
JUNE, 1967 

P. 171·202 



We took our dependable PR Pump ... 

extended the shafts to accommodate 
either of two new mechanical s Is ... 

so you could pump hot, tacky and viscous products! 
We call it the New T ri-Ciover PRE Pump 

It will do everything the PR will do, but more-because 
you can now select a PR Model and a metal or rubber 
impeller style to match the complexity of your pumping job. 

Model PRE (single sea l) is ideal for-Applications where a 
water flush is needed ; Products such as liquid sugar and 
corn syrup; or in any place where early leak discovery and 
isolation are important. 

Model PRED (Model PRE with a double seal) offers even 
more protection for many applications. They include those 
requiring a compatible solvent or water flush; those need­
ing a pressurized seal chamber; and applications with 
products that tend to stick or build-up between seal faces. 

Both the PRE and PRED models have a seal chamber which 

permits the use of solvents or water for seal lubrication. On 
double seal pumps, the chamber may be pressurized or 
non-pressurized, depending upon your application. A full 
range of sizes from 3 to 300 gpm are available in each model. 

For complete specifications, capacity 
curves and application data, WRITE 
FOR 32 PAGE CATALOG PR66. 

LADISH CO. 
Tri-Ciover Division, Kenosha, Wis. 
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Why is the 
ADVANCED MILl( CRYOSCOPE 

e the recogrtized leader in cryoscopy? 

Complete detail.s on the Ad­
vanced Milk Cryoscope .are 
presented in this brochure. 
Write todo.y for your copy. 

REVISED 
19'66 

EDITION 

Here are a few user reasons: 
1. First. in Sales. 

2. Most Official & University users. 

3. Easiest and most Accurate to operate. 

4. Only Advanced Milk Cryoscopes follow the 
AOAC & APHA Methods (details on request). 

5. First "Hot-Line" Customer service: 
• Collect telephone- user to factory expert 
• Largest stock of parts for same-day shipment 
• Only modular design for unplug-&-replace 

service 
• Largest team of local sales and service 

engineers 
• Most complete User's Guides 
• First and Most Regional Schools and Work· 

shops- continued . technician training and 
certification 

6. Publishers of Milk Cryoscopy News. 

7. Only Cryoscope continually improved for per­
formance- not just style. Always follows 
Uniform Universal Thermodynamics. 

r7ifL2__ JJDVJJNCED 
~ INSTRUMENTS,INC. 

For 15 other exclusive features, write or call 
collect today. 

43 Kenneth Street / 617 DEcatur 2-8200 
Newton Highlands, Massachusetts, 02161 

Procedure for 

The Investigation 
of 

F oodborne Disease 
Outbreaks 

Recommended by 

INTERNATIONAL ASSOCIATION OF MILK, FOOD AND 
ENVIRONMENTAL SANITARIANS, INC. 

COPIES OBTAINABLE FROM 

REVISED 
1966 

EDITION 

International Association of Milk, Food and Environmental Sanitarians, Inc. 
Box 437, Shelbyville, Indiana 

PTices: Single Copies, $1.00 each: 100 or more copies, 65 cents each. 
25-100 copies, 75 cents each. Please do not send stamps. 
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QUANTITATIVE MICROBIAL EXAMINATION OF 
SOME MILKS AND MEAT PRODUCTS DURING 

STORAGE BY A REPLICA PLATING TECHNIQUE' 
c. VANDERZANT AND G. D. PATEL 

Animal Sci.ence Depmtment, 
Texas A&i\1 Universitl}, College Station 

(R eceived for puhli c:-t tion January 23, 1967) 

SUlviMAHY 

A replica plating method is described for a quantitative an­
:-tlysis of the mi cwbial flora of certain milk and meat produ cts. 
Species of Pseudomonas, Achromobacter, Alcaligenes, Fla·vo­
bacteri:um or Cytoplwga were present at th e beginning of 
refrigerated storage. After holding for 10-20 clays, species of 
Pseudomonas type I and II predominated in the milk samples. 
The mi crobial flora of the stored meats included species of 
greater number of genera. 

In many foods, including milk and meat products, 
mixed microbial populations are the rule rather than 
the exception. The type( s) of microorganisms that 
will affect the quality of a food under refrigerated 
storage depends on (a) the initial population level of 
the various types, (b) the abili ty to grow under the 
conditions of storage, (c) their physical-biochemical 
activities and ( cl) possible microbial interactions both 
inhibitory <md stimulatory. A quantitative analysis 
of the microbial flora during the early part of the 
storage period coupled with some knowledge of the 
growth characteristics and biochemical activities of 
the various types present can be useful in predicting 
shelf life and possible spoilage pattern ( s) . \Vhen 
carried out at different stages of the storage period 

i such analysis can reveal marked changes that may 
have taken place in the distribution . of the various 
species. In many instances, levels and- type of initial 
population and ability to grow under the conditions 
of storage will be the determinative factors with 
respect to the level and types. of microbial population 
after storage. However, studies of this type may 
contribute, indirectly, information about microbial 
interactions in food. 

A quantitative microbial analysis of a food is usual­
ly accomplished by pl~ting aliguots on or in certain 
selective or differential media or by analysis of the 
flora from isolated colonies. This procedure is la-
borious and time consuming. In recent years, several 
inves tigators have used replica plating techniques to 
ex~mine large numbers of isolates. Corlett et al. (2, 
3) applied this technique to examine the microbial 

'Journal Paper No . 5728 of the Texa~ Agricultural Experiment 
Station, Coll ege Station. 

flora of normal and irradiated Dover sole and ground 
beef, and Stotzky (15) for a study of microbiological 
interactions in soil. In the present study a replica 
plating technique was used to determine (a) the level 
and types of the initial microbial .. population and (b) 
the rate of development of these types during refri­
gerated storage. Emphasis was placed on gram­
negative asporogenous bacteria in milk and meat 
products. 

ExPEIUMENTAL N[ ETHODS 

Samples . 

Five raw milks were obtained from dairy farms in Brazos 
County. Three pasteurized milks were purchased from local 
grocery stores . The two sampl es of m eat products (ground 
beef and pork sausage) were from the l\1!ea ts Laboratory of 
Texas A&M University. 

M icmh-iological exam inat·ion. 

A quantitative examination of th e microbial flora of the 
samples stored for 10 to 20 days at 5 C was made at 5-day 
intervals. The total viable count was determined by a sur­
face p lating techniqu e (9) on plate count agar (1) with plate 
incubation for 3 days at 25 C. The colonies from cow1table 
p lates ( 30-300) were transferred with sterile glass rods ( length 
6 em, diameter 1 mm) to master plates with p late count agar 
( PCA). The bottom of each plate was marked with a grid 
of 20 individual posi tions. Following incubation of the m as­
ter plates, the colonies were placed on various test m edia by 
a replica plating technique (7). For this purpose a piece of 
velvet was 'tightly wrapped over th e bottom of a replica plate 
jar ( Houston Glass Fabricating Co.) and fastened with water­
proof tape. The jars were wrapped in paper bags and auto­
claved. Heplica plates were prepared on (a) Pseudomonas 

agar F, (b) Olson's medium (8), staph ylococcus medium 110 
( 4), SS agar, violet red bile agar, PCA with 10% skimmilk, 
PCA with 0.4% gelatin and phenol red glucose agar. Size, 
shape, color, and oxidase reaction (14) were recorded from 
the colonies on the master plate. Plate incubation was :-tt 
25 C for 3 days, with examination of th e plates after 2 and 
3 days. After each sampling p eriod, th e predominant types 
were tested for th e Gram reaction (13), presence of flagell a 
by the Baily m ethod (13), motility ( hangin g drop m ethod ) , 
sugar utiliza tion by the Hugh-Leifson procedure (6), nitrate 
reduction, and production of NH3 from arginine under an­
aerobic conditions (16). The sensitivity of the cultures to 
penicillin (2.5 l.U. ), streptom ycin (80 }lg. ), chloramphenicol 
( 100 }lg.) and oxytetracycline ( 10 }lg.) was tested by th e 

11aper disc method. 



172 Q uANTITATIVE :M ICROBIAL ExAiVIINATION 

R ESULTS AND DISCUSSION 

In preliminary studies, samples of raw and pas­
teurized milks were plated on plate count agar and 
Olson's medium (plate count agar with 1 ppm crystal 
violet ) . F ew if any gram-positive organisms ap­
peared on Olson's medium. The number of gram­
negative isolates on the two media ·were very similar. 
In the present studies, only the isolates appearing on 
Olson's medium were considered for further group­
ing, the others were counted and discarded . No one 
simple scheme exists for the identification of gram­
negative asporogenous rods from foods. Basically, 
the scheme described by Shewan et al. (10, 11 ) was 
used. It was supplemented with additional features 
reported by Thornley (16), Thornley et al. (1 7), Steel 
(14), and Corlett et al. (2, 3 ). 

The gram-negative isolates were .divided into four 
groups (a) a pol ar-fl agellate, oxidase positive group, 
(b) a peritrichous flagell ate, oxidase negative, non­
pigmented . group with a fermentative action upon 
glucose in Hugh-Leifson medium, (c) a non-motile, 
non-pigmented group and (d) a non-motile pigmented 
group . On the basis of the presence or absence of 
flu orescence and reaction in Hugh-Leifson medium 
(1 0) group a can b e sub-divided into: Pseudomonas 
type I , with fluorescin and oxidative action on glu­
cose; Pseudom onas type II, without fluorescin and 
oxidative action on glucose; Pseudom.onas type III, 
without fluorescin and alkaline action on glucose; 
Pseudom onas type IV, vvithout fluorescin and no ac­
tion on glucose; Aeromonas, fermentative action on 
glucose, without fluorescin, insensitive to pteridine 
compound 0/ 129; and V -ibrio, similar to Aeromonas 
but sensitive to compound 0/ 129. 

Group b consisted of sp ecies of the family Entero­
bacteriaceae. Group c included species of Achromo­
bacter and Alcaligenes. They were predominantly 
short, stout rods. Their action on glucose ( Hugh ­
Leifson medium ) was variable. Most strains were 
sensitive to penicillin, whereas the majority of Pseu­
dom onas strains were not. Species of Flavobacterium 
and Cytophaga were placed in Group d. 

Steel (14) reported that species of Aeromonas, Al­
cal-igenes, Pse udomonas and Vib·rio were predomin­
antly oxidase positive, Escherichia, Proteus, and Ser­
ratia. oxidase negative, and species of Achromobacter 
and Flavobacter-ium, oxidase variable. Thornley (16) 
showed that NH 3 production from arginie under 
anaerobic conditions was typical for Pseudom onas 
species. This test then is useful to separate Pseu­
dom onas strains from the gram·-negative b acteria that 
utilize glucose oxidatively, particularly Achrom.obac­
ter species. Shewan et al. (12) also reported on the 
antibiotic sensitivity pattern of Pseudonwnaclaceae 
and Achromobacteraceae. Pseuclomona.da.ceae were 

res istant to penicillin ( 2.5 I. U.) but were sensitive 
to streptomycin ( 80 f.Lg .) and chloramphenicol ( 100 
f.Lg. ) Achromobacteraceae were sensitive to these 
three antibiotics. Pigment-producing pseudomonads 
were resistant to oxytetracycline ( 10 f.Lg. ); non-p ig­
ment producing strains were sensitive. 

