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They're Processing oriented 
... It's a family trait 

Send lor concise 
literature on these 

Tri-Fio stainleSS 
steel valves: 

. Actuated • Butterlly 
Air Check • Plug 

Oiaphrag_m • . (HTST) 
Flow 0\'1/ers\On d Relief 
CompreSSIOn an 

These are the valves that Tri-Ciover 
Systems built. The family resemblance is no 
coincidence. They were conceived of 
necessity and designed with determination to 
fulfil l the requirements of sound, contemporary 
processing practice. 

Because they are manufactured by people 
who design and install fluid flow control 
systems, Tri-Fio® valves share family traits 
which quality and value conscious 
processors welcome: 

• Reduced inventory and maintenance costs 
with a single reliable source for processing 
valves, fittings and pumps. 

• Solution oriented. Broad line lets us match 
valve to application. 

• Wide selection of sizes, styles in your choice of 
end connect ions-in stock from nearby sources. 

.~. 
Tri-Ciover Division, Kenosha, Wisconsin 53140 I 
and Brantford, Ontario 
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The History 
of Difco 

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 cand dependcability, 

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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To stay *ead in the dairy processing game ... 

.. 

. ~ , u've got to have a proven system! 

plant operating on the profit side of 
the ledger. 

, 

;. 
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And Klenzade has 'em ... from completely 
automated sanitation systems, right down 
to spot sanitizing equipment for use during 
clean-up breaks. So no matter what size 
your operation-how large or small your 
dairy processing sanitation needs-Kien­
zade has the application equipment and 
the chemicals, from the most simple to the 
most sophisticated, to solve your problems 
efficiently and economically. 

You owe it to yourself to find out just 
how valuable a veteran Klenzade sanita ­
tion specialist can be to your team effort. 
He'll even join your team right in the plant 
to work through a clean-up shift and eval ­
uate cleaning procedures and costs. So 
if you want to stay ahead in the dairy 
processing game, call or write Glenn 
Weavers, Director of Sales. 

•• 
Your Klenzade Representative has been 

thoroughly trained to show how to inte­
grate your present cleaning and sanitizing 
procedures into the Klenzade System to 
form a single, complete and totally modern 

sanitation program. A program which will 
not only assure consistent product quality, 
but just as . importantly, help keep your KLENZADE PRODUCTS ;DIVISION, ECONOMICS LABORATORY INC. 

Osborn Building, St. Paul. Minnesota 55102 

Klenzade Automa'ted CIP System. Pro­
vides ihe answer to cleaning ali' processing 
systems involving liquids, semi-liquids and 
solids. It e'stabl ishes complete uniformity of 
sanitation procedures and automatically con­

. trois' rinse, wash and sanitizing cycles. 

Klenz-Ject Conveyor Lubrication System . . 
Automatically . lubricates' all types bf con­
veyance ·equipment. Klenz-Giide soap-based 
lubricant reduces conveyor pin and roller wear, 
controls oil or, conditions soil for easy cleaning . 

II 

Klenzade Comput er Cost Survey Analysis. 
A new computer service whichinstimtly evalu ­
atss all dairy cleaning procedures from 
pasteurizer circuits to conveyor chains tb 
transport tankers. ., · · · •' 
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LACTIC ACID BACTERIA IN FOOD AND HEALTH: A REVIEW 
WITH SPECIAL REFERENCE TO ENTEROPATHOGENIC 

ESCHERICHIA COLI AS WELL AS CERTAIN ENTERIC DISEASES 
AND THEIR TREATMENT WITH ANTIBIOTICS 

AND LACTOBACILLI' 
'vV. E. S ANDINE, K. S. MuRALIDHARA, P. R. ELLIKER, Al\'D D. C. ENGLA.r·a/ 

Depa rtment of Microbiology 
Oregon State Univers·ity, Corv allis, Oregon 97331 

( Received for publication May 4, 1972) 

ABSTHACT 

H.ecent literature concerning enteropathogenesis and drug 
resistance transfer fac tors in Escherichia. co l-i are summarized 
as well as related papers concerning the use of antibiotics in 
animal feed. E. co l-i infection in swine ( colibacillosis) also is 
considered, especially citations indicating the similarity between 
the disease in man and animals. The role of intestinal bac­
teria in hwnan h ealth is reviewed, emph asizing the impor­
tance of (a) a maintained balance of organisms in the aduJ t, 
(b) breast feeding in infants to establish a large population 
of bifidobacteria and (c) th e presence of Lactobacillus organ­
isms to maintain healthful conditions in the human vagina. 

The use of Lactobacillus organisms in intestinal and vaginal 
disease therapy is reviewed as well as the important ecological 
role that lactic acid bacteria play in the natural scheme wh ere 
man is concemed. 

The lactic acid bacteria consist of rod and spheri­
cal-shaped organisms (Lactobacillus and St1·eptoco­

ccus genera ) in the family Lactobacteriaceae. They 
are widely dish·ibuted in nature and are easily iso­
lated from mucous surfaces of mammals, green plants, 
milk, and fermenting foods. In man the lactobacilli 
are found in the mouth , lower intestine, and vagina. 
Because lactic acid is a principal end product of 
their carbohydrate (lactose, glucose, etc. ) fermenta­
tion, they have been e},:ploited by man for thousands 
of years in food preservation. This was at first done 
unknowingly as fermentations were allowed to pro­
ceed under the total influence of the natural food 
flora. More recently, man has learned to select cer­
tain species of these bacteria and use them under 
controlled conditions to produce the desired quality 
and stability in food products. Today these bacteria 
are indispensable in the manufacture of many prod­
ucts such as silage, sausage, sauerkraut, sour dough 
bread, yogurt, sourcream, buttermilk, thousands of 
cheeses, and other fermen ted products peculiar to 
certain countries. 

Primitive man was cons tantly exposed to various 
lactic acid b acteria from the moment of birth and 
these microorganisms established themselves to b e­
cchne important members of the indigenous flora. 
vVith the coming of the technological revolution in 

'Technic;:al Paper No. 3281. Oregon Agricultural Experiment 

Station, Corva1lis. 
' Department of Animal Science, Oregon State University. 

the food industry, hovvever, the typ es of organisms 
to which modern man is exposed by eating has 
changed drastically. Also, the fr equent use of anti­
biotics for a wide variety of diseases and emergence 
of dwg-resistant bacteria have worked to alter the 
microbial flora colonizing man . VVith these press­
ures and resulting microbial ecological changes in 
mind, the present review article was prepared. Early 
and r ecent literature is cited in bringing together the 
related phases of this subject area. 

E NTERIC I NFECTIONS CAUSED BY D RUG R ESIST ANT 

EscHERICHIA Cou 

Severe and highly fatal :infantile gastroenteritis is 
recognized as a serious problem in hospitals today 
(59, 101, 166) and has been the subject of a recent 
symposium held by the New York Academy of Scien­
ces (103); Braun (13) has discussed the epidemiology 
of the disease. Since an effective means of serologi­
cal typing of Esche,l"ichia coli was developed (65) it 
has been determined that this disease is caused by 
certain unusual serotypes of which 14 are particular­
ly important (32). Smith (149), in a sh1dy of E. col-i 

isolated from diseased humans and domestic animals 
observed a high incidence of drug resistance among 
E. coli sh·ains isolated from infants suffering from 
diarrhea. The sh·ains belonged to serotypes gener­
ally accepted as b eing pathogenic and drug resist­
ance occurred among the infectious type, that is, 
it was mediated by R factors. It is now known that 
R factors are genetic elements which h·ansfer multi­
ple drug resistances ( R = resistance) to other bac­
terial cells during physical contact; they are phy­
sically composed of deoxyribonucleic acid. R fac­
tors were discovered in the late fifties by Japanese 
workers who o b s e r v e d that multi-drug resistant 
sh·ains of Shigella species were the dominant types 

appearing as a consequence of using a variety of 

drugs in the treahnent of bacillary dysentery. Akiba 

et al. (1) demonstrated that resistance to several .. anti­

biotics could be simultaneously h·ansfer:red from 1m­

man-associated strains of E. coli to drug sensitive 

shigellae in physical contact (conjugally mediated 
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in mixed culture). That this occw.:s 'in v ·ivo between 
members of the enterobacteria (shigellae, salmonel­
lae, E. coli, Klebsiella., Proteus and related organ­
isms) inhabiting the intestinal tract of man and ani­
mals is now well documented and recognized as a 
major hazard to public health (143). Also, a num­
ber of review articles have been published on in­
fective drug resistance (3, 90, 92, 129, 130, 176, 177) 
with the one by Anderson (3) dealing especially with 
the ecological significance of R factors in entero­
bacteria. 

Growing concern over the magnitude of this prob­
lem led to the organization in 1967 by the Nation­
al Academy of Sciences - Iational Research Coun­
cil ( in cooperation with the Bureau of Veterinary 
:1'-iledicine, Food and Drug Adminish·atioil and U. S. 
D epartment of Health, Education, and \Velfare) of 
a symposium on the use of drugs in animal feeds. 
Over 40 papers were presented at the conference, 
most of which have been published (98). Further­
more, the I ew York Academy of Sciences (102) held 
a conference last year on the problems of drug-re~ 
sistant pathogenic bacteria which included several 
papers on R factors and antibiotics in animal feeds. 
These and other papers also provide evidence sug­
gesting that infectious drug resistance is an import­
ant public health concern. 

Smith and Halls (151 ) reported on results of a sur­
vey of strains of E. coli isolated from man and do­
mestic animals. Their data indicated that infective 
resistance is probably the most common form of drug 
resistance in E . coli that inhabit the alimentary tract 
of humans, calves, pigs, and fowls. The dishu·bing 
nature of this survey was emphasized in another 
paper (149) where it was pointed out that the enter­
opathogenic multiple drug-resistant strains frequent­
ly cause acute and severe diseases that may termi­
nate in death if drugs used in h·eatment are not ef­
fective. The infective process is so rapid that time 
is not available to await the results of antibiotic 
sensitivity tests before commencing h·eatment. 

In 1968, Moorhouse and McKay (96) made a hos­
pital study of h·ansferable drug resistance. They 
isolated E. coli strains carrying R factors from num­
erous patients in a children's hospital in Dublin, Ire­
land who had been in residence for some time. Furth­
ermore, 15 of 22 infants excreted infectious drug-re­
sistant strains when admitted to the hospital and all 
22 children shed the multiple antibiotic resistant 
strains before leaving. Additional evidence on the 
wide spread natme of this phenomenon was provided 
when these authors found that antibiotic resistant 
enterobacteria carrying R factors ( R +) were isolated 
from 81 of 100 healthy mban infants. There was 
no correlation beb.;veen previous Chug therapy and 
the resistant flora. In a subsequent paper, Moor-

house et al. (95) isolated R + E . coli from several 
samples of cooked and uncooked sausage. The au­
thors sugges ted that these strains evolved in the in­
testines of pigs ( R factor transmission betv,reen en­
terobacteria with a selective advantage when anti­
biotic containing feed is used ) . They also demon­
strated how R factors of animal origin could be 
h·ansmitted to man, though Smith (148) reported re­
cently that animal sh·ains of E. coli were less suc­
cessful than human strains in colonizing the human 
alin1entary tract. 

Walton (174) in a survey of 400 each of pork and 
beef carcasses found that the majority yielded drug 
resistant sb·ains of E. coli, 40% of which were R ;. . 
Jarolmen (60) and Jarolmen and Kemp (61 ) have pre­
sented data suggesting that the in vivo h·ansfer of R 
factors in pigs is rare but Walton (175) pointed out 
that there is a lack of information on the danger to 
man of h·ansferrable drug resistance in animal hac-, 
teria. Furthermore, he indicated that the increase 
in incidence of bacterial food poisoning in man dur­
ing the decade that infectious drug resistance has 
been recognized may b e related to changes in micro­
bial populations with emergence of R + enterobac­
teria as a result of careless use of antibiotics and 
neglect of sanitation in food production. Cohen (23) 
reviewed the ecological consequences of R factors 
and pointed out the wide spread distribution of R + 

enterobacteria and that as many as 80% of the iso­
lates from infections in man owe their drug resist­
ance to conjugally transmissible R factors. This 
sih1ation, Cohen furth er emphasized, has been cre­
ated by selective population pressures exerted by 
the use of drugs in therapy or prophylaxis of infec­
tion in man and animals and by the use of antibiotics 
as supplements to animal feeds. Furthermore, clini­
cal evidence was obtained by Aserkoff and Bennett 
(5) that salmonellae from contaminated hukey gain­
ed R factors from the antibiotic resistant enteric 
flora of persons consuming the infected meat. 

The emergence of drug resistant bacteria as a 
result of the use of antim'icrobial Ch·ugs in animal 
feeds [more than 2.5 million tons are used per year 
in the U. S. - (52)] has been considered in a recent 
review article (145). A few other recent articles also 
are worthy of citation. Smith and Crabb (150) stud­
ied diarrhea in pigs caused by E. coli and found that 
all outbreaks had one thing in common: the E. coli 
sh·ains implicart:ed were teb·aaycline-resistant. A 
similar observation has been made in poulh·y where 
the in c r e a s e in antibiotic-resistant E. coli sb·ains 
causing diarrhea coincided with the progressive in­
crease in use of teb·acyclines in broiler feeds (155). 
The emergence of other drug-resistant bacteria path­
ogenic for humans (Staphylococcus a.1.t1'e'US, Clostri­
ditun pe1jringens, salmonellae, streptococci., Pseudo-
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monas, etc. ) has also been pointed out (143, 146, 147). 
The increase in magnitude of the animal and 1m­

man disease problem caused b y antibiotic resis tant 
bacteria has led scientists to recommend discrimi­
nant use of drugs both as animal feed supplements 
and in disease therapy (34, 143, 147) though at least 
one author (63) has expressed the opinion that the 
increase in numbers of drug resistant pathogenic bac­
teria has not seriously hampered disease therapy in 
man. In England, the addition of antibiotics to feed 
for cattle and swine is now prohibited (161) as a 
result of the increase in drug resistant salmonellae 
which gained R factors from E. coli. These salmonel­
lae have caused deaths in humans . Recent mmmmce­
ments from the Food and Drug Administration (35) 
indicate the United States is moving in this direction 
also. 

ESCHERICHIA COLI I!I:FECTIONS IN SWli'l'E 

Human infections caused by enteropathogenic 
strains of E. coli is paralleled by a strikingly simi­
lar disease problem in pigs, recently reviewed by 
Kohler (70) and also Barnum (6). A number of re­
search workers have examined the causes of high 
piglet mortality and in nearly every instance, {3-
hemolytic sh·ains of E . coli figmecl predominately in 
death caused by enteritis and scouring. Kenworthy 
and Crabb (66) noted that hemolytic E. coli appear­
eel in the jejunum and ileum of baby pigs at the on­
set of diarrhea and gash·oenteritis. Other bacteria 
did not increase when this occurred. The intestinal 
flora associated with enteritis of early-weaned pigs 
was studied by Chopra et al. (20). These workers 
found the greatest increase in E. coli ( coliforms ) 

• when diarrhea occurred. They also indicated that 
there was a balance between lactobacilli and coli­
form bacteria in nonscouring pigs which became 
greatly altered when diarrhea was present. 

Dillard (27) pointed out that colibacillosis (baby 
pig scouring or diarrhea caused by E. col·i ) is a ma­
jor cause of economic loss in the swine industry. 
Even well-managed herds, according to McErlean 
(86), often are involved and the contents of the small 
intestine usually provides an apparently pure cul­
ture of E. coli. Many other reports provide over­
whelming evidence that this bacterium is the chief 
cause of piglet death and impairment of herd per­
formance (43, 79, 85, 120, 122, 132, 133, 151, 152, 163, 
179). Recently, Glantz and Kradel (40) noted coli­
bacillosis in swine in the United States caused by 
the ' "Abbotstown" strain of E. coli. This serotype 
was found by workers in England and Canada to 
produce a powerful enterotoxin. 

A variety of antibiotics have been used to treat 
colibacillosis in baby pigs. Ampicillin (21); furazoli-

done (22, 55); neomycin, chloramphenicol, nitrofura­
zone (71); and oxytetracycline (8) among others h ave 
saved pigs suffering from the disease. Vaccines pre­
pared from E. coli have not been effective (62) but 
immune globulin provided effective postpartum im­
munity for 5 days when administered orally each 
day (72) . Feeding of Lactobac'illus aciclophil·us (L. 
bifidus) also has been reported to be effective (71 , 
94). 

Most strains of E. coli causing diarrhea in pigs 
produce a-hemolysin w h i l e few non-pathogenic 
strains inhabiting the alimentary b"act of man and 
animals have tllis property (144). Studies by Smitl1 
and Hall (52, 53), Kohler (69), and Kohler and Cross 
(72), however, have shown that ,enterotoxin present 
in spent cultme medium and in whole cell lysates of 
enteropathogenic E. coli strains would produce posi­
tive dil atation reactions in ligated sections of pig in­
testine as well as diarrhea and frequently deatl1 
when fed to gnotobiotic pigs . Immunity gained 
in pigs as a result of feeding or injecting different 
vaccine preparations also has b een studied r ecent­
ly (72, 159); Rejnek et al. (117) reported that feeding 
coloshcnn or serum from i1mnunized sows would 
protect gnotobiotic pigs from pathogenic E. col-i. 
Svendsen (159) and Svendsen et al. (160) confirmed 
these findings and noted further tl1at colostrum or 
serum from intramammary vaccinated sows appear­
ed to give more protection to nevvborn pigs tl1an 
these materials from intramuscular inoculated sows. 
As a result of these and similar studies, some hope 
is now held for development of specific sh·ain vac­
cines which would ·be used under field conditions to 
immunize swine; similar studies in hmnans appar­
ently have not b een conducted. 

The scouring and diarrhea that occurs in new­
born pigs infected with E. coli is accompanied b y a 
sllift in the proportion of bacteria normally found 
in tl1e intestinal h·act. Kenworthy and Crabb (66) 
found that wllile the h·act is sterile at birth, within 
24 hr, lactobacilli, gram-positive cocci, Clost'J'icliurn 
perfringens, and E. coli appear; gram-negative cocci 
and Bacteriocles appeared later. ' i\'hen scoming oc­
curred, h rmolytic sh·ains of E. col·i increased by at 
least 99% and stress brought on by weaning con­
h·ibuted to tlw decrease and tl1e shifting bahmce of 
organisms . Other workers also have emphasized the 
impo·rtance of a proper microbial balance in the 
intestinal tract to disease r esistance in pigs (16, 24, 
67). Tllis naturally has led to sh1dies in which cer­
tain bacteria, especially lactobacilli, have been fed 
to scouring pigs infected with E. coli in an attempt 
to res tore the proper balance of b acteria. Before 
citing work in this area, let us examine the import­
ance of a balanced p opulation of b acteria in the in­
testinal h·act to the health of man. 
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I NTESTINAL MICHOOHGANISMS Ai'\1]) HUMAN H EALTH 

The growing awareness of the role intestinal bac­
teria play in health and the urgent need for more 
definitive knowledge on this subject prompted or­
ganization of an international symposium on the 
ecology of the intes tinal flora at the University of 
Missouri on .iVIarch 30 and 31, 1970. Papers present­
ed at this meeting m·e published in volume 23 (No. 
11 ) of the A1ner·ican Journal of C linical Nutrit ion , 
1970; No. 12 of this volume contains a collection of 
papers related to bacteriology and intestinal func­
tion in human disease. These and other papers which 
relate to tlus will be cited below. 

According to Gall (37), "The influence of the bal­
ance of the normal flora of the intestinal tract on the 
health and well-being of the host is well document­
ed . Intestinal bacteria are reported to affect natmal 
resistance (186) and to be implicated in metabolism 
of cancers , serum proteins, cholesterol, hormones, vit­
amins, and the incidence of caries (48) ." Vi7hile a 
paucity of informa tion is available on the normal 
bacterial flora in man, Gall (37) has found that strictly 
anaerobic b acteria (not facultative anaerobes) com­
p.ose over 90% of the total flora and that symbiotic 
relationslups b etween tl1e different typ es of organ­
isms present may be important in maintaining the 
normal balance of microorganisms. Also, Speck 
et al. (156) have shown that the b acterial flora is 
remarkably stable in the lower intestinal tract of 
healthy p ersons and not subject to great ch anges 
when the diet is altered . Recently, Gorbach (41) 
reviewed the state of knowledge regarding tl1e in­
tes tinal microflora in man . 

That stress conditions can alter the microbial flora 
of the intestinal tract is now well documented. This 
has come to light especially as the effects of bio­
isolation on the intestinal flora of as tronauts have been 
noted. Bengson has reviewed this subject (9), which 
is regarded so seriou.s as to cause Bengt Gustaffson to 
state at an ONR-NASA conference on human ecology 
in space flight ( 1965 - Princeton, New Jersey), 
" . . . the two most hazardous tlungs an as tronaut 
takes into Ius capsule on extended flight are his 
brain and his intestinal flora" [quote from Bengson 
(9 )]. The concern is , tl1erefore, tl1at certain bacteria 
normally suppressed by larger numbers of adventi­
tious organisms, will overgrow and create disease 
conditions. That this fear is well-founded has b een 
noted by Khazer). (68) wh o indicated tl1at Soviet 
astronauts experienced functional and stTuctural dis­
turbances along witl1 changes in tl1e composition of 
the intestinal microflora dming a 120-day space­
craft cabin test. 

