. An oxidized, or tallow-like, 
flavor charaotetized the milk, and tl1is off-flavor be
came more pronounced as the content of polyun-

( Continued on Page 332 ) 
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UTILIZATION OF DAIRY INGREDIENTS IN OTHER FOODS' 

JoHN J. JONAS 

Kraftco Corporation, Resea·rch and Development Division 

Glenview, Illinois 60025 

ABSTRACT 

This paper d iscusses the ra tionale of using various dairy 

proteins, fats, and ca rbohydrates in solid, liquid, frozen , and 

emulsified food systems. Special emphasis is given to sectors 

of th e food industry which offer th e best novel opportuni ties 

fo r fw1ctionall y designed dairy ingredients . Dairy ingredients 

to be discussed are classified according to th eir chemical na

tm e into three groups : dai ry proteins, fats, and carbohydrates. 

I NTRODUCTION 

Use of dairy ingredients in formulated foods en

hances consumer appeal, improves the nutritional 

value, and supplies functionality featmes. Modified 

dairy ingredients, when designed to meet specific 

functionality requirements of the food manufacturer, 

could supply not only the inherent b enefits of the 

dairy raw materials but also improve economy and 

convenience. Introduction of these functionally de

signed, and industrially oriented, new dairy ingred

ients into international trade would tend to reduce the 

economic pressures of overproduction in dairy pro

du ction areas and be of benefit to the food industries 

in the non-dairying countries as well. 

The industrially oriented products of dairy origin 

have been traditionally marketed to b aby food manu

facturers, bakeries, meat processors, confectioneries, 

and for functionally designed dairy ingredients in the 

prepared food industries . :Manufacturers of pre-pack

aged foods, frozen foods, and various convenience 

food items are p otential users of dairy ingredients. 

A close and teclm ologically meaningful working re

lationship between the industrially oriented dairy pro

ducer and the food processor will be the source of 

new fun ctionally designed dairy ingredients. Be

cause of these developmental processes, the dairy 

industq will present its industrial products in a 

diversified form which will be able to cope with the 

numerous demands of the food manufacturers. 

This paper considers the rationale of using the 

various dairy proteins, fats, and carbohydrates in 

solid, liquid, frozen, . and em ulsified food sys tems. 

The review is not intended to be comprehensive, 

ratl1er special emphasis is given to sectors of the food 

industry which offer the bes t novel opportunities for 

functionally designed dairy ingredients. 

'Presented in part at the 59 th An nual Meeting of th e In ter

na tional Associat ion of l\llilk, Food, and Environmental- Sani

tat·ians, Milwaukee, \Visconsin , August 21-24, 1972. 

F uNCTIONALLY D ESIGNED D AIHY I NGREDIENTS 

FoR THE FooD I NDUSTRY 

The fun ctionally designed industrial dairy ingre

dients are products intended for use in conjtmction 

·with other foods to: (a) provide enrichment in terms 

of nutrition ( i.e., protein and vitamin supplementa

tion ), (b) contr ibute certain technical effects in the 

finished products for the food manufacturer ( i.e. , 

consistency, texture, whipability, ~aking performance, 

etc.), and (c) obtain food products of high consumer 

acceptance ( i.e., fl avor, mouthfeel, color, etc) . The 

basic justification for use of functionally designed 

dairy ingredients in food formulation is to provide 

the public with manufactured foods of the b est over

all food values. 

Functionally designed dairy ingredients should be 

produced in such a fashion that the most desirable 

food value ath·ibutes be preserved and developed 

to the maximum effectiveness and should b e available 

for the food processor in the most economical and 

convenient way. There is little doubt that tl1e dairy 

proteins are by far the most unique and give the most 

opportunity for successful commercial applications. 

The dairy proteins are enjoying an unchallenged 

p osition in terms of intrinsic food values which are 

not equally shared by some of the otl1er major dairy 

ingredients such as butter , or lactose. D airy in

gredients selected for discussion are classified accord

ing to their ch emical nature in three major groups: 

dairy proteins, fats and carbohydrates. 

D AIRY P ROTEINS 

Various dairy proteins can be made available for 

the food manufacturer. Tables 1 and 2 illustrate a 

potential classification of those dairy proteins. 

Use a11 cl mtio11ale of dairy protei11s 'in foods 

Technological innovations in . manufacturing milk 

proteins h ave created new products with wide range 

of adaptability to food systems. This new orientation 

relegates to the past the traditional dairy industry 

approach which processed smplus skim milk to non

edible casein for the adhesives industry. The new 

trend calls for processing skim milk to yield .a new 

line of proteinaceous products with specific, food 

technologically valuable functional properties. The 

present market demand clearly indicates a trend for 

using more dairy proteins in foods. This increased 
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T ABLE l. DAIDY P ROT E INS AS FUNCTIONALLY DESIGNED 

FOOD INGREDIEN TS 

1. Isoelectric caseins 
2. Whey proteins 
3. Coprecipitated dairy proteins 

4. Modified dairy proteins 
by means of chemical, ph ysical 

or microbiological m ethods 
5. Dairy b y-products 

TABLE 2. M ODIF IED DA ffiY P R OTEINS F OR FOODS 

(SUBGROUP O F ITEM 4 OF TABLE 1 ) 

a. Caseinate salts 
b . Lactalbumin phosphates 

c. Microbiologically or enzymatically modified pro-

teins : 
i ) cottage cheese, cheese p owders 

ii ) quark 
iii ) rennet-treated milk or proteins 

d . Protein concentrates prepared by m embran e proc

esses and gel filtration 
e. Dairy protein hydrolysa tes 

demand will be satisfied at the expense of non-edible 

skim milk allocations and will require production 

of edible caseins, milk protein coprecipitates, micro

biologically or chemically modified dairy proteins, 

and an efficient whey protein recovery system. 

The current importance of dairy proteins to the 

food indusb-y in America is illusb·ated by the com

plete change in the market for imported casein (12). 

Mr. Borst, a prominent businessman in the inter

national b·ade, writes: "In 1960, New Zealand and 

Australia constituted only a little over 29% of the 

total imports which were nearly all consumed in in

dusb·ial applications, vvhereas, in 1969 these two 

counb·ies accounted for 68.5% of the impmts, most 

of which found their way into food uses of one kind 

or another. Overall, it is estimated that the market 

for edible milk protein in America is cmrently run

ning about 65 million lb. per year . Tl1is is an in

crease of sometlung over 50 million lb. greater than 

the usage just 10 years ago which is indicative of the 

important role these materials have now assumed in 

the food indusb-y." 

Uses of edible isoelectric case·in 

The old fasluoned edible casein produced by acid 

precipitation without proper purification is easily 

manufachued, but has a gluey flavor which imposes 

lin1itations on use in some foods. However, use in 

the less flavor-sensitive food applications, such as 

bread and cereal fmtification, is suggested by Clausi 

et al. (14). 
Casein also can be converted to a fine fibrous form 

wluch when bonded together results in a texture re

sembling meat (55). In processing of beer and wine, 

casein is employed to adsorb natural polyphenols 

(65). 

Borst (12) has reported that the main reason for 

the growth in use of casein in foods lies in its func

tionality. The fas t growth of casein uses might be

come self-limiting because of exhaustion of the supply 

and consequent price increases. There is a signifi

cant tendency in Scotland, Ausb·alia, and New Zea

land to initiate increased production. It is advisable 

to tap the casein resources in Argentina by upgrading 

tl1e quality of ilie production . (39 ). 

W h ey protein.s 

Traditionally produced lactalbumin is water in

soluble, but is of high nutritional value. Its estab

lished uses have been limited to non-functional ap

plications , or simple protein supplementation. For 

example, addition of 4% lactalbumin to common cer

eals will double the protein efficiency ratio of the 

cereal protein . In spite of these nub·itional benefits , 

its food technological applicability is limited because 

of its gritty texture. H owever, undenatured whey 

proteins, recovered under controlled heat treabnent, I 

are dispersible, have excellent whip imparting prop

erties, are efficient water binders, and are useful in 

many foods (71 ). 
Native lactalbumins can interact with other pro

teins when heated . Such interactions might result in 

a great increase in the water binding capacity of ilie 

lactalbumin. The theoretical background and prac

tical application of complexes formed b ehveen lactal

bumin and other proteins is discussed by ' Vingerd 

(72). 
Lactalbumins and lactoglobulins in the futme will 

be produced by the currently developing membrane 

technology. These products are very promising as 

to their colloid chemical functionalities. 

By conb·olling tl1e ash content of the whey proteins, 

using electrodialysis, demineralized and delactosed 

whey concenh'ates have been made available com

mercially for food use in the Ur1ited States (3). Frn:

ther developments include using whey proteins as 

additives to sweet cream for improved whipping per

form ance (48), and as functional additives in ice 

creams to achieve slow meltdown featmes ( 49 ). Ref

erence is made to an excellent review on the use of 

whey proteins by Mann ( 42). 

Da·iry p1'0tein cop1·ecip itates 

The highest nubitional efficiency in the dairy pro

tein field can be obtained by balanced blends of 

casein and whey proteins. Such prepa~:ations possess 

an excellent amino acid profile and render llighly 

nutritious protein supplements. 

Depending on the method of preparation, the solu

bility, water binding, and viscosity building capability 

of the products can be regulated for the best food 

technological performance. The first attempts to 

produce coprecipitates for food use were made by 
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D 'yachenko e t al. in the U.S.S.H.. (18). This work 

considered coprecipitation of casein and serum pro

teins in the presence of calcium chloride and en

visioned use of the recovered proteins in bread bak

ing, macaroni products, soups, vegetable purees, and 

other locally important food items. In the U. S. , 

Engel and Singleton worked out (23) a continuous 

process for producing a dairy protein coprecipitate. 

In Australia, Muller and Hayes ( 46) systematically 

studied the effects of pH, and calcium and sodium 

tripolyphosphates on the coprecipitation process and 

reported recovery of products which are excellently 

suitable for production of a milk biscuit. This appli

cation uses spray dried coprecipitated milk proteins 

in a dry blend with flour and other addi tives to pre

pare a hot biscuit mix for home use. The Japanese 

food industry is very active in introducing copreci

pitates for the manufacture of recombined dairy prod

ucts (67). Another Japanese work reports on a copre

cipitate which is stable at low pH values, such as 

those occurring in natural fruit juices. This develop

ment opens up the possibility of developing protein 

fortifi ed fruit drinks (13) . Coprecipitates are import

ant in preparation of lactose-free baby food formu

lations, useful in the diets of lactose intolerant in

fants. Recently, H.ussian scientists combined dairy 

proteins with blood proteins and suggested a milk

blood coprecipitation process (58). The resulting 

product is dark in color, but according to the reports 

has a pleasant flavor and is useful in a variety of 

foods. 

The above data attempt only to illustrate a fevv 

highlights. D etailed review articles have been pub

lished in France by Genin (27), in the U. S. by Fox 

(25), and most recently by Muller in Australia (47). 

In the manufacture of marshmallows and nougats, 

milk proteins or coprecipitates are important because 

of their whip imparting properties. In caramels, fud

gies, and similar candies, milk proteins contribute to 

flavor, body, and color. To obtain a smooth textural 

quality, milk protein characteristics must be such that 

during cooking conditions of candy, when coagulation 

of the milk protein takes place, protein aggregates 

formed will be small. 
Color formation is controlled by the simultaneous 

presence of reducing sugal'S and proteins. Similarly, 

the characteristic milk caramel fl avor is developed as 

a result of chemical interactions between reducing 

sugars and proteins. 
The significance of milk proteins in chocolate manu

facturing is highly complex and processing details are 

kept confidential. Apparently, the most essential fea

ture in this application is development of flavor sta

bilizing compounds which might be powerful anti

oxidants. 
In the meat industry, dairy proteins can be used 

to in crease the \Va ter binding capacity of chopped 

meats. In sausage processing, the finely dispersed 

milk protein curd also acts as a binding agent, yield

ing the desirable chewy texture. Additional attri

butes of dairy proteins in sausage formulations in

clude the control of shrinkage during storage and 

deformation under slicing. 

Modified dairy pmte·ins 

The modified dairy proteins have been listed in 

Table 2. Included are caseinate salts, lactalbumin 

phosphates, microbiologically and enzymatically pre

cipitated proteins, membrane and gel filtration pro

cessed milk protein concentrates and, finally, protein 

hydrolysates. 

Caseinate salts. Among the caseinate salts, sodium 

caseinate is by far the most significant as a food addi

tive. The caseinate salt group also has a unique 

standing from the legal point of view, because in the 

United States it is declared as a food chemical de

rived from milk, rather than a dairy product. The 

caseinate salts enjoy an exempt position with regard 

to the Filled :Milk Act and, consequently, can be 

used in conjunction with vegetable fats without vio

lating the above Act. 
The best quality of sodium caseinate is made from 

freshly precipitated casein, followed by solubilization 

with sodium carbonate or sodium hydroxide. The 

resulting colloidal solution of sodium caseinate is 

then spray dried. 
In this form it has an acceptable flavor and pos

sesses excellent water binding, whip imparting, and 

emulsion stabilizing capabilities. Sodium caseinate 

disperses well in water or melted fats. Upon addi

tion of warm water during processing, sodium case

inate dispersions hydrate and the resulting colloidal 

solution forms a base for subsequent emulsions. 

C:\SEINATES IN EMULSION TECHNOLOGY. The ration

ale of sodium caseinate application in emulsion tech

nology is b ased on its manifold chemical reactivity. 

The reactivity of caseinates resides in the unique 

disb·ibution of the electrical charges on the poly

meric molecule, its hydrogen bonding capability, and 

its richness of hydrophilic and lipophilic bonding 

sites. The complex colloid chemical performance of 

caseinate can be accentuated by its reactivity with 

lecithins and carrageenans. In homogenized emul

sion systems the caseinate molecule is anchored to 

the surface of fat droplets, and acts synergistically 

with synthetic emulsifiers conb·ibuting to formation 

of encapsulating layers. The encapsulating layers on 

the outside surface of emulsified fat particles are 

instrumental in stabilizing emulsions toward heat 

effects, or toward detrimental effects of freezing. In 

this way, emulsions prepared with sodium caseinate 

are resistant against the hea t shock of pasteurization 
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and will show increased freeze-thaw tolerance dur
ing frozen storage. The stn.1chu·e of encapsulating 
layers remains unhanned by heat during the spray 
drying process. This property of caseinates is essen
tial to prepare dried emulsions. 

Dried emulsions ru·e rehydratable without the 
coalescence of fat pruticles. On the other hand, case
inate layers of dried emulsions in the rehydrated state 
are sensitive to the mechru1ical shearing action of 
whipping devices commonly used in food processing 
such as kitchen mixers, wire whips of Hobru·t mixers, 
Oakes mixers, or to dashers of ice cream machines. 
This shearing action causes whipping in the presence 
of air. On whipping, the caseinate encapsulating 
layer rearranges to a foam lamella system which 
possesses high tolerance and stability w1der many 
conditions. In this highly complex mechanical and 
physico-chemical process, very fine textured whips 
are formed. These whipped forms of fat, or protein
rich food formulations ru·e highly palatable and suit
able for many commercial applications. This con
cept is widely used in the preparation of toppings, 
cream substitutes, and numerous desserts. 

CASEIN'ATES IN MEAT PRODUCTS. Use of sodium case
inate in the meat indush·y is in the most advanced 
stage of development in Germany and in several 
other Emopean counh·ies. The rationale for use of 
caseinates is based on the water binding and fat 
emulsifying capability of the caseinate salts in sau
sage meat emulsions (63a). 

The stabilizing and texture building properties of 
caseinate salts ru·e recognized as effective meat bind
ers. The subject of meat binders was very thorough
ly reviewed by Saffle in 1968 (60). He concluded 
that there are no guidelines which would clearly in
dicate ru1d predict the useful effects of the various 
non-meat additives on formulation and stability of 
meat emulsions . In recent yeru·s vegetable proteins 
have gained more emphasis as meat binders than 
the dairy proteins . lt is very likely that the relative 
high price of dairy ingredients compared to function
ally designed vegetable protein products has tipped 
the balance unfavorably for the dairy indush-y. 

Another problem connected with use of dairy pro
teins in meats has been a legal one. Most food con
h·ol authorities require that the added dairy proteins 
be quantitatively detectable in the meat products. 
Active reseru·ch work was instituted towards this goal 
in Emope. Successful development of practical a.l1-
alytical methods in West Germany lead to approval 
for use of sodium caseinates in sausage products . 
In 1970 Olsman (54) describ ed an analytical method 
which differentiates between casein and meat pro

. teins by means of a m ea-stru·ch gel eletrophoresis 
t~chnique . By this method 0.25% casein can b e readi-

ly determined in various heated, mixed, and proces
sed meat products. 

Recently in Norway, further new analytical develop
ments have been published for the detection of so
dium caseinate in raw and heated meat producfs. 
A method by Nordal and Rossebo (52) distinguishes 
between sodium caseinate and dry milk powders in 
meat products. This paper gives guidance to dis
tinguish sodium caseinate in meat products from 
additives such as dry milk powders. Caseinate addi
tion levels in the range of 0.2 - 0.4% can be determin
ed in processed meats. 

Lactalbumin phosphates. The colloidal effective
ness of lactalbumin is greatly enhanced in lactalbu
min phosphate products which have been developed 
mainly in America. Between 1966-71 several patents 
were issued to McKee and Tucker ( 45) and Ellinger 
and Schwartz (19, 20, 21, 22) which describe the prep
aration and application of these chemically modified 
dairy proteins. The authors recommend broad usage 
of these products in cake mixes, meats, self-raising 
flour, and bread and pizza doughs as a replacement 
for non fat milk solids. Further applications ru·e also 
suggested for replacement of sodiwn caseinates in 
coffee whiteners, mellorines, and whipped toppings. 

Lactalbumin phosphates are precipitated from whey 
under acid conditions in the presence of certain con
densed phosphates. Although there is some evidence 
that tlus precipitation involves chemical reactions, it 
is presently thought to be mainly one of cation-anion 
interaction. The lactalbumin phosphates contain both 
the lactalbumin and the beta lactalbumin of the milk 
in undenahu·ed form and, tlms, is lughly advanta
geous over the denatured non-hydrating whey pro
tein. 

Microbiologically and enzymatically modified dairy 
prote-ins. As we have seen in Table 2, Item c, cot
tage cheeses, cheeses and cheese powders, the highly 
populru· Quark of Germany and rennet-h·eated milks 
are the topic for discussion in tlus category. 