Corlett et a!. (2) reported that EscheTichia coli and 
Aerobacter aerogenes grew as bright-pink colonies on 
SS agar. Pseudomonas type I also grew on this 
medium and produced yello~v colonies. The same 
was true for about 50 percent of the type II strains 
tested . Pseudomonas type III and IV and many 
others including Achromobacter and Flavobacter-ium. 
did not grow on this medium. Staphylococcus me­
clium 110 supported growth of Achromobacter species 
and was effective in separating these species from 
other gram-negative asporogenous rods. They also 
reported that species of Pseudomonas we1'e resistant 
to penicillin ( 3 I. U) . Results with Achromobacter 
were variable. 

In the present studies major primary character­
istics were reactions on Olson's medium, oxidase re­
action, production of fluorescin, growth and color on 
SS agar, growth on staphylococcus 110 medium, color 
on plate count agar and production of acid from glu­
cose on phenol red agar .medium. Gelatin lique­
faction and casein hydrolysis were included to check 
proteolytic activities of the isolates. 

The isolates from a pasteurized milk (Table 1 ) can 
be placed in four groups represented by the follow­
ing characteristics: (a) Ox+, F +, SS+, St 110-, (b) 
Ox+, F-, SS+, St 110-, (c) Ox-, F-, SS-, St 110+, 
and (cl) Ox- , F-, SS-, St 110- . The first two groups 
are represented by cultures A and B (Table 2 ). 
Characteristics such as presence of oxidase, ·oxi~ative 
utilization of glucose, production of NH3 from ar­
ginine under anaerobic conditions, polar flagella and 
resistance to penicillin are typical for species of 
Pseudomonas type I and II. On the basis of presence 
of a diffusible pigment, those represented by culture 
A were classified as type I (10). Those similar to 
culture B were identified as Pseudomonas type II. 
Both groups showed distinct proteolytic activities. 
Those of the group represented by culture C were 
tentatively identified as species of Achrom.obacter. 
They grew on St 110 medium, consisted of non-motile 
short stout rods and produced some acid from car­
bohydrates. Species of Alcaligenes were excluded 
because Steel (14) reported them to be oxidase posi­
tive. The antibiotic sensitivity p attern was similar 
to that reported by Shewari. et al. (12). Except for its 
reaction to oxytetracycline, the sensitivity pattern 
was also similar to that reported by Corlett et a1. (2). 
Cultures of the group represented by the character­
istics 01+, Ox- , F-, SS- , St 110- had a yellow pig­
mentation and were assigned to the genus Flavo-
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T ABLE l. VrAllLE CouNT A ND CHAR"-CTEmsncs OF Mrc n o uiAL FLOHA OF ,;: PASTEURIZED MILK SAMPLE 

Character ist.i cs t! Viable coun t after 

Od 5cl lOd 

OL Ox F ss Sl r. I ' ll C' .J! Pr v rm x l 02 xlO' xl0 7 

-1- " -\- -1- -\- + + w + 35 98 78 

-! - h + 1- + + w + 70 

+ ·· + 'vV + 3 

+" + y + 5 

+ y + 3 

Olson's -1 116 98 78 
Olson's 2 

TOTAL ll8 98 78 

" · " · ••• '
1 Represent cultures A, B, C, and D described in Tab! e 2. 

•olson's medium ( 01) ; oxidase ( Ox); fluorescence (F) ; Salm on ella-Shigell a medium ( SS) ; Stap'1 ylococcus medium llO ( St 
110); gelatin liquefa ction ( C) ; casein hydrolysis (Ch ); co lo r (Co l ), white ( W ), yellow (Y); phenol reel medium (Pr ) ; 
viol et red b il e agar ( VRB). 

TAB LE 2. CHAHACTEHISTICS OF CuLTUHES I soLATE D FHOi\-I 

P ASTEU HI ZED MILK SAMPLE 

Chara cteri sti cs :~ .-\ 

Olson's medium + 
Oxidase + 
Fluorescence + 
ss medium + 
Staphylococcus medium 110 
Gelatin liquefaction + 
Casein hydrolysis + 
Nitrat e reduction 
Phenol r:ed medium 
VRB agar + 
Leifson-aerobic ·+ 
Leifson-anaerobic 
Arginine-Anaerobic + 
Moti lity + 
Flagella Pol 
Gram reaction - R . 
Penicillin H 
Chloramphenicol s 
Streptomycin s 
Oxytetracyclin e s 
Morphology CCoE 
Color w 

Cu ltures 

B 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

Pol 
- R ... 
n 
s 
s 
s 

CCoE 
\V 

c 

+ 

+ 

+ 
+ 

+ 

- R 
s 
s 
s 
s 
p 

\V 

[) 

+ 

+ 

+ 

-- l\ 
s 
s 
s 
s 
l' 
\' 

"Flagella polar (Pol ), peritrichous (Peri ); an tib iot ic resistan t 
( R ), antibiotic sensitive ( S) morphology, pun ctiform ( P) , 
ci rcular ( C) , con vex ( Co ), and entir'e ( E ). 

ibacter·iu:m. Both oxidase positive and oxidase nega­
tive . species of Flavobacte?"ium are reported in the 
literah1re (14). TI1e antibiotic sensitivity pattern , how­
ever, differed from that reported by Corlett et al. (2). 
They reported resistance to penicillin , sh·eptomycin 

and chloramphenicol, and sensitivity to oxytetracy­
cline. Cultures of group D in this study were sensi­
tive to these four antibiotics. This pattern , however, 
agreed with that reported for Cytophaga species (2). 
Although Shewan et al. (10) reported that species of 
Cytophaga on agar plates have a diffuse margin, 
spreading outwards and into the agar, Hayes (5) 
has shown that the differentiation of the 1:\vo genera 
is not simple. H ence, some may have been classified 
as Flavobacterium. Pseudomonas type I was the 
species that predominated after holding of the milk 
for 10 days. 

The major characteristics of the two groups of bac­
teria that predominated in a raw milk (Table 3 ) after 
15 days of holding were (a) Ox+ , F +. SS+, St llO­
and (b) Ox+, F - , SS+, St llO-. Additional char­
acteristics for two cultures (A, B ) representative of 
these two groups are presented in Table 4. On the 
basis of these characteristics cultures represented by 
culture A were assigned to PseudO'Inonas type I. TI1e 
antibiotic sensitivity pattern, agreed more closely with 
that of Pseudomonas type IV (2) . However, type IV 
does not utilize glucose oxidatively, lacks diffusible 
pigment, and does not grow on SS agar . The char­
acteristics of cultures represented by culture B were 
in many aspects similar to those of culture A. Be­
cause of the absence of diffusible pigment, they were 
assigned to Pseudonwnas type II. Types III and 
IV could not be considered because the culture util­
ized glucose oxidatively. 

At the beginning of the holding period, there was 
a rather large group ( 17x10') represented by the 
following characteristics: 01+, Ox+, F-, SS- and 
St llO-. Eight of the seventeen colonies were yel-
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low. These Were tentatively identified as species of 

Flavobacterium . Although the appearance of the 

colonies on the plates resembled species of Flavo­

bacteriu.?n, it is possible that some Cytophaga species 

were included in this genus. The other nine of this 

group represented by cultures C and D (Table 4) 

were tentatively assigned to the genus Alca.Z.igenes. 

The isolates consisted of short stout rods and vvere 

oxidase p ositive. The following genera were ex­

cluded from consideration: Achrom obacter, b ecause 

of lack of growth on St 110 medium; Flavobacterium . 

because of lack of color; Aero·monas, because glucose 

was not u tilized fermentatively; Pseudomonas, be­

cause of absence of flagella and motility; Escherichia, 

Aerobacter and Proteus, on the b asis of oxidase re­

action, absence of flagella, and lack of growth on SS 

agar. 
The group represented by the major ch aracteristics 

01+, Ox-, SS- and St 110+ were placed in the 

genus Achrom obacter, primarily b ecause of the oxi­

dase reaction and their ability to grow on St 110 

medium. · They also produced some acid from glu­

cose. Another group represented by eight colonies 

were 01+, Ox-, F- , SS- and St 110-. On the basis 

of these major characteristics, Pseudomonas, Aero­

monas, V ibrio, Achromobacter, Escher-ichia, Aewbac­

ter, Fla·oobacterium and Alcal·igenes were not con­

sidered. The three cultures that produced acid froln 

glucose could be species of Proteus. · 

Table 5 shows the viable count and characteristics 

of the microbial flora of ground pork before and 

after holding at 5 C for 20 days. TI1e isolated colo­

nies can be arranged in seven groups . The major 

characteristics of these groups are (a) Ox+, F +, 

SS+, St 110-, (b) Ox+, F-, SS+, St 110-, (c) Ox+, 

F-, SS-, St 110+, (cl) Ox+, F-, SS-, St 110-, (e) 

Ox- , F-, SS+, St 110-, (f ) Ox- , F-, SS-, St 110+, 

and (g) Ox-, F-, SS-, St 110-. The first two groups 

are represented by cultures A, B, C, and D (Table 6 ). 

D etailed characteristics of these cultures indicate 

that they are typical pseudomonads. Tllis is par­

ticularly evident from the following characteristics·: 

presence of oxidase, oxidative carbohydrate utiliza­

tion, production of NH 3 from arginine under anaero- ' 

bic conditions, motility, polar flagella and re~>istance 

to penicillin. Culture A was classified as Pseudom­

onas type I , the others as Pseuclomo1ws type II . This 

was based on the presence or absence of diffusible 

TABLE 3. VIABLE COUNT AND CHAHACTERISTICS OF lVh CROB IAL FLORA OF HA W tvh LK S AMPLE 
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TABLE 4. CHARACTEII!ST!C~ OF CuLTUHES IsoLATED FROM 
RAW MILK SA:t.•IPLE 

Cul tures 

Charn cteristics A B c D 

Olson's medium + + + + 

Oxidase + + + + 

F luorescence + 
SS medium + + 
Staphylococ-cus medium 110 
Celatin liquefaction + 
Casein hydrolysis + 
Nitrate reduction + 

Phenol red medium 
VRB agar + + 
Leifson-aerobic + + + 

Leifson-anacrobic 
Arginine-anaerobic + + 
Motility + + 
Flagella Pol Pol 
Gram reaction -R -H -R -11. 