The prop er balance of organisms in the intes tine 
of infants also is important to their p ost-natal ad-

justmen t. Attention was drawn to tltis fact as early 
as 1899 when Tissier (1 64) noted characteristic Y­
branched (bifid us) lactic acid bacteria in feces of 
breast-fed babies to the exclusion of coliform ctnd 
other bacteria . Snyder (154) reviewed the early lit­
erature on this subject, himself noting that the bi­
fidus bacterium [Lactobacill:us bifi clus, now called 
Actinomyces bificlus - (126) ] was present in 20 of 21 
breas t-fed infants, 12 of 19 on supplemented feed­
ings and in only 12 of 142 weaned infants. Also, it 
is well known that in breast-fed infants, a stable 
microflora develops in the colon and feces within 
3 or 4 days wltich usually consists of more than 99% 
type D IV Lactobacillus b·ificlus found nowhere else 
in nature (45, 46, 49). That these organisms are 
beneficial to the health of the infant is concluded 
from the fact th at breast-fed babies have a lower in­
cidence of colic and other digestive distmban ces. 
In this regard, Robinson and Thompson (123) h ave 
shown that infants partially nursed, even for 2 or 3 
days, showed significantly greater weight gains dur­
ing the first month than infants completely bottle­
fed . They also reported that bottle-fed infants on 
formulas supplemented with L. acidophuus showed 
greater gains in weight than conh·ol subjects. Many 
other references on this subject exist with the most 
recent being revievved by Brown and Townsley (14). 
Of p articular interest, however, is a recent study by 
Ni ata and Urrutia (83) made on the intestinal coloni­
zation of breast-fed village children belonging to the 
Maya-Cakchiquel cultural group in Guatemala. This 
primitive society has not been influenced to any ex­
tent by custom and practices of modern teclmology. 
The population of the village is about 1300 and the 
inhabitants live in one or two room homes and sleep 
on floor mats. :Midwives, who lack knowledge of 
modern obstetrical practices assist in delivery of the 
infa;1ts in the homes. Mothers use the squatting or 
kneeling position and defecation is common during 
delivery. Breast-feeding begins right after delivery 
by a fos ter mother and then by the motl1er as soon 
as colostrum and milk become available; it continues 
for up to 4 years of age with small amow1ts of food 
being used to supplement the breast milk starting as 
early as 3 months. 

Results of tlus study showed tl1at for 30 consecu­
tive newborns, half revealed the presence of E . coli 
( 10" to lOll I g) during tl1e first 24 hr of life and tl1e 
remaining ( 105 to lOll I g) by the second day of life. 
Bifidobacteria rarely appeared the first day of life 
but tl1ey increased in proportion to age and by the 
end of the first week, all infants had these bacteria 
in high numbers ( 109 to lOll I g). The frequency of 
bacteria in 12 breast-fed inf a nt s was followed 
tlu·oughout the first year of life and Enterobacter­
iaceae as well as other aerobic or faculta ti~e b ac-
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teria were always present in concenh·ations 2 or 3 
logs below the level of bifidobacteria. Also, of 
7,792 weekly cultures, only 40 infections with en­
teropathogenic E. col-i were found . Infection vvas 
highest when weaning was at its peak, suggesting 
that the stress of diet changes may influence in­
testinal colonization by pathogenic E. coli serotypes. 
Diarrheal disease caused by Shigella was more sig­
nificant than that caused by E. coli but here again, 
the incidence of these organisms was low during 
the period of exclusive breast-feeding. Th ese au­
thors suggest that a probable explanation for the re­
sistance of breast-fed infants to intestinal coloniza­
tion with enteric pathogens is the predominance of 
the bifidus flora which is stimulated by maternal 
milk (see Addendum). 

An e.x.'Planation for the predominance of bifid bac­
teria in the feces of breast-fed babies has been sought. 
vVorkers at the University of Pennsylvania identified 
the bifidus factor present in human milk as a num­
ber of oligosaccharides containing glucose, galactose, 
fucose, and N-acetylgucosamine (38, 47). These find­
ings were confirmed by Lambert and Zilliken (77). 
According to Rosebury, however, (121) it is doubt­
ful that the presence of this bifidus factor in human 
milk can account for the predominance of A. bifidus 
in the nurseling stool since the bacterium studied by 
the Pennsylvania group is not the characteristic 
sh·ain found in the feces . Data of Gyllenberg and 
Raine (45) suggest that the role of human milk is 
to inhibit growth of other bacteria to allow domi­
nance by A. bificlus. i\tiore recently, Yoshioka et al. 
(185) observed nutritional differences between sh·ains 
of bifid bacteria isolated from infants and suggest­
ed that carrot extract, used in h·eatment of infant 
diarrhea (75), contained growth factors for A. bifidus 
in addition to that reported by Kanao et al. (64). 
The.<:e latter workers identified a new bifidus factor 
as the coenzyme A precursor, pantetheine phos­
phate. 

The exact source of the bifid bacteria that gain 
entry into the feces of nurseling infants remains a 
mystery today (127, 128). Shirota (140) has sug­
ges ted that they are derived from the D oderlein ba­
cillus (28), a beneficial lactic acid bacterium inhabit­
ing the human vagina. This, however has not b een 
established. Nevertheless, the vagina, like the gas­
h·ointes tinal tract, depends on dominance by these 
bacteria to suppress undesirable types which may 
cause vaginitis. 

L ACTIC ACID BACTERIA AJ\'D VAGINITIS 

In the early twenties , Schroder (139) discovered 
the clinical importance of Doderlein's bacillus in pa­
tients with vaginitis. Vaginal smears are still classi-

fied by his method into three types, I : only Doder­
lein ]acto bacilli, II: D oderlein lactobacilli plus other 
bacteria, III: complete absence of Doderlein bacilli. 
The latter grade showed a preponderance of mi­
crococci, diphtheroids , and streptococci; most of 
these patients also exhibited an alkaline vaginal dis­
charge with many pus cells. Hunter and Long (56) 
reported that grades I, II, and III were as likely 
to occur among normal women as among those suf­
fering from vaginitis, which contradicts the report 
of Lock et al. (81). These latter authors showed 
Grade I was consistently associated with normalcy 
of the vagina. Furthermore, pure cultures of Doder­
lein's Lactobacillus was isolated in 49% of unmarried 
women under 25 and in these cases the pH of the 
vaginal secretion was always 4.5. More r ecently, 
Butler and Beakley (17) confirmed these findings 
and reported the successful reimplantation of the 
D ::iderlein organism in women lacking the bacterium. 
Also, since antibiotics so widely used today desh·oy 
th e nonnal vaginal lactic acid bacteria and alter 
the flora, these workers recommended that balance 
be restored by vaginal applications of pure cultures 
of the D cclerlein Lactobacillus. A lyophilized pre­
paration novv is available commercially for this pur­
pose. 

These interesting findings make the assumption of 
Shirota (140) that A. bifidus and D oderlein's bacillus 
are related a likely but unproven possibility. It is 
easy to understand how the infant's intestinal h·act 
would soon become colonized with these organism 
when close contact through breast-feeding is main­
tained. Harrison et al. (50) observed a sudden mark­
eel increase in A. bifidus in tl1e vagina of pregnant 
women immediately b efore delivery. The organism 
also colonizes th e colosh·um and skin of the lac­
tating breast (18) . 

The confusion on the relationship between Doder­
lein's bacillus, L. aciclophilus, L. bifidtts (A. b·ifidtts), 
and Lactobacillus bulgaricus was mentioned by Hun­
ter and Long (56). They examined this point fur­
ther (57) but clarification is still needed. Recently 
Perez-lVIiravete (109) studied 7l vaginal sh·ains of 
lac to b acilli using the classification system of Rogosa 
and Sharpe (124); 26 were L. acidophiltts, 9 L. clel­
breuclcii, 5 L. planta:rum, 2 L. fennenU, 2 L. brev·is, 
1 L. bulga'l'icus, 1 L. lact-is, and 20 unclassified . Rogosa 
and Sharp (125) studied 35 Lactobacillus strains iso­
lated from the vagina of normal women; 14 were 
L. acidoph ilus. 

LACTOBACILLI AND I NTESTINAL DISEASE THERAPY 

Attempts to manage tl1e flora of the human vagina 
to improve health have been preceded by many ef­
forts to alter or maintain a proper microbial balance 
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in th e int: stinal tract for the same reason. Since 
the early work of Metchnikoff (87, 88, 89) and the 
clarification provided by H erter and Kendell (53) 
and Rahe (114) that L. acidophi.lus rather than L. 
bulgaricus implanted in the intestinal h·act, lacto­
bacilli have been used ext o- nsively in therapy. The 
older literature regarding its therapeutic value has 
been documented in one bibliography of absh·acts 
(.'36) and three text books (73, 118, 119). 

\Vith the introduction of antibiotics taken orally 
as therapy against systemic infections of various 
types, patients began to complain of discomfort in 
the gash·ointestinal tract. Yeast and mold infections 
were often diagnosed in these cases (58) and the 
standard therapy has been the use of concentrates 
of L. aciclophilus (30, 42, 113, 182). The ability of 
this organism to produce substances with antibac­
terial activity also has been noted (42, 111 , 170, 
181), the most complete being a report by Vincent 
et a!. (173). Furthermore, dried preparations of the 
organism are available in pharmacies for use in 
establishment and maintenance of L . acidophilus 
in the intes tines; most are ineffective, howeve1.·, be­
cause low numbers of viable organisms are present. 

Studies in radiation biology with whole animals 
also have emphasized the importance of a balanced 
intestinal microbial flora in h ealthy animals. In 
this regard , Vincent et a!. (172) substantiated earlier 
reports that lactobacilli constitute the predominant 
gut flora of small laboratory animals. They went on 
to show that post-irradiation bacteremia caused by 
coliform and pseudomonads results when lactoba­
cilli decline in the small intes tine of the rat. 

Recent reports by Dubos et a!. (29), Savage and 
Dubos (134) , Savage et a!. (135) , and Savage (137) 
have documented the intimate association b etween 
anaerobic streptococci, lactobacilli, fusiform bacter­
ia, and yeasts in particular areas of the epithelium 
of the gash·ointestinal tract of mice. These findings 
again emphasize the importance of a balanced popu­
lation of microorgan'isms in healthy animals. That 
feed plays an important role in this balance was 
emphasized when these workers found (134) that 
yeasts appear and establish colonies in the mucin of 
the secreting epithelium only after th e animals are 
weaned. In a subsequent report, Savage (136) 
found that administering penicillin to rats and mice 
resulted in a replacement -of lactobacilli by Torula 
yeasts, a situation vvhich persisted as long as anti­
biotic was administered. vVhen penicillin h·eatment 
was discontinued, indigenous lactobacilli again col­
onized the epithelium. 

Recent literature also attest to the value of using 
lactobacilli jn h·eatment of intestinal disorders, though 
one report (93) . questions their valu.e. - H awley et a!. 
(51 ) have reviewecl factors important in successful 

implantation of lactobacilli in the human. At least 
two considerations are important: that large numbers 
of viable cells be fed and that a fermentable carbo­
hydrate be available to the cells in the intestinal 

' tract. Beck and Necheles (7) used lyophilized ci.Il-
tures of L. aciclophilus to treat 59 patients with dif­
ferent types of diarrhea, constipation, abnormal fer ­
mentations, and food poisoning. Of these, 22 were 
cases of diarrhea caused by antibiotic h·eatment; 
20 excellent and 2 good thera1;eutic results were ob­
tained. In 19 cases of epidemic diarrhea, excellent 
results were obtained in 17 cases and fair results in 2 
cases. Failure occurred in one case of chronic pan­
creatitis with diarrhea and in one case of colostomy 
with diarrhea. MacBeth et a!. (84) used L. acidophi­
l-us in the trea tment of systemic encephalopathy, a 
toxic condition believed caused by bacterial degt·ada­
tion of nitrogenous substances in the lower intestine 
and absorption of the toxic materials, especially am­
monia and amines. Treatment of this disease present­
ly involves evacuation of the intestinal contents, anti­
biotic suppression of the flora of the gut, and surgical 
removal of the colon, all designed to interrupt the 
activities of bacteria high in m ease and amino acid 
oxidase activity. In their studies, MacBeth and col­
leagues altered the intestinal flora of hvo hepatic en­
cephalopathy patients by feeding L. acidophilus. 
Urease and amino acid oxidase activities as well as 
blood ammonia levels were lowered in both patients 
when the aerobic microbial flora was suppressed. 
These findings were generally confinned by Read et 
a!. (115) and Muting et al. (97). 

L. acidophilus therapy in man and domestic ani­
mals is more widely practised in other countries es­
pecially Europe, than in this country (15, 19, 7 4, 76, 
82, 91, 141, 142, 162, 165, 167, 168, 169, 171). It is 
noteworthy that Tomic-Karovic and Fanjek (166) 
demonstrated the effectiveness of L. aciclophilus milk 
in destroying pathogenic E. coli, in vitro and in vivo. 
The in vivo effect was tested on 20 infants suffering 
from diarrhea caused by E . coli. serotype Ou• B•. In 
all cases, the E . coli, which was resistant to a num­
ber of antibiotics, disappeared from the stools of the 
infants within 1 to 5 days of starting the therapy with 
acidophilus milk; the infants made a rapid recovery. 
Comparable results were obtained by Aritaki and 
Ishikawa (4), Fedotov et a!. (33), and Pene et al. 
(108). In addition, Vicek and Kneifl (171) aided the 
posh1atal adjustment of premature infants by 1:\-vice 
daily administration of capsules of "Omniflora," a 
commercial mixed culture of L. ac-iclophilus, A. b·ifi­
clus, and a non-pathogenic E. coli. These organisms 
became established in the intestines of 20 out of 24 
premaD.Ire infants within one week. 

Since the report of Dahlquist and Gryboski (26) 
on the inability of the upper intestinal tract to absorb 
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or h y d r o 1 y z e lactulose ( 1,4,-galactosidofructose) 
which is degraded by bacteria in the lower h·act with 
reduction of pH, increased use of this compotmd has 
b~en made in intes tinal therapy. Bircher et al. (10) 

and Elkington et al. (31) successfully treated chronic 
encephalopathy by feeding lactulose to create in the 
intestine an environment more suitable for growth 
of lactobacilli. Conn and Floch, (25) however, in a 
study of the influence of lactulose on the human fecal 
flora, failed to observe an effect on numbers of bac­
teria found in either normal or cirrhotic patients . 
Possible reasons are discussed and these authors em­
phasize the need for more studies on the ecology of 
the intestinal flora. Other pertinent references Oh 

the benefits of lactulose in intestinal therapy include 
Hoffman et al. (54), Niemann et al. (100), Schneegans 
et al. (138), Braun (12), Petuely (110), Ruttlhof et al. 
(131), Bosma (11), and Gedek (39). 

Japanese scientists have been intensely active in 
studying the relationship berNeen the human intest­
inal flora and disease, especially since 1935 when 
Shirota (140) isolated the Yakult Lactobacillus which 
would implant in the gastrointestinal tract. A sum­
mary of these research reports has recently been 

• 
prepared in English (183). A large indush·y vvith 
franchised plants in Japan, Taiwan, Hong Kong, and 
Brazil now provides Yakult as a health food to mil­
lions of people daily. In Jap an alone over 15 million 
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bottles ( 65-ml capacity) are consumed each day. 
The product is a pleasant tasting, slightly sour, thin 
liquid containing an exh·act of Chlorella algae, added 
vitamin C, and greater than 10" viable cells of the 
Shirota Lactobacillus strain per milliter (105, 184). 

Just as infant coliform diarrhea has a parallel dis­
ease in swine ( colibacillosis), a disease in pigs cor-

- responding to encephalopathy also is common. This 
is to be expected since, from the above cited refer­
ences, it is clear that microbial imbalance in tl1e in­
testinal tract is tl1e underlying cause in each case. 
Porter and Kenworthy (112) have studied the dis­
ease in pigs and cited other pertinent references. 
In fact, the positive response to antibiotics in swine 
feed has been suggested (78) to be caused by inhi­
bition of amine-forming bacteria such as E. coli in 
the intestinal tract. 

Feeding lactic acid bacteria, especially L. acidoph­

ilus, to swine as therapy by restoring a healthful 
microbial balance has been tl1e subject of a few 
reports. ~1Iollgaard (94) showed that tl1e presence 
of lactic acid facilitated absorption of calcium and 
that pigs fed cultures of lactobacilli had increased 
amounts of lactic acid in the intestine. These pigs 
grew better than tl1e control group which had not 
been given lactobacilli. These effects have been 
confirmed (16, 24, 67) with a suppression of E. coli 
also noted in each case. Also, Leitgeb (80) observed 

that in growing, fattening pigs, the count of E. coli 

in tl1e intestinal tract was inversely related to that 
of the lactic acid producing bacteria, chiefly, L. bi­

ficlus . Alexander and Davies (2) also showed that 
the main lactic acid producing bacterium in the large 
intestine of the pig was L . bificlus. Pasicnyj (106), 

Redmond and Moore (116), and Nedyalkov ~t al. 
(99) also have noted a beneficial effect on swine in 
terms of weight gain and reduced enteritis by feed­
ing L. aciclophilus. In Sweden, a commercial pre­
paration called Majdres is used for prophylaxis and 
therapy of intes tinal distmbances in pigs. Olsson 
(104) fed 50 g of this lyophilized L. acidophilus prep­
aration daily ( 10 days) to counteract diarrhea in 
weaning pigs . Enteritis disappeared and weights 
of the animals increased 25 to 40%. Also, at .least 
two patents have been issued (107, 180) on metl1-
ods to prepare lactic acid bacteria to use as animal 
feed supplements. Furthermore, a product manu­
factured in France ( Biacidol-Labortorie de Biologie 
Industrielle Appliquee, Saint-Quen) consisting of 
lyophilized L. aciclophilus is widely used in France 
and Germany to treat domestic animals with intest­
inal diseases. 

ECOLOGICAL COr SIDERATION 

The ecological impact of the continued use of 
various drugs in animal feeds and in disease therapy 
and the uncertainty that shifting microbial popula­
tions represent for the future welfare of man demand 
that research attention be given to means other , than 
routine antibiotic use to maintain health. That 
drugs are essential in disease therapy is unquestion­
ed and they probably will find ever increasing use 
in the future. All of us, however, need to be aware 
of the effects tl1at drug h·eatments have not only 
on the troublesome b acteria but on the needed ones 
as well. Nature has provided a degree of protection 
for man through the activities of lactic acid bacteria, 
important members of our indigenous flora. The re­
lationships these organisms have to man in the 
natural scheme may be represented as follows: 
Green plants, in particular, serve as a natural res­

ECOLOGY OF TH E LACTIC ACID BACTER IA 
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ervoir for lactic acid bacteria from where selected 
sh·ains may be isolated and used to manufacture 
fermented foods. The organisms also are recycled 
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through man to the soil and back to plants. ' 'VO­
man plays a special role as a source of lactobacilli 
which colonize the intes tinal tract of the newborn, 
especially in the breas t-fed infant. 

ADDENDUM 

Since this review article was written, Bullen et 
a!. ( B·rit. M ed. .T. 1:69-75, 1972) reported on their 
most recent findings on the resistance of breast-fed 
infants to E. coli infections . In addition to the im­
portance of L. bificlu.s in the feces causing a low pH, 
these authors found that human milk is unusually 
rich in iron-binding protein ( lactoferrin - 2 to 6 
mg/ml ). When the iron-binding capacity of the 
milk was saturated, bacteriostatic ac tivity against en­
teropathogenic E. coli was lost. 
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MANAGEMENT SEMINAR FOR FOOD PROCESSORS 

A "J\Ilanagement Seminar for Food Processors" will 
be held J\llarch 15 & 16, 1973 at the Holiday Inn, 
Batavia, New York, sponsored by the Instih1te of Food 
Science and Marketing, Cornell University, and the 
Associated New York State Food Processors. The 
program will cover the broad areas of Personnel Re-

lations, Environmental Quality, and OSHA. For 
more information, contact D. L. Downing, Depart­
ment of Food Science and Technology, New York 
State Agricultural E xperiment Station, Geneva, New 
York 14456. 
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ABS'IRACT 

An Environmental Protection Agency funded dairy was te 
managem e!1t project h as lnen carried out in Southern Cali­
fornia. The program is c01~ du cted in close collaboration with 
th e State and local health departments, fann advisors and 
dairy industry. A simple aeration process produces com­
pos t at low cost. The product is "pas teurized," weed-seed 
free, and an attrac ti ve soil amendm ent. A re-cycling system 
gives promise of housing 2'JU cows per acre without pro­
ducing surface or ground water pollution, or odor and fl y 
nuisances. 

Iew and effective concepts for environmental 
management of high-d o- nsity housing for hundreds 
to thousands of milk cows on dairy farms with limit­
ed area and located near residential developments is 
a major challenge. The problem is far more com­
plex than the traditional management of dai.J:y wastes 
by pasturing cows and use of the manure spreader. 
Development of new, environmentally acceptable 
sys tems is a matter of high priority, which is stimulat­
ing much concern, study, and experimentation. 

The "environmental-ecology movement" is bringing 
public demands for fly, odor, and dust control. ew 
laws and policies bring new legal demands to stop 
polluting surface waters with drainage from corrals 
and barns; new studies show that pollution from cow 
wastes penetrates the soil and may contaminate well 

I water supplies beyond the maximum allowable con­
centrations for nih·ates. High labor and land costs 
must be taken into account in selecting sites, de­
signing facilities, and developing management prac­
tices for an environmentally acceptable dairy farm. 