In recent years, demand for high protein foods 
gained wide publicity, mainly because of tl1eir al
leged value in limited calorie foods. Medical and 
regulatory aspects of protein fortified foods are in 
the process of development. 

COTTAGE CHEESE AS A NEW RAW MATERIAL. The dif
ferent cottage cheese types occupy a key position in 
this application area. Dairy proteins recovered as 
cottage cheese can vary in a broad spectrum with 
respect to flavor and consistency, depending upon 
stru·ting material and h·eatment used. 

In Anglo-Saxon counh·ies, creamed cottage cheese 
is the most popular item of this class; however, the 
European dairy industry has explored a wider range 
of products in tl1is category. Quark and Frisch Kii.se 
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are used in Germany, while FTOmage Fmis is used in 
France. Annual per capita consumption of these 
cheese varieties is 5.2 kg in Germany and 3.4 kg in 
France. The high nutritional value and the extensive 
versatility of cottage cheeses await a more pro
nounced use of this product by the food indusb·y 
(43). 

The basic idea for inh·oducing microbiologically 
precipitated dairy proteins hinges on the possibility 
of improving the rather pasty and occasionally bland 
tasting characteristics of the QuaTk and Fromage 

Frais dairy protein concentrates. By suitable modi
fications and processing, these raw materials become 
smooth and creamy, and light textured. Their bland
ness can be considered an advantage because the 
microbiologically precipitated dairy proteins are com
patible with many balanced sweeteners and fruit 
flavors . Fmthermore, their mouthfeel and body can 
be readily modified by addition of homogenized fat 
emulsions. Light texhued qualities can also b e in
h·oduced by whipping. 

The perishable nature of cottage cheeses was con
sidered as a major disadvantage in formulated food 
use; however, by suitable formulations, freeze-thaw 
stable featmes can be created, thereby rendering these 
products as valuable ingredients in frozen food sys
tems. 

An entirely different approach to the textmized 
cottage cheeses has been recommended by chemists 
at U.S.D.A. (6). This group developed a new milk 
food ingredient by frying milk curd. This high pro
tein-containing, modified milk ingredient is reported 
to have meat-like texture and can be flavored and 
sweetened to suit various tastes. The product can 
thus be used in a meat flavored gravy. Further ap
plication research was reported on use of tllis modi
fied milk ingredient in snacks, hors d' oeuvres and 
confections (7, 73). Pinksb·om fmther elaborated on 
this concept (57) and proposed puffed snacks from 
milk curd using starch containing formulations . Fla
vor of the oil fried dough can be enhanced by dust
ing the bite size puffed material with cheese pow
ders or barbecue fl avor. 

THE usE OF QUARK. Quark, or quarg, is a new word 
entering the English language. Webster does not 
recognize it, except as an archaic word meaning "to 
croak." However, in its original German meaning, 
it refers to a fresh uncured cheese in bulk form, with
out the familiar form of our cottage cheese. Qum·k 
is widely used in Germany because of its versatility 
and ease of preparation. To produce qua·rlc, milk is 
coagulated exactly the way cottage cheese is made, 
but .instead of cutting, cooking, and washing the curd 
particles, the whole coagulum is passed through a 
specially designed cenh·ifuge. In this step whey is 
separated from the solidified protein curd. It is then 

cooled and packaged in bulk. When the operation 
is carried out under good sanitary practices, the 
product has good shelf life under refrigeration until 
further processing takes place by the food manu
facturer. 

Outside the European Economic Community 
(EEC), in Eastern European countries, the U.S.S.R. 
is the leader in quark production for the food in
dustry. It is estimated that 30-40 different food items, 
vvhich are based on qua:rk are commercialized in sig
nificant quantities. The quark is blended in these 
items with dairy or vegetable fat emulsions, it is salt
ed and mixed with spices or herbs (38). Preservation 
and formulation experiences with quark have been re
viewed by Schultz (63) . The Ausb·alian dairy in
dusby also recognized the utility of quark and ex
tended its applications in conjunction with seafoods 
and tangy dips beyond its sweetened versions. 

According to a smvey conducted by Claydon (15) 
at Kansas State University, the American consumer 
will accept this product. Based on a limited market 
study it was concluded that quark has considerable 
potential. As with yogmt, advertising and promotion 
would be necessary. 

RENNETED '!ILK PROTEIN-s. Solubilized renneted milk 
proteins are used in Germany to a linlited extent in 
some meat products. 

P·rotein concentrates prepared by 1nembrane a:nd 

gel filtmtion processes. The newly developed tech
nology of reverse osmosis and gel filtration when ap
plied to milk or whey results in recovery of entirely 
new dait')' protein concenb·ates. These concenb·ates 
are basically different from the heat or microbio
logically separated products. 

It is expected that when reverse osmosis and gel 
filtration techniques are brought to commercial use 
in the dairy indusb·y, they will replace many of the 
existing processes now used to produce daily proteil1 
concenb·ates and make available to food processors 
concentrates with improved functionality properties. 
The utility of these products for the food il1dush')' is 
now actively pursued, but has not yet reached com
mercial matmity. However, there have been many 
speculative aspects discussed in the literature during 
the last several years, concerning potential uses of 
products made by membrane processes. Because of 
the complexity of this subject, the reader is referred 
to the reviews of McDonough (44), Porter et al. (59), 
and the dissertation of Fenton-May (24). 

Dairy protein hydmlysates. Milk protein hydroly
sa tes, produced by either mineral acids or enzymes, 
have been used in the food indushy for 30-40 years. 
Chemically, these products represent amino acid mix
tures and, dependil1g on the extent of the hydrolysis, 
contain a great variety of peptides. Mter hydrolysis 
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the reaction mixture is neutralized , purified, and in 
many instances the inorganic salts arc removed by 
filb·ation or ion exchange. 

Often carbon treatments are also employed to re
move color or undesirable flavors. The flavoring 
spectrum of the hydrolysates covers a very wide 
range. Use levels are generally low and highly speci
fic. 

Organoleptically, there is a highly desirable ap
petite-increasing flavor or odor associated with these 
products. Because of the complex processing and 
sophisticated purification methods employed, the cost 
of dairy protein hydrolysates might be high . How
ever, certain unique flavor qualities can be obtained 
with the specially treated hydrolysates and this might 
justify the price. 

The use of hydrolysates in the diets of p atients 
sensitive to protein intake has some practical and 
clinical value. Casein hydrolysates have b een used 
for inb·avenous feeding of humans. Baker and Bertok 
(10) found that certain peptides of casein which form 
stable foams tend to b e antigenic. 

\Vith regard to meat flavorings , Germany h as spe
cial regulations (56) for use of dairy protein hydroly
sates. Oberg et a!. (53) proposed hydrolysing casein 
by means of b·ypsin. Nestle developed a patent for 
other enzymatic hydrolysates (50) of dairy proteins 
with proteolytic enzymes and phosphatases. 

The physical characteristics of the hydrolysates 
leave much to b e desired, and adjusbnents to com
mercial requirements might be beneficial for their 
more general acceptance by the food industry. Most 
of the hydrolysates are highly water soluble, but are 
also extremely hygroscopic and therefore have limit
ed storage stability features. 

Dairy by-products in foods 

Tl1e dairy industry, for some time, has enjoyed an 
already existing channel to the food processing in
dustry by means of merchandising its dried skim milk, 
whey, butter milk, and cheese powders. These by
products of excellent functional qualities and nutri
tional values are facing an increasing competition 
from the vegetable protein sources, especially from 
soya products. The dairy industry will be able to 
retain this business sector only when high quality 
products are maintained and the bes t efforts are put 
into practice to tailor-make products for specific ap
plications . 

Illusb·ative examples indicate development of pat
ented products of high versatility from whey, such 
as whey powders with high oil adsorbing capabilities, 
by Collins (16) and its adaptation to specific product 
areas (17). According to these patents, whey pro
cessed in a flowable particulate form is suitable to 
hold liquid fats. Its adaptation results in dry salad 

dressing ,,·i th whey powder as carrier. Factors af
fecting use of dairy ingredients in baking have been 
thoroughly studied by Singleton and Robertson (64) . 

Recently, Kinsella of Cornell University, wrote on 
this subje'ct (34). H e proposed widening the ftme
tional uses of dairy by-products with respect to bak
ing performance and their fortification with indusb·ial
ly accepted sudactants. 

The chemistry of dairy powders with reference to 
baking also has been discussed "in depth by Kinsella 
(33). This work elucidates the scientific b ackground 
of numerous functional features of dried milk, butter 
milk, or whey ingredients in baked food systems. To 
insure the food indusb-y's satisfaction with the dairy 
powders, Kinsella proposes intensive research activi
ties in specific areas. 

Cheese po·uxlers and cheese flavored dairy powders 
The industrial use of cheeses in foods has been 

favorably advanced by the production of cheese pow
ders. These ingredients make it convenient for food 
manufacturers to put cheese flavors into baked goods, 
and convenience items, and their use is widening 
considerably. Cheese powders are produced by dis
persing the selected cheese type in skim milk, or 
preferably in whey, as a 50% slurry (31). 

This slurry is heat b·eated for emulsification, homo
genized, and finally spray dried. The expected stor
age life is about 1 year under suitable conditions. 
Spray dried cheese powders can be produced at 
various fl avor levels and with salt addition to suit 
the food manufacturers . 

Starting in 1960 cheese flavored powders were de
veloped. These products have gained broad ac
ceptance by the food manufacturers because of good 
flavoring strength and relatively lower cos ts in com
parison to cheese powders. Many foods such as salad 
dressings, soups and various kinds of baked goods 
are flavored by cheese. For · this purpose, usually 
aged cheese is used, but this item is expensive be
cause of long storage. 

Disclosures of U. S. patents by ·watts and Nelson 
(67 a) and Knight (34a) demonstrate the possibility 
of creating a low-cost composition with high fl avoring 
sb·ength which can be produced without aging. The 
products are made by inoculating a fluid , aqueous 
culture medium, based on homogenized milk, skim 
milk and whey, with spores of Penicilli-um mqu.efotU 
and fermenting the mix for a fevv days. The fer
mentation liquid is then hea t treated, condensed or 
dried , and used in a liquid or solid form, respectively. 

D AIRY FATS 

With regard to the utility of all dairy products in 
the food industry, butter occupies the least enviable 
position . This , lwwever, does not reflect on the 
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Commercial 
forms: 

Potential 
new 

dairy fat 
varieties 

TABLE 3. DAIRY FATS FOR FOODS 

l. Butter 
2. Butter oil 
3. Anhydrous milk fat 
4. Fractiona~ed 'b_t_lt-te_r_f""a_t _____ _ 

5. Cultured emulsified dairy and vegetable 

fat blends 
6. Spray dried butter 
7. High heat-treated butter 

versatility of this excellent food raw material, but it 

is more the result of economics. 

At present, conventional butter, butter oil, and 

anl1yclrous milk fat are essentially the only com

mercialized forms of this important food resource, 

and tlus may be tl1e heart of tl1e problem. 

However, in the last 10 years, new technological 

developments have emerged which nlight propose 

new options for its use (Table 3). An attempt will 

be made to rughlight some of these new developments 

and to generate ideas towards new application op

portunities. 

Butterfat fractionation 
Buttelfat can be separated into high, medium, and 

low melting fractions. Tlus is achieved by melting 

butter oil and letting crystallization take place fiJ:st 

at a higher, and tl1en at a somewhat lower temper

ature. At tl1e selected temperatme, the solidified part 

of the fat can be easily separated from the liquid 

portion by pressing. TI1e liquid portion, on further 

cooling, will again exlubit partial crystallization. Re

peated sepamtion of the solidified portion will result 

in a lower melting solid fraction . Because these sub

sequent fractions have different compositions and 

functional properties, their applicability in food for

mulations will be wider than that of the unfraction

a ted butter oil. 
The high melting butter components are superior 

for use in chocolate and ice cream manufacture, and 

spray dried butter emulsions, whereas, the lower 

melting fractions blended with unfractionated butter 

will increase spreadability in table use. Swedish in

vestigators (8) described the manufacturing operations 

of the fractionation process both for butter oil and 

for fresh cream processing (9). 

Anhydrous milk fat is suitable for bulk distribution 

and has favorable storage characteristics. It can be 

used for reconstitute.d liquid dairy products, and its 

reformulation for special purpose butters or shorten

ings is envisioned. 
The butter fractionation process might be the start

ing point of making milk fat just as versatile to the 

food indusby as the vegetable fat producers made 

tl1eir various raw materials. A recent review on milk 

fat fractionation was issued in Germany (66). 

Cultured emulsified vegetable and dairy fat blends 

Recently, the Swedish milk fat industry has taken 

the initiative on this controversial step. By the end 

of 1969, a new milk fat-vegetable fat blend called 

Bregott was launched. Bregott is a butter-like prod

uct with a ratio of 80% milk fat to 20% high quality 

polyunsaturated vegetable oils. It is spreadable even 

at refrigerated temperatures, and is standardized to 

contain about 80% fat, 16% maximum water, and 1.4% 

salt. Bregott is fortified witl1 vitamins A and D and 

its storage stability is satisfactory for retail distribu

tion (5). 

Spray d1·ied butter 

Spray dried butter brings convenience to tl1e bak

ery since it is supplied in a storage stable, free flow

ing form. Fmthermore, it gives tl1e dry cake mix in

dustry the opportunity to use butter fat (2). Recent 

work on tl1is product was done ·at the University of 

Vlisconsin. Spray dried butter can be produced from 

heavy cream and butter oil in the presence of milk 

solids (11). 

The moisture content has to be reduced to 0.1% in 

spray dried butter (61 , 62). Spray dried butter re

hydrates readily to an emulsion which is organolepti

cally indistinguishable from cultured cream butter . 

The origin of the spray dried butter goes back to 

Hansen in Australia (29). His product was made 

from butter oil by adding sodium caseinate, emul

sifiers, and citrate salts. Subsequent German and 

U. S. developments avoided use of non-dairy addi

tives. Evaluation of these products in cake baking 

gave satisfactmy results; however, addition of suit

able emulsifiers might be useful for better baking 

performance. 

High heat treated butter 

This approach was studied in Russia and in the 

U. S.; its final utility remains to be seen. Heat b·eat

ed butters have better keeping qualities than ordin

ary butter. In Eastern Emopean countries such 

products are used in conjunction with processed meat 

products . 

D AmY CARBOHYDRATES . 

The single major daiJ:y carbohydrate is lactose. 

Lactose can be modified chemically to result in close

ly related products with different physical or food 

technological properties (Table 4). Upon hydrolysis, 

lactose can be transformed to a gluoose-galactose 

mixture which is usually recovered as a syrup of 

somewhat sweeter taste and of higher solubility than 

lactose. Lactose, on alkaline inversion, can be trans

formed into lactulose wruch is a 4-0-,8-n-galactopyra

nosyl-n-fructose; tl1is product has different nutritional 

properties than lactose and is considerably sweeter. 

A commercially feasible process to produce lactu-
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TABLE 4. DAIHY CARBOHYDHATES AK D DEHIVATES FOH FOODS 

1. Lactose 
2. Hydrolyzed lactose 
3. Lactuiose 
4. Lactobionic acid, 

lactic acid and salts 
5. Naturally occurring 

oligosaccharides of milk 
6. ·whey as source of lactose 

lose was patented by Guth and Tumerman (28). Lac
tobionic acid is obtained from lactose by chemical or 
biological oxidation . Lactic acid and salts are pro
duced from lactose or whey by fermentation. These 
products find limited use in the food and pharma
ceutical indush·ies. 

Among the minor carbohydrates of milk, several 
oligosaccharides have been found which are of phy
siological importance. However, these have not yet 
been ex'Plored as to their commercial utility. The 
subject of the various oligosaccharides and lactulose 
in milk products has been reviewed b y Adachi and 
Patton (1 ). 

At present, lactose is the target of a considerable 
nutritional controversy, relating to its intolerance by 
certain individuals. It is very likely that the question 
of the lactose intolerance is somewhat over-exagger
ated now, but the present state of affairs certainly 
does not add to the commercial desirability of this 
sugar (30). 

Nevertheless, lactose deserves to b e discussed from 
the food technological point of vievv, because it has 
valuable properties when used with discretion by the 
food technologist. Dry whey powder , as an item 
for the food indush-y, has to b e mentioned at this 
point because it contains 70% lactose and many of its 
food technological properties are common with those 
of lactose. 

Lactose makes possible a controlled browning re
action in baked goods. In confections and sweet des
sert items lactose is frequently used in balancing the 
sweetness level of formulations . Lactose in whey 
powder is used to support the fermentation in d e
velopment of lactic acid in microbiologically cultured 
foods. Lactose is widely used in infant foods , to 
make them more like human milk which is richer in 
lactose than cow's milk. Lactose as flavor enhancer 
finds many applications in foods. Lactose is less 
sweet than sucrose or glucose and, consequently, it 
does not dominate the sweetness levels in formula
tions. 

In prcducts such as certain dressings , toppings, 
puddings, or fruit pie fillings 10-20% replacement of 
sugar with lactose significantly improves the sweet 
taste appeal (51). Iri -· dry wli.ipped toppings lactose
containing fonnulations render ·a favorable encapsu 
lating layer around the emulsified fat globules (26). 

Lactose, because of its nonhygroscopic and fr ee 
flowing properties, is a favored disp ersing agent. In 
candies and caramels, lactose influences the crystalli
zation h abits of other sugars and controls the body 
of these goods. In yeas t raised doughs of the bake~:y 
industry, lactose is a preferred browning agent, be
cause it is not fermented b y the yeas t. 

iVhey as a. source of lactose and 'its use in foods 
The predominance of lactose in whey is the only 

reason why this highly versatile indush·ial food in
gredient of dairy origin is being di scussed in the dairy 
carbohydrate section. \ iVhey, as an indush·ial dairy 
ingredient, is much more than a source of lactose; it 
is even much more than a dairy by-product in the 
eyes of the food technologist. Dried whey is really 
a family of products with many food technologica l 
features, some of which are native, others developed 
by the whey processor with food industrial utility in 
mind. 

It can be said that the diversification of whey pow
der for man y fo od uses is one of the best examples 
of how a dairy ingredient with proper functionality 
can obtain an important raw material position in 
manufacttued foods . "The production and market
ing of edible grade whey"-writes Weisberg (70)
"has been one of the real successes in the past decade. 
This product has moved from a very small volume 
production on the order of a few- million pounds, to 
a few hundred million pounds." 