Penicillin H. n n s 
Chloramphenicol s s s s 
Streptomycin s ·s s s 
Oxytetracyclin e s s s s 
r. !orphology CCoE CCoE CCoE CCoE 

Color \V \~T \V ·,~, 

pigment (10). Differences in the antibiotic sensiti­
vity pattern were observed bet'-veen cultures A, B, C, 
and D and those reported by Corlett et al. (2), and 
Shewan et al. (12). Group c and f, characterized by 
the reactions Ox±, F-, SS-, St 110+ were assigned 
to the genus Achromobacter, prirr~arily because of 
their Gram reaction, morphology (short, stout rods ) 
and growth on St 110 medium. Steel (14) also r e­
ported both oxidase p ositive and negative species of 
Achromoba.cter. It is possible that some of the oxi­
dase-positive isolates were sp ecies of Alcaligenes. 
Group d, characterized by Ox+, F-, SS-, St 110-, 
was tentatively identified as species of Alcc~Ugenes . 
The following genera were excluded for one or more 
reasons: Achrom.oba.cter, because of lack of growth 
on St 110 medium; Pseudomonas and Aeronwnas b e­
cause the cultures were oxidase negative and did not 
grow on SS medium and Flavobacterium., b ecause of 
lack of pigmentation. Culture E (Table 6 ) represents 
the group characterized by Ox- , F-, SS+, and St 
110-. The colonies on SS and VRB agar were red 
pigmented. They were identified as species of 
Escherich·ia or Aembacter. The fermentative utili­
zation of carbohydrates and the type of flagella sup­
ported this decision. The antibiotic sensitivity pat-

TAULE 5. VIAULE COUNT AND CHAIIACTEHIST!C~ OF M1Cli0131AL FLOHA OF GnouND PoRK 

Characteristics 

01 Ox F ss St G Ch Col Pr VRB 

+· + + + + + w + 
+" + + + + -vv + 

+' + _. + + \V + 

+ + + + w + 

+ '' + + 
,., 1 + 

143- + 

+ + + w 
+ + w 

+' -1- (lG)i w 15 +( 1G )t 
5-

+ + + + w 

+ + \ ,Y + 

+ '·. + + 22W 
BY 

+ " w 26 -1-
2 -

"· "· '· •'- ' · c. •· "Represent cultures A, B, C, D, E, F , G, and H described in Table G. 
iPink-recl colonies. 

Viabl e cou nt aft er 

Ocl 5d lOci 15<1 20(1. 

xl O• xlOB xlOB xlOB xlO" 

15 4 1 5 

140 3 

7 1 

1 

48 43 30 11 12 

4 2 2 

2 

4 12 '! 

2 

1 

30 

2 8 8 1 9 

Olson's + 222 84 44 2G 36 

Olson's 10 3 

TOTAL 232 84 44 29 36 
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TABLE 6. CHAHACTERIST!CS OF CULTUHES ISOLATED FHOi\ t CHOUND POHK 

Cul tures 

r iJaractcri st ie:-; A ]~ c lJ E F G 

Olson 's medium + + + + + + + + 
Oxidase + + + + 
F luorescence ' T 

ss medium + + + + + 
Staphylococcus medium 110 -

G elatin liquefact ion + + + + + 
Casein hydrolysis + + + -1-: 

Nitrate r eduction + .:_ 

Phenol reel m edium + + 
VHB agar + + + + + 
Leifson-aerobic + + + + + + 
Leifson-anaerobic + + 
Arginine-anaerobic + + + + 
Motility + + + + + 
F lagell a Pol Pol Pol Pol Peri 

Cram react ion -R - H --H - R - R - H -H. -R 
Penicillin R H H H R s s s 
Chloramph enicol s s s s s s s s 
Streptomycin s s s s s s s s 
Oxytetracyclin e s s s s s s s s 
Morphology CCoE CCoE CCnE CCoE CCoE p p CCoE 

Color \ •V " 

tern agreed more closely with that of Aerobacter than 
of Escherichia species as rep orted by Corlett et al. 
(2). The cultures in the group Ox-, F -, SS-, St 110-
are represented by cultures F, G, and H in Table 6. 
The eight yellow pigmented isolates represented by 
culture G probably were species of Flavobacteriu:m 
or Cytoplwga. The other did not fit some of the 
principal characteristics of the major genera of gram­
negative asporogenous bacteria. Although some other 
genera were represented at the end of the storage 
period , the majority .. of the population belonged to 
the genus Pseudomonas. 

w w 'vV \ •\' y w 

those of the latter could belong to various genera such 
as Proteus, Serratia or Flavobacterium. 

CONCLUSIONS 

· This study showed that changes in the number 
and type of gram-negative asporogenous bacteria in 
foods could be followed with the replica-plating tech­
nique. In nearly all samples, considerable increases 
in total viable population took place during refriger­
ated storage. Exceptions were one raw milk and the 

ground beef sample. This milk sample was the only 
one in which species of Achm11wbacter were pre­
dominant both before and after holding. In the 
sample of ground beef, the total viable count before 
holding was relatively high ( 9lxl08

) and conditions 

inhibitory to further increases in viable population 
may have b een present. As was expected, the in­
itial level of viable population varied greatly from 
sample to sample. In seven out of the ten samples 
both gram-negative ( 01 +) and gram-positive ( Ol- ) 
species were isolated. Gram-positive species made 

, 

' 

A summary of the major oxidase-positive and oxi­
dase-negative groups of bacteria of the ten food 
samples is presented in T able 7 and 8. \ i\Tith respect 
to the oxidase-positive groups, two groups represent­

ed by the characteristics Ox+, F +, SS+, St 110-
and Ox+, F-, SS+, St 110- were predomin ant both 
before and after holding at 5 C. The first group is 
typical of Pseudomonas type I , the second of Pseu­
domonas type II . \i\Tith respect to the' oxidase-nega­
tive groups, few were present after holding at 5 C 
for the en tire length of the storage period. The two 
groups most fr equently present before holding were 
represented by the characteristics Ox-, F -, SS-, St 
110+; and Ox-, F-, SS-, St 110-. The form er are 
most likely species of Achromoba.cter or Alcal·igenes, 

up a considerable portion of the initial population • 

in three raw milk samples and one pasteurized milk ~ ,.. 

sample. In two other milk samples (one raw milk 
and one pasteurized milk ) and in ground pork they 
were only a minority. In the other three samples, 
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TADLE 7. DI~THIBUTlON OF MAJOH OXIDASE - POSITIVE 

11CH0131AL GHOUPS AliiO ' G SAMPLES OF MILK AND 4EAT 

Oxidase + + + + + + + + 
l!'lu orcscence + + + + 
SR med iu m + + + + 
Staph . 110 + + + + 

Haw milk 1 oa o ll 0 0 

2 0 • 0 Cl 0 

3 0 0 0 • 
4 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 Cl 0 0 

P nst. milk 0 0 0 

2 0 I) 0 0 

3 0 0 0 

Ground pork 0 0 e • 
(:roLmd beef 0 • 0 0 

=ll'rcscnt at be~inuing or storag-e peri od. 

"Present at end (10-20 days) of stora l!'e period . 

TABLE 8. DISTHIB UTION O F MAJOH O xiDASE- NEGATIVE 

11C I\OlllAL G n ouPs AMONG SAMPLES oF MILK AND M EAT 

Oxida se 

l1'luorcsccncc + + + + 
:-;s medium + + + + 
:>taph. 110 + + + + 

Haw milk 0 0 

2 0 0 

3 o=1•h 0 

4 0 0 0 

5 0 0 0 0 0 0 0 0 

l' as t. milk 0 

2 0 0 

3 0 0 

(;round pork • 0 0 

Ground beef " 0 • 0 

nprescnt aL beginning of storage period. 

"Present at. end (J0-20 1~1ys) of sto ra ~<e pet·iocl. 

• 

• 
• 

no gram-positive species were observed. However, 
after holding at 5 C for the entire storage period, 
gram-positive species were observed only in two 
raw milk samples. In only one of these did they 
make up a considerable portion of the flora. This 
was the raw milk sample in which a relatively large 
number of Achromobacter species were present both 
before and after holding at 5 C. Thus gram-positive 

isolates were obtained from seven samples before 
holding and from only two samples after holding at 
5 C. Several factors may be responsible for this 
phenomenon. First, gram-positive species usually 
do not multiply as readily at 5 C as compared ·with 
gram-negative species. Secondly there may have 
been some inhibitory action exerted by gram-negative 
species . It also should be pointed out, however, that 
the total viable population usually increased during 
storage. Hence, higher dilutions had to be used to 
obtain countable plates. Even with some increase 
in the population of gram-positive species, they may 
have been diluted out in the preparation of dilutions 
for plating. Before holding of the milk and meat 
products the microbial flora usually consisted of 
species of Pseudomonas type t"and II, Achrornobacter, 
A lcaligenes, Flavobacterium, or Cytophaga. After 
holding for the entire storage period only species of 
Pseudomonas type I and II \~ere isolated from 7 out 
of the 8 milks . These species are known to grow 
relatively fast at 5 C and therefore can be expected 
to outnumber many species of other genera. In the 
other sample, a considerable portion of the flora 
consisted of Aclwomobacter species . In the 1:\"10 meat 
samples the flora after holding was more varied. 
A comparison of colony formation on SS and VRB 
agar showed that those on SS agar vvere also present 
on VRB agar. Pink-red colonies on SS agar showed 
the same color on VRB agar. The predominant 
species in four of the stored samples were proteo­
lytic, in five samples both proteolytic and non-pro­
teolytic types were present. An examination of this 
and additional characteristics of the isolates, for 
example lipolysis , may be useful in predicting the 
type of damage (proteolysis, lipolysis) that can be 
expected in a food during storage. 
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NATIONAL INDEX REVEALS 
LITTERBUGS LOSING STEAM 

Litterbugs are slowing down, according to the 
National Litter Index published annually by Keep 
America Beautiful, Inc. The national litter-preven­
tion organization said that while the 1966 Index 
showed a small increase in the amount of littering, 
the rate of increase was less than half that of the 
previous year. 

The 1966 Litter Index stands at 106.8, a rise of 1.9 
p er cent over the revised 1965 Index, which stood at 
104.8, according to Allen H. Seed, Jr. , executive vice 
president of KAB. The Index was established in 
November, 1964 as a method of periodically measur­
ing the litter problem. It is determined by KAB 
from vehicle miles traveled on primary state high­
ways and the annual cost of clearing the litter from 
these same high~;~1ys. 

"The slowdown in the increase of littering indicated 
by the 1966 Index is significant in view of the na­
tional beautification programs sponsored by the Ad­
ministration in \Vashington and the thousands of anti­
litter programs conducted by civic-minded groups 

at the state and local levels across the country," i\llr. 
Seed said. "The new Index shows that these pro­
grams, largely based on public education, law en­
fm·cement and provision for adequate collection and 
disposal facilities, are getting results. All litter fight­
ers should take heart." 

H e pointed out that the current rise in the National 
Litter Index is partly ath·ibutable to the increased 
cost of labor and the mechanical equipment used 
to de-litter highways. "Another factor contributing 
to the rise is the growing awareness of litter," Mr. 
Seed said . "A greater effort is being made to keep 
our highways clean, with the result that more money 
is being spent, sometimes in areas where previously 
little effort was made." 

The fifty states reported that the cost of remov­
ing litter from their primary highways in 1965 was 
$23,187,476. Total vehicle miles traveled on primary 
highways was 332 billion. The year before, the 
clean-up figure was $21,706,427, with 316 billion 
miles traveled. 

, 



• •• l 

I 

179 

STERILIZATION REQUIREMENTS FOR SPACE EXPLORATION' 
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SuMMARY 

Planetary landing space hardware is required to be sterilized. 
T he probability of obtaining steril e space h ardware is en­
hanced considerabl y when the level of microbial contamination 
of the hardware is kept very low prior to terminal st erilization. 
Such control requires constant and effici ent monitoring of the 
hardware and the intramural environments where flight hard­
ware is assembled, tested , and encapsulated before terminal 
sterili zation. This study demonstrates that th e levels and 
types of microbial contaminants recovered from space hard­
ware, or from test surfaces exposed within assembly areas, 
depend upon the degree of environm ental and personnel con-

. trol. Operating personn el was the chief source of contamin ­
ation . However, the intramural environment may becom e a 
reservoir of contamination, esp ecially when environmental 
control measures are inadequate. It appears that one of the 
best mean s for maintaining microbial contamination at a low 
level is by use of vertical laminar flow clean rooms. 