Agriculh1ral, health, and milk industry represen­
tatives are collaborating to meet the new challenges. 
Experiences in Southern California with high density 
cow housing in open earth corrals illustrate some of 
the problems and attempted solutions . A few de­
cades ago there was q high demand for manure for 
fertilizing orange groves and crop lands. In dry 
vveather sale of manure paid for corral maintenance. 
As orange groves were replaced by subdivisions and 
chemicals replaced manure, the market for manure 
be~ame uncertain and at times, the supply exceeded 

'Presented at the 58th Annual ivl eeting of th e International 
Association of Milk, Food, and Environmental Sanitarians, San 
Diegr>, California, August 15-19, 1971. 

the demand. A group of dairymen in and around the 
city of Dairy Valley ( later re-named Cerritos ) es tab­
lished the Dairymen's Fertilizer Cooperative for col­
lecting dry manure (under 30 to 40% moisture). This 
was stockpiled in what became a hugh pile of several 
hundred thousand cubic yards, for aging for a year 
to produce an anaerobic form of · compost. This was 
sieved, shredded, and marketed both as a bulk pro­
duct and in sacks. 

A new freeway was routed through the "manure 
mountain" and necessitated finding a new site which 
is at the Los Angeles-Orange County line. Even 
though the processing facility was designed to meet 
air pollution standards and the site was arranged and 
located to minimize environmental problems, law­
suits against the plant were brought by neighbors. 
The question of health hazards from salmonellosis, 
tetanus, Q-fever, and respiratory problems was argued 
during the extensive court cases. Although the Co­
operative won the court cases, the City Council of 
Cerritos, which had approved the new site, the Board 
of the Cooperative, the Health Officers of the two 
concerned counties, the Farm Advisors, and the State 
Department of Public Health a ll joined in developing 
the demonsh·ation project application which led to 
this study. All agreed to provide input in terms of 
manpower, facilities , and in some instances, funding. 
·what is now the Office of Solid \i\Taste Management 
Programs of the Environmental Protection Agency 
provided financial support. 

The participants agreed that the '11ealth problems" 
should be resolved by avoiding creation of a huge, 
central manure storing and processing operation. 
They decided that if health hazards from man:ure 
dust do exist, control should begin on the dairy. They 
decided that first priority should be given to process­
ing the manure on each dairy by methods which 
would handle wet manure in wet weather, thereby 
helping to cope with the worst fly and odor prob­
lems which result when 'the winter's manure accumu­
lations remain on corrals until dry enough for the 
stockpile. 

The City Council and the Cooperative's Board of 
Directors strongly favored a program to "utilize," 
rather than "dispose" of the manure. It was decided 
that the processing, preparing for sale, and marke ti.J1g 
might best be accomplished by a cenh·al cooperative 
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organiza tion which would serve many dairies by pro­
viding technical direction, specialized equipment, and 
marketing service. 

The project became a truly cooperative venture 
with teams covering various special subjects such as 
"Entomology and Odors," "Neighborhood Attitude 
Studies," "Veterinarian and Epidemiology," "Farm 
Advisors," e tc. As project Consultant, the Aerojet 
General Corporation made a marketing analysis 
vvhich showed that in the six-county marketing area, 
at present, manure from 60,000 cows is being sold 
as bulk or sacked "Steer i\tlanure." Their studies in­
cluded a comparative analysis of costs per cow per 
year of various possible processing, utilization, and 
disposal methods. The economic aspects were con­
sidered along with the anticipated "environmental ef­
fects" of each method. The study included not only 
earth corrals , but also covered all-paved corrals, both 
water-flushed and mechanically cleaned. Their cos t 
analysis was summarized as follows: 

l. EAHTI-I CORRALS \VITI-I JIIANUHE COlllPOSTED ON EACH DAIHY 

System 

a. Compostecl in aeration bins 
b. Vl indrow compostin g by special 

machine 
2. pAVED COHHA LS 

System 
a. Liquid flush-irrigate \vi th waste 
b . Liquid flush-separate solids-i rriga te 
c. Mechanicall y scrape-direct land 

Cost/ Cow/Year 

$282 

$402 

Cost/ Cowl ¥ ear 
$21 
$22 

utilization $34 
d. Scrape and compost by aeration $28 
e. Aerobic, liquid stabilization $44 

3. COLLECTION OF HAW MANURE FOH CENTRALIZED PROCESS-

l NG 

System Cost/ Cow/ Y ear 
a. Stockpile to "compost" $192 

b. Aerated central compostin g $252 

c. Central-mechanically turned windrowing $29 to $692 

d. Heat drying $492 

e. Incineration ~792 

f. Pyrolys is $572 

g . Wet oxidation ( Zimpro Process) $482 

2lnclucles $7 .80 per cow per year fo r harvestiJ1g from corrals 
and loading onto trucks. 

The environmental "raters" were sanitarians, ento­
mologists, farm advisors, and city officials. The ra t­
ing scale was "0" for no effects to "9" for major ef­
fects . They each considered the three prevailing 
climatic conditions and found the following concerns : 
(a) dry summer-principally dust with lesser concern 
about flies, odors, and d~·ainage; (b) wet winter-the 
season of leas t complaints with some concern for 
drainage; and ·(c) war~ spi.'in·g before \;vii1ter manure 
accumulatioi1 is dried ·oi: removed-major problems 
are £Jies -( ran keel "9") , odor ( ran keel '"8") . 

Neighborhood opmwn sampling was conducted by 
a separate evaluation system designed by Orange 
County's Environmental Health Director and his 
staff, and utilized by both his staff and b y person\1el 
of the San Bernadino County H ealth D epartmei1t, 
to measure attitudes of people living within various 
distances of dairies and in various locations with 
respect to prevailing winds. Nearly all householders 
living adjacent to corrals wer:e concerned and dis­
satisfied . Those 350 ft away were influenced by the 
quality of dairy design and maintenance; and, those 
at 700 ft were unaware of the dairy unless it was visi­
ble across open fields. 

ENVIRONMENTAL AND EcoNOMic AssEss?.mNT 
OF VARIOUS SYSTEi\!S 

Early in the project it was decided that this study 
would be principally concerned with dairies of limit-
ed area in locations which are becoming somewhat ' 
residential in character. This would tend to excluch 
dairies on large farms where raw manure can be ap­
plied directly to crop lands. It would also tend to 
exclude water-flushed systems which may be ac­
ceptable on large, irrigated farms where manure can 
be mixed with irrigation water for direct application 
on the land. 

EAnTH ConnALS 

The project objectives were significantly changed 
during the course of the study. The public attitude 
survey and environmental ranking systems showed 
that earth corral dairies are basically unacceptable 
neighbors to residents living within 350 ft. It was 
also noted that new water pollution control policies 
may lead to "outlawing" earth corrals where they 
produce either surface or ground water pollution. A 
long range prediction, based upon results of the 
sh1dy, is that earth corral dairies are becoming hoth 
environmentally and economically unacceptable in 
areas of mixed residential and agricultural uses and 
where land costs are too high to permit direct agri­
culhual utilization of solid and liquid wastes. They 
will also be unacceptable where serious surface of 
ground water pollution results. 

WATER FLUSHED, ALL-CONCHETE HousiNG 

Theoretically, the water flushed dairy has many 
advantages. Some have claimed that the water al­
ready used for cooling, washing and cleaning milking 
parlors is simply re-used for flushing the 15 ft wide, 
several hundred feet long, sloping ( 2-3%) area be­
tween free-stalls and feeding and watering facilities. 
Project observations show this sys tem requires up to 
two and one-half times as mu ch water as would have 
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to be used for washing cows and milk parlors. 
A major problem is how to utilize and dispose of 

this highly polluted water produced by dairies of 
limited land area, without producing surface and 
ground water pollution and nuisances. A secondary 
question is the somewhat conh·oversial one of wheth­
er the vvet concrete produces a serious problem of 
sore cow's feet? The project study indicates that at 
several dairies where this system is used, sore feet 
did not cause serious problems. Also, mastitis rates 
did not go up and milk production rates were main­
tained at times when production was clown for cows 
housed on wet, muddy earth corrals. On the othe:r 
hand, mastitis rates did go up among those cows 
whioh had to literally wade through mud-manure 
mixtures. 

Among the possible, partial solutions to problems 
from water-flushed systems are: (a) Use of extended 
aeration to produce an dfluent which can be recycl­
ed for certain cleaning functions ; and which will 
produce an effluent acceptable for surface channel 
or ditch disposal during rainy weather. (b) Grouping 
of dairies to make it possible to build a "community" 
dairy waste sewerage and waste-water h·eahnent 
system. Special problems may then exist, or extra 
treahnent may be necessary, in situations where phos­
phates and nitrates may promote euh·ophication of 
lakes and reservoirs, or where nih·ates would contam­
inate water supplies. 

lVlECHANICALL y CLEANED, ALL-CONCRETE, 
RooFED HousL'\TG 

Project participants and consultants recommend 
that major emphasis be given to a system which will 

; minimize the quantity and pollutional quality of 
waste-water and which will permit high-density hous­
ing with a minimum of adverse environmental effects . 
This involved: (a) development of economical and 
non-nuisance producing manure processing methods ; 
(b) roofing and paving cow-housing to avoid surface 
and ground water pollution; and (c) distribution of 
the compost for utilization by plants, lawns, and 
crops. 

CoMPosn rc METHODS 

Bench-scale testing in six, 6 yarcl3 bins at the site 
of the Dairymen's Fertilizer Cooperative demonstrat­
ed that composting by mechanical h1tning and agita­
tion is inefficient and involves excessive labor. 

On the other hand, efficient and effective com­
posting is accomplished by introducing air into the 
manure by low-pressure blowers discharging through 
perforated pipes in the bottom of the material. By 
con h·olling the air flow rate the temperature can be· 

maintained behveen 140 F and 170 F. Tes ts and 
observations by the Project's Entomology team and 
by agricultural specialists of the University of Cali- . 
fornia showed the product did not ath·act flies nor 
produce fly larvae, even though subsequently moist­
ened. It was found to be weed-seed free, nearly 
odorless, and free of pathogens. ·when screened, it 
was an ath·active soil amendment that was easy-to­
apply to lawns and gardens. 

FULL SCALE DEMONSTRATION PROJECT 

Success with the aerobic composting process in 
the bench-scale units led to a full-scale clemonsh·ation 
project. This also was supported by the Office of 
Solid Waste Management Programs. It was admin­
istered by the Public Health Foundation of Los 
Angeles County, and actively participated in by the 
farm advisors and health agencies of four Southern 
California cow1ties, the State Deparhnent of Public 
H ealth, and the University of California's Agricul­
tural Extension Service. 

Major input was provided by Alta-Dena Dairies 
which furnished space, facilities, equipment, man­
power, construction and maintenance, and other 
invaluable participation. 

CoMPOSTL'\TG MANURE FROM EARTH CoRRALS 

A composting facility for a 400 cow, earth corral 
dairy was built on a one-half acre, paved area on 
one of Alta-Dena's two dairies, which houses 2,000 
dairy cows and is located in the City of Inclush-y. 
The basic factors found by the demonstration Pro­
ject were: (a) a moishm:i content of 40 to 60% was 
most satisfactory; (b) a mixture of 10% of compost, 
or more, mixed with the raw manure, appeared to 
improve the end product; (c) 4 to 7 clays of aerobic 
composting in each of hvo bins, plus 30 days storage 
for "aging," produced a product vvith the desired 
qualities ; (d) air flow rates began at 3 to 5 fe per 
minute per cubic yard at the start and were gradually 
reduced, as needed, to maintain temperatures at over 
140 F but below 174 F ; and (e) air pressures aver­
aged 4 inches of water gauge ( 0.15 p .s.i.) at the 
start and were decreased to 1 inch water gauge by 
the end of the aerating period. 

The process was successfully used in both hot and 
dry summer weather, and cool, rainy winter weather. 
The corrals ar~ well graded ( 2)f-4% slopes), so the 
mamue can be and is harvested· within a few days 
after each rain. This material could be successfully 
com posted. 

AEROBIC COMPOSTL'\TG OVER PIPES ON OPEN SLABS 

The original tests indicated it was necessary to 
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Figure 1. Aeration system fo r typical 200-cow earth corral 
dairy. 
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F igure 2. Aerated com posting ·load on pipes in a slab. 
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F ig•.1m 3. Blower hook-up for aeration of dairy wmte >. 
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confine the material in bins to assure a uniform ai r 
flow rate which was considered necessary for main­
taining proper temperatures . . Subsf)quent ob~ervation s 
at the-opetl . <: nels of the s· ft deep bii1s of the full­
s:cale clemtmstration Projec t indicates this feature may 

not be essential. Composting could be accomplished 
in unconfined piles over perforated pipes. The sy­
st :: m (Fig. 1, :?-, 3 ), has the following advantages 
over tl1e bin sys tem: (a) lower construction costs,~and 
(b) can process with tractor and truck normally avail­
able on the dairy. 

MECHANICALLY CLEA l\ED CoNCRETE CoRR ALS 

On an experimental basis, Alta-D ena Dairy had, for 
several years, been using free-stall, mechanically 
clean ed, paved housing for about 400 of their 2,000 
cows at the project site. The stalls are roofed, but 
the remaining area is not; so, these units could not b e 
used in the wet winter weather. Each four days 
the paved area was cleaned with a tractor drawn 
scraper-bucket. The manure-urine mixture, with 87% 
moisture, was dragged to an earth corral for "drying". 
However, before it dried it had become heavily in­
fested with fly larvae and had to be hauled for plow- ' 
ing into agricultural land. Various methods were tm­
successfully tried to dry the material, including mix­
ing it with dry compos t. Farm Advisor Frank Smith 
then suggested covering the cleaned concrete corral 
surface wi th a layer of dry compost . This would 
s: rve the du al purpose of blotting up moisture and 
acting as a cushion for the cow's feet. This method 
was successfull y used for about five months in one 
90 cow-free stall unit. The surplus compost was used 
as much appreciated cow bedding in all 400 fr ee­
stalls and some was distributed and used for evaluat­
ing its characteristics as a soil amendment. Among 
the features of the compost are: (a) since it contains 
nutrients from both manure and urine, it is nearly 
hvice as rich in nitrates and phosphates as manure 
from earth corrals; (b) the material is a rich, golden­
brown, and attractive; and (c) seven recycling tests 
of the manure showed there to b e no build up in 
salt content, a good feature, because the material is 
normally higher in salts like chlorides than compos t 
from earth-corral manure. 

The major problem with the recycling system is 
that four to five volumes of compost are needed for 
each volume of raw manure, so as to reduce the 
moisture to 55%, which is optimum for composting. 
This necessitates handling rather large volumes (a 
cubic yard per covv per week. ) 

" E-'<VIRONMENTAL Housi NG" R ECYCLED AETIATED 

MANURE SYSTEM ( RAMS ) 

The apparent success of the trials led the Alta-Dena 
D.airy to b1..1ild nvo 100 cow, roofed, "loose housing" 
type -units. · The stalls were removed. Thev seemed 
to be unn eces_sary because it h ad b een obse~·ved that 
the cows preferred to b ed in compos t .in their feed-
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ing and loafing areas, as opposed to use of their in­

dividual free-stalls. If successful, this design would 

eliminate much hard labor required for maintaining 

clean bedding in free stalls. This phase of the pro­

ject is an attempt at providing "pollution free" hous­

ing, since all manure and urine are "captured", proc­

essed, and are then widely dish·ibuted where a major 

portion of what could be "pollutants" becomes valu­

able plant food. 
The present method of operation of the two new 

roofed "loose housing" units is to remove the wet 

and soiled manure-urine-compost mixture and add 

a new layer of dry compost, each week. The re­

moved material is adjusted in moisture content if 

needed by adding compost to produce a 55% moisture 

content, is aerobically composted for two weeks, 

stockpiled for "aging" for a month, and is then ready 

for reuse in the corrals. 

Surplus material is run through a 10 ft X 4 ft 

shaker screen with J~ inch openings, and is sacked 

for marketing in 2 ft", plastic bags. Screen rejects 

are mixed with compost for covering the cow hous­

ing floors. 

COSTS-B ENEFITS 

The cost of composting, screening, and sacking the 

manure from earth corrals is about $2.30 per cubic 

yard, bulk, and $0.35 p er 2 ft" sack. The material 

brings $0.89 per sack at retail and over $0.50 whole­

sale. The Southern California market is now buying 

about G million sacks per year of material which is 

inferior and much of which is selling at a lower cost. 

A cost analysis now being finalized indicates that 

land developed for earth corrals is costing upwards 

f of $6,000 per acre in Southern California's dairy re­

gion. Environmental housing systems, with their 

higher cow density will cost less per cow per year ' 

than the present type earth corrals. In addition, 

those dairymen with earth corrals on permeable 

soils over aquifers which are used as domestic water 

supplies, may find this method a solution to current 

es timates that a density of over 4 covvs per acre will 

cause excessive nitrate contamination. 

W ASTE-WATER 

from the cow washing, holding, and milking facilities 

is another element. A first step is more efficient use 

of water. One item is to avoid the wasteful use of 

water which is now observed with current cow wash­

ing systems. 

Shaker screens can successfully remove most of the 

fibrous material from this waste-water. Preliminary 

tests at the project indicate that extended aeration 

of simulated milking parlor and cow washing was te­

water may produce an effluent which can be recycled 

for washing floors, etc. Both the volume and the 

pollutional strength of this waste are far lower than 

from waste-water produced by all-concrete, flush-out 

corral type dairies. The effluent can be used in dry 

weather for irrigating on the dairy site. It may b e 

sufficiently stabilized so it will not normally cause 

problems when it becomes mixed with storm run-off. 

CoNCLUSIONS 

Aerobic composting, coupled with "environmental 

housing" and with aerobic treatment of liquid dairy 

farm wastes , gives promise of providing relatively 

nuisance-free and pollution fr ee, high density hous­

ing for dairy cows. The resultant compost is an 

attractive soil amendment and a well accepted ans­

wer to the current demands for "organic gardening" 

and for "recycling" rather than "depositing" of our 

wastes. 

Recycling of compost into roofed, paved cow hous­

ing gives promise of being a method whereby large 

numbers of cows per acre (close to 200) , can be 

raised in a relatively nuisance and pollution free 

system. 
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DAIRY WASTE FLOCCULANTS 

Dairy Waste Flocculants-Information on the use 

of chemical flocculant for the removal of suspended 

and dissolved solids in dairy wastes available from 

American Collid Company, 5100 Suffield Court, Sko­

kie, Illinois 60076. 



708 .T. Milk Food Technol. , Vol. 35, No. 12 (1972) 

rl i<ed-ea't~~ ?ta-te 

JDENTIFICATION OF BACTERIA ISOLATED FROM PASTEURIZED 
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ABSTRACT 

Eighty four percen t of the bacteria isolated from com­
mercially pasteurized milk held at 4.5 C for 30 days were 
identified as belonging to the genus Bac-i.ll:us. Organisms from 
the genera M·icrococctts, Microbacterium, Achromobacter, and 
AlcaUgenes were also · isolated . 

Grosskopf and Harper (3) first reported the isola­
tion of psychroh·ophic sporeforming bacteria from 
pasteurized milk. Similar organisms have since been 
isolated by others (2, 5, 6) . The percent of raw 
milk samples containing psychroh·ophic sporeformers 
has been determined and the reported values range 
from 25 (3, 5) to 83.3% (2). Milk pasteurization is not 
a sterilization procedure and the microflora of fresh­
ly pasteurized milk has been reported. Thomas et 
al. (8) found micrococci and microbacteria accounted 
for 75% of the isolates from freshly laboratory pas­
teurized milk. Maxcy ( 4) sampled freshly pasteurized 
packaged milk and identified the microflora as con­
sisting of 40% gram-positive nonsporeforming rods, 
32% micrococci, 22% bacilli, 5% sh·eptococci, and 
1% coliform organisms. 

The purpose of this study was to isolate and ident­
ify the bacteria present in commercially pasteurized 
milk following refligerated storage for 30 days. 

MATERIALS AND METHODS 

One-quart cartons of milk from 10 processing plants were 
obtained on the day of pastemization. Samples were iced, 
transported to the laboratory and stored at 4.5 C for 30 days . 
Following refrigerated storage, cartons were opened aseptical­
ly, samples were removed, and decimal dilutions of samples 
were prepared. Standard plate, yeast and mold, and coli­
form counts were clone according to Stand(trd Methods foT 
the Examination of Dairy PToducts (1). A spore count was 
determined by heating milk to 80 C for 10 min and then 
plating the milk on Trypticase Soy Agar. Isolates were identi­
fied according to Bergey's Manual, following procedures as 
outlined in the Manual of Microbiological Methods (7). Ident­
ification of isolates was based on gram stain, catalase produc­
tion, motility, growth and gas production in lactose broth 
and brilliant green bile broth ( BGBB) , reaction in litmu:; 
milk, colony morphology on plate cotmt agar, violet red bile 

'Scientific Article No. A1800. Contribution No. 4592 of the 
Maryland Agricultural Experiment Station, Deparhnent of 
Dairy Science. 
2To whom request for reprints should be sent. 

agar ( VRBA), and eosin methylene blue agar, spore formation 
(staining characteristics and resistance to 80 C for 10 min) , 
heat resistance ( 63 C for 30 min , 80 C for 5 min, and 80 C 
for 10 min), citrate utilization, triple sugar iron agar reaction, 
indole production, methyl red test, aerobic and anaerobic 
growth, and Voges-Proskauer test. All bacteriological media 
were from BBL. 