The successful graduation of dried whey from the 
status of an obscure dairy waste product to a profit
able, functionally designed dairy ingredient targeted 
for food use was the result of many factors. A study 
of this d evelopment is enlightening for bringing other 
dairy ingredients along the same road to full ac
ceptance. The elements of this d evelopment were: 
(a.) basic processing improvements to obtain a sanitary 
produ ct ; (b) rigorous quality control for uniformity; 
(c) establishment of a diversified line of products in 
response to realistic needs ; (d) imaginative application 
research conducted in cooperation with the various 
branches of the food industry; (e) increasing th e func
tionality features by additives; and (f) realistic pric
ing policy. D escriptions of the many successful ap
plications of tl1e various whey products in the food 
indush-y are so numerous that, for reasons of prac
ticality, reference is made to the most important re
cent major reviews of the subject ( 4, 32, .35, 36, 37, 
40, 41 , 68, 69). 
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POLYUNSATURATED NIEAT AND MILK 

(Continued from Page 322 ) 

saturated fats increased. The flavor defect was neg
ligible in the raw milk immedia,tely after it was taken 
from the cow, but it became more intense with re
frigerated storage. However, adding the antioxidant 
tocopherol (vitamin E ) to the fresh milk suppressed 
the off-flavor. 

Butter made from crean1 containing a high level 
of polyunsah1rated fats exhibits a much softer texture 
than normal butter. If the polytmsaturated fat con
tent is as high as 16 percent or more, the butter 
spreads much more readily at refrigerator tem
perature. Polym:is-atmated cream has to be aged 
longer than normal crean1 for satisfactory churning. 
Rapid cooling pru:tially overcomes this problem. 

N atmal Cheddar cheese made from milk high in 
polyunsaturated fat exhibits some body and flavor 
defects. It has a charaotelistic off-flavor, which be
comes less noticeable on aging. However, a pro
cessed cheese with as muoh as 10 to 12 percent fatty 
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acids (linoleic acid), made by blending normal cheese 
with polyunsaturated cheese, was liked as well as 
commercially processed cheese by a consumer taste 
pru1el. 

The polyunsa•turated milk was also used in calf 
feeding, where it helped to increase the polyunsatu
rated-fat content of the meat. Calves were fed this 
milk for 10 weeks, then received dry feed supple
mented with protected safflower oil for the next 8 
weeks. They produced meat about 4 times as high 
in polyunsaturated fat as meat from control animals. 
Oxidative instability in such meat can be conb-olled 
by including tocopherol in the calves' rations. 

Supplementing animal feeds with protected saf
flower oil to increase the level of polyunsaturated 
fats in milk and meat is still experimental. Among 
many questions not yet answered ru·e the economy 
of the scheme, how to overcome the tendency of 
highly unsahu·ated fats to change flavor through 
oxidation, and what effects the special feeds have on 
animal health. Fmther studies of how fats affect 
human health ru·e also needed. 
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DETERMINATION OF LACTOSE IN MILK BY 
GAS LIQUID CHROMATOGRAPHY 

H. 0. J AYNES AND T. ASAN 

Dei)(Utment of Food T echnology and Science, 

Institute of Agricultwre 

University of Tennessee, Knoxville, T ennessee 37901 

( Received for publication January 26, 1973) 

ABSTRACT 

A method was adapted to detennine lactose in milk by gas 

liquid chromatography ( GLC ) of b·imethylsilyl ethers. 

Quantitation was accomplished by comparison to an internal 

standard, sorbitol. The standru-d deviation was 0.132% lac

tose, and the procedure was compm·ed to a recognized method 

which employed chloramine-T . The GLC method worked 

well with either milk or skimmilk. 

The common b·aditional methods for determining 

lactose in milk have utilized polarimetry, paper chrom

atography, or the reducing power of lactose. Us

ually, some type of cla.rifioation is necessary to re

move interferring substances which also entails a 

volume correction for the materials removed. 

Gas liquid chromatography of trimethysilyl ethers 

has been used extensively as a method to quantitate 

sugars and mixtures of sugars (1 , 2, 3, 4, 8, 9, 10). 

Since derivatives of anomers have different retention 

times, distlibution between optical isomers can also 

be measured. Reineccius et al. (8) applied the tech

nique to freeze dried milk dialyzates and determined 

lactose, as well as the small quantities of glucose and 

galactose which are normally present in milk. Quant

itation has been made directly from peak areas (2, 3) 

or by using an internal standard (1 , 8) . Brobst and 

Lott (2) were able to derivatize the sugars in corn 

yrup with some water present. Vve thought that 

this procedure might lend itself to the analysis of 

lactose in milk without extensive preliminary sample 

cleanup. 

MATERIALS AND J'v[ETHODS 

Preparat·ion of trimethylsilyl ethers. 

The method of Brobst and Lott (2) was followed. Up to 

50 mg of aqueous lactose solution or milk was weighed into 

a small glass via l equipped with a ground glass stopper. One 

milliliter of pyridine ( Anal. Reagent Grade) was added and 

the sample was dissolved. Then 0.9 ml of hexamethyldisila

zane was added, followed by 0.1 ml of trifluoracetic acid. 

The stopper was replaced and the mixture was shaken vig

orously for 30 sec. After 30 min , the material was ready 

for gas chromatographic analysis. 

Lactose solutions in concentrations similar to mi lk were 

prep a1ecl by dissolving 5 g of a-lactose monohydrate in water. 

Before final dilution to volw11e with water in lOO-m! volu

metric flasks, a drop of concentrated NH.OH was added . 

\Vith the elevated pH, equilibritm1 mutarotation was achiev

ed in < 30 min. 

Gas chmma.togra.phy 

An F and M Model 810 gas chromatograph was used 

which was equipped with a elise integrator, a flam e ioniza

tion detector, and a temperature program module. Sev

eral columns were tried; best results were achieved with 

92 X 0.218 em copper colw1m packed with 3% SE-52 on 

lG0-120 mesh Gas-chrom Q (Applied Science Labs, Inc. ). 

itrogen carrier gas flow rate was maintained at 60 ml/min . 

The injection port and detector were h eated to 300 C, and 

the colm1m was programmed from 170 C to 240 C at 15 C/ 

min. after the sorbitol peak emerged. In most instances, 

5 1-'1 of sample was .injected, and the instrw11ent sensitivi ty 

was adjusted to give peaks of about 75% full scale deflection . 

The retention tim es were sorbitol-4 .5 min, a-lactose - 14.5 

min, and ,a-lactose - 15.8 min. 

The chloramine-T method devised b y Hinton and Macara 

(5) was used for compru-ison. The nom1ality of the Na.S.03 

and chloramine-T was 0.05. A 25-ml aliquot of lactose solu

tion or clarified milk serwn was employed. To calculate 

lactose concentration in milk, a correction was made for the 

volm11 e of fat and protein removed by clarification. This 

was clone using 0.93 as the density of m.ilkfat and a volume 

exclusion of l.ll ml/ g for protein (7). Lactose in th e ali

quot was calculated by th e equation: 

% lactose = 
( ml blank titr. - m I sample titr. ) X N X 360.31 Na.s.o3 

X 100 

2 X ml sample X 1000 

RESu"L TS AND DISCUSSION 

Development of the gas chromatographic method 

Replicate samples of derivatives injected into the 

gas chromatograph did not give reproducible peak 

areas, but the ratio of the response from a-lactose to 

that from ,8-lactose was fairly constant. Thus, an 

internal standard could be used to calculate lactose 

concenh·ations. Sorbitol was chosen for the reference 

material. Silylation of sorbitol by the method em

ployed for lactose was sh·aightfmward, it gave only 

one derivative, and that was well separated from the 

two lactose peaks. The response to a given weight 

of sorbitol was not the same as that for lactose. It 

was found that a sorbitol concenh·ation of 2.5% in 

milk or 5% lactose solutions gave peaks which were 

easily integra:ted. 
Four solutions of lactose containing 5% a-lactose. 

HOH and 2.5% sorbitol were prepared, deriva:tized , 

and analyzed by gas liquid chromatography. Table 

1 shows the results. The mean ratio of the response 
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TABLE 1. GLC RELATIVE REsPONSE TO SoRBITOL, 

a-LACTOSE, AND fl-LACTOSE 

Sa mple Tnteg-rator cou nts Ratios 
Sorbitol 

;\o. Replicate Sorbitol a -Lactose {l-Lactose a/ fl a+fl 

1 a 990 600 900 0.667 0.660 

b 1080 665 985 0.675 0.675 

2 a 785 450 700 0.643 0.683 

b 800 490 730 0.671 0.656 

3 a 1220 710 1070 0.664 0.685 

b 1280 805 1185 0.679 0.643 

4 a 1290 790 1180 0.669 0.655 

b 1460 870 1315 0.662 0.668 

ANALYSES OF VAHIA ' CE 
1. Ratio of a-Lactose to {3- Lactose 

s;.,urce d.f. Sum of squa res ~rean squares F Sign 

Samples 3 0.0002725 0.0000908 0.65 N.S 0 

Error 4 0.0005610 0.0000140 

T otal 7 0.0008335 

2 . Rat io of Sorbitol to a-Lactose + fl-Lactose 

Sou rce d.f. Sum of squares 'Mean squares 

Samples 3 
Error 4 
Total 7 

0.00007638 
0.00144350 
0.00151988 

0. 0000254583 
0.0003609 

0 N.S = Not significant at 5% level. 

F S ign. 

0.07 

of a -lactose to {3-lactose was 0.6663 with a standard 

deviation of 0.0118, while the mean ratio of the re

sponse of sorbitol to the sum of the responses to a

lactose and {3-lactose was 0.6656 with a standard 

deviation of 0.0189. The e.x.-periment was rep eated 

with five solutions . Those results showed a mean 

ratio of a -lactose to {3-lactose of 0.6813 and a mean 

ratio of sorbitol to the sum of a- and {3-lactose of 

0.6541. A "t" test (~) was done on the difference in 

the mean ratios of response from sorbitol to the re

sponse from a- plus {3-lactose. The calculated value 

of t vvas 0.33, and the tabular t 
0 02

:; .
1

,. = 2.2. This 

indicated that the two means were not significantly 

different at the 5% level, so the numerical average 

of the hvo means, 0.6598, was used to calculate the 

lactose content of milk san1ples . 

If use of sorbitol as an internal standard was valid, 

then the relative response to sorbitol and lactose 

should be linear over a range of weight ratios. Five 

solutions of 5% lactose containing 1, 2, 3, 4, and 5% 

sorbitol were prepared, derivatized, and analyzed. 

Ratios of peak areas of sorbitol and total lactose were 

calculated and a regression analysis was p erformed. 

The results ·are shown in Table 2. Only linear ef-

fects were significant. The regression equation which 

was generated, R = -0.0156 + 0.2694 (sorbitol ), 

gave a value of R = 0.6579 for a 2.5% sorbitol level. 

Calculation of lactose concentrations from gas 
chromatographic data 

Since the relative response of the gas chromato

graph detector was constant, within statistical limits, 

to sorbitol and the lactose anomers, the concentra
tion of lactose could be calculated in an unknown 

sample to which a known amount of the internal 

standard, sorbitol, was added. The relative response 

ratio, 0.6598, was established with solutions contain

ing 2.5% socrbitol and 5% lactose, or 1 part sorbitol to 

2 parts lactose. Reasoning from a simple proportion 

showed that the lactose content of an unknown sample 

could be calculated by: 
~ lactose = 2 X 0.6598 X 2.5 

R 
where R is the ratio of the response from sorbitol to 

the response from a- and {3-lactose when 2.5% sorbitol 

was added to the unknown sample before derivati
zation. 

TABLE 2. GLC RELATiVE RESPONSE TO SORBITOL 

m 5% LACTOSE SOLUTION 

Sorbitol Integrator counts 
g./100 

ml Replicate Sorbitol Lactose;\ 

1 a 510 1985 
b 440 1760 

2 a 980 1810 
b 970 1870 

3 a 12.45 1635 
b 1500 1870 

4 a 1400 1325 
b 1550 1445 

5 a 2285 1710 
b 2115 1590 

•Stm1 of a- and {3-lactose peaks. 

ANALYSIS OF VARIANCE OF S/ L 

Sum of 
Source d.f. Squares i\fcan sQuares 

Concentrations 
of Sorbitol 4 1.4519828 0.3629957 

a. Cone. 
Linear 1 1.4516350 1.4516350 

b. Con e. 
Quadratic 1 0.0000321 0.0000321 

c. Cone. 
Others 2 0.0003157 0.0001579 

E rror 5 0.0012545 0.0002509 

Tota l 9 1.4532373 

Ratio 

S/L 

0.2569 
0.2500 

0.5414 
0.5187 

0.7615 
0.8021 

1.0566 
1.0727 

1.3363 
1.3301 

F Sign. 

1446.77 V.S." 

5785.71 V.S. 

0.13 N.S ." 

0.63 N.S. 

"N.S. not significant, V.S. very significant at the 5% 
level. 
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TABLE 3. GAS CHROMATOGHAPHIC ANALYSIS OF 

SKIMl"viiLK WITH 2.5% So.RDITOL ADDED 

Replicate Tn tegrntor counts Sorbitol % Lnet osc 

a + (3-,"Lactose Sorbitol a + {3-Lactose 

1 3980 2955 0.742 4.446 

2 3440 2445 0.711 4.640 

3 2865 2030 0.708 4.660 

4 3340 2395 0.717 4.601 

5 3130 2370 0.757 4.358 

TABLE 4. LACTOSE DETER!>HN'ED IN MILK BY THE 

CHLOHAMINE-T METHOD 

Heplicate % La ctose 

1 4.874 

2 4.737 

3 4.658 

4 4.934 

5 4.829 

6 4.746 

7 4.778 

8 4.751 

Note: A volume con·ection of 7.30 ml/100 ml was made for 
fat and protein. 

TABLE 5. LACTOSE DETEHMINATIONS BY GLC AND 

CHLORAMINE-T 

Sample % Lactose 
GLC Chloramine-1' 

Skimmilk 4.54 4.63 

Skimmilk 4.93 4.94 

Whole Milk 4.75 4.79 

·whole Milk 4.68 4.63 

Five replicate samples of a skimmilk were analyzed 
by this method and the results are in Table 3. The 
estimated variance was 0.0175, the mean vvas 4.54% 
lactose, and the standru·d deviation was 0.132% lac
tose. The concenb.·ation of lactose detennined in the 
same srunple by the chlorarnine-T method was 4.63%. 

The reference m.ethod · 
Replicates of a srunple of milk were analyzed by 

the chloramine-T method to establish the vru·iation 
to be expected in that technique. Analysis of data 
in Table 4 showed a standru·d deviation of 0.087% 
lactose with eight replicates. The volume correction 
was made from the fat and protein content of the 
mille Data comparing the nvo methods is given in 
Table 5. 

DISCUSSION 

D erivatization of lactose and sorbitol in aqueous 
solutions or in milk was straightforward. A floccu
lent precipitate fanned when milk was used, but it 
did not interfere with the analyses. Brobst and Lott 
(2) noted a lin1iting sample size with the method 
which concerned the runount of water in the reaction 
mixture. We encotmrtered the same thing. Silylation 
was incomplete when srunples lru·ger thru1 50 mg 
were used, but this was not a real problem since 
measmable peaks wem obtained with as little as 25 
mg of milk or 5% lactose solutions. 

In conh·ast, the silylation method employed by 
Sweeley and co-workea·s (10) was sensitive to water 
in the carbohydrates derivatized. Using that method, 
Reineccius et al. (8) lyophilized their srunples before 
preparing silyl ethers of the milk sugru·s. 

It was recognized that milk contains small amounts 
of compotmds other thm1 lactose, pru·ticulru·ly glu
cose and galactose, which form trimethylsilyl ethers. 
However, at the instnunent sensitivity levels used to 
give easily measmed p eaks for sorbitol and lactose, 
these materials did not produce detectable peaks. 
Reineccius e t al. (8) reported 11.7 mg galactose and 
13.8 mg glucose per 100 ml milk which would con
stitute 0.0117% galactose ru1d 0.013% glucose, respect
ively. These sugru·s could be measured by increasing 
the insh·mnent sensitivity and using a much lower 
level of internal stru1dard. In the quru1titation of lac
tose in milk they were ignored because they did not 
produce measmable p eaks and the stru1dard devia
tion of the method was 0.132% lactose. 

The gas chxomatographic method was found to give 
compaJ·able results when compru·ed to a recognized 
method for determining lactose. No special appru·a
tus is required for forming the u·in1ethylsilyl ethers, 
and no claxification of milk, with the concurrent 
voltmle correction, is necessary. The method work
ed equally well for milk or skimmilk. Mutarotation 
of sugars in pyridine is exb.·emely slow and the h·i
methylsilyl ethers ru·e not free to rotate (9 ). Thus, as 
well as determining lactose, the method should be 
useful for measuring the dish·ibution of lactose be
tween its ru1omers in vru'ious milk products. 
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NATURE COMPLICATES 
POLLUTION CONTROL 

At a time when specialists are learning to handle 
man's water pollution, Mother Nature frequently 
makes things more difficult. 

Run-off from woodlands and grasslands has been 
washing plant nuh·ients into lakes and sh'ea.ms since 
long before man began conbibuting sewage, laundry 
detergents , animal manure and stonn water from 
city streets, say University of Minnesota soil scien
tists. All of these materials are sources of phosphorus 
which can be dissolved in water. Excessive concen
b·ations of this nuh·ient may encourage overgrowth 
of acquatic plants. Phosphorus input from natural 
sources is called "euh·hophication," or nub·ient enrich
ment, and input of tlus element from man-made 
sources is called "pollution." 

Now scientists and engineers are developing ways 
to manage man's conh·ibution of plant nutrients to 
waterways, but seem to be baffled about how to tack
le nature's. Part of tl1e problem is that woodlands 
and grasslands are not well defined points to which 
man can apply conb·ol measures . Things like sew
age plants are point sources of phosphorus and are 
easier to handle. Also, nah1ral eutrophication is more 
complex and more t)npredictable than a waste treat
ment plant. 

"One ironic aspect of phosphorus pollution is tl1at 
we may be able to hold loses to very low levels on 
heavily fertilized fields and from feedlots vvith well 

designed lagoons or manure pits but we do not know 
how to intercept in a practical, economic manner 
phosphorus coming off large areas of natural grass
lands," says Lowell Hanson, University extension soil , 
scientist. 