Guidelines have b een developed (2, 3, 9-12, 15) and 
national policy has been established for the Planetary 
Quarantine Program of the National Aeronautics and 
Space Administration (NASA ) (8, 23, 25, 28). Briefly, 
the program of the NASA requires that planetary 
landing space hardware must be sterilized to prevent 
terrestrial organisms from contaminating J\Jars, Ven-

i us , and other planets of biological interest. The in­
troduction of terrestrial contamination by unsterile 
space hardware might result in growth of the im­
planted organisms. This could alter the ecology of 
the planet and seriously affect future investigations 
of its biota, and, in turn, preclude the demonstration 
of extraterrestrial life. By application of well-defined 
techniques, the practicality of the sterilization re­
quirement can be corroborated and sterility can be 
demonstrated with predictable reliability. 

The basic premise in the development of proced­
ures for implementin'g the planetary quarantine pro­
gram is that the probability of achieving sterile space 
hardware is enhanced markedly when the level of 

'};'resented at th e 53rd Annual Meeting of th e INTEHNATIO NAL 
AssOCIATION OF MlLK, Foon, AND E NvmONi\•IENTAL SANITAH­
JANS, I Nc., at Minneapolis, Minnesota, August 15-18, 1966. 
2Present address : Lovelace Fow1dation for lv! eclical Ed ucation 
and Research, Department of Microbiology, Albuquerqu e, New 
Mexico. 

microbial contamination is maintained at an extremely 
low level prior to terminal sterilization . Consequent­
ly studies were initiated to eval,uate the influence of 
clean room operations and conditions on the levels 
of microbial contamination present within areas em­
ploying various degrees of environmental control (.5, 
6, 16, 21 , 22, 26). 

In this paper data will be given on the levels of 
microbial contamination in areas ranging from those 
having no environmental control, through several 
types of industrial clean rooms, to a vertical laminar 
flow clean room. Such data are necessary in order to 
make proper selections of facility conditions required 
to produce space hardware containing a level of 
microbial contamination at or below that specified 
by the NASA for a ,particular sterilization cycle. 

MATEHIALS AND METHODS 

The sampbng procedures used were similar to those recently 
described in "Standard Methods for the Microbiological E xam­
ination of Space Hardware" (NASA, 24 ) . A brief resum e of 
the sampling m ethods used is presented below .. 

M·icrobiological Sampling of Air. 
Volum etric air samples were col lected with Heyniers slit 

samplers." Sampler calibration, operation , and incubation 
of collected samples . were performed as previousl y described 
(16). 

Microbiological Sampl-ing of S ttrfaces . 
Selected surfaces were sampled with th e Rodac plate.a De­

tails of Rodac plate prep aration , sampling, incubation, and 
counting were described previously (16). 
3Commercial names are used for identification on ly and their 
m ention does not constitute endorsement by th e Jet Propu l­
sion Laboratory, the Public H ealth Service, U. S. D eparh11 ent 
of Health , Education, and \Velfare, or th e National Aero­
nautics and Space Administration. 

Stainless steel ( SS ) strips were used to measure th e levels 
of ai rborn e microbial con tamination accumulatiug on surfaces 
exposed within different e11 vironm eri ta ll y controlled areas . D e­
tails of SS strip preparation, sterili zation, and use, as well as 
microbiological assay and incubation after use, hn vc b een 
described previously (16). 

SuTvival of M·icroorganisms on Surfaces E:1posed to 
Va ria us Envimnment~·. 

Stain less steel was used as a test surface for conducting 
microbi al di e-away stud ies . D etails of strip inoculation , ex-
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posm e an d :1ssay after exposure were described previously 
(16-20). 

A reas ln cluded in the S11mey. 
Th e areas sampled ranged from open factory areas (manu­

facturing areas A and D ) through areas havin g littl e environ ­
mental control ( lvlarin er and Surveyor spacecraft assembly 
areas) to industrial clean rooms (Class II , III , or l V) (1) and 
to hori zon tal and vertical laminar flow clean rooms, including 
th e vert ical laminar flow clean room (7) of the Experim ental 
Assembl y and Sterili zation Laboratory ( EASL) at the Jet 
Propulsion Laboratory ( JPL). 

R ESULTS 

Microb·iologica l Sampling of Air. 
Table 1 contains a general summary of typical r e­

sults obtained during the air sampling phase of this 
study. As shown, wide flu ctuations in the number 
of airborne viable particles were detected. From 
these data, it is apparent that as the degree of en­
vironmental control was increased from the open 
factory areas to the laminar flow clean rooms, there 
was a corresponding decrease in the number of air­
borne viable particles. 

Typical examples of sequential air sampling data 
are presented in Figures 1-3. Figure 1 contains the 
results of air sampling performed in a Class III clean 
room in the Los Angeles area. One sampling site 

TABLE l. GENERAL COJ\·IPAHISON OF THE L EVELS O F AmBORN£ 

V I ABLE PARTICLES ,~, !THIN EA CH AREA SAMPLED 

A r~a sa mpled 

lvl anufacturing areas 
" A" (P)'' 
"D" (P) 

Spacecraft faci lities (LA)" 
Outside corridor 
Marin er high bay 
Surveyor h igh bay_, 

Industrial clean room s 
Class II (LA) 
C lass II (P) 

Class III (LA) 
Class III ( P) 

C la.ss IV (LA) 

Lam inar flow clean rooms 
H orizontal filter wa ll ( P) 

Hori zontal exhaust wall ( P) 

Ver tical (LA) 

Ran ge of ' 1ia ble particlc~s 
recovered per cubic fo;·t 

of air 

6.5 to 26.0 
5.5 to 16.0 

2.0 to 22.0 
0.5 to 6.0 
0.5 to 6 .5 

0.5 to 10.5 
0.5 to 5.5 

0.0 to 0.5 
0.0 to 2.0 

0.0 to 2.0 

one detectable 
fil ter intact 

0.0 to 3.5 

0.000 to 0.001 

wh en 

"Facility located in th e Phoenix area. 
"Fad li ty located in the Los Angeles area. 
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Figure l. Res ults of sequential air sampling conducted in a 
Class ll l clean room located in the Los Angeles area. 
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F igure 2. Results of sequential air samplin g conducted in 
a horizontal laminar flow clean room in the Phoenix area . 
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F igure 3. Results of sequential air sampling conducted in 
three different areas employing various clegre'es of environ­
mental control (corridor, least; EAS L area, grea test ). 
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was located inside the clean room and the other site 
was located in an uncontrolled area of the building 
outside of, and adjacent to, the clean room . During 
the lunch period both areas were vacant and there 
\oVas a marked drop in the level of airborne viable 
particles collected at the sampling site outside the 
clean room. As operating personnel returned from 
their lunch period, the level of airborne microbial 
contamination outside the clean room rose again and 
was roughly proportional to the degree of personnel 
h·affi c in the area. In fact, flu ctuations in the level 
of airborne viable contamination were quite dis­
cernible at this site throughout the sampling day. 
However, inside the clean room the level of airborne 
viable contamination rarely approached an average 
of 0.5 viable particles per cubic foot of air and sharp 
changes in the number of microbia_! particles in sus­
pension inside the room were not detected. 

Figure 2 contains typical results obtained during 
sequential air sampling studies conducted withi11 a 
horizontal laminar flow clean room located in the 
Phoenix area. Site 1 was at the filter wall and sites 
3 and 4 were located at the exhaust wall . Again 
fluctuations in the level of airborne viable particles 
may be correlated with the degree of personnel ac­
tivity. As operating personnel left the room, the 
level of airborne microbial contamination fell sharply. 
When the personnel retmned, the level of airborne 
viable particles rose and roughly paralleled the de­
gree of personnel activity throughout the day. 

In Figure 3, the comparative results of sequential 
air sampling from three different areas at the JPL are 
shown. The areas sampled employed various de­
grees of environmental control, the corridor having 
the least. The area for routine assembly of space 

; h ardware had a stricter degree of control than the 
corridor, and the vertical laminar flow areas of the 
JPL EASL had the highest degree of environmental 
control. Differences in the levels of airborne viable 
particles were noticeable when the three areas were 
compared (Figure 3) with the Class 100 vertical 
laminar flow clean room of the EASL which had an 
extremely low level. Quite frequently viable par­
ticles were not recovered from any of four sampling 
sites within this area during 4 to 5 hours of sequen­
tial air sampling, representing volumes of 240 to 300 
cubic feet of sampled' air. 

M icrobiologica.l Sampling of Surfaces. 
Figure 4 contains the r esults of surface sampling 

studies conducted inside the environmentally C0}1-
trolled area of the JPL spacecraft assembly facility 
( SAF ). Each plot represents the average value from 
six SS strips. The level of microbial contamination 
accumulating on the SS sh·ips stabilized between 
1000 to 9999 ( 103

) aerobic mesophilic microorganisms 

per square foot of surface during the entire 2$-week 
exposure period. Results similar to those shown in 
Figure 4 were obtained in the Surveyor SAF. This 
leveling-off or "plateau" (6, 16, 27) in the level of 
microbial contamination accumulating on surfaces 
was detected also in the other areas surveyed. 

Table 2 contains a general summary of the surface 
sampling results obtained in the other areas included 
in the study being reported. These data show that 
the degree of microbial contamination accumulating 
on surfaces was proportional to the degree of en­
vironmental control enforced in the area. The level 
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F igure 4. Results of surface sampling studies cond ucted in 
th e JPL Spacecraft Assembly Facility. 

of microbial contamination decreased as the degree 
of environmental control increased. However, a 
plateau in microbial contamination on surfaces was 
observed in all of the areas sampled. The nature and 
reason for this plateau is the subject of current in­
ves tigations (6, 19, 27) . 

Table 3 contains the types of microorganisms found 
in the intramural air (slit samplers ) and upon the 
bench top surfaces in a Class III clean room located 
in the Phoenix area. The predominant types of micro­
organisms detected by both methods were gram­
positive cocci ( 67 to 82%, and diptheroids ( 10 to 17%) . 
Aerobic sporeforming microorganisms were not de­
tected by air sampling and were present in low· num­
bers ( 4%) in Rodac plate samples taken from working 
surfaces within tbe room . 