Stored samples were evaluated organoleptically by a panel 
of seven persons and scored on the basis of individual judg­
ment as to unacceptable, acceptable, and good. 

RESULTS AND DISCUSSION 

Processing times and temperatures for the samples 
ranged from 164 to 176 F for 16 to 17.6 sec. The 
quality of the milk and the microbial data obtained 
following 30 days of storage could not be correlated 
with processing conditions . 

Data obtained from two samples of each plant are 
summarized in Table l. Approximately one-half of 
the samples were still acceptable to the panel after 
storage. Coliform counts were determined and many 
atypical colonies appeared on VRBA; however, none 
of these colonies grew and produced gas when inocu­
lated into BGBB. 

Spore counts were consistently lower than the 
total plate counts for the same samples. Shehata 
and Collins (6) have shown that some psychroh·ophic 
sporefonning bacilli do not sporulate well at low 
temperatures. 

Approximately 100 isolates were obtained from all 
of the samples. Colonies were picked at random 
and streaked onto nuh·ient agar slants. Isolates were 
identified to genus and numbers expressed as per­
cent of tl1e total isolates examined (Table 2). 

The predominance of sporeforming psychTOh·ophic 
bacilli is probably attributable to: (a) the rather high 
level of raw milk samples commonly positive for 
psychroh·ophic sporeformers (2, 3, 5), (b) the trend 
toward increasing pastemization times and tempera­
hu·es thereby eliminating many nonsporeforming 
species, and (c) conditions caused by extended re­
frigerated storage which select for a heat resistant 
psychrotrophic· organism such as Bacillus (6). 

Psychroh·ophic bacilli are a problem in milk stored 
for a long time (3) and they can produce off flavors 
(6). Results of the present study indicate that psy-
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TABLE l. ANALYSIS OF COlviMEHClALLY PASTEUHlZEO !\HLK FOLLO\VI NG THIHTY DAYS ' _STOHAG£ AT 4.5 c 
Total plate Yeast and P s)·chrotrophic Spore Flaror 

Plant count/ml 

la 3.3 X 108
" 

b 2.0 X 108 

2a < 300 
b <300 

3a 3.4 X 108 

b 3.3 X 10" 
4a <300 
b < 300 

Sa < 300 
b <300 

6a < 300 
b <300 

7a <300 
b <300 

Sa 8.8 X 103 

b 2.6 X 103 

9a 1.7 X 108 

b 5.7 X 10' 
lOa 2.6 X 107 

b 3.1 X 108 

"Good 3.0, acceptable 2.0, tmacceptable 1.0 
"All Counts are averages of duplicate plates 

mold/ml 

<300 
<300 
<300 
<300 
<300 
< 300 
< 300 
<300 
< 300 
< 300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 

TABLE 2. MICROBIAL FLOHA OF COMMEHCIALLY PASTEURIZED 
MILK FOLLOWING THffiTY DAYS OF STORAGE AT 4.5 C 

Species 

Bacillus 
Mic-robacterium. 
Micrococcus 
Achromobactm· 
A lcalige11es 
Streptococcus 

P et cent of total isolations 

84 
9 
2 
2 
2 
1 

chrotrophic bacilli were the major spoilage organisms 
in the stored commercially pasteurized milk samples 
analyzed. 
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ABSTRACT 

Over 11 00 retail milk samples taken during 1970-71 in 
Conn ecticu t were examined fo r flavor quality and results 
compared with those of a s i n~ il ar study made in 1969-70. In 
th e 1970-71 study fewer samples were judged to be cooked 
but more were criticized as havin g a feed f lavor. The month­
ly pattern for samples classed as organoleptically unsatisfac­
tory changed from winter to summer. Indications are that 
causes of off-flavors shifted from those origina ting at the fam1 
to those developing from p rocessing, or during distlibution 
and storage. 

Many consumers relate keeping quality of p erish­
able foods to decline in fl avor, odor, and palatability 
on continued refrigerated storage. Color change may 
also play a role. \ iVhat the consumer wants, there­
fore, is assurance that the product was prepared in a 
sanitary manner, and that it has a good flavor and 
.will keep a reasonable time under refrigeration before 
flavor declines to an unacceptable level. In this re­
spect, the flavor score of freshly pastemized milk, 
although subjective, is much better than standard 
microbiological and chemical tests (1) as a predictor 
of keeping quality (i.e., the number of days required 
to attain an unacceptable flavor score). 

Programs such as the Connecticut Milk Flavor Im­
provement Program in the Connecticut Department 
of Agricultme have been designed to benefit con­
sumers. Personnel in the Co1mecticut program advise 
and help producers, farm cooperatives, processors, 
consumers, and others ( i.e., equipment manufact­
urers) so that the consumer receives a product of bet­
ter quality. 

W e have · reported on flavor quality of over 1000 
milk samples collected at retail outlets in Connecti­
cut during 1969-70 (2). The study was continued 
into 1970-71, and this report describes changes that 
have occurred in milk offered for sale. Present data 
essentially follows the format of the previous study 
(2), allowing a direct comparison. 

METHODS 

During 1970-71 , 1180 samples of whole milk were collected 
at retail outlets in Connecticut at the rate of about 100 per 
month. These were examined for temperature, flavor score, 
fl avor criticism , Standard Plate Count, oxidase coun t, and 
coliform count. Of the 1180 samples, only 825 were also 

examin ed for acid degree value ( ADV) . The method of col­
lection, as well as the details of the tests made, h ave been 
described (2). 

R ESULTS AND DISCUSSION 

In Table 1, flavor scores of milks collected in 1970-
71 are compared with samples collected in 1969-70. 
The 14% decline in samples classified as good in 1970-, 
71 can be accounted for by the 10% rise in the fair 
category and the 5% rise in the unsatisfactory group. 
Some of this apparent decline in quality is attributed 
to more sb·ingent scoring of samples during the 1970-
71 test period. However, 88% of the samples were 
acceptable (excellent, good, fair ) in 1969-70, where­
as those acceptable in 1970-71 totaled 83.3%, a slight 
overall decline of 4.7%. Some of this decline is con­
cenh·ated only in certain months and in certain off­
flavors . Of greater concern is the increase of 4.7% 
in samples judged to be unsatisfactory. 

Under specific fl avor criticisms, the largest changes 
occmred in those called cooked, a decline of 33% 
from 1969-70, and an increase of 34% in those judged 
as having a feed flavor. A partial explanation for 

TABLE 1. RANGE OF FLAVOR SCORES OF M ILK SAMPLES 

COLLECT ED AT RETAIL OUTLET S IN .1969-70 AND 1970-71 

Flavor score· and 
desig-nation 

40 

39 
38 

Excellent 

Good 

37 t Fair 
36 l 

35 

34 } 33 
32 Unsatisfactory 

31 
30 

1969-70 1970 -7 1 

(% i n each groUil ) 

1.6 

47.2 t 
20.9' l 68 .1 

3.3 t 
15.0 l 18.3 

6.6 

1.2 } 0.2 
0.5 
0 
3.5 

12.0 

0.1 

12.8 t 
41.5 l 54.3 

13.7 t 
15.2 l 28.9 

6.0 
3.6 

1.3 } 
2.1 
0 
3.7 

16.7 

, , 
\ .. 
I 
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the rise in feed off-flavor may be the prolonged 
cold period in the winter of 1970-71. Because of 
the severe cold, barns were tightly closed, resulting 
in poorer ventilation and concenh·ation of feed odor 
in the barn. Although samples criticized as having 
a feed off-flavor increased, no sample with a feed 
flavor scored less than 36, while 72% scored 38 or 
over. 

The decline in cooked flavor can probably be ac­
counted for by the change in use of vat pasteurization 
in favor of high-temperature short-time equipment 
and thus better conh·ol of holding times. Changes 
in other flavor categories were an increase of 4.5% in 
oxidized and a decline of 2% in unclean. 

The number of samples judged to be rancid re­
mained low (0.9%) during 1970-71. The range of 
acid degree values· and percentages in each group 
were essentially the same in both studies. There 
were about 3% fewer samples in 1970-71 with an ADV 
greater than 1.2. The number of samples criticized 
as unclean dropped from 4.6% in 1969-70 to 2.4% in 
1970-71. This, we feel, reflects effort in one phase 
of the Connecticut Milk Flavor Improvement Pro­
gram. Installation of milk moving equipment(i.e., 
pipelines, pumps, etc. ) at the farm must be approved 
before use to insure proper movement of milk under 
sanitary conditions. 

• 

The monthly dish·ibution of samples judged as 
fair and unacceptable was determined. Samples 
classed as unsatisfactory were dish·ibuted more even­
ly throughout the year in 1970-71 than in 1969-70. 
Of interest is the finding that in 1969-70 more un­
satisfactory samples were fotmd in the winter months 
while the reverse occurre@. in 1970-71. This may 
reflect a shift from off-flavors originating at the farm 
to those developing from processing, dish·ibution, and 
storage practices. Samples classified as fair were 
spread out quite evenly through the year with no 
months of low incidence noted . 

Samples classified as either fair or unsatisfactory 
and criticized as old or lacking freshness, oxidized, 
rancid, and unclean were also compared in both stud-

Samples called oxidized and also classed as un­
satisfactory showed a large increase (from 2.3 to 6.8%) 
during 1970-71, especially in March and September . 
This rise was not seen with samples classified as 
fair. The oxidized flavor appears both at the farm 
and after bottling of milk (light induced ) . Oxidized 
milk traceable to the farm is a gradually increasing 
problem which ·is not easily solved. However, at 
the retail level, oxidized milk can be h·aced mainly 
to milk sold in glass bottles or plastic containers. In 
the 1970-71 study only 4.4% of milks in paper cartons 
were oxidized, while of tl1ose in glass and plastic con­
tainers, 31 and 33% were oxidized, respectively. 

Samples criticized as old or lacking freshness in 
the 1970-71 survey show a large rise ( 20% over the 
1969-70 study) in tl1e month of May. This same 
peak montl1, although of lower magnitude, was ob-

I 

·~ 

ies. ; . 
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TABLE 2. PEAK MONTHS OF ACTIVITY I:N SEVERAL CATEGORIES COMPA!U.L'IG MILK SAl\'fPLES COLLECTED AT RETAIL OUTLETS 

D~G 1969-70 AND 1970:71 1 

Cate:;ory 

i Unsatisfactory fla vor 
score 

Temperature over 45 F when 
collected 

Off-flavors 
Unclean 

samples classed fair 
samples classed 

unsatisfactory 
Oxidized 

samples classed fair 
samples classed 

unsatisfactory 
Old or lacking freslmess 

sampl es classed fair 
samples classed 

unsatisfactory 
Unsatisfactory bacteriological 

count and organoleptically 
1 unsatisfactory 
Standard plate count 
Oxidase cow1t 
Coliform count 

1969-70 

mar, jul , sep 

AUG 

JAN, mar, oct 

JAN 

FEB 

dec/ jan / FEB 

rise from may to peak in DEC 
dec/ JAN, !v!AY/JUN, aug 

MAY/ jun 
MAY/ jw1 
MAY/ jw1 

1970 -71 

dec/ JAN/ feb, MAY/ JUN 

AUG 

SEPT 

no peaks 

no peaks 

may, sept 

apr/ MAY / jlm 
mar/ apr, MAY/ jun 

MAR/ apr/ may, jul, sept 
MAR/ apr/may, jul 
MAR/ apr, jul, sept 

'i'v!onth in capital letters indicates highest peak and months separated by slasl1es indicates broad peak qver \l~o~~ nwnths. 
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served in the 1969-70 study. In 1970-71, there was 
a general rise from May to December (from 2 to 27%) 
in samples called old or lacking freshness and classi­
fied fair. 

The range of temperatures of milk sampled at re­
tail outlets remained almost unchanged in 1970-71 
over that found the previous year. Most samples 
( 55.3%) were in the 40-45 F range. The number of 
milks exceeding 45 F increased during the summer 
montl?s and decreased during the winter months, as 
was s::en in 1969-70. In this unacceptable tempera­
ture range ( >45 F ), the summer months (June, 
July, August) accounted for 78.2% of the samples. A 
high of 34% was reached in August, with a low of 
6-9% from September to December. In 1969-70 the 
number of samples over 45 F declined starting in 
September, but the decrease was not as dramatic as 
in 1970-71. These data indicate that little added at­
tention was given to the care and refrigeration of milk 
offered for sale at retail outlets in the second year's 
study. Based on data of temperatures of milk at 
retail outlets provided by both the 1969-70 and 1970-
71 studies, industry groups instituted educational 
programs for store managers emphasizing the need 
for proper refrigeration of perishable products. The 
effectiveness of this educational program will be de­
termined by monitoring milk temperatures at retail 
outlets . 

In the second year's study, quality was further 
judged by applying the following bacterial standards . 
Ci .. ssed as unsatisfactory were those samples having 
a Standard Plate Count of 25,000/ml or greater, a 
coliform count of 5/ml or greater; or an oxidase count 
of 5,000/ml or greater. 

Samples classified by organoleptic analysis as un­
satisfactory and also not meeting the above bacterial 
standards .were segregated by month. The main 
peak occurred in March with secondary peaks in 
July and September. In the 1969-70 study there was 
only one peak (May/June). The March peak of 
bar:terial activity coincides only with a peak for ox-

idized flavor. No other off-flavor peak coincides with 
the March bacterial .. peak. The oxidized flavor peak 
in September also coincides with the bacterial peak 
for that month . However, flavor, and not bacterio­
logical counts, benefits consumers more directly l in 
their quest for a product of good quality. 

What may be concluded from this second year 
study by the Connecticut Milk Flavor Improvement 
Program? Some of the data concerning peak months 
of activity are shown in Table 2: (a) fewer samples 
( 33%) were judged cooked, (b) more samples ( 34%) 
were criticized as having a feed off-flavor, (c) there 
was an increase of 4.5% in samples called oxidized, 
(d) a decline of 2.2% occurred in samples evaluated 
as unclean, (e) other off-flavor criticisms remained 
essentially unchanged, (f) better control of refrigera­
tion temperatures at retail outlets was not noted, (g) 
the m_onthly pattern for samples classed as having an 
unsatisfactory flavor changed from winter to summer 
montl1s; and (h) the peak month for samples classed ' 
as organoleptically unsatisfactory and also not meet­
ing bacteriological standards shifted to March (in 
1970-71) from i\!Iay ( 1969-70 ) with secondary peaks 
in July and September; the September bacterial peak 
coincides with peak months for oxidized and unclean 
flavors; the iVIarch peak also coincides with one of 
the oxidized flavor peaks. 
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ANNOUNCEMENT 

A 1 ational Symposium on Ultimate Disposal of 
vVastewaters and Their Residuals will be held in 
Durham, N. C. on April 26 and 27, 1973. Sponsored 
by tl·~ Research TTiangle Universities and several 
national organizations, the program will include ses­
sions on land disposal, marin e disposal , sludge hand-

ling, design practice, recovery, and recycling. 
For furth er information, please contact: F. E. Mc­

Junkin, Associate Director, vVater Resources Research 
Institute of The UniveTsity of North Carolina, North 
Carolina State University, 124 Riddick Building, 
Ral eigh , N. C. 27607. 
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HOLDING TIMES OF RAW MILK DILUTIONS: A REASSESSMENT' 
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ABSTRACT · 

It h as been sugges ted recently that the maximum holding 

time of dilutions of raw milk to be used for the standard 

plate coLmt be reduced to 5 min. The data upon which this 

suggestion was based are reassessed by normalizing each 

sample to equal weight before smnmary computations are 

made. Hesults indicate that the average increases of counts 

did not exceed 10% dming holding times of up to 20 min . 

Huhtanen, et al. (3) reported that colony counts of 
raw milk samples diluted in buffered water increased 
4.1, 27.7, 17.2, and 21.6% when the dilution blanks 
were held for 5, 10, 15, and 20 min, respectively. They 
concluded that, since most of the increase in counts, 

"appeared at 10 min holding time, .. . it is suggested 
that the holding time of dilutions to be used for the 
standard plate count be no longer than 5 min." Their 
results and conclusion were contrary to what were 

obtained on another food (2). We rechecked, there­
fore, 'their data (Table 1 of reference 3 ) and noticed 
only the following minor errors: the average for F, 

20 min, should be 8.53 (not 8.58); the average for 
G, 0 min, should be 41.5 (not 44.3); and the over-all 
averages should be 55.65, 58.09, 72.98, 67.35, and 
69.32 (not 56.05, 58.36, 71.60, 65.69, and 68.19). 
These corrections did not affect appreciably the over­
all results obtained or conclusion reached. 

Closer scrutiny revealed that the data and computa­
tions were essentially correct but that the computa­
tional procedures used could be questioned. \Ve of­
fer two alternative treatments of the data (Table 1 
of reference 3) and a modified conclusion. 

In the first series of calculations, an average was 
made of each pair of counts (Table 1 of reference 3) . 

The highest average (regardless of holding time) vvas 
set at 100%, and the counts obtained at the other 
holding times for that milk sample were calculated 
in ' relative percentages. Milk sample no. 1, for 

example, had average counts (X 103
) of 4.85, 4.70, 

4.55, 4.60, and 4.60, respectively, at holding times of 
0, 5, 10, 15, and 20 min ; the calculated percentages 
·were 100.00, 96.91, 93.81, 94.85, and 94.85, respective­
ly. \Vhat this treatment does is to normalize each 

sat of counts to a definite base, rather than to use the 

'Journal Paper No. J-7276 of the Iowa Agriculture and Hom e 

Economics Experiment Station, Ames, Iowa . Project No. 

1763. 

counts themselves. Although Huhtanen, et al. (3) 

stated that, "statistical procedures forced us to use the 
ach1al numbers," we believe that tlus rigid attention 

to statistics led to domination of the results by a few 
high-count samples. Some of these samples were 

far out of the range for adequa~e precision of plate 
counts. (See, for example, investigator C, samples 
13-15). With our u·eatment of the data, wlllch in­
volves calculations. of percentages before comparison 
of different samples, each sample carries equal 
weight. 

vVe calculated tl1e "percentage of highest count" 

for each of the 63 sets of counts in Table 1 of refer­
ence 3. These percentages were then averaged ac­

cording to time of holding. The over-all average 
percentages were: 0 min, 81.89; 5 min, 85.13; 10 
min, 88.28; 15 min, 88.57; and 20 min, 89.80. The 

average percentage increases at holding times of 5, 
10, 15, and 20 min, therefore, were 4.0, 7.8, 8.2, and 
9.7, respectively (Table 1 ). 

TABLE l. P ER CENT I NCREASE IN P LATE COUNT AS CALCULATED 

BY THREE DIFFERENT METHODS. 

Holding t ime (min) 

Method of ca lculation 10 13 20 

Arithm etic means (3) 4.1 27.7 17.2 21.6 

Percentage 4.0 7.8 8.2 9.7 

Geometric means 5.2 7.2 9.6 9.9 

·when we submitted the present manuscript for re­

view, a referee suggested tl1at a second method could 
be used to reevaluate tl1e data of Huhtanen, et al. (3). 
This method, wluch probably is preferable to our 
"Percentage" method, involves calculation of the 

geometric means of the counts at each holding time. 
The geometric mean is tl1e ·nth. root of tl1e product of 
·n items. Results of calculations using geomeu·ic means 

(Table 1) showed that the increases in plate count 
with increased holding time were similar to those 
that were obtained when the "Percentage" method 

was used. . 
In the light of tl1ese reassessments of holding times 

of raw milk dilutions, we should like to paraphrase 

the fin al paragraph of reference 3. The 12th edition 
of Standard Methods (1) specifies that not more tl1an 
20 min elapse between diluting and pouring of the 
plates. According to tl1e work reported here, such an 
indeterminate interval would not l~ad to excessive 
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differences in results. For ins tance, the counts after 
5 min would be only 4 to 5% higher; after 10 min, they 
would be 7 to 8% higher; and at 20 min, they would 
be 8 to 10% higher. We sugges t that a 20-min hold­
ing time is appropriate, if it is convenient. 

One fin al point should be made about the wording 
of section 4.062 of Standard M ethods (1 ). Part of that 
section reads, "Select number of samples to be plated 
in any one series so that not more than 20 min elapse 
betvveen diluting first sample and p ouring last plate 
in series. (Should a continuous plating operation be 
conducted by a team, plan the work so that the time 
between the initial measurement of a test portion into 
diluent or directly into a dish and the p ouring of the 
last plate for that sample is not more than 20 min. )" 
What is not clearly sp 2lled out in this statement is 
that two variables are involved: (a) the time that the 
diluted sample is in the dilution bottle before pipett­
ing; and (b) the time that the pipetted sample is in 
the petri dish befo·re pouring. Our report pertains 
only to the first of these two variables. The second 
variable, the time that the sample rests in the plate 
before agar is added, may well be the most important 
of the two variables . 'When samples are held in 
plates for extended periods before agar is added, 
bacteria may adhere to the plate; this can lead to 
difficulties in counting and lowered counts. 