Grasslands release nutrients into the environment 
when plant cell vvalls ruph1re, says John MacGregor, 
University soil scientist. This happens during freez
ing and thawing or after the plant matures. If phos
phorus comes in contact witl1 soil particles, it is held 
firmly and very little can be carried away in surface 
run-off. 

The nub·ient enrichment problem develops when 
phosphorus doesn't have a chance to contact the land 
surface and is whisked into lakes and streams during 
periods of heavy rains and/or rapid snow melt. "Spring 
is the worst time for phosphorus run-off," says i\tlac
Gregor. "\iVhen the ground is frozen, except for the 
top t\vo inches, the infilh·ation rate of water into the 
soil is zero. All the water from rains and melting 
snow has to run off, if the land is sloping." Some soil 
scientists call this the "spring flush," notes Hanson. 

Many farmers are attempting to reduce water pol
lution by using soil conservation practices, like con
tour plowing and terracing. But tl1ese techniques 
don't keep plant nutrients from frozen vegetation out 
of rw1-off during the spring flush. 

'! 
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RED MEAT AND POULTRY INSPECTION: MICROBIOLOGY OF 
EQUIPMENT AND PROCESSING' 

R. P AUL ELLIOIT 

M-icrob·iology Staff, Meat and 

Poultry Inspection Pmgram, Animal and Plant 

Health Inspection Service 

U. S. Depmtment of Agriculture, Washington, D. C. 20250 

ABSTRACT 

The Federal Meat and Poultry Inspection Program ( MPIP) 

requires that equipment be properly designed and cleaned 

frequ ently. Cooked ready-to-eat foods must be physically 

separated from raw foods and held below 40 F or above 

120 F except for short periods. :Microbiological plant in

spections fonn the basis for microbiological criteria which 

MPIP is now considering for several commodities . Final 

product objective surveillance has recently begun on these. 

Sampling and analysis of final product as a means of protect

ing the consumer against an infrequen t h azard is not feasible. 

Even hundreds of determinations give unacceptably low pro

tection when the hazard is severe. Control at the source

i.e., at the processing plant-is the prac tical way to protect 

consun1ers with the limited resources available in laboratory 

programs. The MPIP microbiological sanitation program is 

a combination of investigation, surveillance, and correction. 

For example, the 1971 investigations of staphylococcal food 

poisonings from fermented sausages developed rapidly from 

final product tests, to investigations of cause, and to bac

teriological inspections and corrections. 

The Federal Meat Inspection Act and the Poulh·y 

Products Inspection Act require that meat and poul

try be processed under sanitary conditions. The 

Meat and Poultry Inspection Program ( MPIP ) is 

heavily committed to that end (2). 

Requisites for good scmitation 
• The fiJ:st requisite for good sanitation is to install 

equipment that is properly designed and constructed. 

Any new equipment, therefore, must receive formal 

acceptance by the Equipment Staff of Technical 

Services. It must be of acceptable materials that will 

not stain or migrate to the product and that are non

toxic, smooth, conosion and abrasion resistant, shat

terproof, and non-absorbent. Equipment must be 

designed and installed so that it can b e readily clean

ed. Acceptance is by letter, followed by listing in 

the "List of Equipment Accepted for Use in Federally 

Inspected Mea.t and Poulhy Plants" (3) . Inspectors 

will permit installation of only accepted equipment. 

The next requisite for good sanitation is good prac

tice on the part of plant employees to prevent or re

duce contamination. This applies to all products, but 

especially to cooked, ready-to-eat foods. Paragraph 

'Presented at the 59th Annual Meeting of the International 

Association of Milk, Food, and Environmental Sanitarians, 

Milwaukee, \".' isconsin, August 21-24, 1972. 

308.16 of the Manual of Meat Inspection Procedures 

( 4) requires separation of cooked from raw product, 

and cleaning and sanitizing of hands and equipment 

before handling the cooked product. It forbids per

sons with sores and boils from handling product. 

This paragraph also requires a mid-shift cleanup in 

cooked product areas, except that a continuing formal 

bacteriological monitoring system may be used in 

lieu of mid-shift cleanup. 
The idea of such a monitoring system is based on 

the concept, "Show us!" Industry tes ts should dem

onstrate what is a reasonable level of bacteria on 

equipment, and what happens to them during pro

cessing. Our Technical Services will review and 

approve such programs for effectiveness. Failure on 

the part of the establishment to maintain the ap

proved system will require return to the mid-shift 

cleanup. 
A third requisite for good sanitation is control of 

time and temperature during processing and storage 

to stop or reduce microbial growth. Many products 

must be held below 50 F. However, because patho

genic bacteria grow between 40 and 120 F, cooked 

products are permitted to be in that temperature 

range no more than 2 hr. 

Evaluatio·n of sanitation 
The usual tools used to evaluate the sanitation of 

equipment smfaces are swabs or contact plates. 

These are useful when their method of application 

is fully standardized, when specific surfaces are 

repeatedly examined to establish a norm, and when 

the commodity under study is uniform. Swabs and 

contact plates are much less valuable for regulatory 

work. The factors stated do not apply, and the 

sample is veq small, so that the organisms sought 

may not appear in the cultme. Instead, in om bac

teriological inspections, vve depend on inspectional 

observations coupled with representative samples of 

product that we can weigh for accurate bacterial 

quantitation. 
First the bacteliologist-inspector team observes 

equipment in the early morning before work starts, 

then watches as employees arrive to see whether they 

begin the shift with sanitary hands and utensils. The 

team takes samples of ingredients and final product 
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as well as line samples to bracket critical processing 

steps. Sampling continues throughout a shift. The 
team freezes all samples for h·ansport to the labora

tory. The report of observed conditions and labora

tory findings becomes the basis for correcting plant 

practice not only in the specific plant in question , but 

also in similar plants throughout the nation. Data, 

pooled with those from many other firms, also become 

the basis for articles in scientific publications and for 

microbiological criteria (1, 5). 
We intend to use these data to judge the quality 

of final product of individual firms . Even now, 

we are beginning lin1ited surveillance of final product 

in some commodities, and will return for full bacter

iological inspections of firms producing high count 

product. 
Our Sanitary Microbiology Section has conducted 

microbiological surveys of beef and poultry pot pies, 

raw pork sausage, chicken fryers, and precooked 

meat and gravy products . Some of this work has 

been published and the rest is in preparation for 

publication. These surveys will be expanded in years 

to come, and will eventually cover all classes of meat 

and poultry products. 

Micmbiological gti:ideUnes 
At this time, the Statistical Staff is working on the 

data to come up with appropriate criteria. Specific 

numbers will be published in the Federal Register. 

Vle are at tllis time trying to decide whetl1er a new 

approach, developed by the Inten1ational Commission 

on Microbiological Specifications for Foods ( ICMSF ) 

is applicable to U. S. production. The ICMSF is 

mostly concerned witl1 evaluating acceptability of 

imported lots at ports of enh-y. They assume the 

importing authority has l-ittle or no knowledge of the 

production and processing conditions, and no author

ity to conh·ol such conditions . 
If we apply tl1e ICMSF approach, we will alter 

the plans slightly, to take into consideration the fact 

that we have conh·ol over production. 
\V e first establish a figure, m, beyond vvhich one 

should not expect a bacterial level to fall in good 

commercial practice. This value is based on the 

htmdreds of samples analyzed in tl1e nationwide sur

veys mentioned previously. If the bacterial level on 

all sample mlits falls below m, we would have no 

cause for concern. However, in the knowledge that 

there is variation among sample units we will pernlit 

a specified number of units (c) to surpass m. This 

is the area of transitional concern. If too many units 

of tl1ose analyzed surpass m, we will return to the 

es tablishment and make immediate changes to cor

rect the situation for further production. Except 

under unusual circumstances, we would take no action 

against the particular lot sampled. Tllis type of ap

proach has been termed a "microbiological guide-

line" : 
" A microbiological guideline is that level of bacteria 
in a final product, or in a shipped product that 
requires correction . . . . of current and future 
production or ... handling .... " (1). 

To put the picture into perspective, we may decide 

that 10 packages (units ) should be examined to 

evaluate a lot (i.e. , n=10 ), that m should be 50,000 

p er gram, and 3 units can exceed 50,000 per gram 

(c=3) . 

However, we are not yet finished . There is for 

each type of test a limit, :tvi , beyond which no one 

could permit even a single sample mlit to fall. That 

is , above NI we have an area of positive concern . M 

has little or no relationship to attainability in com

merce, but rather to a hazard of some kind. Perhaps 

the hazard is overt spoilage, perhaps it is a health 

risk of a minor, moderate, or severe nature. 
This is a 3-class sampling plan. However, if we 

were to permit none of the sample units to fall be-

1:\,.,een m and M ( that is, c=O), m and M waul 

then be the same level, and we would have a 2-class 

plan. This approach could apply to bacterial num

bers, but more frequently it would apply to tests for 

presence or absence of a particular organism. 
Obviously, the choice of n, c, m, and M varies with 

the commodity, the test performed, and tl1e relative 

seriousness of the hazard . If, for example, tl1e haz

ard is simply reduced shelf-life, the sample units 

examined can be few, tl1e values for m and i\ti can 

be relatively high, and tl1ere can be considerable 

leniency toward the number of samples (c) higher 

than m. If, on the other hand, the tes t measm·es a 

severe hazard such as the presence of Salmonella, 

the numbers of sample units tested must be high, and 

the permissible limits low, perhaps even m1detectable. 
In addition, ICMSF has considered the nature of 

the food and tile likelihood that in tl1e normal course 

of events the subsequent h·eahnent of the food be

fore consumption will "reduce," "not change," or "in
crease" the measured hazard. 

Using the two criteria, i.e., the nature of tl1e test, 

and the likelihood of future change in hazard, the 

ICMSF is developing multiple sampling plans. Com

plete inform ation on tllis system must await the new . 

ICMSF book to be published in late 1973. 
vVe can, however, consider one commodity and 

develop a hypothetical sampling plan for it. For 

example, a frozen ready-to-eat product would, in the 

normal course of events, remain frozen until shortly 

before serving. Thus, any hazard would remain un

chru1ged. If our concern is shelf-life after thawing, 

our measurement might be for psyclu·oh·ophic spoilage . 

bacteria. We might ru1alyze five packages, ( n=5 ), 

p ermit no more than 3 ( c=3) to exceed 60,000 per 

gram ( m) and none to exceed 10,000,000 per gram 
(M) . 
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If our concern is sanitation, our measurement might 
be the coliform group, and the criteria would b e a 
little tighter. Of ten units analyzed, only t\;vo could 
exceed 100 coliform bacteria per gram, and none 
could exceed 10,000 per gram. 

If our concern were a severe health hazard, we 
might analyze 300 units per lot, and permit no posi
tives. Obviously, such a heavy sampling program 
is impractical and even this would be inadequate pro
tection against a severe hazard . The statisticians 
tell us that if all of the 300 are negative, we have 95% 
certainty that the defect is present in fewer than 1% 
of the units-not acceptable for something like bohl
lism. Analysis of final product samples is therefore 
not the best way to protect against a severe low fre
quency hazard. Conb·ol of production and process
ing is the only sure and practical method. 

The correctional approach 
\Ve in the Meat and Poultry Inspection Program 

recognize that control at source is the way to reduce 
microbial problems. Analysis of the final product is 
only one tool. vVe will use it primarily to point up 
problems for correction. 

All of you have heard about the Staphylococcus 
outbreaks from Genoa salami. For this problem, vve 
applied both a final product sampling program, and 
a correction-oriented bacteriological inspection pro
cedure. 

\Vhen the outbreaks occurred, we sampled and 
analyzed incriminated lots, related lots, and un
related lots of the brands in question for Staphyloco
ccus enterotoxin. 

At this point all lots of incriminated brands were 
tied up, and Teleased only after the owners had an
alyzed them exhaustively to sort out toxic from non
toxic lots . The only acceptable test was presence or 

1 absence of the toxin. Each test took several man
hours of laboratory work, and required special rea
gents not available from commercial sources . The 
statistical aspect proved an awesome hurdle. To at
tain a high degree of certainty that a lot was ac
ceptable required many dozens-even hundreds of 
tests . A single positive among these numerous tests 
incriminated the entire lot as well as adjacent lots. 
Hundreds of thousands of pounds of salami were 
destroyed. 

It became quickly apparent that control of pro
duction practices was the only practical answer. The 
firms involved spent thousands of dollars to investi
gate the reasons for toxin formation . They were only 
moderately successful. However, they each changed 

several plant practices, and introduced careful micro
biological conb·ol tes ts during production. These 
companies were able to assme us of the complete 
safety of their current and future production by this 
means. 

In the meantime, our own laboratories monitored 
the work of these private plant laboratories by parallel 
sampling on a smaller scale. V·,Te also analyzed other 
brands. But in the knowledge that sampling the 
final product for a low incidence hazard is not a 
feasible way to conh'ol the hazard, we quickly re
verted to bacteriological inplan t inspections. vV e 
had one thing going for us. \Ve knew that entero
toxin could not occur at detectable levels unless the 
numbers of toxigenic staphylococci approached or 
exceeded about one million per gram at some point 
in production. The obviously critical period was in 
the fermentation or "green room" operation, and in 
the early stages of drying. Vle could therefore use 
a simple quantitative method for coagulase-positive 
Staphylococcus instead of the laborious enterotoxin 
method. Staphylococcus levels are now not excessive 
in fermented products under production. The prob
lems that occurred in 1971 with two companies were 
the exception and not the rule. Good practice dic
tates (1) that the numbers of Staphylococcus in the 
meat ingredients be low, and ( 2 ) that acid formation 
-the principal deterrent to Staphylococcus growth
be helped along by an acid chemical, or by an active 
lactic starter. 

Our bacteriological sanitation program is a com
bination of investigation, surveillance, and correction. 
We b·y to improve consumer protection with minimal 
disruption of production. 
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AMENDMENT TO 3-A SANITARY STANDARDS FOR FITTINGS 

USED ON MILK AND MILK PRODUCTS EQUIPMENT AND USED ON 

SANITARY LINES CONDUCTING MILK AND MILK PRODUCTS 

Serial #0813 

Formulated by 

International Association of Milk, Food and Environmental Sanitarians 

United States Public Health Service 

The Dai1·y Indttstry Committee 

The "3-A Sanitary Standards for Fittings Used on Milk and Milk Products Equipment and Used on 

Sanitary Lines Conducting Milk and Milk Products, Serial #0809" is further amended as follows: 

Add the following to section C. MATERIALS: 

C.l.7 

In a processing system to be sterilized by heat and 

operated at a temperature of 250°F or higher, all 

materials having a product contact surface( s) 

used in the construction of fittings, valves, tubing, 

gaskets and non-metallic component parts shall 

be such that they can be ( 1) sterilized by saturat

ed steam or water under pressure at a temperature 

of at least 250°F and ( 2) operated at the tem

perature required for processing. 

Add the following to section E. SPECIAL CON

SIDERATIONS: 

E.S 

In a processing system to be sterilized by heat and 

operated at a temperature of 250°F or higher, fit

tings, valves, tubing, gaskets (if used) and non

metallic component parts shall comply with the 

following criteria in addition to other criteria in 

this standard. 

E.S.l 
The construction shall be such that they oan be 

( 1) sterilized by saturated steam or water under 

pressure at a temperature of 250°F and (2) oper

ate at the temperature required for processing. 

E.8.2 
' 

The fittings and valves used in such a system not 

designed so that it automatically is shut down if 

the product pressure in the system becomes nega

tive and cannot be started until the system is re

sterilized, shall have a chamber for steam or other 

sterilizing medium surrounding the portion of a 

pipeline fitting, joint, valve, etc., adjacent to the 

product. 
These fittings and valves shall be constructed so 

that the steam or other sterilizing medium chamber 

may be exposed for inspection. 

E.8.3 
Where steam or other sterilizing medium is used, 

the connection ( s) on the fitting shall be such that 

the steam or other sterilizing medium lines can be 

securely fastened to the fitting . 

This amendment is effective September 22, 1973. 
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3-A SANITARY STANDARDS FOR FARM M.ILK STORAGE TANKS 
Serial #3000 

Formulated by 
International Association of Milk, Food and Envimnmental Sanitarians 

United States Public Health Service 
The Dairy Industry Committee 

It is the purpose of the IAMFES, USPHS, and DIC in connection with the development of the 3-A Sani

tary Standards program to allow and encourage full freedom for inventive genius or new developments. 

Specifications for Farm Milk Storage Tanks heretofore or hereafter developed which so differ in design, 

material, fabrication, or otherwise as not to conform with the following standards, but which in the fabri

cator's opinion are equivalent or better, may be submitted for the joint consideration of the IAMFES, 

USPHS, and DIC at any time. 

A. 
SCOPE 

A.l 
These standards cover the sanitary aspects of tanks 
in which bulk milk is stored on dairy farms. They 
do not pertain to storage tanks nor to silo type 
tanks for milk and milk products used in dairy 
processing plants nor do they pertain to farm milk 
cooling and holding tanks. 

A.2 
Tanks made in conformance to these standards 
will prevent a significant increase in the temper
ature of the milk stored in the tank by the insula
tion or by the combination of the insulation and 
refrigeration. These tanks will not provide the 
means for cooling the milk. 

A.3 

I B. 

In order to conform with these 3-A Sanitary Stand
ards, farm milk storage tanks shall comply with the 
following design, material and fabrication criteria. 

DEFINITIONS 

B.l 
P·roducts: Shall mean milk. 

8.2 
Farm Milk Storage Tank: Shall mean a cylindrical, 
rectangular, oval or other equally satisfactorily 
shaped tank having a capacity for product of at 
least 1,500 gallons. 

8.3 
Stt?jaces 

8.3.1 
Product Contact Surfaces: Shall mean all surfaces 
which are exposed to the product and surfaces 
from which liquids may drain, drop or be drawn 
ibto the product. 

8.3.2 
Non-Product Contact Stujaces: Shall mean all 
·other e)..'Posed surfaces. 

8.4 
Lining: Shall mean all surfaces used to contain 
the product, including the ends, sides, bottom and 
top. 

8.5 
Shell: Shall mean the material covering the ex
terior of the insulation and, if provided, the re
frigerated surface. 

B.6 
Breast: Shall mean that portion of the metal used 
to join the top of the lining to the top of the shell 
on an open top type tank. 

B.7 

Outlet: Shall mean the opening in the lining and 
the passage for milk to the e>-'terior of the tank. 
The outlet passage starts at the opening in the 
lining and terminates at the connection for the out
let valve. 

8.8 

c. 