A comparison of the types of microorganisms iso­
lated from SS strips exposed in three areas that em­
ployed different degrees of environmental control is 
presented in Table 4. In the manufacturing area, 
the predominant types of microorganisms were fungi 
and members of the genus Bac-illus, which are com­
mon soil microorganisms. Similar results were ob­
tained from SS strips exposed in manufacturing area 
A. However, the Class II and Class III clean rooms 
were more rigidly controlled and the predominant 
types of microorganisms found were gram-positive 
cocci and diphtheroids, organisms common to the 
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TABLE 2. Sul\IMAHY OF S unFACE SAMPLING R ESULTS 

A r·en s:t mpled Samp lin g 
inten ·al 

Tota l exposure 
of test sm·faces 

Hange of aerobi c mesophili c 
mit'roorganisms per SQ uare 

foOt of surfa re 
Pla tea u le\"el 

Manufacturing area 
" D" (P)" 

Industrial clean rooms 
C lass II ( LA)" 
Class II (P) 

Class III (LA) 
Class lll ( P) 

Class IV (LA) 

Laminar flow clean rooms 
Horizon tal filter wall 
Horizontal exhaust wall 

Vertical 

3 wks 21 

3 wks 25 
3 wks 21 

3 wks 25 
3 wks 21 

3 wks 25 

1 wk 7 
1 wk 7 

Twice 

wks 

wks 
wks 

wks 
wks 

wks 

wks 
wks 

3000 to 30,000 

6000 to 25,000 
5000 to 26,200 

100 to 400 
2800 to 9200 

100 to 500 

None detectable 
when fi lter intact 
10,000 to 50,000 

104 

10• 
10• 

10• 
103 

102 

10• 

weekly 8 wks 0 to 40 10' 

"Phoenix area. 
"Los Angeles area 

TAnLE 3 . Co.\•JPAHATJVE TYPES OF M icnoonGA t JSJ\IS 

HECOVEHED FHOl\1 THE Am AND SUHFACES \ \llTHIN A 

CLASs III CLEAN BooM" 

'l' ~·pe or .Ail' S urfaces -rodac 
microoq:wnism % % 

Cram posi tive cocci 82.1 67.4 

Bacillus spp. 
( Sporeformers) 0.0 3.6 

Diphtheroids 9.5 16.9 

Cram negative rods 3 .6 1.2 

Fungi 1.2 2.4 

"Clean room located in ·the Phoenix area. 

plate 

body surfaces, hair, and respiratory tract of humans. 
Few sporeformers and other microorganisms associ­
ated with soil were isolated from these clean rooms. 

Microbial Survival on Environmentally-Exposed 
Su1"faces. 

Figures 5-8 contain the results of studies on the 
effects of environmental conditions on surface-ex­

posed vegetative cells. Three different areas of en­
vironmental control were included in the tests: the 
Class 100 clean room (vertical laminar flow) in tl1e 

JPL EASL; the operational support ( OSE) area of the 
EASL, and the JPL SAF. Both the OSE and SAF 
areas have conventional air control systems, whereas 

the Class 100 clean room in the EASL is controlled 
to 20 to 25 C and 40 to 45% relative humidity ( RH ). 
From the data in Figures 5-8, it appears that survival 
of all four species of vegetative cells was poorest on 
surfaces exposed to the vertical laminar flow Class 

100 clean room of the EASL. This area has a RH 
near 50% and earlier studies have shown that humidi­
ties at and above 50% are rapidly lethal to surface­
exposed microorganisms (5, 17-20, 29). Three of tl1e 

four microorganisms tested (Pseudomonas aeruginosa. 

was not included in the SAF study) survived longest 
on surfaces exposed in the JPL SAF. Environmental 

TABLE 4. A CENEHAL COMPAHISON OF THE TYPES OF 

MICHOOHGANISMS ACCUMULATING ON 

STAINLESS STEEL SUHFACES 

Area sampleda 
Tne of 

microorgan ism Class II clean Cia"' lll clea n Manufa cturinr: 
roo m rcom area D 

(%) 

Cram posi tive cocci 34 

Bacillus spp. 18 

Diphtheroids 36 

Gram negative rods 0 

Fungi 7 

"A ll areas located in Phoenix. 

(%) 

55 

10 

28 

0 

4 

(%) 

14 

31 

10 

2 

27 

, 

•-
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Figure 5. Survival of Pseudomonas aeruginosa on stainless 

steel surfaces exposed to different environm ental conditions. 
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F igure 6. Survival of Escherichia coli. on stainl ess steel sur­

faces exposed to different environm ental conditions. 

conditions in this facili ty were poorly controlled and 
the RH was frequently below 50% during the study. 

,Surface-exposed microorganisms have been shown to 
'survive for relatively long periods of time at low ( 10 
to 15%) relative humidities (17-20, 29 ). Hovvever, in 
all cases the gram-positive microorganisms survived 
exposure under all conditions for longer periods than 
did the gram-negative test organisms. These pre-

liminary results (26) have prompted furtl1er investi­
gation concerning the effect of moving air at different 
relative humidities on surface-exposed microorgan­
isms . 

DISCUSSION 

In general, the air sampling results indicate that 
volumeh·ic sampling of air provided a good indication 
of the levels of microbial contamination when the 
number of airborne viable particles was high. Dif­
ferences in the levels of airborne microbial contamin­
ation were sharp and correlated with concurrent 
activities. But when the degree of airborne microbial 
contamination was low (EASL Class 100 clean room ), 
the sensitivity of the volumeh·\~ air-sampling method 
was quickly lost. In fact, the available sampling de­
vices did not appear to be adequate to insure a rep­
resentative sample when these instruments were used 
to sample vertical laminar flow clean rooms. 

The level of environmental contamination r ecover­
ed was dependent also on the microbiological samp­
ling method used. As personnel density increased in 
the vicinity of a volumeh·ic air sampler, "clouds" of 

microbial aerosols could have been generated. Col­
lec tion of such aerosols would result in proportionate­
ly high levels of airborne viable particles. However, 
the deposition of such airborne viable particles onto 
SS strips might yield an entirely different set of re­
sults . Environmentally exposed microorganisms are 
subjected to a number of conditions that may have 
an effect on the survival of a given species. A num­
ber of studies (17-20) have shown that variables such 
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as temperature and relative humidity, desiccation, ex­
posure time, species , age, and number of exposed 
microorganisms, as well as the availability of nutrient 
materials, all play a role in the survival or die-away 
of microorganisms exposed in the environment. 

Comparison of the results obtained from air-samp­
ling studies with the data obtained in the surface­
sampling studies is not possible. It must be realized 
that the two methods of sampling microbial contam­
ination are different. The volumetric air sampler 
measures the number of viable particles that are 
suspended in air during a specific sampling interval. 
The SS strips measur~ the number of viable particles 
that sediment from airborne suspensions, as well as 
the subsequent survival and accumulation of such 
sedimented particles. Furthermore, the methods of 
microbiological assay do not produce the same type 
of results. If, for example, large particles containing 
many viable microorganisms were shed into the en-

. vironment by clean room personnel, such particles 
would, if large enough, rapidly settle out of airborne 
suspension. If such a large particle was collected 
with a volumetric air sampler, only one colony would 
result, even though the particle contained many vi­
able microorganisms. However, if the same particle 
landed on a SS strip, subsequent analysis by shaking 
the SS strip in a liquid medium might break the large 
particle into clumps of smaller particles, each con­
taining viable microorganisms. After plating and in -

cubation , an in creased number of colonies would be 
detected from the SS-strip sample. Therefore, the 
air-sampling data are expressed as the number of 
viable particles per cubic foot of air and the SS-sh"Jp 
data are reported as the number of viable m-icroorga:n­
-ism.s per square foot of surface. 

Use of the SS-strip· method was quite reliable. In 
fact, SS strips have proven to be fairly sensitive in 
detecting changes in low levels of microbial con­
tamination in the laminar flow areas of the JPL EASL 
facility as "veil as in some of the clean rooms included 
in the Phoenix studies. At present, use of a surface 
sampling procedure such as the SS-strip method 
seems to be the only reliable tool to measure the level 
of microbial contamination within vertical laminar 
airflow clean rooms. Furthermore, use of a surface 
sampling technique such as the SS strips is quite 
logical, for the primary interest in monitoring the 
level of intramural microbial contamination is to 
determine what level and species of microorganisms 
fall onto and accumulate on space h ardware. Thus, 
it would seem that the SS-strip method is a valuable 
tool for use in monitoring the level of microbial con­
tamination that accumulates on surfaces within fa­
cilities involved in the assembly or test of space 
hardware. 

It is obvious (Table 1, Figure 3 ) that as the degree 
of environmental and personnel control was increased, 
the levels of airborne microbial contaminants de­
creased . \iVhenever personnel activity was high, there 
was a corresponding rise in the number of viable 
particles. Consequently, one can assume that the 
main source of microbial contamination was from 
clean room personnel. This concept was strengthen­
eel by identification studies (Table 3) which showed 
that most of the microorganisms collected by air 
sampling were indigenous to humans. Very few 
microorganisms associated with soil were found. 

Studies on the accumulation of airborne micro­
organisms on SS sh·ips exposed to the intramural en­
vironment of several t)"?es of clean rooms and manu­
facturing areas showed that the lowest levels of con­
tamination occurred in those areas employing the 
laminar flow system. This was especially evident 
in the case of the JPL EASL. The types ·of micro­
organisms found to accumulate depended, to a cer­
tain extent, on the degree of personnel and environ­
mental control. Wherever the controls were not 
stringent, high num hers of microorganisms associated 
with dust and soil were detected. On the other 
hand, where the environment was controlled ade­
quately and where personnel wore full protective 
cl othing, most of the contaminants were those in­
digenous to human skin, hair, and respiratory tract. 

The results obtained in studies concerned with the 
survival of microorganisms on sufaces were most 

, 
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interesting. It appears from the results obtained to 
date that the death rates for microorganisms on stain­
less steel strips depend, to a great extent, on the 
species involved. on-sporeforming species exhibited 
a definite die-away during exposure to environmental 
conditions. In all cases, die-away of surface-exposed 
vegetative cells was accelerated in the Class 100 clean 
room (vertical laminar flow ) and less pronounced in 
the non-laminar flow area and the SAF (Figures 5-8 ) . 
Aerobic bacterial spores did not appear to be signifi­
cantly affected during exposure to any of the three 
environmentally controlled areas. The effect of mov­
ing air on the survival of surface-exposed microor­
ganisms may influence the die-away rates . Studies 
to evaluate this possibility are in progress . 
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SuMMAlW 

The temperature of milk durin g bottling in half-pint knock­
down and preform ed paper containers at ten dairy plants 
ran ged from 43 to 56 F with an average of 47 F. The 
effects of th ese temperatures on th e sh elf life of th e product 
are discussed. 

The rise in the temperature of milk during bottling 
always has been the concern of industry personnel 
and regulatory authorities. The advent of knock­
down paper containers increased this concern because 
of the high temperatures involved during their for­
mation in the milk plant and the possibility that they 
might retain heat at time of filling. The transfer 
of this heat to the milk could result in a sufficient 
rise in temperature of the milk to affect its keeping 
quality. 

The National Conference of Interstate Milk Ship­
pers has a committee studying the practicability of a 
temperature requirement of not to exceed 45 F for 
bottled pasteurized milk. Some processors feel that 
they could not comply with this requirement using 
the present methods of bottling. A survey within 
the industry of the temperatures involved during 
bottling of milk and their effects on the keeping 
quality of the prorJuct would be of value to the 
industry. 

The objective of this survey was to obtain in­
formation on the temperature rises involved during 
processing and bottling of milk in knock-down and 
pre-formed paper containers and the effects of these 
rises on the keeping quality of the milk during 
storage. 