Because reassessment of the data of Huhtanen, et 
al. (3) led to a conclusion different from theirs, we 
also re-examined the data in their other recent paper 

( 4). The latter study ( 4) is a comparison of 2- and 3-
days of incubation of plates for enumerating bacteria 
in samples of raw milk. A 5% increase in counts w as 
obtained at 3 days when compared with the counts 
obtained after incubation for only 2 days. It was !con­
cluded that, "The 5~6 difference in counts at 3 days 
would ordinarily be well within the limits of ex­
perimental error" (4) . When the counts were nor­
malized on a percentage basis and the average per­
centage increase was calculated, we obtained an in­
crease of 8%. This value is about 40% higher than the 
value obtained b y averaging actual counts; it would 
not, however, alter the conclusions made by Huh­
tanen, et al. ( 4). 
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DAIRY HOUSING TO BE FOCUS OF NATIONAL MEETING 

One of the first meetings of its kind will be h eld 
February 6, 7, and. 8 as the National Dairy H ousing 
Conference convenes at the Kellogg Center on the 
Michigan State University campus, East Lansing. 
Some 50 speakers will cover all aspects of dairy cattle 
housing and facilities during the three-day, inform a­
tion-packed program. 

The brain child of Structures and E nvironment 
Committee 403 ( Dairy Housing), . the conference is 
being sponsored by ASAE. H owever, it will be an 
industry-wide effort as indicated by the 14 industry: 
professional, and governmental groups which are 
cooperating. They include : The American D airy 
Science Association, American Society of Fann Man­
agers and Rural. Appraisers, American Veterinary 
Medical Association, American Association of Bovine 
Prac titioners, Canadi an Society of Agricultural E n-

gineering, International Commission of Agricultural 
Engineering, Farmstead Equipment Association , In ­
ternational Association of Milk, Food, and Environ­
mental Sanitarians, Milking Machine Manufacturers' 
Council, National Milk Producers Federation, North­
east D airy Practices Committee, Agricultural Research 
Service, Extension Service, and the U. S. Publi c 
H ealth Service. 

A registration fee of $45 will be charged for the 
conference. This covers the cos t of three lun cheons 
and a banquet which will be held on February 7. 
The banquet speaker will be The Reverend Keith L. 
Hayes, who is known for his entertaining messages. 
Each registrant will receive a copy of the conference 
papers, which includes a complete copy of each 
author's presentation. 

;. 
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THE ENVIRONMENTAL PROTECTION AGENCY' 
RoBERT FRI 

Office of the Administrator 
Environmental Pmtection Agencu 

Washington, D. C. 20460 

ABSTRACT 

Each of us shares a concern for the deterioration of our 
environment, its abuse, and misuse. And I know that we 
share a sense of urgency about th e need to halt th is deteriora­
tion and win the struggle for a clean and wholesome rela­
tionship between man and his environment. This concern 
for the condition of th e physical world is not a special interest, 
but cuts across social and economic strata and across genera­
tions. It is the product of a nearly universal understanding 
of the problem and of the deadly consequences of inaction . 
There is a growing realiza tion among all of us that pollution 
control must become a way of life in this nati :m, and that 
it must remain a way of life. vVe know now that in ex­
ploi ting our resources we h ave been exploiting ourselves. 

The Environmental Protection Agency, ( EPA ), was born 
of public demand for a cohesive, national effort to defend 
and enhance the environment. Establishment of EPA as an 
independent agency, with Administrator vVilliam Ruckelshaus 
reporting directly to the President, has impressively h eighten­
ed the efficiency and effectiveness of our national effort 
and insured the independent advocacy of our programs. The 
programs of EPA, present and projected, are action-oriented ; 
we are moving qpickly to solve the problems we can solve, 
and h ave taken steps to learn how to solve others we cur­
rently understand less well. 

Each of us shares a concern for the deterioration 
of our environment, its abuse and misuse. And I know 
that we share a sense of urgency about the need to 
halt this deterioration and win the struggle for a 
dean and wholesome relationship b etween man and 
his environment. This concern for the condition of 
the physical world is not a special interest, but cuts 
across social and economic strata and across genera­
tions. It is the product of a nearly universal under­
standing of the problem and of the deadly conse­
quences of inaction. 

The International Association of Milk, Food, and 
Environmental Sanitarians has an especially wide­
ranging concern for the wanton exploitation of the 
gifts of nature, for its members are dedicated to 
protecting the public health and enhancing the public 
welfare through sanitation . After all, the essence of 
sanitation is the absence of pollutants of all kinds. 

1 ow we are all too familiar vvith the dreary list of 
gross pollution incidents and present threats of 'ir­
reversible environme·nta.l damage. Hence, I want to 
cdncentrate on the prevention and cure of the disease 

'PreseJ1ted at -.the 58th Annual Meet ing of the International 
Associatiqn . of ·i'vliJk, Food, ·and Environmental Sanitarians, 
San Diego, Californi a, August 15-19, 1971. 

rather than on its symptoms. To that end, I want to 
discuss what the Environmental Protection Agency 
is, I want to report to you on some of the steps we are 
taking in the fight against pollution, and I want to 
enlist your aid and support. For I believe that there 
is a growing realization among all of us that pollu­
tion control must b ecome a way of life in this na­
tion, and that it must remain a way of life. Vve know 
that in exploiting our resources we have been ex­
ploiting ourselves. 

ENVIHONMENTAL P ROTECTION AGENCY 

First, let me discuss the Environmental Protection 
Agency (EPA). EPA was b orn of public demand 
for a cohesive, national effort to defend and enhance 
the environment. H eretofore, the Federal pollution 
control effort h ad been fragmented and uncoordi­
nated in its approach and execution. For example, 
two Federal departments were responsible for deter­
mining the adverse effects of pesticides, and a third 
exercised legal responsibility for controlling intro­
duction of pesticides into the environment. Air and 
wa ter pollution conh·ol authority was vested in two 
separate departments. Control of radiation hazards 
was split between the Public H ealth Service and the 
Atomic E nergy Commisstion. 

Es tablishment of EPA as an indepmdent agency, 
with Administra tor Bill Ruckelshaus reporting dir­
ectly to the President, has impressively heightened 
the efficiency and effectiveness of our national ef­
fort and insured the independent advocacy of our 
programs. EPA provides government with the ma­
chinery to launch a coordinated attack on pollution 
problems, and consolidate its thrust. Programs have 
been drawn together in recognition of the interrela­
tionship of forces which combine in the natural en­
vironmen t; thus environmental control is b eing ap­
proached in its totality. 

I'll give you three examples of this total approach . 
F'iTst, anti-pollution programs in seven primary en­
vironmental areas-water, air, solid wastes, water 
supply, pesticides, radiation, and noise-have b een 
centered under EPA's organizational roof . . vVe have 
established a broad organizational framework at EPA 
headquarters in \i\Tashington, but the prograiJ1S .. :.are 
not going to be tightly held and implemented ·there. 
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And that is my second point-the action is in the 
field. 

Ten EPA regions, matching the boundaries of the 
10 standard Federal regions, have been established. 
It is our steadfast conviction that a successful and 
coherent national program of environmental control is 
dependent upon a powerful regional organization 
which will improve the quality and promph1ess of our 
qssistance to State and local agencies and facilitate 
our communication with industry and organizations. 
Hence, the focal point EPA operational programs 
will b :! in the field, and strong decision-making pow­
ers are b eing delegated to the regional administra­
tors. \Ve are adding more people to our regional 
offices and are presently seeking highly qualified 
regional directors who will b e fully responsive to 
State and local problems and requirements. I might 
note here that as of June 30th, our headquarters 
staff totaled 1,840 people compared with 4,119 in 
our field offices. Our policy is decentralization, 
and the action is in the mgions. 

Finally, we must study the environment as a whole. 
So EPA is establishing three National Environmen­

tal Research Centers-at Cincinnati for process tech­
nology; at Research Triangle Pai·k, North Carolina 
for s~pdying :the effects of environmental problems 
upciti ::man ana animals; and at Corvallis, Oregon for 
ecologkal e~aluation. We believe that while con­
fronting today's problems, we must also be develop­
ing the knowledge and mechanisms to prevent pol­
lution tomorrow. 

This forward looking, total approach is in sharp 
contrast to EPA when it began to transact business 
last December ( 1970 ) 2nd. vVe were confronted by a 
profusion of pollution problems clamoring for im­
mediate attention and solution in addition to the 
normal problems involved in starting a new organiza­
tion. EPA was pressed for immediate action, and 
was initially a captive of short-range proposals and 
short-range response~. 

Recent months , however, have given us greater op­
portunity to look ahead and to forge .the long range 
policies needed for truly effective results. The pro­
grams of EPA, present and projected, are action­
oriented;· we are moving quickly to solve the prob­
lems we can solve, and have taken steps to learn how 
to solve others we currently understand less well. 
Let me therefore tell you about our programs-first, 
two that concern you the most : water and pesticides. 

vv A TER ANn PEsT rc m Es 

As you are well aware, pollution has contaminated 
a substantial part of our nation's waters, and its 
major sources are municipalities, industry, and agri­
culture. 

Water pollution 
The more than 300,000 water-using industrial plants 

in the nation generate the largest volume and the most 
toxic pollutants. And this volume of indush·ial 
wastes is growing several times as fast as that l·o£ 
sanitary sewage. 

Last ( 1970) D ecember 23rd, President Nixon an­
nounced a new program to control water pollution 
from indush·ial sources through the permit authority 
in the Refuse Act of 1899, which outlaws discharges 
and deposits into navigable waters without a permit 
from the Army Corps of Engineers. Issuance of these 
permits is subject to review by EPA, and our pri­
mary concern, in this instance, is the enhancement 
of ~vater quality. We will establish these effluent 
limits on the basis of the b est information available 
to us in each instance, including industrial studies 
when this is possible. 

EPA is prepared to use the courts to obtain these 
applications from those who have not yet filed tl1em. ' 
Some weeks ago Bill Ruckelshaus told his 10 regional 
offices to begin working with the Corps of Engineers 
to notify industries which had not yet filed applica­
tions for permits, to submit within 30 days or face 
possibility of legal action for failure to comply with 
the permit program. 

Thus, the permit plan will give the Federal gov­
ernment direct control over much of the industrial 
water pollution. In addition, knowledge gained 
through the program should enable many States with 
weak or tmclear water quality standards to strength­
en them for waterways which are not part of the 
Federal permit process. 

Another major polluter of our nation's waters is 
agriculture and here we have one of the most difficult 
sources of wastes to control simply because, in mo~t 
instances, the pollution does not come out of pipes. 
Admittedly, the Federal government has done very 
little work on agricultural pollution problems to 
date, but this is clearly one of our present "growth 
areas." \ iVe are placing particular emphasis on prob­
lems stemming from it, both through the permit pro­
gram and through further research. 

Application of the permit program stem from the 
fact that beef cattle, poultry, and swine feeding 
operations, along with dairy farms, are large pro­
ducers of was tes. The volume of wastes from live­
stock and poultry production is estimated at 1.7 bil­
lion tons annually, about one-half of this amount be­
ing 1~roduced by animals in concentrated production 
systeri1s. · 

Output of animal products has been increasing 
rapidly and the technology of this expanding produc­
tion requires that animals be confined in a minimum 
space and fed a concentrated ration, boti1 of which 

; 
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magnify the pollution potential of animal wastes . 
To give you some idea of the dimensions of the 

lives tock pollution problem, the average population 
increase in the United States is about 2.5 million 
people per year. At 1966 consumption rates, each 
additional million people will require another 172,000 
beef cattle, 24,500 dairy cattle, and 433,000 hogs-to 
say nothing of additional poultry or sheep. 

Consequently, EPA and the Corps of Engineers 
are bringing the largest feedlots-about 3400 of them 
-into the permit program. This will insure that the 
discharges from these "super" feedlots will meet 
applicable water quality standards immediately or 
through acceptable implementation schedules. 

But we also know that the permit program would 
not be an effective approach to solution of problems 
of agricultural runoff or irrigation return flow. Pres­
ent technology is insufficient to provide short-term 
remedial measures for either of these sources of 
pollution . 

Thus, EPA and the D epartment of Agriculture are 
now conducting research and development projects 
to characterize and quantify agricultural pollutants 
in water, to develop treatment methods for removal 
of these pollutants, and to inves tigate control of pollu­
tants by methods other than treatment. 

All these activities are having a significant impact 
on the control of agricultural pollution. But much 
remains to be done in terms of developing and im­
plementing the technology to solve these problems. 
To provide a guide for future Federal action in the 
agricultural pollution area, the Council on Environ­
mental Quality has announced that it will conduct 
a study in conjunction with EPA, the D epartment 
of Agriculture, and other agencies. The study will 
analyze major pollution problems resulting from 
agricultural activities, consider alternative solutions 
to such problems and recommend measures the Fed­
eral Government might adopt to reduce or eliminate 
these difficulties. 

Pestic·ide pollution 
EPA is also at work on the pesticide problem, a 

delicate one which by its very nature is critical to 
sanitarians. 

Pes ticides have provided important b enefits by pro­
tecting man from disease and increasing his ability 
to produce food and fiber. But the need for continu­
ing production achievement does not constitute a 
license to misuse pesticides, a misuse that has become 
onfi! of the major concerns of all who are interested 
in a better environment. 

Our record is good on this point. EPA, through 
notices of cancell ation, has instituted the administra­
tive review process with respect to two related pesti-

cides: aldrin and dieldrin, and a third pesticide, 
mirex. \ iVe are continuing cancellation proceedings 
concerning two other pesticides, DDT and 2, 4, 5-T. 

What is more important, we are hearing all opin­
ions on the specific pesticide questions, and our deci­
sions are being ventilated to public view: Mr. Ruc­
kelshaus announced recently that a public hearing 
will be held in the fall ( 1971 ) to obtain additional 
facts on 2, 4, 5-T while the cancellation order con­
tinues on use of the herbicide on food crops grown 
for human consumption. In making the announce­
ment, the Administrator stated: "Courts frown on de­
cisions made b ehind closed doors, and the EPA shares 
the judicial attitude that hearings are desirable to 
bring the public into the decision-making process." 
For this reason, SAC reports ar'e being distributed. 

On a second front, we now recognize that policy 
regarding use of- pes ticides in food-handling estab­
lishments have experienced a great reduction in the 
number of substances available to them to control 
pests. If this unsystematic elimination process were 
to continue, the food industry could find itself de­
prived of any chemical remedy for pests. 

Thus, the EPA has recently asked its Hazardous 
Substances Advisory Committee, chaired by D r. Emil 
Mrak, to recommend policy guidelines for registering 
pesticides for use in food handling establishments. 
Pending receipt of this report, the EPA and the 
FDA (which shares responsibility for registration 
with EPA ) will neither es tablish nor cancel pesticide 
registrations or tolerances relating to food-handling 
establishments unless an imminent hazard or othn 
serious problem demands such an action. During this 
period, currently registered pesticides will be used 
in accordance with instructions on the label. 

It is hoped that such a policy review w ill result in 
a systematic and intelligent approach to use of pesti­
cides in food handling will prevent the frightening 
prospect of a choice b etween cockroaches or poisons 
in food we consume. -

\ iVe have also submitted legislation to Congress 
which would give us control over ultimate use of 
pesticides- a control which we do not now possess. 
The legislation is vital to our mission and will per­
mit us to control the benefits of pesticides and greatly 
minimize or eliminate their environmental risks. 

Toxic SuBSTANCES AND Am QuALITY 

There are two other major programs at EPA to­
day which I will review quickly-the Toxic Substances 
Control Act an d the air quality standards. 

Control of toxic substances 
The Toxic Substances Control Act, now before 

Congress, is an example of our efforts to prevent 
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serious pollution problems from ansmg. The legis­
lation would authorize EPA to restrict or prohibit the 
use or distribution of a chemical substance if neces­
sary to protect health and the environment. 'i\' e 
would also be authorized to prescribe standards for 
tests , and for the test results which must be met 
before a manufacturer could market a new product. 

The Act would establish as national policy that 
new chemical substances should be adequately test­
ed. This proposed legislation, I believe, reflects the 
growing uneasiness in our society about our present 
deficiencies in dealing with chemicals in the environ­
ment, and a genuine national commitment to a new 
policy of thinking before ttsing. 

Mr quality 
In the air program, EPA has proposed primary 

and secondary air quality standards under the 1970 
amendments to the Clean Air Act for six major air 
pollutants. These are tough standards with a real 
bite to them. Yet, the cost of air pollution in terms 
of the Gross National Product has been estimated 

to b e in the magnitude of $16 billion a year, while 
the estimated cost of ending it as only about $4 
billion a year. This is an impressive cost/benefit 
ratio . \iVe intend to see that these standards are met. 

ALL AsPECTS OF THE E vrnoNMENT 

The charter of the Environmental Protection 
Agency is to look broadly at environmental condi­
tions , and to keep in mind the whole problem as vve 
deal with each of its parts, to exercise leadership, to 
inform and guide as well as serve the people of this 
nation. In turn, we at the Environmental Protection 
Agency will often need information and guidance 
from individuals and groups, such as IAMFES, who 
have strong background and deep interest in a par­
ticular area, as we work together to develop realistic 
solu tions to our environmental problems. The role of 
advocate for a better environment has become a 
common task. The effort of everyone is needed to , 
insure that the world our children inherit will be 
cleaner and healthier than the one we know. 

IAMFES COMMITTEE ON FOOD PROTECTION (CORRECTION) 

(Expire 1974) 

Charles \ V. F elix, M.P.H ., Chai:rman , Single Service Insti­
tute, 250 Park Avenue, New York, ew York 10017. 

William V. Hickey, Vice-Cha·i·rman , 2737 Imperial Street , 
Salt Lake City, Utah 84106. 

K. J. Baker, Div. of Food Service Sm1itation, PHS-Food 
& Drug Administration, 200 'C' Street, S.W. , \Vashington , 
D .C. 20204. 

Willim11 A. Grills, Assistant Chief, Division of Food and 
Drugs, Illinois D ept. of Public Hea lth , 535 West Jefferson 
Street, Springfield, III . 62706. 

Howard Hutchings,' Chief, Environmental Sanitation Sec-

tion, South Dakota State D ept. of Health , Pierre, South Da­
kota. 

Richard Jolley, Chief, Milk Inspection, Dept. of Agricul­
ture, Mayo Bldg., Tallahassee, Fla. 32304. 

Karl K. Jones, Environmental H ealth Officer, Purdue Uni­
versity, Student Hospital, Lafayette Indiana 47907. 

Eugene C. Viets, Chief, Food Sanitation, Bureau of Milk, 
Food and Drug Control, Missouri Di v. of H ealth , Jefferson 
City, Mo. 65101. 

Harold \Vainess, Harold \Vainess & Associates, 464 Central 
Avenue, Northfield, Illinois 60093. 
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QUALITY CONTROL IN THE BREWING INDUSTRY' 
DONALD G. BERGER 

]os. Schlitz BTewing Company 
205 West Galena StJ·eet 
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,.. ABSTHACT Emil Christian H ansen was working at the Carlsberg 
Laboratory in Copenhagen, Denmark. He developed 
a single-cell culture method for brewers' yeast to 
eliminate "wild yeasts" (25). In 1881, Alfred Jorg ::n­
sen established his laboratory of fermentology in 
Copenhagen and using Hansen's , technique, in 1884 
he introduced pure culture yeast into the Tuborg 
breweries . 

The history of brewing and of brewing quality control 
technology is reviewed. Emphasis is placed on progress 
made in microbiological control, cereal development, technical 
knowledge of brewing chemistry, and packaging improve­
ments. The current industry trend toward lighter brewing 
is related to flavor technology and product stability. Modern 
processing equipment and increased knowledge in the field 
of sanitation microbiology has resulted in sensitive quality 
control parameters. Included in sanitation consideration is 
the impact of the good manufacturing practices section of 
the food and drug regulations. The quality control of brew­

ing is a dynamic, well-organized technology. 

HISTORY OF BREWING QuALITY CoNTROL 

Brewing has interested civilized man for early 7000 
years. Historians and archaeologists agree that peo­

~ ple living in the Mediterranean area about 5000 B.C. 
1.. used barley to prepare a ferm ented beverage. The 

predominant cereal grain, a·mong others, in England 
of 3000 B.C., is reported to have been barley (29) . 
The Government of China in 1116 B.C. published a 
book that discussed fermented beverages (1). The 
Magna Carta, signed by Charlemagne in 1267 A.D . 
set forth price regulations for ale and provided pen­
alties for watering the product (29). In Bavaria, 1516, 
King Wilhelm IV specified that beer will be brewed 

1 of barley, hops, yeast, water, and nothing else. This 
Reinheits-gebot is still in effect fm beer to be con­
sumed in VVest Germany (21). Our American history 
books tell us the Pilgrims landed at Plymouth Rock 
instead of Jamestown because they ran short of pro­
visions , especially their beer. 

This chronology serves as a reminder that beer 
and ale have been with us for many years, and we 
should add that no scientific control of brewing was 
successfully practiced until the late nineteenth cen­
tury. Louis Pasteur, in the 1870's, brought research 
and industry together rn an exhibition of international 

, cooperation when he visited and worked with several 
· ~. London brevveries. H e proposed that "every alter-

ation in the quality of the beer coincides with the de­
velopment of the microorganisms foreign to the na­
tufe of the h·ue beer yeast" (35). At this same time, 

'Presented at the 59th Annual Meeting of the International 
Association of Milk, Food, and Environmental Sanitarians, 
Milwaukee, \;.,lisconsin, August 21-24, 1972. 