C.l 

Mechanical Cleaning 01' Mechanically Cleaning: 

Shall denote cleaning, solely by circulation and/or 
flowing chemical detergent solutions and water 
rinses onto and over the surfaces to be cleaned, by 
mechanical means. 

MATERIALS 

All product contact surfaces shall be of stainless 
steel of the AISI 300 series' or coiTesponding ACP 
types (See Appendix, Section E.), or metal that is 
non-toxic and non-absorbent, and which under 
conditions of intended use is at least as corrosion re-

'The data for this series are contained in the following ref
erenc<i: AISI Steel Products Manual, Stainless & Heat Resisting 

Steels, Aplil 1963, Table 2-1, pp. 16-17. Available from: 
American Iron and Steel Institute, 633 Third Avenue, New 

York, New York 10017. 
2Alloy Casting Institute Division, Steel Founders' Society of 
America, 21010 Center Ridge Road, Rocky River, Ohio 44116. 
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sistant as stainless steel of the foregoing types ex

cept that: 

C.l.l 
Rubber and rubber-like materials may be used for 

slingers, drip shields, agitator seals, agitator bear

ings, protective caps for sanitary tubes or fittings 

or vents, 0-Rings, seals, gaskets and parts used in 

similar applications. These materials shall com

ply with the applicable provisions of the "3-A 

Sanitary Standards for Multiple-Use Rubber and 

Rubber-Like Materials Used as Product Contact 

Surfaces in Dairy Equipment, Serial #1800." 

C.l.2 
Plastic materials may be used for slingers, drip 

shields, agitator seals, agitator bearings, protective 

caps for sanitary tubes or fittings or vents, 0-Rings, 

seals, gaskets, direct reading gauge tubes, moistme 

traps on vacuum lines, in sight and/ or light open

ings and parts used in similar applications. These 

materials shall comply with the applicable pro

visions of the "3-A Sanitary Standards for Multiple

Use Plastic t-,1Iaterials Used as Product Contact Sm

faces for Dairy Equipment, Serial #2000," as 

amended. 

C. l.3 
Except for the protective caps provided for in 

C.l.1 and C.l.2, sanitary fittings shall be made 

of materials provided for in the "3-A Sanitary 

Standards for Fittings Used on Milk and Milk 

Products Equipment and Used on Sanitary Lines 

Conducting Milk and Milk Products, Revised, 

Serial #0809" as amended and supplements there

to. 

C.l.4 
Glass of a clear heat resistant type may be used 

for direct reading gauge tubes and in sight and/ 

or light openings. 

C.l.S 
\1\lhere materials, having certain inherent function

al properties are required for specific applications, 

such as bearing surfaces and rotary seals, carbon3
, 

and/ or ceramic materials may be used. Ceramic 

materials shall be inert, non-porous, non-toxic, non

absorbent, insoluble, resistant to scratching, scor

ing, and distortion when exposed to the conditions 

encountered in the environment of intended use 

and in cleaning and bactericidal h·eatment. 

C.2 
The materials used for iining shall not be less than 

18 U. S. standard gauge. 

3Carbon which is specifically . in compliance with the Food, 

Drug and Cosmetic .Ac:;t, ~s an;end.ed, is that which is includ

ed in "V Fillers" in the food additive regulation for rubb~r 
articles intended for reP,eated., use, 121.2562 of Sub-part F ," 

Code . of F ederal Regulation , Title 21 - Food and Dmgs. 

C.3 

D. 

0.1 

All non-product contact surfaces shall be of cor

rosion-resistant material or material that is ren
dered corrosion-resistant. If coated, the coating 

used shall adhere. All non-product contact sur

faces shall be relatively non-absorbent, durable 

and cleanable. Parts removable for cleaning hav

ing both product contact and non-product contact 

surfaces shall not be painted. 

FABRICATION 

All product contact surfaces shall be at least as 

smooth as a No. 4 finish on stainless steel sheets. 

(See Appendix, Section F .) The measuring rod 

of an immersion type measuring device, if made 

of stainless steel, may have a dull finish to facili

tate reading. 

0 .2 
All permanent joints in product contact surfaces 1 

shall be vvelded except that rolled on sanita1y pipe

line ferrules or flanges may be used on connections 

beyond the shell. All welded areas of product 

contact surfaces shall be at least as smooth as the 

adjoining surfaces. 

0 .3 
All product contact surfaces shall be easily accessi
ble for cleaning, either when in an assembled 

position or when removed. Removable parts shall 

be readily demountable. 

0 .4 
All product contact surfaces shall be self draining 

except for normal clingage. The tank shall be de

signed and constructed so that when it is level or 

when it is in the position in which it was cali

bt·ated or vvhen it is in position for calibrating, the 

bottom shall pitch at least 1/4 inch per foot to

ward the outlet; or if the tank is a vertical tank 

designed for mechanical cleaning, the bottom shall 

pitch at least 3/ 4 inch per foot toward the outlet. 

The lining shall be constructed so that it will not 

sag, buckle or b ecome distorted in normal use. If 
the tank is designed for use on a vacuum system, 

the consh·uction shall be such that the lining will 

not be distorted when the internal pressure is 20 

inches of mercury below atmospheric pressure. 

Horizontal tanks shall be so consh·ucted that they 

will not prevent complete drainage of water when 

the tank has a pitch of not more than 1 inch in 
100 inches . 

0 .5 

Gaskets shall be removable. Any gasket groove 

or gasket retftining groove shall not exceed 1/4 

inch in depth or be less than 1/ 4 inch wide except 

those for standard 0 -Rings smaller than 1/4 inch. 

•· I 

' '. 
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0 .6 
All internal angles of 135° or less on product con
tact surfaces shall have minimum radii of 1/2 inch, 
except that: 

0 .6.1 
The minimum radii for accessories, appurtenances, 

or bridges that are welded to product contact sur
faces shall be not less than 1/4 inch. 

0.6.2 
The minimum radii in agitator shaft bottom guide 

bearings and in gasket grooves or gasket retaining 
grooves other than those for standard 1/4 inch 
and smaller 0-Rings shall be not less than 1/8 
inch. 

0 .6.3 
The minimum radii in grooves for standard 1/4 
inch 0-Rings shall be not less than 3/32 inch and 
for standard 1/8 inch 0-Rings shall be not less than 
1/ 32 inch. 

0.6.4 
The minimum radii of covers and agitator assem

blies shall be not less than 1/4 inch. 

0 .7 

There shall be no threads on product contact sur
faces . 

0.8 
All sanitary fittings and connections shall conform 
with the applicable provisions of the "3-A Sanitary 
Standards for Fittings Used on Milk and Milk 
Products Equipment and Used on Sanitary Lines 
Conducting Milk and Milk Products, Serial #0809," 

as amended and supplements thereto except that 
materials conforming to C.l.1 or C.l.2 may be used 

for caps of sanitary design for the protection of 
terminal ends of sanitary tubes, fittings or vents. 

0.9 
The breast shall be integral with or welded to the 

lining, and shall be sloped so that drainage is 
away from the lining. The junction of the breas t 
and the shell shall be welded or effectively sealed. 

0.1 0 

Covers 

0 .10.1 
Main Covers for Open Top Type Tanks. 
Main covers ( 1) shall be sufficiently rigid to pre
vent buckling ( 2) shall be self draining, ( 3) shall 
be provided with an adequate, conveniently located 
and durable handle( s) of sanitary design, which is 

.welded in place or formed into the cover material, 
' ( 4) unless gasketed, shall have downward flanges 
not less than 3/ 8 inch along all edges and ( 5) 
shall be close fitting. If the cover is not gasketed, 
the clearance between the sudace of the cover and 

the surface of the tank it is designed to contact 
shall not exceed 3/32 inch. Covers not exceeding 

24 X 30 inches or 30 inches in diameter may be 
removable and shall be designed to be self draining 
in the closed position. 

0.10.2 

Non-removable Covers for Open Top Type Tanks . 
on-removable covers ( 1) shall be of a type that 

can be opened and maintained in an open position, 
( 2) shall be designed to be self draining when in 
the closed position, ( 3) shall be designed so that 

when the covers are in any open position liquid 
from the exterior surface will not drain into the 

lining and ( 4) shall be designed so that when in 
their fully opened position, drops of condensation 
on the underside will not drain into the tank. 

Covers of openings that will be held in place by 
gravity or vacuum may be of the lift off type and 
may be provided with a clamp ( s) or other device 
to maintain them in position. 

0.10.3 

Bridges and Fixed Covers for Open Top Type 
Tanks. 
Bridges and fixed covers shall pitch to the outside 
edge ( s) of the tank for complete drainage, and 
shall have a raised flange not less than 3/8 inch 
in height where the edge ( s) meets the main 
cover( s). Bridges and fixed covers shall be inte
gral or welded to the lining, and shall be installed 
so the underside is accessible for cleaning and 
inspection without completely entering the tank. 
Bridges shall not exceed 24 inches in width . 
Generally horizontal fixed covers, located at ends 

or sides of an open top type tank (or segments of 
cylindrical open top type tanks) with generally 
vertical side walls, shall not extend more than 12 
inches over the surface of the product. 

0 .1 0.4 

Manhole Covers for Closed Type Tanks 
Covers for manholes in side walls shall be either 
the inside or outside swing type. If the cover 
swings inside, it shall also swing outside, away 
from the opening. Threads or ball joints employ
ed to attach the manhole cover ( s) and its append
ages shall not be located within the lining. Covers 
for manholes in the top of tanks shall be of the 
outside swing type or be of a removable type. 

0.10.5 
All openings in the lining or in fixed covers or in 
bridges, or main covers of open top type tanks 
not continually in use shall be provided with re
movable covers, which are designed to make close 
contact with the upper edges of the opening or 
cover sm-face, and when in the main cover the 

· removable cover ( s) shall remain in position when 
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the main cover is in an open position. 

0.10.6 
An umbrella or drip shield of sanitary design that 
can be raised or dismantled, to permit cleaning of 
all of its surfaces, shall be provided to protect 
against the enh·ance of dust, oil, insects and other 
contaminants into the tank through the space 
around the agitator shaft. 

0.10.7 
The water compartment of a tank designed for 
refrigerated water cooling shall have a cover. The 
clear·ance between surface of the cover and surface 
of the water compar·tment it is designed to con
tact shall not exceed 1/ 16 inch. 

0 .11 
Openings 
The edges of all openings into the lining that are 
upward or horizontal, shall extend upward or out
ward at least 3/ 8 inch beyond the shell or be fitted 
with a permanently installed sanitary pipeline fit
ting. 

0. 11.1 
The main opening(s) of tanks shall be of sufficient 
number, adequate in size, and so located that all 
product contact surfaces are easily accessible and, 
except for the product contact surfaces of parts 
removable for cleaning, can be inspected visually 
without entering the tank. 

0.11.2 
An exception to the requirements of D .11.1 is made 
for closed top type tanks, having product contact 
surfaces that cannot be manually cleaned and in
spected without entering the tank. 

0.11.2.1 
The minimum inside height of this type of tank 
shall be 42 inches and if the inside height exceeds 
96 inches, means shall be provided (see Appendix, 
Section G. ) that . will facilitate manual cleaning 
and inspection of all product contact surfaces or 
means shall be provided for mechanically cleaning 
the product contact surfaces of the tank and all 
non-removable appurtenances thereto. This type 
of tank shall have a manhole opening ( s) comply
ing with the provisions of D.ll.5. 

0.11.3 
An inlet sanitary pipeline connection shall be at 
least 1 1/2 inches or the inlet opening shall ac
commodate at least 1 1/2 inch 3-A sanitar·y tubing. 

0 .11.4 
Agitator openings : Agitator shaft openings through 
the bridge or top enclosure shall have a minimum 
diameter of 1 inch on tanks which require removal 
of the agitator shaft for cleaning or be of a dia-

meter that will provide a 1 inch minimum annular 
cleaning space between the agitator shaft and the 
inside surface of the flanged opening on tanks 
which do not require removal of the agitator for 
cleaning. 

0.1 1.5 
Manhole openings: A manhole operiing, if pro
vided, shall be located at the outlet end or side 
of the tank or the top of t~1e tank. The inside 
din1ensions of the manhole opening shall not be 
less than 15 X 20 inches oval, 12 X 27 inches 
elliptical, or 18 inches diameter. 

0 .11.6 
Sight and Light Openings: Sight and light open
ings shall be provided when no other opening is 
available for viewing the surface of the milk and 
shall be of such design and construction that the 
inner surfaces drain inwardly, and if the tank is 
designed for mechanical cleaning, the inner sur
face of the glass (or plastic ) shall be relatively 
flush with the inner smface of the lining. The 
inside diameter of the opening, if only one is pro
vided, shall be at least 5 3/4 inches. If two open
ings are provided, the inside diameter of each shall 
be at least 3 3/4 inches. The external flare of the 
opening shall be pitched so that liquid cannot 
accumulate. 

0 .11.7 
Thermometer openings: Two connections or open
ings which will accommodate thermometer sensing 
elements shall be provided. Connections and/or 
openings shall be located in the top enclosme, 
cover, bridge or through an end or sidewall. Ther
mometer wells may be used. The bulb of the 
temperature sensing element shall be located so as 
to p ermit registering the product temperature 
when the tank contains no more product than 10% 
of its capacity and if the tank has provisions for 
cooling, it shall be located so that the sensing ele
ment is not influenced by the cooling medium. 
All connections and/or openings shall conform to 
one of the following : 

0 .11.7.1 
The applicable fittings found in the "3-A Sanitary 
Standards for Instrument Fittings and Connections 
Used on Milk and Milk Products Equipment," 
Serial #0900 as amended and supplements thereto. 

0. 11 .7.2 
Fittings for temperature sensing devices which do 
not pierce the tank lining, but which have tem
perature sensing elament receptacles secmely at
tached to exterior of the lining. 

0 .11.8 

The vacuum connection for a tank designed to be 

; 

, 
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operated under vacuum shall be standard stainless 
steel tubing not less than 1 1/2 inch in diameter 
and not longer than 4 inches (See Appendix, Sec
tion H.) 

0 .12 
Outlet : :I'he outlet shall provide complete drainage 
of the tank and shall have an outside diameter 
conforming to that of 2 inch or larger 3-A sanitary 
tubing and a wall thickness no greater than 1/8 
inch. The terminal end of the outlet passage shall 
have a rolled-on or a welded sanitary pipeline 
ferrule or flange. The ferrule or flange shall not 
be below the bottom of the shell. The distance 
between nearest point on tl1e shell to the face of 
the ferrule or flange on the terminal end of a hori
zontal type outlet shall not be more than the 
smaller of ( 1) twice the nominal diameter of the 
outlet passage or ( 2) five inches. The outlet shall 
be one of the following types: 

0.12.1 
Horizontal' type. The bottom of the outlet pass
age shall be at least as low as the low point of the 
lining at the outlet. The outlet passage shall be 
pitched downward toward the terminal end. 

0.12.2 
Vertical type. The vertical centerline of the out
let passage shall be as close as practical to a side 
wall of the tank. The outlet passage shall be a 
generally horizontal extension of an elbow which 
is a part of or is welded to the lining. 
The outlet passage shall not pass through the bot
tom of the shell if product will be held in the 
passage. 

0. 13 
Outlet valves: Valves, when provided, shall con
form to D.8 or if the valve is within the lining or 
in the outlet passage, and the seat is an integral 
part of the lining or the outlet passage, a com
pression-type valve conforming to the applicable 
provisions of D.13.1 may be used. A cap con
forming to D.8 shall be provided for the outlet 
end of valves furnished with tanks. 

0.13.1 
Compression-type valve in the tank or outlet pass
age. - This type of valve shall have a metal to 
metal or rubber 0r rubber~like material to metal 
seat. The rubber or rubber-like material may be 
either removable or bonded. The handle or valve 
operating rod shall extend above the bridge or 
main cover or the handle shall be outside the 
shell. 

0 .14 
Agitators: Means for me<;hanical and/or air agita
tion shall be provided that will result in a variation 

in milk fat content of the product in the tank of 
not more than plus or minus 0.1% as determined 
by an Official AOAC Milk Fat Test', when the 
tank is filled to at least 50% of its capacity with 
product and the agitator has been in operation for 
10 minutes. Agitators, if not designed for me
chanical cleaning, shall be readily accessible for 
manual cleaning and inspection either in an as
sembled position or when removed. A seal for the 
agitator shaft, if provided, shall be of a packless 
type, sanitary in design with all parts readily ac
cessible for cleaning. A sanitary seal for the agi
tator shaft shall be provided for ( 1) a horizontal 
agitator, ( 2) a vertical agitator when it is speci
fied that the tank is to be located so that the por
tion of the shaft outside the tank is not in the 
milk house or milk room, ( 3') a tank designed to 
be operated under vacuum and ( 4) an agitator in 
a tank having means for mechanically cleaning the 
tank. The means for agitation shall be one of the 
following: 

0.14.1 
Mechanical, top entering, non-removable type. 
There shall be at least a 1 inch space between the 
non-removable agitator and the bottom of the lin
ing, unless the agitator is mounted on a hinged 
type cover. A bottom shaft bearing shall not be 
provided for a non-removable type agitator. 

0.14.2 
Mechanical, top entering, removable type. 
This type of agitator shall be provided with an 
easily accessible, readily demountable coupling of 
either a sanitary type located within the lining or 
a coupling located outside of the lining provided 
that it is above the shield provided to protect the 
annular space around the shaft. All product con
tact smfaces of the agitator shall be visible when 
the agitator is removed. A bottom support or 
guide, if used, shall be welded to the lining, shall 
not interfere with drainage of the tank, and the 
inside angles shall have minimum radii of 1/8 inch. 
When the agitator shaft has a bearing cavity, the 
diameter of the cavity shall be greater tl1an the 
depth. The agitator shall be easily demountable 
for cleaning of the bearing and any shaft cavity. 

0.14.3 
Mechanical side entering type. 
This type of agitator, shaft and complete seal, if 
not designed for mechanical cleaning shall be 
readily demountable for manual cleaning. Non
removable parts having product contact surfaces 

1The method of making these tests will be found in the follow
ing reference: Official Methods of Analysis: Available from 

the Association of Official Analytical Chemists. P. 0. Box 

540, Benjamin Franklin Station, Washington, D .C. 20004. 
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shall be designed so that the product contact sur
faces are readily cleanable from the inside of the 
tank. 