EXPEHIMENTAL PHOCEDUHE 

The survey in cluded duplicate sampling on each of fi ve 
dairy plants using knock-down pl astic laminated and fi ve 

Scientific contribution No. 264, Agricultura l Experim ent Sta­
tion , University of Connecticut, Storrs . 

TA13LE 1. TEi'viPEHATUHES I NVOLVED D uHING PHOCESSING AND 
BOTTLJNG OF MILK IN PAPEH CONTAINEHS 

Pre-formed ca rton Knoek-down ca rton 

Sourc·e of t.tHll pcnt t.urc Ran ge 1\[eana Hange 1\Iea na 

(oF) ( oF) ( oF) (oF) 

Ho1W milk storage 37-41 39.6 40-43 41.0 

Product during 
pasteuriza tion 167-172 169.6 165-174 169.0 

Product leaving press 37-41 38.6 36-43 38.8 

Pasteuri zed surge tank 38-43 40.9 39-42 40.8 

Contain er after filling 43-47 .5 45.4 45-56 48.8 

Contain er after 15 min 49-52 50.7 50-64 53.2 

"Mean of two replicates on each of five milk plants. 

using pre-formed waxed paper containers. State inspectors 
obtained the temperature data and coll ected the samples from 
the various milk plants. T emperatures recorded were (a) raw 
milk storage, (b) high temperature-short tim e pasteuriza tion 
temp erature, (c) product leaving th e plate cooler of th e p as­
teurizer , (d) milk in th e pasteurized surge tank, (e) the product 
in the contain er within one min after fillin g, and (f) th e milk 
in th e contain er after holding at room temperature for 15 min . 
Th e h alf-pint milk samples coUectecl a t the time of filling 
were packed in ice in Styrofoam coolers and transported to 
the laboratory. Sufficient sampl es were coll ected from each 
dairy plant for storage at 35, 40, 45, 50, and 55 F for 0, 3, 
6, 9, 12, and 15 days. At the conclusion of each storage 
p eriod, the milk samples were analyzed for standard plate 
counts ( SPC) using 32 C for in cubation (1) and checked for 
fla vor by two exp erienced judges. 

RESULTS A ND DISCUSSION 

The temperatures involved during processing and 
bottling of milk in preformed and knock-down paper 
containers are presented in Table 1. The mean tem­
perature of the milk in the pasteurized surge tank 
was practically the same for the two types of con­
tainer using plants, but in the container it was 3.4 F 
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higher in the knock-down than in the pre-formed 
containers. Although not a direct comparison of the 
same milks placed in each type of container under 
identical conditions, this observed mean difference 
suggested that, on the average, milk in knock-down 
containers retained more heat at the time of filling. 

Nearly all of the containers contained milk tha t 
exceeded 45 F immediately after filling (Table 1 ). 
Only milk in two of the twenty containers represent-

0 
(!) 

0 
.J 

8 

I 

3~~--~----~----~----~--~ 
0 3 6 9 12 15 

DAYS IN STORAGE 

Figure 1. Effect of temperature of storage on bacterial 
counts of pasteurized milk in pre-formed paper containers. 
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F ig ure 2. Effect of temperature of storage on bacterial 
counts of pasteurized milk in knock-down paper con tain ers. 
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F igure 3. Effect of temperature of storage on fl avor scores 
of pasteurized milk in pre-formed paper containers. 

ing ten dairy plants was below 45 F at the time of 
filling and the containers in these cases were pre­
formed. The additional warm-up of the milk upon 
standing at room temperature (Table 1 ) indicated the 
importance of moving the filled containers into the 
cold room as quickly as possible. All of the plants 
but one moved the filled containers into the cold 
room by track within 2 min. In one plant filled 
cases were placed on dollies and 10 min elapsed 
before they reached the cold room. 

The time required for milk which has warmed-up 
during filling to cool down in the cold room is also 
of prime importance. Milk in half-pint waxed pre­
form ed containers at temperatures of 45, 50 and 55 F 
required 75, 105 and 135 min, respectively, to reach 
40 F when placed in a refrigerator maintained at 
35 F. These times indicated that further study is 
warranted to determine the effect of slow cooling 
of milk in the container on keeping quality . 

The effect of temperature of storage on the SPC 
of pasteurized milk stored in pre-formed and knock­
down paper containers is shown in Figures 1 and 2, 
respectively. Each figure is an average of the data 
representing ten samples. A comparison of the two 
figures indicated that milk with the lower average 
temperature warm-up (pre-formed containers) had 
lower bacterial counts at nearly all temperatures dur­
ing storage than milk with the higher average tem­
perature warm-up (knock-down containers). Fur­
thermore, the milk with the lo·wer temperature in 
the containers met the State standard of not to ex­
ceed 25,000 per ml ( SPC) ( log10 = 4.4) for pas-
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F igure 4. Effect of temperature of ~ to rage on fl avor scores 
of pasteurized milk in knock-down paper contain ers. 

teurized approved milk for longer periods of storage. 
This is exemplified by the milk in preformed con­
tainers meeting bacterial requirements for 6 and 12 
days of storage at 40 and 35 F , respectively, whereas, 
milk in knock-down containers met this requirement 
for only 3 and 9 days of storage at 40 and 35 F , 
respectively. The Figures 1 and 2 also demonstrated 
the well recognized fact that the lower the storage 
temperature, the longer the shelf life. 

The flavor scores of the milk stored in pre-formed 
and knock-down p aper containers at various tem­
peratures of storage are presented in Figures 3 and 4, 
Each figure is an average of the data representing 
10 samples. A comparison of the two Figures in­
dicated that the advantage of the pre-formed con­
tainer with its lo'vver -milk temperature over the knock­
down container with its higher milk temperature at 

the time of filling is not as apparent when based on 
flavor scores of milk as it was for bacterial contents, 
particularly at the lower storage temperatures. If a 
score for mil_k of 36 and above is assumed to indic'\te 
a good product, then there does not appear to b e' a 
difference in the shelf-life of milk in the two con­
tainers. However, there is some evidence at tem­
peratures of 45 and 55 F that milk with the greater 
warm-up (knock-down containers ) deteriorated quick­
er than that with the lesser warm-up (pre-formed 
containers ). It appeared that the higher tempera­
ture rise, when bottling milk in knock-down in com­
parison to pre-formed containers, did not have much 
affect on the final shelf life of the product when 
using flavor as a criteria. 

The results of this survey seem to indicate the 
detrimental effect of the greater temperature rise of 
milk during bottling on the shelf life of the product 
when using bacterial counts as a standard of quality. 
The observations fur ther show the inability of pro­
cessors to maintain milk temperatures b elow 45 F 
during bottl ing operations. Suggestions for decreas­
ing the temperature rise of milk include use of {a) 
lower temperatures and greater volume ratio of the 
coolant to product, (b) increased cooling surface, (c) 
improved methods for cooling knock-down paper 
containers after their formation, (d) minimum heat­
ing for forming of the containers , and (e) faster paper 
fill ers and movement of the packaged product to the 
milk cooler. 
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SOLID WASTES: A WORSENING URBAN PROBLEM' 
"WESLEY E. GILBERTSON2 
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Concern for the urban environment and its effects 
on human health and welfare is as old as the city 
itself. From the earliest history of urbanization, man 
has recognized that urban life, with all its advantages, 
is not an unmixed blessing. TI1e discoveries of modern 
medical science and recognition of the importance 
of sanitation in the prevention and conh·ol of disease 
merely explained what the ancients long ago observed 
about the problems of the urban environment. 

If the contemporary problems of the urban en­
vironment are rooted in the dust and rubble of an­
cient cities, they are, nonetheless, of a complexity 
which our ancestors never faced . The growth of 
technology and the explosion of urban population, 
the end of which is not even in sight, have so magni­
fied the problems of urban environments that our 
ability to measure and analyze them is constantly 
shown to be inadequate. And our capacity to meet 
and resolve these problems is being taxed literally 
to the breaking point. 

VVe Americans like catch phrases, and we have 
adopted one for the urban problem. vVe call it "the 
crisis in our cities." ow crisis is a strong word. 
It makes us think of clear and present danger, of 
perils that threaten our very existence. We think of 
a serious illness as having a time of crisis when the 

; outcome, whether the patient will live or die, is in 
the balance. The word crisis seems too awesome to 
apply to the problems of the urban environment. But 
is it? I think not. 

NEED FoR VVASTE MANAGEMENT 

' 'Ve have reached a stage in the evolution of urbani­
zation at which the sickness of our cities threatens to 
bring an end to urban life as we know it. I want to 
devote these remarks to ~vhat is beyond question one 
of the most critical of urban ills ; one which, though 
it can be clearly identified , is so closely tied to a great 
many urban problems as to be of tremendous im ­
portance to all of them. I am thinking of the man-

'From a paper presented before the Public ·works Congress 
and Equipment Show sponsored by the American Public \i\lorks 
Association, Chicago, Ill. , September 10-15, 1966. 
2Presently Director, Bureau of Environmental Health , State 
Department of Health, Harrisburg, Pa . 17120. 

agement of urban solid wastes. 
People in cities have always had to contend with 

the problem of solid waste disposal. The problem 
must have been born at the same time that human 
beings banded together to create the first town . 
Vlhether this first town was a cave in the side of a 
mountain or a more or less permanent campfire site, 
it was a place where wastes were produced and had 
to be disposed of. Furthermore, disposal had to be 
accomplished in a way that did not make the cave 
or the campsite unlivable. If this problem sounds 
familiar , it ought to . It is exactly the same one cities 
face today. The only difference is in degree. 

But the degree of difference is staggering. ' iVhat 
prehistoric peoples must have regarded as a bother­
some chore, we must now accept as one of the great­
est threats to human health and welfare. The cave 
dweller could always find someplace else to throw 
his trash, but we are finding that "someplace else" 
is rapidly becoming urbanized and that one man's 
trash heap often is another man's front door . 

Yet the difference is far more than a matter of 
space. The quantity and variety of solid wastes gen­
erated in the contemporary urban environment are 
an equally great cause of deep and growing concern. 
Today the typical city dweller produces four and one­
half pounds of solid wastes every day, more than 
twice as much as a generation ago. And the nature 
of these waste materials is constantly shifting. The 
direction of the change seems to be inexorably toward 
materials whose disposal is more difficult, more cost­
ly, and more hazardous to health and welfare. Our 
waste disposal facilities and programs are tragically 
geared to the needs of the last generation, even of 
the last century. They are simply not equipped to 
cope with the modern solid waste problem. 

Burn or bury. This is vvhat the caveman did , and 
this is what we are still trying to do. But how do 
you burn an aluminum can? Ho'~' do you bury fore­
ever a polyethylene bottle? Both of these waste dis­
cards, so long as we rely on conventional, ouhnoded 
disposal techniques, will be with us for centuries. 
Man, with his infinite technological ability, has suc­
ceeded in burdening himself with a solid was te prob­
lem as remote from the past as the supersonic jet is 
from the oxcart. And despite his technological pro-

I 
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wess, man has not yet adequately huned his talents 
toward solving the problems of waste management. 
We are,' as someone had said, a generation standing 
knee-deep in its own refuse, hurling spaceships to 
the moon. 