Beer, at this time, was unlike the beer we know 
today. These historic b eers and ales were fermented 
without refrigeration , contained less carbon dioxide 
and were consumed fresh-before they spoiled. The 
alcoholic content was considerably higher and the 
drink we now call the beverage of moderation, was 
not so moderate. Monks and inn keepers in \iVestern 
Europe made b eer during the cool months of the 
year and stored it in caves and hillsides. ·while in 
storage, the beer clarified itself by sedimentation. 
Addition of hops in the brewing process served a 
dual purpose. It imparted a pleasant bitter flavor 
and provided a natural g21micidal barrier to some 
spoilage microorganisms. We now refer to this type 
of beverage as lager beer. Yeast from lager beer 
fermentation se ttles to the bottom of the fermenting 
va t and is harvested for reuse after decantation of 
the beer . Ale yeast rises to the surface after fermenta­
tion <md is skimmed for reuse. This provides a very 
distin :::t and practical classification of brewers yeast 
-bottom or lager yeast (Saccharomyces carlsbergen­
sis ), and top or ale yeast (Saccharomyces cerevisiae). 

During the early twentieth century, the industrial 
revolution had begun, breweri2s in Europe prospered, 
and almost every sizable city in the northern and 
central portion of the United States had its own 
brewery, or two. As the malting barley fields moved 
west from New England to the Great Lakes, through 
the Dakotas and finally to California, so did the 
brewer (34). Immigrants from Germany were nu­
merous during this period . The many brewers who 
were among these people brought their knowledge 
and skill to the areas, among others, of New York, 
Philadelphia, Cincinnati, Cleveland, Chicago, Mil­
waukee, D eh·oit, St. Louis , D enver, San Antonio, San 
Francisco-an industry was formed . Centers of tech­
nology were founded, including brewers schools and 
independent laboratories such as Wallerstein Lab­
oratories, the Siebel Institute, vVahl-Henius Institute, 
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and the United States Brewery Academy. The Mas­
ter Brewers Association of America held its first 
meeting in 1888. The science of brewing in America 
was dormant from 1917 through 1933 as the result 
of the "noble experiment"-prohibition . . But b eer 
came back and the dormancy was broken. The 
An,erican Society of Brewing Chemists was organ­
ized :in 1934; the Malting Barley Improvement Asso­
ciation. began its work 10 years later. In 1952, five 
indushy ,.groups participated in founding the Brewing 
Industries Research Institute to engage in cooperative 
scientific research for the general benefit of the in­
dustry . This work was carried on until 1969 when 
the Institute was dissolved (27). 

Brewing laboratories today, as well as in the past, 
have significC).ntly contributed to the world of science. 
'Is there need to remind you that, in addition to 
Pasteur, Lavoisier, Priestly, Scheele, Sorensen, Kjel­
dahl and Bi.ichner ·had direct contact with breweries 
or worked in brewing laboratories (3 )? Brewing 
science and research is being conducted in a very 
formidable .manner by industrial laboratories and 
institutes in the United Kingdom, Belgium, Germany, 
Ireland, Japan, .Mexico, Canada, France, and Spain 
and is reported in their literature (22) . Breweries in 
the United States and their_supporting industries con­
stantly contribute to the grovvth of brewing tech-
nology and conh·ol. · 

SIGNIFICA NT AREAS OF Q uALITY · CoNTROL 

Let us define beer. It is the resultant liquid from 
a fermentation , by yeast, of a boiled and cooled solu­

tion containing the sugars from · ma:lted barley plus 

cereal adjuncts, flavored with hops. Q.uality control 

of brewing necessarily begins with knowledge and 

'specifications of its primary ingredient. 
Malting barley has been the subject of industry 

research for many years. Farmers wanted disease 
resistance, firm straw, plump kern :.-ls, and ~ high 
yield per acre. Maltsters and brewers sought good 
germination, thin, firm husk, modifiable endosperm, 
sufficient diastatic power. controlled protein con­
tent, and a high yield of fermentable extract. Through 
the efforts of the i\iialting Barley Improvement Asso­
ciation, the USDA, and midwes tern and western uni­
versities continued progress in malting barley de­
velopment has occurred (10, 11 , 12, 13) . H annchen, 
Trail!, Larke1:~ Trophy, Dickson-these are names given 
to genetic yariations a~1d hybrids of barley used dur­
ing the past few years. A most recent and significant 
work of the Brewing Industry Research Foundation 
in Great Britain indicates that malt can b e pro­
duced without embryo growth in less than one-half 
the time taken for conventional malting (14). Quality 
parameters of brewer.s' malt are detailed in Table . 

In addition to these physical and chemical analyses, 
the brewer and the FDA is interested in insect and 
rodent infestation, insecticide residual, and myco­
toxins. Methods used for these determinations are 
found in publications of the American Association of 
Cereal Chemists and the Association of Official An-
alytical Chemists (15, 1.6). · , 

Several major changes in production methods af­
fecting b eer quality have occurred during this cen­
tury. The first of thes_e was "chillproofing." The 
colloidal protein in beer coagulates to form haze at 
low temperatures. In 1911. Leo vVallerstein patent­
ed a method to h·eat beer with the. proteolytic enzyme 
papain . (36). This treatment, now in universal use, 
gives b eer protection against chill haze. The enzyme 
preparation is added after the primary filtration and 

T ABLE 1. SUMMARY OF A NALYSIS OF MIDWESTERN T YPE MALTS' 

Phys ica l cha.racterist ics Chemical analysis 
----------~--------------

Bushel weight, Lb. 
1000 Kernel weight, g, as l s 
1000 Kernel weight , g, dry ·rlasis 
Foreign seeds % 
Broken kernals % 
Growth: 0 - 1/ 4 % 

114 - 1/ 2 % 
1/ 2 - 3/ 4 % 
3/ 4 - 1 % 
Overgrown % 

Mealiness : Mealy % 
H alf Mealy % 
Glassy % 

Assortment : On 7 / 64 Screen % 
On 6/ 64 Screen % 
On 5/ 64 Screen % 
Thru % 

Average 
41 
30.5 
29.2 

0.2 
0.3 
1 
2 
6 

90 
1 

97 
3 
0 

26. 1 
51.9 
20.5 

1.5 

Moisture % 
E xtract , fin e grind, as is % 
E xtract, fine grind, dry basis % 
Extract, coarse grind, as b- % 
Extract, coarse grind, dry basis % 
F-C difference % 
Color, lab. wort, 0 SlUvl 
Diastatic power, degrees 
Total protein, as is % 
Total protein , dry basis ~.; 
Soluble protein, as is % 
Soluble protein, dry basis 
SIT Ratio 

'Reprinted, with permission, Brewers D·igest, Vol. 47, No . 4, p. 76. 

Average 
4.4 

74 .9 
78.3 
73.1 
76 .5 

l.tj 

1.46 
132 

11.95 
12.5 

4.83 
5.05 

40.4 

< .. 
I 

tfl' 

• ! 
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is allovved storage time to react. The beer is then 
polish-filtered before packaging. Haze formation 
can also result from the combination of b eer colloids 
with trace metals , tannins, polyphenols, and poly­
peptides. 

The interest in haze formation led to the study of 
beer oxidation. Volumes could be compiled with 
the literature concerning the causes, tmalyses, and 
preventive measures of oxidation. Air is injected into 
wort to provide oxygen for yeast reproduction. Any 
air absorbed during storage, filtration, or packaging 
has a detrimental effect on the beer. Until 1968, the 
analytical method was a measurement of the volume 
of air mixed with carbon dioxide that could be shaken 
out of a beer sample (16). It is now possible to mea­
sure dissolved oxygen in beer using a portable or 
in-line analyzer (23). 

Beer filtration is an interesting and important 
quality area. During fermentation, the beer is very 
turbid. It contains millions of yeast cells per milli­
liter, protein precipitates referred to as trub, hop 
resins, and carbohydrate gums. Following fermen­
tation and yeast separation, the natural sedimentation 
aids in clarification of the beer. But, to produce a 
brilliant, clear product, filh·ation is required. Use 
of diatomaceous earth has just about replaced the 
pulp filter (11, 30). Quality considerations during 
this processing are carbon dioxide retention, air or 
dissolved oxygen content, h1rbidity levels, and sani­
tation. 

Pasteur focused attention on the microbiological 
causes of beer spoilage. It was not until 1950 that 
a practical method for yeast suppression in bacterio­
logical plate culh1res of beer samples was discover­
ed (17). The antibiotic cyclohexamide ("Actidione", 
The Upjohn Co.) is added to the agar plating me­
clium to supress yeast colony development while bac­
terial growth is not affected. The microscope al­
ways had been the basic tool for bacteriological 
examination of yeast slurry and _ other non-filtered 
beer samples, but the use of "Actidione" immediately 
increased the sensitivity of control. Plating tech­
niques were d ::veloped to give results with repeat­
able accuracy. ·washing with ammonium persulfate­
phosphoric acid was often used to purify yeast slurry 
on a regular basis because of the lack of sensitivity 
and accuracy of the · microscopic estimation of con­
taminant levels (5). It is now possible to specify 
bacteriological conh·ol limits for all operations from 
wort processing to packaging. 

. Change has also taken place in beer packaging. 
Bottles and cans have replaced kegs as the major 
containers for beer. The returnable bottle has given 
way to the twist-off non-returnable and the "tin" can 
is now made of tin-free steel with a pop open, alum­
inum end. The all aluminum can has found its way 

TADLE 2. SuMMAHY OF ANALYSIS OF AMEHICAN BErns' 

Apparent ex tract, % 
Heal extract, % 
Original extract, 0 Plato 
Degree of attenuation, % 
Alcohol by weight, % 
Heducing sugars (Maltose), % 
Acidity (Lactic add) , % 
pH 
Protein ( N X 6.25) , % 
Cclor oSRM 
Bitterness units 
Air content, ml 
Gas volumes (Air correcte~l) 

1951 1971 

2.89 
4.56 

11.50 
60.3 

3.55 
1.18 
0.14 
4.25 
0.33 
3.0 

2.3 
2.57 

2.51 
4.16 

11.17 
62.8 

3.61 
1.08 
0.13 
4.22 
0.33 
2.8 

15.82 

1.4 
2.67 

'Reprinted, with permfssion, Brewers Digest, Vol. 26, No . 10, 
p . Tl40, Vol. 46, No. 11, p. 84. 
2Average, 1964, 18.8, B1·ewe·rs Digest, Vol. 39, No. 8, p . 65. 

to the market and research is underway to use con­
tainers other than metal. The quality of incoming 
materials has received emphasis. Packaging ma-, 
chinery has been improved resulting .. in high-speed 
operation and very low oxygen additiO!,J. 

THE TREND TO LIGHTER BEER 

The indush·y trend during the past 20 years · has 
been toward the production of a light beer; see Table 
2. The definition for "light" is less satiating, less 
color, and mild flavor. Although individuals have 
their O\:vn definitions for flavor, we must agree that 
beer is no longer a robust, hearty, strong-flavored 
beverage. Most American beer is now refreshing 
and pleasant tasting. To achieve this change, brewers 
have gradually reduced the specific gravity of the 
wort using new varieties of malting barley and by 
varying the malt/adjunct ratio. Hop flavor has also 
been reduced . The traditional method of hops utili­
zation was the addition of dried hop flowers or cones 
to the boiling wort in the kettle. Hop exh·acts are 
now in common use. Although patents for hop ex­
traction have been recorded since 1869, the general 
use of extract did not begin until 1964. Consumption 
of commercial hop extract has risen from 1000 lb~ in 
1963 to over 3,000,000 lb. in 1970 (15). The control 
of hop addition and subsequent flavor effect was in 
the hands of the brewer. No standard laboratory 
technique for hop flavor analysis or bitterness vahw 
was available until 1964 when after nine years of 
work, the European Brewing Congress and the Ameri­
can Society of Brewing Chemists, in joint action, 
published a method for this measurement (4) . Among 
the advantages listed for the use of hop exh·acts 
are the significant reduction in storage space · re­
quired, the stability of hop quality in exh·act form, 
and the ease of maintaining a standard of bitterness 
in beer (14). 
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As a direct result of the change to a lighter, milder 
brew, the quality of flavor has been a paramount ob­
jective. The darker, strong flavored beers of the 
past tended to mask nuances of flavor caused by 
wooden vessels, oxidation, process variations, etc. 
This masking eHect has now been removed and fla­
vors conh·ibuted by very low levels of alcohols , alde­
hydes, ketones, mercaptans, phenols , fusel oils, etc . 
are discernible to the taste. Brewing and flavor 
chemists, aided by modern laboratory techniques, 
have published generously on beer flavor and its 
control. A most comprehensive review of this vast 
subject has been compiled by Rosculet, listing over 
1500 references (32, 33). Some of the methods used 
to measure flavor characteristics include headspace 
sampling, direct injection, gas entrainment, liquid­
liquid exh·action, and liquid-solid extraction, all for 
subsequent gas chromatographic analysis (28). 

BEER STABILITY 

Of concern to the brewer and beer drinker is the 
stability of beer or shelf life. Stability can be classi­
fied into two main categories, chemical and bio­
logical. Chemical stability is achieved through the 
proper balance of colloidal systems and their reaction 
with trace elements (20 ). Biological stability is the 
result . of good process sanitation plus pasteurization 
of the packaged beer or the aseptic filling after either 
bulk pasteurization or micro-filtration . A high de­
gree of sanitation control is required to consistently 
package beer aseptically (24, 26). This sanitation 
control begins with wort processing and carries 
through fermentation, storage, prefilh·ation, and final 
filtration. Aseptic conditions are achieved as a re­
sult of the combined eHorts of the master brewers, 
engineers, brewery workers, and quality control tech­
nicians. The ultimate test is the bacteriological con­
dition of the product after processing. Certain lactic 
acid bacteria and species of wild yeast presen t a 
potential spoilage, situation vvhen their concentration 
is < 10 viable microorganisms in 12 oz. of packaged 
beer (6, 7, 18). 

The classical method for beer preservation has been 
the tunnel pasteurizer. Bottled or canned beer is 
conveyed through a series of heated water sprays 
that gradually increase the beer temperature to 60 C. 
This heat is maintained for several minutes and the 
temperature is reduced. After a study of thermal 
death times of spoilage organisms, the concept of 
pasteurization units was used (19). One pasteuriza­
tion unit represents exposure to 60 C for 1 min. 
Puring the past few years, along with the trend 
mward lighter beer, the number of . pasteurization 

. units used to preserve beer has been gradually re­
duced . The reason is two-fold. Sanitary conditions 
of processing and filling have been improved present-

ing fewer organisms to be past :: urizecl. Over-pas­
teurization has an unfavorable effect on flavor. vVith 
these reasons in mind, along with economical factors, 
bulk pasteurization or microfiltration are use~ by 
some brewers. 

SANITATION I N THE BREWERY 

Twenty years ago many brewnies used an open 
wort cooler of the Baudelot" typ e. Hot wort flowed 
over an arrangement of pipes that carried a circu­
lating refrigerant. The cooled wort collected in a 
trough below the pipes and was then pumped to the 
yeast starters, which in many instances were also 
open vessels. The potential for wort contamination 
wi th this sys tem was verv high . Another factor that 
influenced this potential was manual cleaning of 
·.vor t process equipment. Modern breweries are now 
equipped with closed coolers and closed yeast start­
ers. Carefully designed clean-in-place ( CIP) systems, 
remove residue and sanitize the equipment with im­
proved quality and efficiency. VVort contamination 
is almost a thing of the past. The use of wood for 
fermenting or storage tanks has disappeared along 
with inherent problems. Another term, now common 
to design engineers and operating personnel, is sani­
tary valves, many of which are a part of automated 
transfer systems. Beer meters, used to tally tax 
totals, were piston operated and difficult to sanitize. 
New models are electronic sensing devices that mea­
sure volume flow through a beer transfer line with 
no sanitation problem. Another tradition in process­
ing, the rubber beer hose, is gradually being replaced 
by stationary, stainless steel transfer lines . The 
quality of beer process sanitation has improvE d to 
the point that, in many instances, 100-ml samples for 
bacteriological examination have replaced 1-ml samp­
les. 

An advan tage for brewers in the area of micro­
biology is the limiting nature of the product. Few 
organisms other than yeast, and lactic acid and 
acetic acid bacteria can survive in beer . No patho­
genic bacteria are able to use beer as a growth me­
clium (19). The low pH, absence of oxygen, presence 
of hops, alcohol, and high carbon dioxide tension 
combine to create this unfavorable condition for dis­
ease bacteria . The organisms usually associated with 
beer spoilage are facultative anaerobic lactic acid 
bacteria that produce haze and diacetyl. Wild yeast 
that ferment dextrins and other polysaccharides are 
also able to cause spoilage in unpasteurized b eer. 
Acetobacter will spoil beer if the oxygen content is 
unusually high. 

The most significant microorganism of concern to 
brewers and to the quality of the beer is the culture 
yeast. Brief mention has been made as to the nature 
of beer and ale yeast. In ei ther instance, the culture 
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yeas t is the heart of the fermentation. It must be 

propagat ~ d under sterile conditions and kept sani­

tary through its generations of use by rigorous at­

tention to the cleaning and handling of process equip­

ment. A diseased yeast culture vvould have cat­

astrophic effects on the quality of beer. Most brew­

eries have some form of pure culture propagation 

equipment to insure a regular supply of high quality 

yeast. The number of generations that a yeas t is 

used depends upon the overall sanitation program in 

the yeast handling and fermenting areas, the physio­

logical condition of the yeast cells , and the exper­

ienced judgement of the master brewer. 

Since the time of Pasteur, brewers have practiced 

sanitation with all the tools and material available. 

As knowledge of bacteriology, chemish·y, and sani­

tary engineering increased, so did the efficiency of 

the cleaning methods. Certainly the rudiments of 

good manufacturing practice had been in effect. 

Many directives contained in the Federal legislation 

that became effective in 1969 have been standard 

operating procedure for some time in breweries. 

Pest control has been given serious attention for 

many years. A large midwest grain processor has 

played a significant role in the application of the 

Good l\tianufacturing Practices ( C iVIPs) to brewery 

operations by providing seminars for managers and 
supervisors (2). This training has led to self-com­

pliance programs in an effort to cooperate with the 

FDA. Continu : d progress is still th e watch word in 

sanitation of beer processing. 

We can conclude from this brief review of brew­

ing quality control, its history and progress, that the 

ancient art of brewing is now a dynamic, well or­

ganized combination .of science ,md experienc:- . 

Change, for the sake of improved methods, better 

quality, and profit oriented efficien cy is a basic part 

of the brewing industry. Technology is shared 

through the workings and publications of the Master 

Brewers Association of America ( 1viBAA), the Ameri­

can Society of Brewing Chemists ( ASBC) , the iVIalt­

ing Barley Improvement Association ( MBIA ), the 

United Stat2s Brewers Association ( USBA) , and the 

European Brewing Congress ( EBC ). Research and 
application of new instrumental techniques will con ­

tinue to provide the brewers and their customers 

with a beverage of ever-increasing quality. 

REFEHENCES 

1. Anheuser-Busch, Inc. 1971. Beer its history. Anheusei·­

Busch, Inc., St. Louis, p . 24. 

i 2. Anonymous. 1971. Lauhoff's management seminar in 

good manufacturing practices . Brewers Diges t 46:2:58-62. 

3 . Birmingham , F. 1970. Falstaff's complete beer book, 

Award Tandem Bcoks, New York, London, p. 151. 
4. Bishop, L. H. 1964. 1vleasuremen t of bitterness in 

beer, J. lnst. Brewin g 70:489-497. 

5. Brenner, M. \1V. 1970. A practical brewers view of 

cl iacetyl. Master Brew. Ass. Am er. Tech. Quart. 7( 1 ) :43-49 . 

6. Brumstecl , D. D ., and P. R. Glenister. 1962. The 

viability of minimal populations of a wild yeast in beer : 

Possible implications for bulk pasteuriza tion. Am er. Soc. Brew. 

Chem. Annu. Proc., p . 72-76 . 
7. Brumstecl, D. D., and P. R. Glenister. 1963. The vi­

abJity of minimal populations of a Lactobacillus species in 

beer in relation to biological control limits for bulk pasteuriza­

tion. Am er. Soc. Brew. Chem. Annu. Proc., p. 12-15. 

8. Campbell, A. D., and .T. T. Funkhouser. 1966. Col­

laborative study on the analysis of aflatoxins in peanut butter, 

J. Ass. Offic. Anal. Chem. 19:730'-739. 

9. Cereal laboratory methods, 7th eel. 1962. 28:41-70, 

Am er. Ass. Cereal Chem. Inc., St. Paul, Minn. 
10. Crabb, D ., B. H . Kirsop, and G. H . Palmer. 1972. 

Production and brewing value of malt made without embryo 

growth. Amer. Soc. Brew. Chem. Annu. Proc. (In press) . 

11. DeClerk, J. 1957. A textbook of brewin g, volume l. 

Chapman and Hall, Ltd., London, p. 587. 
12. Foote, \~1 . H. 1965. Hannchen barl ey production 

in Oregon, its future. Master Brew, Ass. Am er. Tech . Quart. 