0.14.4 
Air agitation. 
The means for air agitation shall comply with the 
applicable provisions of D.15. 

0.15 
Air for Agitation or :Movement of Product: Means 
for applying air under pressure shall conform to 
the applicable provisions of the "3-A Accepted Prac
tices for Supplying Air Under Pres-sure in Contact 
vvith Milk, Milk Products and Product Contact 
Surfaces Serial, #60403," and the following: 

0.15.1 
Clamp type fittings shall not be used within the 
lining. 

0.15.2 
Tubing and related fittings within the tank shall 
be readily and easily removable for cleaning out
side the tank or be designed for mechanically 
cleaning. If designed for mechanically cleaning, 
the tubing and all related fittings shall be self
draining. 

0.15.3 
Permanently mow1ted air tubing shall be construct
ed and installed so that it will not sag, buckle, 
vibrate or prevent complete drainage of the tank 
or tubing and shall be located so that the distance 
from the outside of the tubing to the lining shall 
be at least two inches, except at point of entrance. 

0.16 
Mechanical Agitator Driving Mechanism Mounting: 
The driving mechanism when above the lining 
shall be securely mounted in a position that will 
provide a minimum distance of 4 inches measured 
vertically downward from tl1e bottom of the driv
ing mechanism housing, excluding bearing bosses 
and mounting bosses to the nearest surface of the 
tank; and in such a manner that all surfaces of the 
tank under or adjacent to the driving mechanism 
shall be readily accessible for cleaning and in
spection. 

0.17 
Thermometers: Each tank shall be provided with 
an indicating thermometer and/ or a recording 
thermometer complying with the applicable speci
fications for indicating and recording thermometers 
in Appendix Section I. 
The temperature sensing element of the tl1ermo
meter shall fit one of tl1e connections or openings 
provided for in D.11.7.1 and D.ll.7.2. 

0.18 
Vents: A vent ( s), if provided, shall be of a hooded 

type of sufficient free opening area to prevent back 
pressw·e during filling and to prevent vacuum dur
ing emptying of the tank. It shall be in the front 
head near tl1e top of the tank or in the top of tl1e 
tank. The vent( s) shall terminate in the milk 
house or n1ilk room. J.t shall be provided with a 
perforated cover having openings not greater than 
1/ 16 inch diameter, or slots not more ilian 1/32 
inch wide. ·woven wire mesh shall not be used 
for this purpose. It shall 'be so designed that 
parts are readily accessible and readily removable 
for cleaning. 

0.19 
Cleaning: Tanks having an inside height of more 
than 96 inches shall be provided witl1 means (see 
Appendix, Section G.) that will facilitate manual 
cleaning and inspection of all product contact sur
faces or means shall be provided for mechanically 
cleaning the product contact surfaces of the tank 
and all non-removable appurtenances thereto. 

0.20 
Sample Cock: A sample cock must be provided 
when a sample cannot be readily obtained from a 
top opening or a sample port opening in the tank. 
It shall be of a type that has its sealing surface 
relatively flush with the product contact surface of 
tl1e tank and have an inside diameter no less than 
that of one inch 3-A sanitary tubing. 

0.21 
Tank Supports: The means of supporting a tank 
designed to be installed wholly within the milk 
house or milk room or the means of supporting 
the portion of a tank that will be in tl1e milk house 
or milk room shall be one of the following: 

0 .21.1 

Witl1 legs: Adjustable legs shall be of sufficient 
number and strength and so spaced that -the filled 
tank will be adequately supported. Legs shall 
have closed bases. Exteriors of legs and leg sock
ets shall be readily cleanable. Legs shall be such 
that will provide ( 1 ) tl1e minimum distance be
tween lowest interior surface of the outlet con
nection and the floor will be 4 inches and ( 2) a 
minimum clearance of 6 inches between the floor 
and the bottom of a tank 72 inches or less in dia
meter or width, except in the case of a V-bottom 
or a rounded bottom tank of which ilie outer shell 
slopes continually upw·ard from the outlet center
line, in which case the minimum clem·ance may be 
4 inches if it increases· to 6 inches within a hori
zontal distance of not more than 12 inches on each 
side of this centerline. On a tank more than 72 
inches in diameter or width, the minimum clear
ance shall be 8 iriohes. (Where Weights and Mea
sures Codes require that a seal be placed on the 
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legs to detect height adjushnent after the tank has 

been leveled or calibrated, the holes for the seals 

shall be designed and located, or sealed, to pre

vent enh·ance of moisture into the legs. ) 

0.21.2 
Mounted on a Slab or Island: The base of the tank 

shall be such that it may be sealed to the mount

ing surface (see Appendix, Section f. ) 

0.22 
Prevention of a Significant Product Temperature 

Increase. The tank shall be capable of preveuting, 

in 18 hours, an average product temperature in

crease greater than 3 o F in a t.ank filled to 100% 

of its capacity with product when the average dif

ference bet\veen the temperature of the atmo

sphere surrounding the tank and temperature of 

the produot in the tank is 30°F. This may be 

accomplished by one of the following methods: 

0 .22.1 
Insulation 
If the prevention of a significant product tem

perature increase is to be accomplished solely by 

insulation, the insulating material over non-re

frigerated areas of the tank shall have an insulating 

value equivalent of not less than : 

0 .22.1.1 
Two inches of cork on 
(a) tanks to be installed wholly within a building 

(b) the portion of the tank within a building on 

0.22.1.2 

tanks to be installed partially outside of a 

building 

Three inches of cork on the portion of the tank 

outside of a building on tanks designed to be in

stalled partially outside of a building 

0.22.2 
A combination of insulation and sufficient refri

gerated surface. 

0.23 
Insulation: Shall be of a nature and inS'I:alled in a 

manner that will prevent shifting or settling. 

0 .24 
The tank shall have a measuring device. If it is 

of the immersion type or of the direct reading 

gauge type, it shall comply with D.24.1 or D.24.2. 

0 .24.1 
Immersion Type: An immersion measuring device 

shall comply with the applicable provisions of the 

code entitled "Farm Milk Tanks" in tl1e National 

Bureau of Standards Handbook 44-Fourth Edition 

1971. 
' The measuring rod shall have graduation marks 

not less than .005 inch in widtl1 and not exceeding 

.008 inch in depth. The measuring rod consists 

of a graduated portion, a seat to engage the mea-

suring rod supporting bracket or other supporting 

means and a handle. It does not include the sup

porting bracket or other supporting means. The 

measuring rod may be t\vo or more parts welded 

together or may be one piece. The handle shall 

extend above the bridge or main cover, or shall 

be located outside of the outershell. The tank 

serial number stamped or etched on the rod shall 

be located as high on the rod as is practicable. 

The opening tlwough which the measuring rod 

extends shall be protected against liquids or ather 

contaminants entering the tank from that portion 

of the measuring rod outside the tank. 

0.24.2 
Direct Reading Gauge: A direct reading gauge of 

the glass or plastic tube type shall be sanitary in 

design and construction and shall be readily ac

cessible for cleaning or shall be designed for me

chanical cleaning. It shall be designed and con

structed so that product in tl1e gauge will auto

matically be discaxded. The valve shall be close 

coupled. The distance, measured along the pass

age for tl1e product in the tank to the gauge valve, 

from the nearest point on tl1e shell to the ferrule 

or flange for the valve shall not be more than the 

smaller of ( 1 ) t\vice the nominal diameter of the 

passage or ( 2 ) five inches. 

0.25 
on-Product Contact Swfaces : 1 on-product con

tact surfaces shall comply with the following: 

0.25.1 
They shall be smooth, free of pockets and crevices 

and be readily cleanable. 

0.25.2 
Surfaces to be coated shall be effectively prepared 

for coating. 

0 .25.3 
The shell shall be effectively sealed against mois

ture and vermin at all joints and at junctions with 

the breast, manhole openings, outlets and other 

openings. 

0 .25.4 
A vent or weep hole may be provided in tl1e shell. 

If provided, it shall be located in a position that 

will provide drainage from the s~1ell and shall be 

vermin proof. 

0 .25.5 

E. 

Outside welds need not be ground. 

APPENDIX 

STAINLESS STEEL MATERIALS 

Stainless steel conforming to tl1e applicable com

position ranges established by AISI' for wrought 
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products, or by ACP for cast products, should be 

considered in compliance with the requirements of 

Section C.l. herein. Where welding is involved 

the carbon content of the stainless steel should 

not exceed 0.08%. The first reference cited in C.1 

sets forth the chemical ranges and limits of ac

ceptable stainless steels of the 300 series. 

Cast grades of stainless steel corresponding to 

typ es 303, 304, and 316, are designated CF-16F, 

CF-8, and CF-8M, respectively. These cast grades 

are covered by ASTM5 specifications A296-68 and 

A351-70. 

PRODUCT CONTACT SURFACE FINISH 

Surface finish equivalent to 150 grit or better as 

obtained with silicon carbide, is considered in com

pliance with the requirements of Section D.1 herein. 

MANUAL CLEANING 

If the inside height of a tank exceeds 96 inches, 

one means for manual cleaning is to weld a stain

less steel rung on each end of the tank to support 

a removable platform at a height which will fa

cilitate cleaning and inspection. 

VACUUM PIPING 

When vacuum piping is provided, the p1pmg 

downsh·eam from an elbow connected to the vac

uum connection on the tank (see D.11.8 ) should 

pitch dO\'VIlward from the tank to a moisture trap. 

The piping betv;een the tank vacuum connection 

and the moisture trap should be stainless steel and 

have a pitch of not less than 1 inch in the first 12 

inches. 

INDICATING THER M OMETERS USED IN 

STORAGE TANKS 

Scale Range.;-Shall have a span not less than 

50°F . including normal storage temperatures plus 

or minus 5.0°F. with extension of scale on either 

side permitted; graduated in not more than 2.0°F . 

divisions. 
Temperature Scale Divisions.-Spaced not less 

than one-sixteenth of an inch apart beh veen 35°F 

and 55°F. 
Accuracy.-Within 2° F. plus or minus, through

out the specified scale range. 
Stem Fitting-Shall conform to the 3-A "Sani

tary Standards for Instrument Fittings and Con

nections Used on Milk and Milk Products Equip

ment" Serial #0900 as amended and supplements 

thereto or shall be a stem fitting that does not 

5Available from American Society for Testing and Materials, 

1916 Race Street, Philadelphia, PA 19103 

J. 

pierce the lining or means shall be provided to 

permit securely fastening the temperature sensing 

element to the outer surface of the lining. 

RECORDING THERMOMETERS USED IN 
' STORAGE TANKS . 

Case.-Moistur-eproof under operating conditions 

in a milk house or milk room. 
Scale.-Shall have a scale span of not less than 

50° F, including normal storage temperature plus 

or minus 5°F., graduated in not less than 2°F. 

divisions with not more than 40° F. per inch of 

scale; graduated in time scale divisions of not more 

than 1 hour having a chord or straight line length 

of not less than one-eighth of an inch at 40°F. 

Chart must be capable of recording temperatures 

up to 180° F. (Span specifications do not apply 

to extensions beyond 100° F.) 
Temperature Accuracy.-Within 2° F. plus or 

minus, between specified range limits. 

Pen-Arm Setting Device.-Easily accessible; sim- 1 
ple to adjust. 

Pen and Chart Paper.- Designed to give line not 

over one-fortieth of an inch thick when in proper 

adjustment; easy to maintain. 
Temperature Sensor.-Protected against damage 

at 212° F. 
Stem Fitting-Shall conform to the 3-A "Sani

tary Standards for Insh·ument Fittings and Con

nections Used On Milk and Milk Products Equip

ment" Serial #0900 as amended and supplements 

thereto or shall be a stem fitting that does not 

pierce the lining or means shall be provided to 

p ermit securely fastening the temperature sensing 

element to the outer surface of the lining. 

Chart Speed.-The circular chart shall make one 

revolution in not more than 7 days and shall be 

graduated for a maximum record of 7 days . Sh·ip 

chart shall move not less than 1 inch per hour 

and may be used continuously for 1 calendar 

month. 

SLABS OR ISLANDS 

When a tank is designed to be installed on a slab 

or an island, the dimensions of the slab or island 

should be such that the tank will extend beyond 

the slab or island at least one inch in all hori

zontal directions. The slab or island should be of 

sufficient height so that the bottom of the outlet 

connection is not less than 4 inches above the 

floor . The surface of the slab or island should be 

coated with a thick layer of waterproof mastic 

material, which will harden witl1out cracking. 

The junction of the outer shell of the tank and the 

slab or island should be sealed . 

These standards shall b ecome effective September 

22, 1973. 

;. 
I 
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FOOD REGULATORY ACTIVITIES' 
VIRGIL 0. WODICKA 

Bureau. of Foods, Food and Drttg Administration 
Washington, D. C. 20204 

ABSTHACT 

Current regulatory activities at the Food and Drug Ad

ministration cluster about several main lines of thrust . (a) 

More infonnative labeling. Examples are nutrient labeling, 

ingredient labeling on standardized foods, percentage declar

ation of characterizing ingredients, and on new foods, the 

definition of generic names. (b) Increasing emphasis on ef

fective cooperation between State and F ederal authorities. 

(c) Increased emphasis on food plant inspection. (d) More 

emphasis on inspection of quality assurance instead of only 

production. This includes quality assurance procedures ap

plied to plant sanitation. (e) Increased attention to environ

mental contaminants, such as toxic metals and industrial or

ganic chemicals. (f) Review of the safety of food ingredients 

with initial emphasis on the GRAS list. 

The old adage that "You are what you eat" has 

enough truth in it to give each of us an intense and 

personal interest in food. There are few subjects for 

discussion that generate such universal interest or 

sh·ength of opinions . The fact that these strong opin

ions vary widely among the consuming public makes 

life especially interesting for the purveyor or regu

lator of food. 
The discussion in this paper is largely brought 

about by two trends in om economy: The first 

of these is the long-term rise of productivity resulting 

in a state of affluence which gives the consumer an 

opportunity to make choices as to what he consumes. 

When the consumer must choose, he ·wants the ability 

to make an informed decision . 
The second of these h·ends is the increasing h·ans-

fer of food preparation activities from the household 

kitchen to the food processor or food service estab

lishment. As time becomes more precious than gold 

to more and more people, they become willing to give 

some of their gold in return for the time freed by 

the delegation of household chores. 
It has been a long time since most consumers in 

this country produced their own food . 1 ow in in

creasing numbers they not only do not produce it but 

do not prepare it. As a result, they are getting the 

feeling that they are no longer masters of their des

tiny in this area and are casting about for some way 

to regain conh·ol. 
There is a theory of government that says that 

go ernment should do for the people what they can-

'Presented at. the .59th Annual Meeting of the International 

Association of Milk, Food, and Environmental Sanitarians, 

Milwaukee, \Visconsin, August 21-24, 1972. 

not do for themselves, or what it can do better and 

cheaper. Tl1is obviously assumes that the activity in 

question is something that the people want done. 

There seems to be little doubt that a large segment 

of our people want more control over what they ea t 

without losing the freedom of choice and low cost 

that they now have. In large numbers they are look

ing to government to achieve this control. 

LviPROVED CoMMUNICATION-LABELING 

One of the major activities of the Food and Drug 

Administration currently has been and will continue 

to b e the improvement of communication from pur

veyor to consumer so the consumer can make inform

ed choices among foods. The communication me

dium for which we are responsible is the label. In 

recent years we have carried out our mandate under 

the Fair Packaging and Labeling Act to see to it that 

the statement of quantity of contents in the package 

of food was large enough to read and uniformly 

located. 'Ve are now proposing a regulation that 

would gather together essentially all the mandatory 

information and some optional information that is 

not on the principal display panel and put it in a 

single additional location. This is the so-called "in

formation panel." A proposal along this line was 

set forth for commen t and the comments are now 

being analyzed. I think it is likely that some regu

lation along this line will be issued , although the form 

it will take is yet uncertain. 

List of ingredients 
One of the pieces of information consumers are de

manding is the list of ingredien ts in the food. This 

is now required on all foods that are not standardized, 

but at the time this requirement was imposed it was 

assumed that the standards would serve this pmpose 

for standardized foods . If this assumption was ever 

valid it certainly is not today. ' Vhen the law was 

amended to provide for ingredient statements and 

standards, however, it did not give the Food and 

Drug Adn1inish·ation authority to require the declar

ation of mandatory ingredients on standardized food 

labels. Accordingly, the Food and Drug Admii1istra

tion can only encourage such a declaration, which it 

has done. It h as also r equested amendment of the 

Act to provide the necessary authority to requii·e it. 
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Nutr-itional informat-ion 
Another packet of information widely demanded 

by consumers is the nutritive value of the food. This 

is a set of properties that has not been given serious 

attention by most purveyors, and as a consequence 

development of new plant varieties, development of 

food processing methods, and development of p ack

aging unguided by any such consideration may or 

may not deliver to the plate of the consumer the nu

tritive value that his grandfather could count on. 

The Food and Drug Adminish·ation has proposed for 

commen t a format for declaring nuh·itive value for 

those purveyors who choose to do so. It has made 

the point repeatedly, however, that it expects the food 

offered to contain the nuh·itive values declared on 

the label. Anything else would be misbranding and 

actionable. 
There is a separate facet of ingredient and nuh·ient 

declaration that is now being covered by regulations. 

Previously, in many instances, fat contained in foods 

could be declared generically as animal or vege

table. It will now be required that the specific 

source of the fat be declared, although to permit 

market forces to operate in choosing fat somces it 

will not be required that they always be stated ·in 

order of decreasing abundance. Also for foods that 

are significant sources of fat in the dietary, label 

statements will be permitted that declare the per

centage of saturated and polyunsatmated fatty acids 

in the fat along with the amount of fat in the food. 

A form at has been provided for such declarations , 

and this is sufficiently compatible with the format for 

general nuh·ient labeling that the two may be com

bined. 

Defining foods 
The law provides a mechanism for establishing 

definitions and standards of identity, quality, and 

fill . In most instances where such standards have 

been established there has been a certain amount of 

controversy because otherwise there would be no 

need for a standard. The consequence of this has 

been that the procedures for establishing standards 

are quite cumbersome, and the time required is us

ually best measured in years rather than weeks. One 

of the major elements of this standardization process 

is to establish an official name for the defined food. 