THE HrGH CosTs oF Vv ASTEs 

The handling and disposal of solid wastes cause 
hazards to health and welfare. The rat and fly in­
fested dump heap in the back alley or at edge of 
town, the incinerator with its noxious plume of smoke, 
the stream or lake literally chocked with rotting waste 
materials-these are health hazards by any standard 
of common sense as well as by the scientific evidence 
of their role in causing and spreading disease. By 
the same token, who can fail to recognize that a 
mountain of municipal ·refuse, an auto graveyard, or 
an offensive waste disposal facility depresses the 
value of the surrounding area as well as the lives of 
the people who must live nearby? No one today 
knows \ovhat the economic cost of inadequate hand­
ling of municipal solid wastes is. But we do know, 
thanks largely to studies conducted by the American 
Public \iVorks Association, that Americans living in 
cities pay each year roughly $3,000,000,000 for the 
collection, transportation, processing, and disposal of 
solid wastes; and for this huge sum they are getting 
no bargain. 

What they are getting is a steadily worsening solid 
waste disposal problem with increasing pollution of 
air, water, and land, a rising economic burden, and 
continuing erosion of the natural beauty of cities and 
of the open countryside. This is a poor return on a 
$3,000,000,000 annual investment. And just for the 
record, we should not overlook the fact that this 
money is spent for the handling of urban wastes and 
does not include the cost of disposing of farm wastes 
or of those industrial solid wastes that do not ordinar­
ily become a part of the urban waste stream, but are 
definitely a parf' of the solid waste problem. Agri­
cultural and industrial solid waste production prob­
ably equals twice the amotmt that is collected in 
cities. \i\Tith the accelerating trend toward urban 
sprawl out to and around once predominantly farm 
and industrial areas, the cities will have to come to 
grips with an increasing share of the national solid 
waste management problem for which they now are 
almost totally unprepared . 

Agencies of government at the municipal, county, 
State, and Federal level must recognize that protect­
ing the environment from the relentless accumulation 
of unmanaged solid wastes will require a commit­
ment of public resources, the equal of which has 
never before been brought to bear on this problem. 
Let me not mince words. By resources I mean pub-

lie funds and governmental action. 
The American people spend $3,000,000,000 a year 

to dispose of municipal solid wastes. Yet half of the 
cities and towns in the country are not today cap-ying 
on even marginally acceptable waste disposal pro­
grams. vVho but the public can correct that fault? 

THE NATIONAL SOLID WASTE PROGRAM 

vVe are relying on waste collection and disposal 
methods that were primitive at the turn of the cen­
tury. Yet until the Fede1~al Government launched 
the National Solid Waste Program less than $200,000 
a year was being invested in research and develop­
ment to find and apply better methods. Who but 
the public can be expected to bear the brunt of the 
burden of improving the management of solid wastes? 

With the passage last October of the . Solid Waste 
Disposal Act, the Federal Government signaled that 
it was ready to accept its share of the national solij 
waste management challenge. In less than a year 
we have gotten under way a broad program of re­
search and training, technical aid to State and local 
governments and industry, assistance to States in the 
development of comprehensive solid waste manage­
ment plans, projects to demonstrate the effectiveness 
of new and improved solid waste management techni­
ques, and programs to increase the public under­
standing of a problem which it has unwittingly cre­
ated and most knowingly undertaken to solve. 

The outlines of the Federal Solid Waste Program 
are known to many and they will be b etter and more 
widely known as the program grows and as its ac­
complishments increasingly are felt on the national 
effort to deal with the solid waste problem. But I 
want to emphasize that the Federal Government has 
not taken on the entire task of bringing an end to 
the solid waste problem of our cities, or of the nation . 
This is a job which must be done not by a single level 
or agency of government. The enormity and com­
plexity of the solid waste management challenge are 
too great to be left to the unaided hands of the cities, 
or the States, or the Federal Government. Each has 
its share of the total job. 

Problems of the environment - air pollution, water 
pollution, pollution of the land itself - these prob­
lems and their effects are no respecters of the ar­
bitrary boundaries by which we divide our cities, 
counties, and States . No lasting solution can b e 
found for a regional solid waste problem unless it is 
based on a regional approach. It is for this reason 
that we need greater investments of public funds etnd 
a greater commitment of governmental action. For 
the kind of needed regional approach to the solid 
waste problems of urban areas will require an un­
precedented degree of cooperation among cities, 
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among counties, and among States . Otherwise we 

will go on trying vainly to cope with the problem by 
dumping our wastes in our neighbor's backyard or 
his river. We will go on polluting his air with the 
smoke from our burning dumps and overburdened 
incinerators. And he will do the same things to us 
because, like us, he will have no alternative. 

O uTLOOK FOR TriE FuTURE 

Now let me say something about the prospects. 
Frankly I am optimistic. I think a change is oc­

CUlTing with respect to the solid waste problem which 
at leas t contains the seeds of success. For one thing 
the problem is now recognized as a national issue. 
Where once apathy prevailed, growing concern now 
exists. VVhere once the norm was a desire on the 
part of the public and of public agencies to sweep 
this problem 1.1n'der the r.ttg, now vve find open dis­
cussion, even coiltrov,etsy. Although the process will 
surely not be a quick one, out of this discussion, out 
of this controversy will come progress. For the time 
being the most significant tangible result of this 
change in attitude is the adoption of new Federal 
legislation relating specifically and exclusively to 
the solid waste problem. But this is just the first 
result. I am confident we will see many others. 

I believe we will see the cities and States, with 
Federal help where it is needed, turning increasing 
attention to the management of their solid waste 
problems, trying new approaches, creating new re­
gional programs. I believe we will see the enact-

ment of local and State laws that will encourage and 
compel the establishment of new programs or the 
strengthening of existing ones so that solid waste 
disposal will not continue to be a major source of 
environmental decay. I b elieve we will see "new 
town" projects which will incorporate wholly new and 
vastly better sy.stems for collecting, processing, and 
disposing of solid wastes, systems that will make use 
of advanced technology for the recovery and reuse 
of valuable materials and resources we are now 

foolishly and dangerously throwing avvay. And I 
believe we will see a much greater awareness by · in­
dustry of its role in reducing wastes at the source 
and in designing and producing products that do 
not needlessly add to the national solid waste burden. 

If cities are not to continue to be drained of econo­
mic and cultural vitality, if they are not to become 
increasingly rundown, if slum areas are not to grow 
and become more typical of conditions in the city -
if these trends which we see and deplore are not to 
continue, then one of the problems we will have to 
learn to deal with is the problem created by the mis­
management of urban solid wastes. Vve have started 
this part of our practical education perilously late 
in the day, but not too late. I think we as a nation 
have begun to appreciate the full and growing sig­
nificance of the solid waste problem at a time when 
our resources and energies are equal to the challenge. 
But time and the stupendous capacity we have to 
produce waste are working against us. 

There is only one bes t time to solve the solid waste 
problem, and it is now. 
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Molds of many types have long been recognized as 
spoilage agents of many different foods . Growth of 
molds invariably has been associated with the for­
mation of surface colonies and consequent discolora­
tion of the food. Flavor defects and changes in the 
physical nature of the product often accompany de­
velopment of the mold. ·when molds appear on 
certain foods such as cheese, the obviously molded 
area is often removed, and the remainder, unless it 
is deteriorated , is considered satisfactory for use as 
a food . Although this practice has been common for 
years, its safety must be re-evaluated in the light of 
what has recently been learned about rnycotoxins. 
Mycotoxins are toxic metabolites produced by cer­
tain molds during growth on a suitable substrate. 

There are undoubtedly many unreported instances 
in which moldy feed or food caused illness in animals 
or humans. Two of the most dramatic to b e reported 
occurred in Russia and England. 

Wartime conditions during the Falls of 1942, 1943, 
and 1944 resulted in incomplete harvesting of cereal 
grains grown in the Orenburg district and in some 
other areas of Russia. After overwintering in the 
field, grains vvere harvested the following spring and 
were used to prepare foodstuffs. Consumption of 
these food products resulted in frequent and fatal 
outbreaks of a condition designated as septic angina 
or toxic alimentary a\eukia (15) . Production of the 
toxic substance ( s) was associated with the develop­
ment of certain fungi on the grain while it was cover­
ed with snow. Organisms principally responsible for 
this mycotoxicosis were found to be in the genera 
F-usariu·m, and Cladosporium, (14). 

Eighteen years later, early in 1960, outbreaks of 
what seemed to be a new disease caused heavy losses 
among young turkey poults on a number of farms in 
southern England. It has been estimated that at least 
100,000 poults d ied during this outbreak. The dis-

'Presented as part of a Symposium on Food-Borne Diseases 
at the Tenth Anniversary meeting of the \•Visconsin Section 
of the Institute of Food Technologists, December 2, 1966, at 
i'vlad ison, vVisconsin. 

ease was characterized by depression, a staggering 
gait, and sudden death. The turkey carcass was 
usually conges ted and edematous and the liver was 
enlarged, pale, and firm. Later outbreaks of a simi­
lar nature were reported in ducklings and young 
pheasants . One farmer alone is believed to have lost · 
about 10,000 ducklings. Ducklings seemed to be 
very susceptible to the toxic substance, and in addi­
tion to liver lesions, many had extensive subcutaneous 
hemorrhages of the legs, feet, and back. The source 
of toxic material was found to be peanut meal used 
in the diet and imported from Brazil. Cultural ex­
amination of the peanut meal resulted in the isolation 
of a strain of Aspergillus flavus possessing the ability 
to produce the toxin present in the peanut meal (10). 

These two examples are sufficient to demonstrate 
that certain molds, under proper conditions, can do 
much more than merely spoil a product by rendering 
it moldy. They can, in fact, develop substances with 
a high degree of toxicity. The present paper will, 
first , summarize information on a number of myco­
toxins which have been isolated, and then will ex­
plore in some detail the toxic substances produced 
by A. flavus and designated as aflatoxins. 

MANY MYCOTOXIN$ R EPORTED 

Development of toxins is not limited to one or 
several species of molds. A partial list of the molds , 
infected material, toxic substances, susceptible ani­
mals and symptoms has been compiled by Friedman 
(12), and is given in Table 1. 

An examination of the data in this table leads to 
a number of conclusions . First, toxin was produced 
on a variety of substrates. This might be expected 
since molds can grow on most feeds and foods pro­
vided sufficient moisture is present. Second, the toxic 
material varied in its nature although some of the 
toxins have not been characterized . Third, many 
animals and man were susceptible to some if not all 
of the toxins. 'Finally, the toxins generally seemed 
to be rather potent in that they often caused death 
after ingestion . Many of them also appeared to af­
fect the liver, an organ which is incapable of regen-
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TABLE l. A SuMMAHY OF SoM E D ATA O N ~v!YCOTOXINS " 

Mold 

Sclerotinia 
sclerotioru m 

Fusariwn 
.s·porotrich ioides 

Sporodesmium 
hakeri 

Stachybotrys 
atra 

Aspergillus 
chevaleri 

Aspergillus 
clavatus 

Aspergillus 
fum igatus 

As7J ergillus 
flav us 

Aspergillus flav rts 
plus 

Penicillium ·1·ubru.m 

Penicillium 
toxicarium 

Penicillium. 
citrinum 

Penicill-imn 
·rugulosu.m 

Penic illium 
islandicum 

In fected 
Product 

Celery 

Cereal 
grains 

Hye grass 
Bermuda grass 

Hay 
Straw 
Grain 

Hay 
Crain 

Pelleted 
feed 

Foclcler 

Peanuts 
Crains 

Corn 

Cereal 
Grains 

Hice 

Hicc 

Hice 

"As reported by Friedm an (12). 