2 :230-232. 
13. Foster, A. E. 1967. Development of hybrid barley 

for the midwes t. Master Brew. Ass . Am er. Tech. Quart. 4: 

231-232. 
14. Friedrich, E. F. 1969. The use hop extracts in brew­

in g. Mast3r Brew. Tech . Quart. 6:175-178. 
15. Grant, H . L. 1970. Hop extracts: Past, presen t and 

predicted . Master Brew. Tech. Quart. 7:241-245. 
16. Gray, P. P. 1938. Air and carbon dioxid e in beer, 

Wallerstein Lab. Commun. 1:21-32. 
17. Green, S. R. , and P. P. Gray. 1950. A differential 

procedure applicable to bacteJiological inves tiga tion in brew­

ing. Amer. Soc. Brew. Chem. Annu. Proc., p. 19-32. 

18. Greenspan, R. R. 1966. The viability of minimal 

numbers of Sacchammyces d iastaticus in beer. Amer. Sec. 

Brew. Chem. Annu . Proc., p. 1C9-ll2. 
19. Haas, G. J. 1960. Microbial control methods in the 

brewery. p . 113-162. I n. '.V. vV. Umbreit (eel) Advances in 

applied microbiology, volume 2. Academic Press, New York 

and London. 
20. Heron, J. R. 1971. The non-biologi cal stability of 

beer, Brewers Digest 46( 6) :68. 
21. Herz, K. 0. 1964. Taebernaemontanus on sixteenth 

century beer. \Vall erstein Lab. Commu. 27 :93-94; 111-113. 

22. Herz, K. 0. 1967. The litera ture of brewing. Wal­

lerstein Lab. Commu. 30 :101-129. 

23 . Hunt, 'vV., 0. Espaclas. and S. L. Lee. 1968. The 

dissolved oxygen analyzer and its applications in improving 

beer quality. Master Brew. Ass. Amer. Tech . Quart., 5:167-

170. 

24. Jesukawicz, J. 1967. Process conditions affecting the 

eff iciency of millipore filt er systems, Master Brew. Ass. Am er. 

Tech. Quart. , 4:257-259 . 

25. Jorgensen, A. , Rewritten by Hanson, A. 1948. Micro­

organisms and fermentation, l5th eel. Chas. Griffin and Co., 

Ltd. , London, p . 550. 

26. Kay, S. 1965. Aseptic filling of beer. :to- faster Brew. 

Ass. Amer. Tech . Quart. 2·:218-220. 

27. McFarlane, 'vV. D. 1970. Inclustry-sponwrecl re-

search on brewing, Brew. Incl . Res. Inst. , Chicago, p . 92. 

28. Micketts, R. J., and R. C. Lindsay. 1972. Compar­

ison of gas chromatographic methods of analysis of beer 

flavors. Amer. Soc. Brew. Chem. Annu. Proc. (In press). 

29. Monkton , H. A. 1965. An historical survey of E nglish 



724 B ERGER 

ale and beer. Master Brew. Ass. Amer. Tech. Quart. 2:221-
229. 

30. Pomeranz, Y. 1971. Evaluation of mal ting barley : 
Research activities of the na tional barley and malt labora­
tory. Master Brew. Ass. Amer . Tech . Quar t. 8:191-195. 

31. Prechtl, C. 1956. Review of present-day cellaring prac­
tices in American brewin g. ' .Vallerstein Lab. Commu. 19: ll-
114. 

32. Rosculet, G. 1970. Aroma and fl avor of beer, part 
I ( Origin and charac teriza tion of volatile components of beer ). 
Brewers Digest 45( 4) :64. 

33. Rosculet, G. 1971. Aroma and flavor of beer, part IT 
( Origin and nature of less volatil e and ;Jon-volatile com­
ponents of beer ). Brewers Digest 46 ( 6) :68. 

34. Schaller, C. ' ;<,1, 1964. The production and improve­
ment of malting barley in Califo rnia. Master Brew. Ass. Ah1er. 
Tech . Quart. 1 (4) :226-227. 

35. Van Gheluwe, J. E. A., and M. Dacli c. 1970. Louis 
Pasteur, 100 Years of brewin g science. Brewers Digest 45(4): 
42-46. 

36. 'Wallerstein, L. 1956. Chillproofin g and stabiliza tion 
of beer. Wallerstein Lab. Commu. 19 :65; 95-105. 

INTERSTATE MILK SHIPMENTS GROUP 
HOLDS NATIONAL CONFERENCE IN MAY 

The recently reorganized National Conference on 
Interstate tvlilk Shipments will hold its 1973 meet­
ing in D es Moines, Iowa, May 20-24. D etails were 
announced by Conference Chairman John C. Schil­
ling, who is assistant health commissioner, St. Louis 
(Mo. ) H ealth Division. 

At the Des Moines meeting, attendees will con­
sider prop osals to improve sanitation and reciprocity 
agreements for the movement of fluid milk and milk 
products among states. The Conference, organized 
in 1950, holds this national meeting every two years. 

Attendance at the Conference sessions is open to 
any interested person. Individuals in government, 
private industry or otherwise interested in the work 
of the Conference are encouraged to submit proposed 
subjects for discussion at the Conference and to 
personally attend and participate. All inquiries and 
suggestions should be directed to the NCIMS Con­
ference Program Committee, Suite 1105, 910 17th 
Street, N.W., W ashington, D.C. 20006. 

In its recent reoi·ganization, the Conference dis­
continued the use of task forces to study various 
problems, and replaced them with three separate 
operating councils. The new councils are one on 
Laws and Regulations , chaired by Dudley Conner, 
Kentucky D ept. of H ealth, Frankfort; one on Re­
sponsibilities of Conference Participants, the chair­
man of which is Jay B. Boosinger, F lorida D ept. of 
Agriculture, Tallahassee; and one on Application of 
Conference Agreements, chaired by Milton Scherpf, 
H awthorn Mellody, Inc., Chicago. 

Conference chairman Schilling has contacted all 
participants in the most recent conference meeting, 
requesting they submit subjects for 1973 Confer­
ence discussion to the program committee. 

i\'~r . Schilling, a graduate of the University of Mis-

souri, has been with the St. Louis H ealth Division 
since 1946. H e served as chairman of the Sanitation 
Section of the Missouri Public Health Association 
and he is presently on the board of directors of the 
Missouri Mastitis Council. 

C OUNCIL R ESPONSIDILITIES 

The council on Laws and Regulations is concern­
ed with the various sanitation requirements , the con­
trol of milk supplies and other legitimate provisions 
that are part of the Conference Agreement. Chair­
man of this council is Dudley J. Connor, Director of 
the Grade A Milk Program in the Division of En­
vironmental S o r vice, Kentt:cky D ept. of H ealth, 
Frankfort. Connor previously served with the Ken­
tucky D ept. of H ealth as supervisor in the Milk Con­
trol Program and as a milk survey officer and in­
spector. 

The council on Responsibilities of Conference Par­
ticipants is concerned with matters which relate to 
all conference participants-federal, state, and local 
governmental associations, and educational and in­
dustry representatives. Chairman of this council is 
Jay B. Boosinger, assistant director of dairy industry, 
Florida D ept. of Agriculture and Consumer Service, 
Tallahassee. H e previously served as a dairy spec­
ialist with the D ept., and prior to that was a graduate 
assis tant in the dairy science department of the Uni­
versity of Florida . 

The council on Application of Conference Agree­
ments deals with problems of reciprocity and with 
other conference agreements . Chairman Milton 
Scherpf is vice president, quality assurance for H aw­
thorn Mellody, Chicago. Previously he served as 
assistant vice president, manufacturing, and director 
of technical services of his company. 
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MODEL OF SLUG FLOW HOLDER FOR 
COMMERCIAL EGG PASTEURIZATION 

VERN F. K AUFMAN 

'Vestem Regional Research Laboratory, Agricu.ltuml 
Research Service, 

U.S. Department C' f Agriculture, Berkeley, Califom·ia 94710 

( Heceived for publication July 19, 1972) 

ABSTRACT 

Problems caused by types of flow in holding tubes of 
com mercial egg pasteurizers are discussed . A model of a 
slug flow holder which may eliminate or greatly reduce these 
problems has been built and tested in th e laboratory. It is 
operated by product flow and maintains a front to each slug 
from which there is no forward mixing of product with the 
preceding slug. It works equally well with water or a car­
boxymethyl-cellulose solution with the same viscosity as salt 
yolk. 

Commercial pasteurization of egg products is ac­
complished by heating and holding for specified times 
and temperatures (1). In continuous operations, after 
the product is raised to the desired temperature, the 
required holding time is attained as the product 
flows through a series of straight lengths of tubing 
connected by return b ends. This method of hold­
ing has various weaknesses including the following: 

(a) Non-uniform holding times occur in any flow 
stream. The flow for the various products may be 
hubulent, laminar, or partially laminar depending 
on the viscosity of the product, tube diameter, and 
mass flow rate (2). In laminar flow the fluid that 
flows in the center of the tubes has the highest 
velocity and will go through the holding tube in 
about one-half the tim e for the average. The fluid 
next to the wall has zero velocity. There is a con­
tinuing velocity change across the entire section of 
the tubing so there is a wide range of holding 
times being experienced by the fluid depending on 
the position in a laminar flow stream. The material 
held for a short time limits the effectiveness of 
pasteurization. The material held a long time may 
have been heat damaged so that the functional prop­
erties of the product are reduced. 

In one series of tes ts covering the various egg 
products the ratios of ininimum holding time to aver­
age holding time range from 57 to 81% (3). In some 
tests in commercial pasteurizers the corresponding 
figures ranged from 61 to 81% (2). 

(b) Buildup of product either as a foam or as a 
sol~d may occur in the holding tube. This decreases 
the effective holding volume and the efficiency of 
pasteurization . In one instance, a holding tube pro­
cessing salt yolk had so much foam in it that the 
ratio of minimum retention tim e to th e anticipated 

average holding time was < 40%. Formation of the 
foam could b e prevented by keeping a pressure of 
20 psi or more in the holding tube at all times so 
that gas dissolved in the produ<;t was not liberated. 
Maintenance of the pressure at all times is uncertain 
in the present two pump systems, as it depends on 
use of reliable pressure gages and proper attention 
from the pasteurizer operator. 

A buildup of a coagulated foam product has been 
observed in a holding tube processing whites. The 
material was 1/ 2 to 1 inch thick along the top of a 
3-inch diameter tube. 

(c) A non-uniform temperature distribution may 
exist in the holding tube. A difference of 4.8 F 
between the top and bottom at the exit of the hold­
ing tube ( 1.5 inch diameter ) has been rep orted for 
salt yolk ( 4) in an experimental unit. Some tests on 
a commercial unit with 2-inch tubing shovved over 1 o 

variation across the tube. 
(cl) After a diversion has been caused by a low 

temperature in the product leaving the holding tube 
there is no definite way to determin e when adequate 
pastemizhg conditions are again attained after 
the product temperature is raised to the correct value. 
It has been propos Ed and is now included in the 
lnsp8ction Serv ice Man:ual that the product in the 
pasteurizer be replaced with water before the temp­
erahJre is raised to the required level. 

(e) W hen a fluid in the pasteurizer is replaced by 
pumping another fluid, a mixing of the two occur. 
This mixing of fluids may occur at the start when 
water is replaced with product, at the end of pasteur­
izing op ~ rations when product is replaced with 
water, and during operations when products to be 
pasteurized are changed. Mixing of w a t e r and 
products can cause appreciable losses, especially 
at the end of operations. Commonly, pasteurizers 
will process salt yolk, which is a high viscosity pro­
duct, las t. At the end of the operation when water 
is pumped through the unit to displace the salt 
yolk, the water goes down the center of the flow 
channels leaving much of the salt yoke behind. It 
is possible that over one-half of the solids contain­
ed · in the· system at the time the water flow is start­
ed are mixed with water in increasing amounts as 



726 K AUFM AN 

pumping continues. 
The amount of product that is diluted with water 

and wasted to the seweT depends on how much water 
is acceptable in the final product. In a plant pro­
cessing 6000 lb./hr there is at least 350 lb. in the 
holding tube. Assuming laminar flow, one-half of 
this will have some water in it. For salt yolk worth 
50 cents per pound and a cut-off p oint such that 
one-fourth is lost, the value lost is over $40 each 
time salt yolk is processed. For many plants there 
is also a disposal problem and associated costs for 
solids that get into the plant sewer system. 

The advantages that might be gain -::d in both 
laboratory and commercial operations by eliminating 
the poor flow characteristics in tubing has been real­
ized for several years, but no method of continuous 
operation that avoided these flow problems vvas de­
veloped until recently. A two-phase slug flow unit 
and its use on milk products in the laboratory has 
been described (5). Similar use of this type of unit 
on egg products has also been succ: ssful (6). A hold­
ing tube based on the principle of a parastaltic pump 
but with multiple tubing loops and rollers was built 
and tested. It did not offer significant advantages 
over the two-phase type of holding tube and the 
parastaltic action was not extended to the heat 
exchangers that were needed to heat and cool the 
product. 

D ESlGN O F SLue FLow HoLDEn 

Neither of the above designs can be scaled up for com­
mercial ope:·ations. The m1it described in this paper is in­
tended for tha t use. The particular design is one of several 
that were considered fo r gettin g slug flow with a holding ca­
pacity suitable for commercial egg pas teurizers. It was chosen 
over other designs for one or both of th e foll owing reasons: 
(a) it minimizes external piping, and (b) its actions automatical­
ly match th e flow rates in th e pa;i:eurizer. .tvfost of th e de­
signs required a drive system th at had to be adjusted for the 
flow rates. 

Figure 1 shows the design. The unit is driven by the 
flow of product, and consists of four parts : a valve system, 
a drive, and t wo holders. 

The valve system has two 3-way valves, an actuator, and a 
switch. The d rive is a cylinder and piston with an 0-ring 
seal. The two holders are identical and consist of a cylinder 
with multiple separators and pistons. The separators are 
fixed in position, thus dividing the h olding cylinders into 
sections. As shown in th e drawing, the product h eld in the 
unit may be considered to be separated into seven slugs, one 
in each of th e sections and one in the drive cylinder. The 
product may be divided into a greater or lesser number of 
slugs by changing the number of separators and pistons con­
ta ined in the holders. The holding capacity can be ch anged 
by changin g th e lengths of the holders and the diameter of 
the unit. 

A continuous drive rod runs the length of the unit. The 
pistons in the holders and in the drive are fastened to this 
rod so that all the pistons in th e holders move with the drive 
piston. Adjustable stops on th e drive rod actuate the arm 
of tli e val ve switch. 0 -Ring sea ls for the drive rod m·e 

provided in the two end plates and two center plates. !either 
th e separators nor the pistons in th e holders are sealed to the 
walls of the holding cylinders, the pistons having enough clear­
ance to move freely. E ach separator ~nd piston has an open 
hole that permits product flew. 1 

In operation the product flow stream enters between th e 
two 3-way valves. As shovm in the top drawing of F ig. 1, 
th e right valve is closed to the incoming stream, the left valve 
is open, and the flow goes through th e latter into the drive 
cylinder. The drive piston is forced to the right and all the 
pistons in the holders move to the· right at the same speed 
as the drive piston. All of th e liquid to the right of the drive 
piston in the drive cylinder and in the right holder moves to 
th e light at the same speed as the pistons. The slug of prod­
uct to the right of the drive piston is forced through the right 
valve into the space created behind the first piston as it moves 
to th e right. The slug of product to th e right of the first piston 
is forced through the hole in th e first separator into the space 
behind th e second piston as it moves to the right. Similar 
action occurs with the slug of product in th e second section. 
The product in the third section is forced out of the rmit. 
There is no flow past th e pistons in th e right holder on this 
h alf of th e stroke. 

In the left holder th ere is no flow of slugs from one sec­
tion to another because the left valve blocks flow from com­
ing into that holder. The pistons in that h older move to the 
right forcing the product to go through the holes in the pistons. 

As th e pistons arrive at the right end of the stroke, the stop 
on th e drive rod trips the valve switch, sending a signal to 
th e valve actuator. The valves are moved to th e right as 
shown in the lower drawing, closing the left valve and open­
ing the right valve for flow of incoming product. This flow 
forces the drive piston to the left . The actions in the n vo 
holders are now interchan ged, with produ~t flowin g out the 
left holder and the produc~ in the right holder remaining in 
each section. As the pistons arrive at the left end of the 
stroke a stop on the drive rod trips th e valve switch and 
the valves are return ed to the original p osition for starting 
the next sh·oke. 

The speed of th e unjt is con trolled entirely b y the volume 
of product flowing into the unit. The pressure drop in the 
product stream required to operate the unit depends on the 
fl ow resistance in the valving and in th e holes in the pistons, 
separators, and end plates, and on the friction of the 0 -ring 
seals on the drive piston and drive rod. 
Theoretical t im-ing 

Regulations are usually based on an average h old time of 
not less than 3.5 min . If th e unit as shown in Fig. 1 is 
operated at one complete stroke per minute and th ere is no 
mixing between slugs, th e th eoretical time pattern is given 
in Table 1. The average hold time is 3 .5 min , with none of 
the slug leaving th e holder before 3.0 min and all of it out 
in 4.0 min. This gives a ratio of minimum holding time to 
average holding tim e of 86%. In actual practice there will be 
hold-up of product in the valves and piping and in the clear­
ance between the pistons and separators at each end of a 
stroke. If there is no fo rward mixing from a slug the 
minimum hold tim e will still be 3 min but the average hold­
ing time will be increased slightly. The hold-up does cause 
a bacl-.. ward mixing from a slug. The maximum holding t im e 
becomes unknown but the quantity held more than th e theo­
retical value of 4 min may be quite small. 

ExPERJMENTAL UNlT 

A laboratory model has been built and connected to a small , 
1750 rpm , centrifugal pump and two 5-gal suppl y tanks for 
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tes ting (Fig. 2) . Specifications are given in Table 2. In this tes t 
model the left holder h as been omitted. The flow from the 
left side of th e drive piston tl1at wou ld go to this holder is 
run direc tl y back to the suppl y tanks after going through 
the left va lve. The drive cylinder and h olding cylli1der are 
made from 6-inch o.d. transparent acrylic resin tubing. The 
pistons and separators are cut from 1/ 2-inch aluminum plate. 
The sea l for the drive piston required the use of a 5/ 16-inch 
holl ow 0-ring, as th e acrylic tubing did not have a uniform 
diam eter. The clearance between the separators and the walls 
of th e holding cylinder is such that the cylinder will just slide 
over the separators and is not tight to the passage of air 
bubbles or liquids. The pistons clear the walls of the holding 
cylinder adequately to prevent significant rubbing at any 
point. The separators are held in position by two 1/4-inch 
diam eter internal ti e rods that rest tightly in sockets in the 
end plate and center plate. The pistons sl ide along the tie 
rods in loose-fitting holes . Each separator and piston in the 
holder has a 1/2-inch d iameter hole for product flow. ' •Vh en 
th e unit was bui l• it was anticipated th at valves might be 
needed in these hol es to prevent backward flow, but tests 
have not shown any need. Product movement throughout the 
unit is controlled by th e two 3-way valves. 

The v~i ves are piston type in a 3/ 4-inch diam eter copper 
tube. This design, whi le giving satisfactory valve act ion, im­
parts a small surge in the flow stream each tim e valve position 
is changed. It is believed this surge would be reduced or 
eliminated by use of a spherical seatin g design like that 
fo und in some air operated sanitary valves and shown in F ig. 
1. The valves are actuated by two 15-lb. single-action sole­
noids rec~i ving current from a microswitch that is t ripped 
by th e stops on th e driv0 rod . 

L ABOHATORY T ESTS 

The first tests were done with the unit in a ver­
tical position with the holder above the drive so 
that the flow was upward through the unit. This 
p osition permits air and foam to move upward and 
out of the unit readily. It was quickly concluded 
that flow in a holder cannot be downward as large 

; air bubbles do not stay with the liquid in a vertically 
mounted holder. Regardless of the movement of the 
pistons, they quickly go tiu·ough the flow holes and 
wall clearances of the separators and pistons to the 
top of the holder. 

' Vhen it is desirable to operate a complete unit 
of this design in a vertical position, ti1e second hold­
er will have to be mounted separately with ti1e flow 
also upward. The drive rod in this holder can b e 
operated by a rocker arm or other mechanical link­
age from ti1e main drive rod so that the movements 
of the two drive rods · are in opposite directions. It 
is also possible to design a unit that handles ti1e 
flow from both sides of the drive cylinder witi1 a 
single holding cylinder and external piping that is the 
equivalent of the design shown in Fig. l. It should 
operate satisfactorily in a vertical position . 

The unit was also operated in an upward in­
clined position ( 3/4-inch per foot ) and in a hori­
zon tal position. After some minor changes ti1e 
unit performed essentially the same in the three posi-

Figure 1. Design for slug flow holder. 

F igure 2. Laboratory model of slug flow holder with 
pump and supply tanks below. On the left there is clear 
water in th e drive cylinder and between th e center plate 
and the first piston in the holding cylinder. A slug of color­
ed CMC solution extends from the first piston to the second 
piston wi th th e first separator showing between the two 
pistons. From the second piston past the second separator 
and third piston is clear water. 

tions except: (a) Large air bubbles were slower to 
clear when the unit was in the horizontal position. 
Most of the air moved with the liquid slug with 
which it entered but some was slower in getting 
through the holder. (b) ·when the unit is vertical 
and a liquid is followed by a lower density liquid 
there is some tm dency for the latter to float upward 
in the heavier liquid, thus getting ahead of the slug 
in which it entered . 