The law requires that this b e the common or usual 

name if there is one. In these days of rapid tech

nological progress, however, there is an increasing 

number of foods being offered which do not have a 

common or usual name because they are completely 

new. In many instances it would avoid confusion 

to have a standard name for such products but the 

problems are not sufficient to warrant undertaking 

the cumbersome process of standardization. Accord

ingly, a procedure has been proposed for comment 

by which the Food and Drug Adminish·ation would 

promulgate a standard name for such a product, in

cluding, where appropriate, the declaration on the 

principal display panel of the percentage in the prod

uct of one or more characterizing ingredients. Suah 

a procedure would serve many of the purposes of a 

standard but would be much simpler and faster. It 

would not provide much of the detail that is now con

tained in the standard, however, and therefore would 

not be a complete replacement. · It should be looked 

upon rather as a supplementary mechanism of the 

same type. 

O vERSEEmc FooD PRODUCfiON AND PROCESSI NG 

All these activities and others I have omitted in 

the interes t of space are intended to facilitate com

munication between purveyor and consumer to per

mit informed choice on the part of the consumer. 

Many of these are in specific response to expressed 

consumer demand. There remains , however, the 

activity of representing tl1e consumer in overseeing 

the production and processing of foods to make sure 

that these are accomplished cleanly and safely. The 

government here can and must provide the capability 

for teclmical examination of foods that the consumer 

cannot realistically maintain and must also serve as 

the eyes and nose of the consumer in checking on 

operating conditions from which the consumer is far 

removed in distance and often in time. 

Cooperative efforts 
The primary responsibility for tl1e quality, including 

tl1e safety, of food lies with the pmveyor. In the 

event of processed foods, of course, this means mostly 

the processor. The regulatory agencies cannot as

sume this responsibility; they can only check up to 

see whether tl1e processor is carrying it out properly. 

' i\lith our highly developed agriculture and food tech

nology, however, effective quality conh·ol is a de

manding professional specialty, and the conscientious 

workman though still very necessary is no longer 

sufficient. If the job is to be done properly, there 

are not enough h·ained or even h·ainable people avail

able to allow for unnecessary duplication of effort 

among indush·y and state and federal authorities . 

One of the steps being taken by the Food and Drug 

Adminish·ation to give recognition to this fact is to 

put increasing emphasis on coordination and cooper

ation between state and federal activities. For the 

last two years there have been specific contracts be

tvveen the Food and Drug Adminish·ation and several 

states for work in connection with the Fair Packaging 

and Labeling Act. The results of this have been 

sufficiently satisfactory to both parties that this re

lationship is now being extended to cover other . as

pects of regulation during the current fiscal year. 

; 

;. 
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We are trying to fincl ways in which the State regu

latory agencies can act on b ehalf of the Federal 

government as well as their ovvn with shared costs 

and shared benefits. We would hope that this would 

result in reduced overall costs to the taxpayer by 

elimination of duplicated effort and at the same time 

would accomplish more effective control. 

F edeml act·ivity 
The attempt to enlist the assistance of the States in 

carrying out the federal mission, however, does not 

imply any reduction of effort at the federal level. 

The opposite is true. Within the past year the Gen

eral Accounting Office, which is an investigative 

agency of the Congress, made a study of the food 

indush·y and the activities of the Food and Drug 

Adminish·ation showing that the state of sanitation 

of the food indush·y is on the average not very good. 

1t has issued a report number B-164031 ( 2) entitled 

D·ime·nsions of Insanitary Conditions in the Food 

M anu.facturing Industry. Tllis is available from the 

Superintendent of Documents for $5.00. It includes 

dramatic color pictures of insanitary conditions illus

h·ative of its statistics showing that 40% of the plants 

sampled were insanitary, with 24% seriously so. Tlus 

report reenforced the position taken by Commissioner 

Edwards of the Food and Drug Administration that 

when the resources available permitted inspection of 

food establishments on the average of once every 6 

years, not enough pressure could be put on the food 

industry to maintain sanitary conditions. This mess

age has now been heard where it needed to be, and 

as a consequence this year's appropriation provides 

for more than doubling the FDA inspection force for 

food establishments. 

Although this increase in the FDA forces was es-

• sential and is as large as could be managed in a single 

year, it should be obvious that increasing frequency 

from once every 6 to 7 years to once every 3 years 

does not constitute a basis for complacency, even 

with augmentation by state efforts. Something more 

than tlus is necessary. Here I return to tl1e need 

for avoiding redundancy. Tl1e responsibility for a 

clean and wholesome product lies with the processor, 

not with the government. The government can only 

provide guidance and check up to see if the processor 

is doing lus job. 

Inspectors 
In the past, the activities of the government in

spector have been to check on plant operations to 

see if they were likely to result in a clean and whole

smpe product. On the assumption that the inspector 

is thoroughly competent in the teclmology involved 

in the plant he is visiting, he can then identify those 

improper praptices tl1at are carried on habitually or 

which just happen to be going on that day. If we 

now assume that there is some serious infraction that 

takes place in that plant 10% of the time, he has one 

chance in 10 of catching it. If he now gets around 

every 3 years this means that in an average of 30 

years he is likely to find it, if the company is still in 

business and still doing things the same way. It 

would seem tl1at there should be a better way. 

The Food and Drug Adminish·ation is now propos

ing to h·ain its inspectors in tl1e procedures of modern 

quality control. They will then start placing their 

emphasis on the inspection of the quality control of 

the plant rather than tl1e production. Of course it is 

in1possible to inspect tl1e quality conh·ol without at 

the same time inspecting the production, but tl1e con

verse is not true. vVitl1 knowledge of what the com

pany itself is doing to assure a clean and wholesome 

product, tl1e regulatory agency cari draw much better 

conclusions about what is going on on the days when 

the inspectors are not around. 

The limitation to this approach is that there is no 

legal requirement for the processor to disclose Ius 

quality conh·ol system to tl1e inspector. Fortunately, 

a large and increasing number of companies is will

ing to do this voluntarily, so that tl1e agency would 

be remiss in not taking advantage of this opportunity. 

I return now to tl1e point that the inspection fre

quency of once every 3 years is an average. Some 

plants will be visited more often, and otl1ers less. 

\Vhen a plant's quality control has been inspected 

and found satisfactory, it will obviously qualify for 

less frequent inspection. This will permit concentra

tion of effort on those plants where the quality con

hoi is inadequate or unknown. 

ENVIRONMENTAL CONTAMI.t'\TATION 

There are two areas of food regulation where the 

Food and Drug Adnunish·ation has an obligation to 

both the consumer and the indush·y. The first I 

would touch upon is the area of environmental con

tamination. This focuses on two major aspects of 

our indush·ial economy. The first of these is the 

increasing practice of mining ores which contain 

metals in very small percentages of tl1e total environ

ment and converting tl1ese into essentially pure metals 

which therefore exist in the environment in high 

concenh·ation. vVhen these metals have served their 

intended purpose they are returned to tl1e environ

ment in tl1e form of "jm1k" where they now present 

the opportunity for contamination of various things, 

including foods. The process of converting the ore 

to metal also may result in contamination of the air 

or streams nearby and consequently of the food 

produced in the area. 

The second facet of this problem lies in the de

velopment in the last century or so of a synthetic 
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organic chemicals industry "vhich can produce nat

ural materials in unnatural quantities, or with equal 

facility can produce in large quantities materials 

which have never exis ted before. It would be ex

pected that this latter category is a p articular prob

lem because nature has not had an opportunity to 

develop enzyme systems to cope with these unfami

liar insults. In both these areas the government is 

increasingly recognizing its obligation to identify 

those situations in which there may be public hazard 

and to bring these under control. In view of the 

fact that food is one of the major media through 

which this hazard may be presented, the Food and 

Drug Adminish·ation has an obligation to monitor 

the food supply for public protection. 

Here again, it is ob vious that the Food and Drug 

Adminish·ation, and in fact all the state and federal 

agencies put together cannot accomplish the total 

job. The active and informed participation of the 

indush·y is essential. The Food and Drug Adminis

n·ation, however, feels that there are certain respon

sibilities that it is in best position to assume. One 

of these is to provide adequate analytical methods to 

characterize the problems. This does not imply that 

the methods must be developed by the Food and 

Drug Administration, but the Agency does have the 

obligation to determine that they are feasible and 

appropriate. The second obligation is to make the 

affected industry, and where necessary the public, 

aware of the fact that there is a problem requiring 

action. ' Vhere problems of this sort have arisen, the 
Food and Drug Adminish·ation has shown its will

ingness to coordinate the activities of the indush-y 

and to serve as an information center to promote 

quick and effective action . The third obligation, of 

comse, is to impose regulatory limits on environ

mental contaminants whenever survey information, 

together with toxicology, shows that such action is 

needed. Within relatively recent months, all these 

actions have been taken on such contaminants as 

mercmy, l ea d, asbestos, and polychlorinated bi

phenyls. Others are under study. 

S AFETY OF Foon I NGREDIENTS 

The other major area where the government has 

a responsibility of leadership is in the safety of food 
ingredients . There is, of course, no such thing as a 

completely safe material. Accordingly, safety is al

ways conditioned by circumstances and therefore to 

some extent a matter of opinion. ' Vhen actions be

come guided by opinion, it b ecomes necessary to have 

an official opinion. For foods, the Food and Drug 

Adminish·ation is the official focus of such opinions. 

The law divides components of foods into a num

ber of ca tegories that are separately regulated. The 

first two are food additives and color additives. I 

shall discuss them together because they are similar

ly handled . Ever since 1958, the introduction of a 

substance to the food supply as a food additive or 

color additive requires that the person who proposes 

to introduce it must file a petition with the Food and 

Drug Administration for a regulation permitting its 

use. Before the regulation may be issued, the Food 

and Drug Administration must be satisfied that the 

material is safe for its interided purpose and that 

there is an analytical method satisfactory for its regu

lation. No more of the substance may be used than 

is necessary to achieve its intended effect . Accord

ingly, the Food and Drug Administration must know 

how much this is in making its safety decisions. The 

approval of the Food and Drug Administration in 

the form of a regulation, therefore, is necessary be

fore the material may be legally used. 

A third category of component is that of the so

called prior sanction. In other words, materials in this I 

category were made the subject of official opinions 

or permits given by either the Food and Drug Ad

minish·ation or the U. S. Department of Agriculture 

in commodities under its jurisdiction before passage 

of the Food Additives Amendment to the Food, Drug 

and Cosmetic Act in 1958. Ivlaterials which have 

prior sanction status are not, strictly speaking, sub

ject to any provisions of the Act governing food addi

tives but their use may be controlled by general 

authority given to the Food and Drug Adminish·ation 

by other provisions of the Act. There are relatively 

few materials covered by prior sanction of record 
in the Food and Drug Adminish·ation. 

The final category consists of substances generally 

recognized as safe by experts qualified through h·ain

ing and experience to judge their safety. This in

cludes mos t of the food supply. When the Food 

Additives Amendment was passed, however, the Food 

and Drug Administration listed something just short 

of 500 materials on which frequent questions were 

arising which it had determined through question

naire were generally recognized as safe by experts . 
This became the so-called GHAS list. The turmoil 

arising from the banning of cyclamates which were on 

this list caused the Food and Drug Administration 

to be directed to review the safety of all the items 

on the list. Accordingly, a multi-million dollar pro

gram is well along to do just that. All the published 

literature on the toxicity of these materials for the 

last 50 years has been gathered. A contract with the 

National Academy of Sciences to ascertain use levels 

for each of these materials is now almost complete. 

A program is now launched to write a monograph 

for each GHAS material on the list based on the 

literature survey and the use survey. Finally, it 

will be necessary for the Food and Drug Adminis-

,. 
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h·ation to make a decision on each substance based 

on these monographs with the advice of an expert 

committee assembled by the Federated American 

Societies for Experimental Biology. \'ft.l e are target

ing for decisions on 300 substances within the next 

year. 

does not promise any diminution in level of effort but 

rather an increase to the extent permitted by avail

able resources. This effort, on the other hand, does 

not take the place of the efforts of state and local 

agencies or the affected industry in meeting the 

needs of the consumer for information and for safety. 

The increase in level of effort is rather called for on 

the part of all of us. In view of the fact that we 

shall all be busy along the same lines, we all have 

the corresponding obligation to see to it that our 

efforts reenforce each other instead of working at 

cross purposes. 

IN CoNcLusro, 

From this review I am sure you can see that this 

has been a period of great activity on the part of the 

Food and Drug Administration, and the early future 
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Philip Kirkwood ____ Battle Creek 
Oscar B. Boyer __________ Pontiac 
Tames Akers ____________ Momoe 
James P. Robertson __ Grand Rapids 
K. Durwood Zank ______ Charlotte 

MINNESOTA SANITATIIANS AsSOCIATION 
Sec'y.-Treas., Dr. Vern Packard, Food 

Sc. & Indust., Univ. Minn ., St. 
Paul, Minn. 55101 

(No Up-To-Date List Available) 

l'vhssiSSIPPI AssociATION or- SANITARIANS 
Sec'u .-Treas., Jimmy W. Bray, 202 N. 

Robinson St. , Senatofia, Miss . 38668 
(No Up-To-Date List Available) 

ivl!ssouRI AssociATION OF MILK 
AND FOOD SANITARIANS 

Pres., H arold Bengsch _____ Springfield 
First Vice-Pres., Gerald Burns ----- -

______________ ___ ___ Kansas City 
Second Vice-P1·es., :Mike Sanford ----

--------------------- Columbia 

.NEw YanK AssociATION OF MILK AND 
FooD SANITAmANs 

Pres., Charles Ashe _______ Fayetteville 
Pres.-Elect, David K. Bandler __ Ithaca 
Past P·res., Joseph F. Tiernan --------

------------------ White Plains 
Sec'u.-'l'Teas., R. P. March, 118 Stocking 

Hall, Cornell Univ., Ithaca, N. Y. 
Executive Board: 

John G. Burke ________ vVatertown 
Maurice Guerrette __ ______ Albany 
Donald A. Brownell __ Binghamton 

ONTARIO AssociATION OF lV!rLK AND 
FooD SANITARIANS 

Past P-res ., Elwood Hodgins - --Toronto 
Pres., Douglas J . Varnell ____ Kitchener 
Vice-Pres. , W. A. Harley ____ Don Mills 
Secmta:ry, Ceo. Hazlewood, Etobicoke 

Public Health, W37 Royal York 
Road, Toronto l'vl8X 2G5 

Treas., Robert Tiffin ________ Kitchener 
Di.rectors : 

Bill Kempa -------------Toronto 
Art Lord ________________ Toronto 
L. M. McKnight __________ Guelph 
Murray Nixon ___________ Toronto 
Gary Strachan ___ , _______ vVeston 

Ambassador-At-Large __ _ -- ----- - ____ _ 
____ _ __ _______ Cauth ers 

Ambassador-At-Large, Herm Cauth ers __ 
------------- -------- --- Barrie 

Editor News & Events, Glen ' "'ard __ _ _ 
----------------------- Toronto 

OREGON AssociATIO ' oF MILK Al'-'D 
FooD SANITARIANS 

Pres., Mark Prescott _______ Clackamas 
Vice-Pres., Loren Edlund _______ Salem 
Sec'y.-Treas., Alvin E. Tesdal, 5155 -

7t11 Ave., N. E., Salem, Oregon 
97303 

D-irecto1·s : 
Tom Bailey __________ Cloverdale 
Virgil Simmons ___________ Salem 
Glenn Briody __________ Portland 
Donald Raistakka _______ Portland 
Don Anderson __________ Estacada 

Auditors: 
Ralph Cook -------- - -----Tigard 
Jim Black -------------Tillamook 

AssocrATIO AFFAIRS 

PENNSYLVANIA DAIRY SANITARIA S 
As so erA TION 

Pres .. John Heid ________________ Erie 
Pres.-Elect, Bernard E. Hinish ___ _ 

--------------- __ __ _ Currysville 
V·ice-Pms., John Boore ______ Grantville 
Past Pres., Raymond Gelwicks _Latrobe 
Sec'y-Treas., Gerald Schick _____ __ _ 

______ R. R. 2, Latrobe, Pa . 15650 
Association Advisors: Sidney Barnard, 

Stephen Spencer, Dr. Samuel Cuss, 
Penn. State Univ. 

Executive Committees Association Offi
cers and appointed representatives 
of regional associations. 

RocKY MouNTAIN AssociATION OF MILK, 
FoOD AND ENVIRONMENTAL SANITARIANS 
Pres., John Nussbaumer ______ Denver 
P.res.-Elect. Darrell Deane --------- -

---------------- Laramie, Wyo. 
Sec' y.-T1·eas., Frank Yatckoske, 3150 

West 25tl'l Avenue, D enver, Colo
rado 80211 

Directors: 
Helen Hovers ____ ______ _ Aurora 
Carl Yeager __________ Longmont 

SouTH DAKOTA AssoCIATIO:-> 
OF SANITARIAl'S 

Pres. , Robert Wermers ____ Rapid City 
V·ice-Pres., Ed Michalewicz __ Brookings 
Sec'y.-Treas ., Howard Hutchings, Div. 

San . Eng. State Dept. H ealth, Pierre, 
S. D . 57501 

Directors: 
Wayne Balsma _________ Mitch ell 
Casper Twiss ________ Pine Ridge 

VIRGINL'I. AsSOCIATION OF SANITARIANS 
AND DAIRY FIELDMAN 

Pres., J . 0. Gunter _________ _ Evington 
F-il'st Vice-Pres., J. C. Bussey _______ _ 
Second V ·ice-Pres., M. R. Cooper ___ _ 

--------------------- Broadwpy 
Past Pres., V. M. Yeary _______ Marion 
Intemational Rep., J. G. Hampton ___ _ 

------------------ - ------ Galax 
Sec'y-Y.reas., W . H . Gill, 6702 Van 

Buren Ave., Richmond , Va. 23226 

' VASHINGTON AssoCIATION OF 
MILK SAN!TAI\IANS 

P·res., Jack Salvadalena __ _____ Everett 
P1·es.-Elect, Jas. L. Shoemake __ Pullman 
Sec' y.-Tmas., Ray Carson, 2505 So. Mc-

Clellan St., Seattle, Wn. 98144 
Past Pres., Robert Bishop ______ Seattle 
Directors: 

Martin J . Schuriger _____ vlympia 
Bob Ratfield ____________ Seattle 
Joe Suiter ______________ Yakima 
Steve Travis _____ __ _____ Spokane 
F rank Lewis ___________ Spokane 

'WisCONSIN AssociATION oF MILK AND 
FooD SANITAniANS 

Pres ., John G. Coller _______ , 'Vaukesha 
Pres.-Elect. , vVard K. Peterson -----

--------------- - - - -- Milwaukee 
Sec'y. -T1·eas., L. Wayne Brown, 4702 

Univ. Ave., Madison, Wis. 53705 
Past Pres ., Douglas R. Braatz _Shawano 
Di.rectors: 

Elmer H. Marth ______ Madison 
Clifford Mack ___ __ Prairie du Sac 

Protetl Hll WitA TAe Belt! 

This 21h lb. FLYS-OFF Aerosol gives the 
fly-killing power of 17 gal lons of oil base 
spray .. . and without the oil. 
134 million fly-killing particles re leased 
each second. 
3 seconds (2 ¢) treats a standard milk 
house; 8 seconds (5¢) a regula r size milk· 
ing parlor. 
Meets today's requirements for use in milk 
house, milking parlor and on producing 
animals. 

GUARANTEED BETTER OR IT'S FREE! 

Ask your supplier for FLYS-OFF today! 
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ASSOCIATION AFFAIRS 

MISSOURI SANITARIAN OF THE 
YEAR AWARD 

James I. Kennedy, left, being presented the Mis
souri Sanitarian of the Year Award by President 
Charles VanLanduyt. Mr. Kennedy has been an 
employee of the Missouri Division of Health since 
1958 serving as a mm;ing home sanitarian for several 
years. He has served as a milk sanitation survey 
officer for the past eight years and as Chief of the 
j\!Jilk S<mitation Program, Missouri Division of Health 
since 1968. 

IAMFES, INC. 60TH ANNUAL MEETING 

Contributions toward the expense of 60th annual 
meeting are coming in well according to Dick vVol
cott of Upstate :tvlilk Cooperahve, Rochester, N.Y. , 
a member of the Local Arrangements Committee. 
The fund is still short of its $6000 goal and it is hop
ed that many more milk and food related businesses 
will want to make contributions to help assure the 
success of the meeting which is being hosted by the 
New York State Association of Milk and Food Sani
tarians August 13-16 in Rochester . Local Arrange
ments Chairman, Al Lalu.-, President of Antical Chem
icals Inc. of Rochester, reports that entertainment 
plans include a h·ip to Widmers Wine Cellars, Naples , 
N.Y., two cocktail receptions, favors , and an at
tractive program for the ladies, all complimentary to 
conference attendees. Contributions to the confer
ence fund should be made payable to IAMFES-NYS 
Meeting Fund and sent to Richard Wolcott, Upstate 
Milk Cooperatives, 45 Fulton Ave. , Rochester, N. Y. 
14608. 

Albert J. Lahr, 1973 Annual Meeting Local Arrangements 
Chainnan , presents contribution to Richard \~TolcoH, Finance 
Chairman . 

IF YOU ARE NOtA MEMBER 
~ OF 

lAM FES.INC. 
INTERNATIONAl ASSOCIATION OF MILK. 
fOOD AND lNYI~ONMfN~ SANITARIANS.1Nc. 

rHfREARf SOME THINGS~ SHOULD KNOW 
M/-otL;~ 

Charles G. Ashe, Presidenrt:, New York State Association of 
Milk and Food Sanitarians is sayin g "cheese" as he poses to 
illustrate the new bwchure promoting International and the 
poster which will he used to recruit new members for 
IAMFES. 

AMERICAN INTERSOCIETY FOR 

CERTIFICATION OF SANITARIANS 

By JoHN G. ToDD, DR. P.H., Chairman 

The Academy, dedicated to the recognition of pro
fessional competence and achievement among Sani
tarians, was incorporated on March 14, 1966. This 
was the culmination of plans developed over a per
iod of several years by the Sanitarian's Joint Council 
which is composed of r epresentatives of the Interna-
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tional Association of Milk, Food, and Environmental 
Sanitarians; the Tational Environmental Health 
Association; and the American Public Health As
sociation. All sponsors of the Sanitarian's Joint Cmm
cil had given early support and development to an 
"Academy" and encomaged its creation. As an out
growth of numerous conferences and deliberations, 
the American Inter-society Academy was fom1alized 
with a twelve ( 12) member Board of Directors. Al
though its implementation requixed financial support 
from the Associations forming the Joint Council, the 
Academy is now a completely independent auton
omous sanitarian group and does not compete with 
nor duplicart:e the activities of any sanitarian as
sociation. 

The Academy has continued to progress over the 
past six years and currently has a roster of 313 
certified diplomates. Day-to-day operations of tl1e 
Academy axe canied out by the Chairman, Vice 
Chairman, and Secretary/ Treasurer, elected by and 
from the tv.relve member Board of Directors. The 
Directors are elected from and by the full member
ship of the Academy for a three yeax te1m. Begin
ning in 1973 the Academy will hold its mmual meet
ing concmrently with tl1e Annual Educational Con
ference of the National Environmental Health As
sociation. 

Through certification, the Academy provides to 
the individual a close professional relationship witl1 
his peers and provides tangible evidence that he has 
achieved excellence and is outstanding in his chosen 
field. Employing agencies, academic institutions and 
other professional associations m·e demonsh·ating in
creasing awareness of the implications of Diplomate 
status. 

To be eligible for Academy certification, applicants 
must: 

1. Be of good moral chm·acter and of high ethical 
and professiona~ standing. 

2. Possess a baccalaureate degree with tlurty sem
ester hours in tl1e physical, biological sciences. 

3. Possess a Masters or higher degree in Public 
Health, the environmental health sciences or in 
an m:ea of scientific or administrative speciali
zation bearing upon envir01m1ental management. 

4. Give evidence of accepting tl1e Academy's con
cept of tl1e Sanitm·ian Diplomate "He is a public 
health professional uniquely qualified through 
education and e>.:perience to manage environ
mental factors for tl1e pmpose of protecting and 
promoting the healtl1 and quality of life of man." 

5. Be a legally registered sanitarian or meet the 
ci'iteria of the model act for registration of sani
tarians. 

6. Have completed at least 7 years of acceptable 
environmental health experience ( 5 years of full 
time work on a professional level and two years 
above the staff level ) . 

7. Fumish proof of applicant's acceptability through 
one or more of the following: 
a) A written examination; 
b) Submission of an ess-ay as specified by the 

Board; 
c) An oral interview as specified by the Board. 

The Academy objectives are: 
1. To improve the environmental health status of 

man; 
2. To enhance the Sanitarian's professional develop

ment; and 
3. To recognize the excellence of Sanitarians 

through certification. 
The Academy welcomes and invites yom consider

ation. Additional information may be obtained by 
contacting Mr. Richard F. Clapp, Secretary, AIACS, , 
Training Program, Center for Disease Conh·ol, U.S. 
PHS, Atlanta, Georgia 30333. 

DR. H. E. RANDOLPH HONORED 
BY TEXAS A&M UNIVERSITY 

DAIRY SCIENCE CLUB 

The Texas A&l\11 University Dairy Science Club 
announced tl1e selection of Dr. H. E. Randolph, As
sociate Professor of Dairy Science, Texas A&M Uni
versity as an "Honorary Member" at its ammal Awards 
Banquet April 24, 1973. This honor is presented to 
individuals who have made significant conh·ibutions 
to the dairy indus1Ty and who have provided un
usual assistance and support of the educational ac
tivities of tl1e D airy Science club. Dr. Randolph 
serves as advisor to tl1e Dairy Club and was re.cog-

, , 
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nized for his many conh·ibutions to the educational 
goals of dairy students and support of the club's 
cheese projects . Dr. Randolph received a B.S. degree 
in Dairy Science from Tennessee Tech in 1957, and 
the M.S. and PhD. degrees in Dairy Teclmology 
from Ohio State University in 1959 and 1962. He 
held a joint appointment in extension and research 
at the University of Kentucky prior to joining the 
staff at Texas A&M University in 1967. 

Dr. Randolph is a member of the American Dairy 
Science Association, Institute of Food Technologists, 
International Association of :tvlilk, Food, and Environ
mental Sanitarians and the Dallas-Fort ·worth Dairy 
Society. He 1·eceived the Dallas-Fort ·worth Dairy 
Society's Charles Galyen Award in 1972 for out
standing service to the dairy industry. Dr. and Mrs. 
Randolph have two sons (Kenneth and David ) and 
two daughters (Marsha ~md Beth). 

NEWS AND EVENTS 
ZERO CELEBRATES INSTALLATION OF 

SOOTH ZERO BULK MILK COOLER 
IN THE NETHERLANDS 

A celebration to commemorate the delivery of the 
SOOth ZERO Bulk Milk Cooler to DOMO MELK
PRODUKTEN BEDRIJVEN, one of the largest daily 
cooperatives in The Netherlands-and its installation 
on the farm of R. van Gijssel at Beilen, The Nether
lands-was held recently on the van Gijssel farm. Mr. 
van Gijssel is a member of DOMO. The celebration 
was sponsored by DOMO and International Koeling, 
N.V. of Bleskensgraaf, Holland. Internationale Koel
ing-a joint venture of ZERO Manufaotming Com
pany of Washington, Missouri and A.M. van Duinen 
of Bleskensgraaf-is Distributor of ZERO Products 
in the Netherlands. The 1,000-gallon ZERO Tank 
was tumed over to DOMO by A. J. Ader-President 
of the Supervismy Board of Intemationale Keeling
for the installation. 

Dming the celebration, ZERO Manufaotming Com
pany-represented by O.K. Backhaus, Co-Managing 
Director of Intemationale Koeling-e}.i:ended its best 
\'Vishes to the farmers and to K.de Boer, General Man
ager of DOMO, for the continued association which 
began iJ.1 1969 when the first bulk tank for DOMO, a 
ZERO, was put into use. Since that rune, bulk hmk 
milking has grown steadily by DOMO's producers. In 
1969, the average bulk tank size was approxinlately 
400-gallons-\'Vith a herd size of about 30 cows. This 
has risen to 1,000 gallons for about a 60-cow herd. 

By the end of 1973, DOMO will have disposed of 
approximately 620,000 pounds of bulk tank milk. 
This will be about 20% of the total yearly supply to 
all DOMO firms as compared to the national average 
of 10% to 15% at the end of 1972. 

' As an example of DOMO's rapid advancement-a 
visit was paid to one of tl1e tlu·ee Bemling Brothers 
farms where a 2,000-gallon ZERO Tank is installed 
in coimection with a cm:ousel rotary pm·lor which 

can handle 125 to 150 cows. ' It is estimated that 
within the next few years milk production on the 
tlu·ee Benning farms \'Vill achieve 795,000 pounds . 

JET SEDIMENT TESTER 

Portable adapter kits quickly convmt the patented 
Jet Sediment Tester to provide for smaller test dia
meters for use in cleanliness screening ·of universal 
milk samples. 

The 1-pint-0.4" diameter test is standard with this 
water aspirator type tester. The adapter kits for 
insertion into the tester provide for additional test 
diameters of 0.2" and 0.14" for sediment screening 
of 4 and 2 ounce rutiversal milk samples. 

The Jet Sediment Tester is adapted for field use 
in milk m1d other food testings, weighs only H lbs. 
and sells for $19.95 postpaid and complete with the 
tw·o adapter kits thus providing for 3 different sized 
tests. It is available from: Jet Milk Cleanliness Co., 
Lowville, New York 13367. 
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MILK QUALITY GAUGE 

A practical invention for rapid and simultaneous 
testing for sediment of four 1-ounce milk samples 
has been developed for sanitarian, laboratory and 
dairyman's use. The Milk Quality Gauge is com
prised in part of a 4-section sample cup and a filter 
test area of 0.1" diameter for each sample. Four 
separate test results appear on a single test disc. The 
standard volume-mea mixed sample sediment test 
relationship is maintained in the one-ounce-0.1" test. 

Such testing of collected universal milk samples by 
the sanitarian or laboratory serves as an indicator of 
those whose milk production cleanliness is in need 
of improvement and also instances of abnormal milk 
are likely to be revealed when the disc is fouled and 
the sample resists passage. 

The dairyman can use the invention in monitoring 
for clean milk production by before-sh·aining testing 
of the milk and also use it as an aid in abnormal milk 
detection by individual quarter sample tes ting at 
cowside. 

The MQG is also supplied with an interchange
able single comparh11ent cup for use in testing a 

4-ounce san1ple through a 0.2" diameter test area. 

Vacuum from a water faucet asp irator supplied with 

the MQG can be used in its operation or milking ma

chine vacuum if the testing is done at cowside. 

The apparatus is priced at $19.95 plus $1.00 for 

handling and postage and is available from: MQG 

Division, ew York Laboratories, 901 E. New York 

Ave., Brooklyn, N. Y. 11203. 

LETTER TO THE EDITOR 

"'~Nhat does the Standard Plate Count mally tell tts? 
DEAl~ Sm : 

In recent years many publications have appeared which 
describe the pros and cons of lowering the plate incubation 
temperah1re for t he Standard Plate Count ( SPC) when as
sessing raw milk quality. Unfortunately, I haven't kept 
score, and therefore I am tmable to ~ay whether the pros 
or the cons are in the lead at the present time. !\early all 
of these Teports claim victory on the ba~is that " their" 
temperatme for determining SPC p roduced the highest counts, 
and this makes me wonder what we <U'e trying to do. 

I believe that our goal is to evalurute not only the quality 
of raw milk as such, but also the quality of raw milk pro

duction. The ideal test would tell us the nw11ber of those 
undesirable microorganisms present in milk as a result of 
unsatisfactory production procedmes . (I am not suggesting 
that we disregard pathogens or oti1er abnormal conditions 
which may affect milk q uality.) 

Unfortunately, th e ideal tes t hasn't been invented yet, 
and a ll of om present meti10ds are more or less successful 
compromises. However, I must confess that I fail to see 
why some people stress ti1e importance of obtaining a "high- ' 
es t count" at any given temperatme. \Ve should not look 
for an incubation temperatme at which th e majority of samples 
produce maximum counts, but rati1er for a temperatme at 
which we can detect most of ti10se organisms which either 
affect the quality of bulk-cooled milk or which indica:te 
faulty production. Th e SPC in its present form only tells us 
how many organisms can grow to a visible colony on a cer
tain medium within 48 111' at 32 C, a temperatme at which 
milk is never stored. In my opinion ti1ere is little value in 
enum erating tius group of bacteria since most of them 
neither affect ti1e quality of refrigerated nlilk nor do they 
provide an accuTate index of its production. The most fre
qu ently heard argwn ent for ti1e SPC is the fact tl1at "results" 
are available after two days. vVouldn't it be more sensible 
to obtain meaningful counts, even if it would involve waiting 
for a few extra clays? 

G. BLAJ."\l'KENAGEL 

Depmtment of Dairy and Food Science 
Un·iversity of Saskatchewan 
Saskatoon, Saskatchewan 
Canada 
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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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U.S. P. LIQUID PETROLATUM SPRAY 

U.S.P. UHIIEO Sll!ES PHIRMICIUTICIL STIHOIROS 

CONTAINS NO AN IMAL OR VIGETABL£ FATS. ABSOLUTILY 
NIUTRAL. WILL NOT TURN RANCID- CONTAMINAT£ OR 
TAINT WHIN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY- PURE 

ODORLESS -TASTELESS 

NON -TOXIC 

Tki6 fiKe 
Uli6L-~ 
HAYNES-SPRAY 
&koufAifle Me4 ~ ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 

SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
and for ALL OTHER SANITARY 
MACHINE PARTS whkh ore 
cleaned doily. 

Tke Jffodelut HAYNES-SPRAY Jffetlced ~ .£~ 
C814CVUIC6 ..wk flee Jffifk 0~ rued Cede 
R~ 6y flce U. S. 'PKh& Heaftlt Serwile 

The Haynes-Spray eliminates the danger of contamination which is 

possible by old fashioned lubricating methods. Spreading lubricants 

by the use of the finger method may entirely destroy previous 

bactericidal treatment of equipment. 

PACKED 6-12 oz . CANS PER CARTON SHIPPING WEIGHT-? LBS. 

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

Gasket Color • •• 
slightly off-while 

*MADE FROM 

TEFLON® 
" Tke s.,~fit.aled GMflet, 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 

PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed for all 

standard bevel seot 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 

os low as minus 200° F. and ore impervious to heat up to 500° F. 

FOR A FITTING GASKET THAT WILL OUT-PERFORM All OTHERS.w 

Speci6y ••• HAYNES SNAP-liTES of TEFLON 
e TJFLON .ACCErTED SAFE FO• USE ON FOOD & P.OCESSING 

EOU,MfNT SY U. S. FOOD AND D•UG ADMINISUATION 

*Gaskets made of DuPont TEFLON <!> TFE-FLUOROCARBON RESINS 

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

SNAP INTO 

flntNGS 

~ LOW COST ••• RE-USABLE 

~ LEAK-PREVENTING 

NEOPRENE GASKET lor Sanitary Fittings 

~ th4e $NA1'!J'I~E r/Maa49U 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heat or fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 

Self-centering 

No sticking to fittings 

Eliminate line blocks 

Help overcome line vibrations 

long life, use over and over 

Ayailoble lor JH, JY..", 2•, 2W"' and 3" litfings. 

Pocked 100 to the box. Order through your dairy supply house. 

THE HAYNES MANUFACTURING CO. 
418 0 Lorain Avenue • Cleveland 13, Ohio 

Available in bolh 
SPRAY AND TUBE 

All Lubri- Film ingredients are 

approved additives and can be 

safely utiiized 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- 1-6 OZ. CANS PER CARTON 

TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 

CLEVELAND OHIO 44113 



Surge QTQ milking ... 

:0329 Right front quarter milks out thirty-five 
seconds later and teat cup is removed 
automatically. 

:0417 Last quarter milks out four minutes, seventeen 
seconds after unit is attached. Time difference 
between first and last quarter: one minute 
and fifty-seven seconds.* 

got to see it 
believe it! 

Push a button and attach the 
QTO milker. As each quarter of 
the udder milks out, that teat cup 
is removed automatically. When 
the last quarter has been milked, 
the machine signals that it's ready 
for the next cow. It's that easy. 

Automatic teat-cup removal is 
controlled by reliable solid-state 
milk flow sensing circuits. The 
circuit boards plug into the control 
panel. Only low voltage current 

goes to the milking units. The QTO 
milking units themselves are 
rugged and simple. They use the 
SURGE Breaker cup principle and 
adjustable Randel support atms 
for tug and pull milking action . 

If you'd like to see a SURGE 
QTO milking system in action, 
contact your SURGE dealer, or 
write to Babson Bros. Co., 2100 
South York Road , Oak Brook, Babson Bros. Co., 2100 S. York Rd .• Oak Brook, Illinois 60521 

Illinois 60521 . 

• Average based on 160,000 Individual quarter timings. 
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