Most of the tes ts were conducted with either 
water or a carboxymethyl-cellulose ( C .tviC ) solution 
having a viscosity of about 200 centipoises a t room 
temperature. This viscosity is within the range for 
salt yolk at its pasteurizing temperature. In one of 
the supply tanks a reel dye was added so that slugs 
of colored fluid could be alternated witi1 clear slugs. 
Flow within the unit could be closely followed by 
observing ilie amount of mixing between the clear 
and colored solutions and movement of fine air 
bubbles in the CMC solutions. 
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T A BLE 1. THEOHE'l"I CAL T li\ II NG FOil i\10\" Ei\!ENT OF SLUG IN 

SLUG FLOW I-IOLDEH 

Minutes fo r : 

Longest he ld Shortest held 

End of 
fillin g dri ve cylinder 
moving fr~m drive cylinder 

to ls t section 
no flow in 1st section 
moving from 1st section 

to 2nd section 
no fl ow in 2nd section 
moving from 2nd section 

to 3rd section 
no flow in 3rd ~·cction 

Start of fl ow from 3rd section 
End of fl ow from 3rd section 

materia l materi al 

.5 

1.0 
1.5 

2.0 
2.5 

3.0 
3.5 
3.5 
4.0 

0 

.5 
1.0 

1.5 
2.0 

2.5 
3.0 
3.0 

TABLE 2. S PECIFICATIONS FOR LABORATORY :liiODEL 

Inside diameter of holdin g cylincler 
and drive cylinder 

Length of stroke 
Volume per slug in holder 
Total volume including drive cylind­

er and the 2nd holder 
Penn issible flow rates for 3.5 min 

average h olding tim e and density 
of 8.3 lb./gal 

5 .5 
10.5 
1.07 

7.5 

1066 

inches 
inch es 
gallon 

ga llons 

lb . .'h r 

Pressures to operate the unit ranged from 3 to 
9 psi with momentary surges as high as 15 psi when 
the valves changed position. The required pres­
sures other than from the surge seemed to be pri­
marily for overcoming the fri ction of the 0-ring 
seal on the drive piston and the 3 0-ring seals on 
the drive rod. There were no significant increas­
es in pressure when using the viscous CMC solu­
tion. This would indicate that the flow resistances 
within the unit aTe from orifice-like restrictions. 
Pressure drops tlu·ough orifices are not affected g,·eat­
ly by the viscosity 'of the fluid . 

In some of the early tests in vvhich dyed slugs 
were interposed b etween clear slugs, a small amoun t 
of the dyed fluid was advancing into the clear slug 
ahead as the fluid moved up the holder . The tie 
rods that hold the sep arators in p osition take up space 
in the holding cylinder and there are no tie rods in 
the drive cylinder. The drive piston moves a volume 
slightly greater than the space in a section of the 
holder so some liquid is forced to go to the pre­
ceding section. To eliminate tllis excess a bleeder 
valve was added so that the flow coming from the 
drive cylinder to the holder could b e reduced. The 
volume of the h vo tie rods in a section is ab out 1 
inch" or 17 ml. This volume could be compensated 
for hy having a drive cylinder abou t 0.01 inch smaller 

in diameter th an the holding cylinder. ·w hen the 
unit was being built, it was no t anticipated that its 
actions would be so precise that such small differ­
ences in volume would b e noticeable. Variation~ in 
the diameter of acrylic tube used to make the holding 
and drive cylinders are much greater than this. For 
future design it may be des irable to make the drive 
cylinder slightly undersize. 

The length of the piston .strokes is adjusted by 
moving the stops that trip the valve switch . It w as 
found feasible to end the strokes with clearances b e­
tween the separators and p is tons as small as 1/ 16 to 
1/8 inch. \iVith less clearance pressure surges and 
the p ossibility of jet flows causing fluid to get into 
the slug ahead were increased . ·with these clear­
ances 98% of the volume of a 10.5-inches stroke is 
being used. ·within this clearance space there is good 
turbulence at the end of each stroke that moves out 
much of the residu al fluid from the previous stroke. 

The present unit was built to es tablish the slug , 
fl ow characteristics of the design. It has not been 
tested as part of an egg pasteurizing system. For 
such use it would be necessary to modify the de­
sign so it would be able to withstand the pressures 
and so it could be cleaned with the usual caustic 
compounds. A stainless steel unit of sanitary de­
sign and of a capacity to match a commercial opera­
tion is the next step for furth er tests. 

REsuLTs AND CoNCLUSIONs 

Tests with clear and dyed slugs of water and 
CMC solutions indicate that this unit may be guite 
superior to tubing to provide holding time. The 
weaknesses previously cited for tube holders are 
greatly reduced. (a) There is no forward mixing at 
the front of a slug. In a p asteurization operation no 
part of the product could h ave a short h olding time. 
(b) There are no places where appreciable buildup 
of either foams or cooked materials can occur. (c) 
The temperature within a slug should be uniform 
because of the mixing that occurs as the slug moves 
through the valving going to and from the drive cyl­
inder and through the flow holes in the separators 
and pistons in the holders. (d) After a diversion has 
occurred and proper temperatures are again reach­
ed, the uniformity of product h·eahnent gives a 
basis for deciding the timing for rehun to forward 
flow. (e) i\llixing of products during chan ges and 
mixing of water with product when staTting and end­
in g operations would b e minimized . In the pres­
ent pasteurizing systems there is mixing throughout 
the entire flow system, but mos t of it is done in the 
long holding tubes . In the experimental slug flow 
holder slugs of wa ter and CMC were u sed in either 
order with no forward mixing and only slight b ack­
ward mixing. 
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1973 NATIONAL EXPOSITION FOR 
FOOD PROCESSORS 

San Francisco, Jan. 25-28 

The Food Processing Machinery and Supplies As­
sociation has published a floor plan and list of ex­
hibitors for the 1973 National Exposition for Food 
Processors ( NEFP) which indicates the Industry 
show will be the largest ever held in San Francisco. 
Traditionally, the west coast location attracts the 
greatest number of Food Processing Industry mem­
bers to the NEFP. It is the largest annual show in 
the Food Processing Industry. 

~~ According to FPM&SA, sp onsors of the Exposition, 
\1 the combined 124,000 square feet of space in Brooks 

Hall and in the Civic Auditorium is being used to 
accommodate the exhibitors' displays of equipment, 
machinery, supplies and services. Indush·y members 
attending the four-day E;-,'Position represent every 
segment of food processing, and account for more 
than 65 percent of the processed food production 
in the United States. In addition, many non-food 
manufacturers attend the show to see new containers, 

' 
·~ 

' • 

• materials handling machinery and other equipment 
and supplies which they use in their industries. All 

food processors, and food manufacturers using equip­
ment and services on display may attend the NEFP 
,;{ii·thout charge. 

The National Canners Association, which conducts 

its annual Canners Convention during the Exposi­
tion , is again participating with FPM&SA and is 

sponsoring a number of technical sess~ons during th e 
week. In addition, wo_rkshop session's on food pro-

duction, l)reparation, processing and. packaging are 

planned. 

Information on hotel acconunodations in San Fran­
ciscp have been mailed to the Indush·y by FPM&SA. ' . 
Reques ts for hotel reservations for the NEFP should 

be sent to FPM&SA. Complete details on the 1973 
NEFP are available from FPM&SA, 7758 Wisconsin 
Avenue, Washington, D . C. 20014. 
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INSTITUTE OF ENVIRONMENTAL SCIENCES 
19th ANNUAL TECHNICAL/ TUTORIAL 

MEETING AND EQUIPMENT EXPOSITION 
REALISM In Environmental Te~ting and Control 

The Institute of Environmental Sciences will hold 
its 19th Annua l Technical/Tutorial Meetin g and 
Equipment Exposition at Disneyland Hotel, Ana­
heim, California, April 1-5, 1973. The theme will 
be "REALISM in Environmental Testing and Con­
trol". The purpose of the meeting is to provide a 
forum for exchange between educational, industrial, 
and governmental activities and to impact the na­
tion's environmental programs with REALISM in 
relationship to goals, testing, measurement, and con­
trol of the environments. 

A great effort is b eing made by the government, 
universities, indush·ies, and general p opulation to 
understand the earth's enviromnent, to effectively 
allocate the resources it provides for generations to 
come. \~Tith each new understanding another com­
plexity and inter-relationship is identified requiring 
further understanding. In addition, furor over the 
condition of our natural environment has brought 
about new rules and the es tablislunent of new regu­
latory agencies intent upon providing a cleaner and 
more habitable place to work and play. 

It is time that these ideals be evaluated in light 
of how they may be accomplished. The solutions 
involve political, social, and economic ramifications 
as well as a practical application of all environmen­
tal sciences. Furthermore, these solutions involve 
the government, industry, academe, and the indi­
vidual citizen. All must work collectively to im­
p lement programs in a realistic manner. 

The Technical Sessions of the program will be 
chaired by Charl es Duncan, NASA Goddard, Phy­
sical Sciences Section; Dr. H enry ·wohlers, Consult­
ant, Ecological Sciences Section; Dr. R. R. Bouche, 
Endevco Corp, Government Standards and Practices 
Section; and Park \V. Espenschade, Manager, Edu­
cation and Training Division, the Tutorial Program. 

For further information write Institute of En­
vironmental Sciences, 940 East Northwest Highway, 
Mt. Prospect, Ill. 60056. 
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ABSTRACT 

Three official methods to measure cream samples for 
Stand7.rd Plate Counts ( SPC) were reviewed . A st:~tistical 

analysis was made of results from 135 analysts over a 2-year 
period. Results demonstrated that: (a) pipetting samples is 
the least precise method to prepare cream samples for the 
SPC, (b) when compared to th e SPC variance of 0.012, varia­
tion among analys ts is significant for th e procedure that 
weighs 11 g of cream, whi le the among-analys t variance is 
not sign ificant when the 1-g weighing procedure is employed , 
and (c) weighing 1 g of cream is the most precise method 
to prepare cream samples for SPC determinations. 

A program of splitting dairy product samples for 
examination by Standard Plate Count ( SPC ) and 
other methods has been conducted since 1957 by 
the Food and Drug Administration, Division of Micro­
biology, with analysts in State Department of Health 
and/or Agriculture central milk-grading laboratories 
participating in the Cooperative State-Public Health 
Service Program For Certification of Interstate 1vlilk 
Shippers. This program has resulted in development 
of methods to detect outliers and to judge perform­
ance of the individual analyst , based on the extent of 
variation of his results from the logarithmic mean. 

The 12th edition of Standard Methods for the Ex­
mnination of Dairy Products (1) (SMEDP ) recom­
mends three methods to measure the Standard Plate 
Count of cream products: (a) weigh 1 g, (b) weigh 
11 g, or (c) pipette 11 ml of cream into a 99-ml di­
lution blank at 20 to 25 C or 35 to 40 C. 

Before 1968, SPC results for cream samples were 
not subjected to statistical analysis because the 
samples could not be classified as "normal" milk 
samples (3, 4). For usage in split samples a "normal 
sample" is defined as any fluid milk or milk product 
(raw or pasteurized ) which has not been heated in 
the laboratory and to which nothing has been added 
in the laboratory other than raw milk or bacteria 
normally present in milk (added to produce a de­
sired range of counts). In 1968, 56 SPC results (5) 
from analysts for the tlu·ee "normal" cream samples 
examined were outside acceptable statistical limits 
(3, 4). Results (6) from analysts for the three "nor­
mal" cream samples examined in 1969 revealed 70 
SPC results outside accep table limits. A variance 
of 0.012 using log1o counts was the basis (2, 3) for de­
termining acceptable agreement of the SPC results 

among analysts exammmg the cream samples and 
the value of 0.005 (2) for the limit of variation among 
replicates. To determine whether the large number 
of analyst results being out of limits resulted from 
method of sample preparation before plating, a com­
parative analysis was performed on results of the 
three official procedures for preparation of cream 
samples for the years 1968 and 1969. 

MATEHJALS AND METHODS 

Sp li t cream samples were prepared as part of the annL1al 
FDA Proficiency Testin g Program as described in the Public 
Health Service Publication Evaluation of Milk LaboratoTies 
( 4). These samples were shipped to 128 and 143 state cen­
tral laboratory analysts in 1968 and 1969, respectively. The 
th ree cream split samples sh ipped for each year consisted of 
one sample in blind duplicate and a single sample. Analysts 
were instructed to measure th e SPC of the cream samples 
using one of the three recommended procedures (1) . 

All data submitted were statist ica lly analyzed to determine: 
(a) if the average recovery between duplicate samples differ­
eel signific..·.ntly when compared to the among-replicate var­
iance of 0.005, (b) if the variability among analysts for the 
three methods was significantly different, and (c) if the vari­
ability among analysts for the three methods differed sig­
nificantly when compared to the accepted variance of 0.012. 
All tests were performed at the a = 0.01 level. 

R ESULTS AND DrscussiOi'.'" 

The SPC results for the cream samples by method 
of preparation, in terms of geomeh·ic mean counts 
for each of the 2 years, are given in Table l. These 
results shovv that bacterial counts using 11-ml mea­
surements with a pipette were lower on 5 of the 6 
samples than the counts with either of the weigh­
ing methods. one of the tests (Table 1 ) for dif­
ferences among duplicates compared to the variance 
0.005 was observed to be significant. 

The pooled among analyst sample variance of the 
three recommended procedures for 1968 and 1969 
was 0.042. This is more than three times the ac­
cepted variance for the SPC of milk, which is 0.012. 
If data for pipetted samples are deleted, the total 
pooled variance for the 2 years recomputed is 0.029, 
which is considerably less than the tlu·ee-procedure 
variance of 0.042 but still more than twice the ac­
cepted variance of 0.012 for the SPC of milk. 

The six pooled variances (Table 2) were examined 

' •• I 
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T AJJLE 1 GEOMETHlC MEAN COUNTS PER GRAl\•I (OR MILLILITER) OUSElWED FOH CHEAl\1 I N TWO SPLIT SAMPLE STUDIES 

Sample no. I Test between 
mea ns of duplh::atesc I 

Du plica tes t = (X 1- X 2 ) 

Y ear and meth od I 2 3 v 2~005) 
11 

1968 
( 14) " ( 14) ( 14 ) 

11-ml pipette 59,000 57,000 58,000 0.56" 
(85) (85) (85) 

11-g weigh 110,000 110,000 72,000 0.00 
(29) (29) (29) 

1-g weigh 94,000 91,000 87,000 0.76 
1969 

( 18 ) ( 18) (18) 1.68 
11-ml pipette 230,000 210,000 46,000 

(95) (95) (96 ) 
11-g weigh 270,000 270,000 43,000 0.00 

(29) (29) (29) 
1-g weigh 250,000 240,000 43,000 0.95 

''Number of observations for th e mean. 
" 1one of the six tests exceeded th e critical value at the a. = 0.01 level. 
'The value of 0.005 was used as the limit of variation among replicates of the same sample. 

TABLE 2 AMONG A t ALYST VARIANCE FOH THE l\ IEASUHEMENT PROCEDUHES 

Y ea r and method 
1968 

11-ml pipette 

11-g weigh 

1-g weigh 

1969 
11-ml pipette 

11-g weigh 

1-g weigh 

·'Degrees of freedom (v). 
''Significant at a. = 0.01 level. 

Sample no. 

Duplicates 

I 2 

( 13 )" ( 13) 
0.16640 0.18968 

(84 ) (84) 
0.07518 0.06424 

(28) (28) 
0.00414 0.00456 

( 17) ( 17 ) 
0.17174 0.14089 

(94) (95) 
0.02431 0.02576 

(28) (28) 
0.00919 0.00891 

using Bartlett's Test for homogeneity of variance. 
A x5 = 276.53 was computed and is significant at the 
a = 0.01 level. The six pooled variances representing 
the three methods over the 2 years were then com­
pared to 0.012. The F Tests are shown in Table 2 
and indicate that only the variance among analysts 
using the 1-g weighing procedure did not differ sig­
nificantly from the standard. 

The pooled method variances (Table 2 ) during the 
2-year study demonstrate: (a) that pi petting samples 
is the least precise method of preparing cream samp­
les <for the SPC, (b) the variation among analysts is 
significant for the procedure that weighs 11 g of 
cream compared to the standard of 0.012, while the 
among-analyst variation is not significant for the 1 g 
weighing procedure, and (c) weighing of 1 g of cream 

F 
~ = S2 i 

szi v 
---

Pooled 0.012 3 \"ari ances 

( 13 ) (39) 
0.17634 0.17747 14.79" 

(84) (252) 
0.01962 0.05301 4.42" 

(28) (84) 
0.03988 0.01619 1.35 

( 17 ) (51 ) 
0.04483 0.11915 9.93" 

(95) (284) 
0.00992 0.01998 1.67" 

(28) (84) 
0.00684 0.00831 0.69 

is the most precise method. 
The sample SPC variance for all measurement pro­

cedures (Table 2) decreased in 1969 from 1968. De­
spite the decrease in variance of all methods, the 
pipetting procedure variance is still excessive, indi­
cating that the methods in which either 1-g or 11-g 
portions are weighed are preferable for obtaining the 
SPC of cream samples. 
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Dairy authorities speak out 
on better cow milking. 

DOES IMPROPER MILKING COST 
YOU $64 PER COW PER YEAR? The 
answer may well be Yes-and it may 
be twice that. Furthermore, most of 
this cost or reduced income comes 
entirely from the dairyman's profits. 
In contrast, good cow milking and a 
sound mastitis control program have 
a relatively small cost. 

There is no substitute for good 
cow milking. After the expense and 
effort of careful breeding and feeding, 
it just makes good sense to get all the 
milk the cow produces. Good cow 
milking includes proper pre-milk 
stimulation, establishing a favorable 
routine which makes milking a pleas­
ant experience for the cow and gets 
her full cooperation . Treat each quar­
ter as an individual and guard against 
over-milking. Besides the benefit of 
increased production, good cow 
milking is also the best defense 
against the dairyman's worst enemy, 
mastitis. 

A sound mastitis detection and 
control program makes you money in 
many ways. It can save on total treat­
ment costs, lets you sell all your milk, 
helps increase production per cow, 
produces a higher quality product, 
and extends the milking life of cows 
in the herd. The table illustrates the 
value of the 'Savings which would 
come by reducing the CMT score on 
bulk tank milk from 2 to trace. This 
would mean reducing the leukocyte 
count from over 2 million to less than 
500,000. Although most dairies are 
now consistently below 1 ,500,000 on 
their cell count some are sti ll pushing 
the limit and bounce into the 2 million 
cell range from time to time. On the 
other hand, our best dairies have bulk 
tank CMT scores of negative to trace 
and cell counts in the 300,000 to 
500,000 range . 

Better cow milking 
and your 
dairy income 
Donald E. Jasper, DVM, University of California, Davis 

The average dairy may have tank 
mi lk CMT scores of 1 and ce ll counts 
of about 900,000. If such dairies can 
change the CMT scores to trace and 
their cell counts to about 400,000 
their increased income may be about 
one half that shown in the table, or 
$40 to $70 per cow, depending upon 
per cow capability .and other factors . 

These figures on loss, or poten­
tial profits, sti ll do not include several 
important economic aspects of mas­
titis control. For example, labor costs 
are reduced and less culling permits 
a better opportunity to select replace­
ment heifers and permits more un­
needed heifers to be so ld . Cows are 
permitted to stay in the herd longer 
and to reach their greatest production 
potential, further increasing the herd 
average. Each owner can add such 
values to those li sted in the table. 

PROFITABLE DAIRYING MEANS 
DOING EVERYTHING RIGHT. It is li ke 
a relay race. If one runner drops the 
baton, the others can seldom run fast 
enough to win the race. It begins with 
understanding of the cow. Gentle 
treatment and ca lm surroundings 
permit successful completion of all 
the important steps of good milking. 

Begin with observation of milk­
ing procedures and a thorough check 

of the milking system. Sometimes 
substantial changes are necessary to 
bring older installations up to modern 
standards. All milking equipment 
needs regular maintenance and every 
dairyman should arrange for a com­
petent person to regularly check his 
equipment and to make repairs 
promptly. Preventive maintenance is 
inexpensive insurance to protect the 
dairyman's investment and income. 

Mastitis contro l requires man­
agement and treatment of the infec­
tion problem . Lactation treatment, dry 
period treatment and dipping of teats 
after milking all play important roles 
in mastitis control. Optimum appl ica­
tion of these tools will vary depend­
ing upon herd conditions and the 
infections involved. It is here that the 
veterinarian competent in mastitis 
contro l is so valuable to the dairyman. 

QUALITY MILK. Many high bac­
terial counts are due to mastitis or­
ganisms and high leukocyte counts 
are a direct result of mastitis. Control 
is essential to good milk quality. It 
protects the dairyman's investment 
and can substantially enhance profit 
margins. Mastitis control is poss ible, 
and not particularly difficult. It starts 
with good cow milking and requires 
that everything is done right. 

DOLLARS RETURNED BY MASTITIS CONTROL 

Potential Dollars Received per Cow from Increased Income 

Production Increased Reduced Reduced Dollars Dollars 
pounds/year Production 1 TreatmenP ReplacemenP per cow per 100 COWS 

8,000 48 15 15 78 7,800 
10,000 60 15 17 92 9,200 
12,000 72 15 20 107 10,700 
14,000 84 15 22 121 12,100 
16,000 96 15 25 136 13,600 

18y reducmg the bulk tank GMT from 2 to trace. 
2By reducing treatments from 2 cases per week to 1 case per 2 months. 
JBy reducing replacement of low producing cows from 10 to 5 cows per year. 
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