1'oxin 

8-Methoxy psora len 

Unknown 

"Sporoclesimn" 
( c, .H, On N,S,CR ) 

Stable to heat 
and radiation; 
destroyed by 
alkali 

Unknown 

Unknown 

Unknown 

Aflatoxins 

Unknown 

Unknown 

Citrinin 

H.ugulosin 

Chloride-
containing 
peptide 

eration. Consequently, changes in this organ are 

qmite permanent in nature and tend to be rather 
deleterious to the welfare of the animal or human 
b eing. 

One of the toxins listed in Table 1 is aflatoxin 
which is the product of A. flavus and Aspe.,.gillus 

l\cported 
Susceptibili ty 

Man 
Habbits 
Mice 

!an 
Cat 
Guinea pig 
Dog 
Monkey 

Sheep 
Cattle 
Guinea pig 
Rabbit 
Mouse 

Horses 
Cattl e 
Mice 
Cuinea pig 
Dogs 
Man 

Cattle 
Mice 
Habbits 

Habbits 

Cows 

Turkeys 
Ducks 
Swine 
Calves 
Hats 

Swine 
Mice 

Hi gher 
Vertebrates 

Mice 

Mice 
Hats 

Hats 

Symvtoms 

Blistering lesions on skin exposed to sun­
light 

"Ailmentary toxic aleukia"-Hemorrhages 
of skin and mucous membranes, necrotic 
ulcers in oral and pharyn geal tissues, leu­
kopeni a, anemia, fever, bone marrow ex­
haustion 

"Facial eczema" in ruminants, hyper-ir­
ritability, lacrimation, · nasal discharge, 
photosensitivity, icterus, stenosis, oblitera­
tion of bile ducts, cirrhosis 

Stomatitis, inflammation of buccal tissues, 
thrombocytopenia, prolonged c I o tt in g 
time, fever, leucocytopenia, massive hem­
orrhages, fatal in 3 to 4 weeks, dermal 
inflammation in man . 

Acute-fatal in 4 to 5 days, chr01iic hyper­
keratosis 

Derm al toxicity 

Hyperkeratosis 

Li ver parenchymal cell dan~age, bile 
damage, bile duct proliferation , hepatom a 

Anorexia, cachexia, icterus, fatal in 1 to 
5 clays, profuse hemorrhages in all tissues, 
morta lity-25 to 50% 

Ascending paralys is of CNS 

Acute glomerulonephrosis, liver damage 

Fatty degeneration of liver, Kidn ey clam­
age 

Fatty degeneration of liver, bil e duct hy­
perplasia, focal necrosis and hemorrhages 
of th e li ver, primary mailgnant h ep atomas 

pa.Tasiticus, although the latter mold was not men­
tioned in Table l. This toxin recently has received 
more attention than the others since it has been 
associated with a food crop-peanuts. This emphasis 
has resulted in the accumulation of a substantial 
amount of information on aflatoxin . The remainder 
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Figure l. D iagramatic sketch showing principal characteris­
tics of molds in the genus Aspergillus (20). 

of this paper will be devoted to a consideration of 
some of this information. 

Aflatoxins. 
It was mentioned earlier that a toxic substance 

now designated as aflatoxin was first associated with 
moldy peanut meal which caused the death of large 
numbers of turkey poults and ducklings after they 
ingested the feedstuff. The mold recovered from the 
peanut meal and found able to produce the toxin was 
Aspergillus flavti.S . Before considering the nature 
of the toxin and ways it affects animals, some space 
will be devoted to a description of the mold respon­
sible for the problem. 

Description of Asperg-illus flavus . The genus As­
pergillus has certain peculiar characteristics which 
serve to distinguish it from other genera of molds . 
The vegetative mycelium consists of septate branch­
ing hyphae which range from colorless to brightly 
colored and, in a few instances, are colored in local­
ized areas (20). The reproductive or conidial appar­
atus develops in the form of conidiophores and heads 
from specialized, enlarged, thick-walled hyphal cells 
designated as foot cells. Conidiophores, either septate 
or nonseptate, usually enlarge at the top to form 
fertile vesicles that in turn bear fertile cells or sterig­
mata. Conidia (or spores) which may vary in color, 
size, shape, and markings are produced from the tips 
of either the primary or secondary sterigmata. Figure 

1 (20) illustrates the major characteristics of molds 
in the genus Aspergillus as they have just been de­
scribed. 

Aspergillus flavus has all of the characteristics just 
discussed but is designated as a species because ~ it 
differs from other molds in the same genus with 
regard to some of its distinctive features . The 
principal characteristics of Aspergillus flavus include : 
(a.) the conidia are round or virtually round when 
mature and may have a rougli surface, (b) conidial 
heads are round to radiate or columnar in shape and 
are very light yellow-green to jade green or cress 
green in color, (c) conidiophores are colorless and 
usually have a rough smface, and (d) vesicles tend 
to be round and are fertile over most of their surface. 
These characteristics of Aspergilltts flavus are illus­
trated in Figure 2 (20). 

This brief description of the genus Aspergillus and, 
more specifically, of Aspergillus flavus, is sufficient 
to provide some b ackground on the type of organism ' 
responsible for the formation of aflatoxin . The toxic 
substance itself \.vill now be considered. 

IL----P-<::::::-.(' ) 
, ___ -4--__ "-'~i/lt1J 

Figure 2.. Diagramatic sketch show in g principal cha racter­
isti cs of Aspergillus fla ~; us (20). 
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STRUCT URES OF THE AFLATOXINS 

0 0 

0 0 

Bz 

F igurP 3. Structures of aflatoxins B,, B2, G, and Gt (25). 

Chernical and physical nature of aflatoxin. Afla­
toxin consists of four components when viewed under 
ultraviolet light. Two of these components emit blue 
visible light and are designated as B1 and B2 . The 
other two fluoresce with a yellow-green color and 
are called G1 and G~ (25). The amounts and relative 
proportions of these four compounds present in cul­
ture extracts are variable, depending on such factors 
as mold strain, medium composition , and cultural 
conditions. Typically, aflatoxins B2 and G2 are pres­
ent in smallest quantities, whereas the concentration 
of B1 is usually greatest. These four compounds 
were originally isolated by investigators in England 
(1 8, 21 ) and the Netherlands (24) . 

The molecular formula of aflatoxin B1 was es tab-

lished as C11H120 a and of G1 as C17H 120 7, where­
as aflatoxins B2 and G2 were found to be the dihydro­
derivatives of the parent compounds and have the 
formulae c l,HHOG and Cl7H1407, respectively (13 ). 

Structures based largely on interpretation of spech·al 
data were proposed in 1963 for aflatoxins B1, G1, and 
B2 (4, 5, 9). These and the proposed structure for 
c~ are shown in Figure 3. 

These closely related compounds are highly sub­
stituted coumarins, and thus are among a large group 
of naturally occurring compounds with many phar­
macological activities. It should b e pointed out b e­
fore concluding the discussion on the nature of aHa­
toxins that all four are very heat stable. The re­
ported melting points for B1, B2, G1, and G2 are 269, 
288, 245, and 239 C, respectively (25). 

The discussion just completed has served in part, 
to describe the toxic metabolites of Aspergillus fla vus 
from physical and chemical viewpoints. Attention 
will now be directed to the effect of these toxins on 
various animals . 

Effects of aflatoxins on animals. 
The effect of aflatoxins on animals is governed by: 

(a) the do~age administered in the form of moldy 
feed or in another fashion , (b) the kind of animal, (c) 
the length of time that the animal is exposed to the 
toxin, and ( cl) the age of the animal. 

Wogan (25), in a recent review of this subject, ap­
proached the problem of the effect of aflatoxin on 
animals from three points of view: (a) acute toxicity 
associated with ingestion of a lethal dose, (b) subacute 
to~icity associated with consumption of small amounts 
of toxin, and (c) carcinogenic properties of the toxin. 
The same pattern will be followed in the present 
discussion. 

TAULE 2. PATilOLOCJCAL C li ANCES IN ANJi\IALS Tli ,\T HECEIVE D AFLATOXI N -CONTAMI NATED FEED" 

Lircr Les ions C'a l rf's 

Acute necrosis 
and hemorrhage 

Chronic fibrosis + 
Regeneration 

nodules 

Bil e duct + 
hyperplasia 

Veuo-occlusive + 
disease 

l 
E nlarged hepatic + 

cells 

Li ver tumors 0 

"As reported by \ 1\logan (25) . 

Cattle 

+ 

+ 

+ 

+ 

+ 

0 

Sw in e 

+ 

+ 
+ 

+ 

+ 

0 

fihce p 

0 

0 

0 

0 

0 

0 

l>ucldin;..."' 

+ 

± 

+ 

+ 

J\ du l t 
Out' I\ 

+ 
+ 

+ 

+ 

+ 

P oult 

+ 

+ 

+ ± 

+ 

0 0 
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Ac·ute toxicity. The aflatoxins are acutely toxic to 

most animal species. Early experimental studies as 

well as observations in the field suggested that the 

duckling was the species most susceptible to acute 

poisoning. The LD50 of one-day-old ducklings is 

approximately 0.5 mg per kg. This value is con­

siderably smaller than those for the rat and hamster. 

Some tests indicate that the dog, rabbit, guinea pig, 

and rainbow trout all have LD50 values similar to that 

of ducklings (6, 25). 
In most species, death usually occurs within 72 

hours after the toxin is administered. Examination 

of animals after death consistently r eveals gross liver 

damage and occasional hemorrhaging in the intestinal 

tract and peritoneal cavity. 

Animals appear to become less sensitive to the 

toxin as they grow older, For example, a one-day­

old rat has an LDoo of 1.0 mg toxin per kg of body 

weight, whereas after it is 21 days old, the LD50 

value has increased to 7.0. As a basis for compari­

son, the LD50 of lead arsenate is approximately 500. 

The structure of the aflatoxin molecule also affects 

its toxicity. Aflatoxin B1 is most potent, followed in 

order by G1, B~, and G2 . The presence of the addi­

tional oxygen in the G compounds results in a reduc­

tion of activity by a factor of two, whereas the un­

saturated compounds are approximately 4.5 times as 

potent as the dihydro-derivatives. 

The information just presented becomes a bit more 

meaningful when it is realized that one of the most 

toxic peanut meals ever encountered contained ap­

proximately 10 ppm. of aflatoxin B1 . As little as 1.0 

gram of this meal proved lethal to day-old ducks (21). 

In another instance calves died when they were 

fed some of the original Brazilian peanut meal (17). 

Later experiments were conducted in which other 

calves received diets containing 18% of a highly toxic 

peanut meal (3). The calves became unthrifty and 

died within 16 to 25 weeks. The same toxic meal, 

when fed to three-~o four-year old dairy cattle in a 

diet containing 20% of the meal, caused a loss of con­

dition. Cows aged eight to ten years showed no 

clinical symptoms when they received the toxic meal 

at the same level. 
Subac·ute toxicity. Animals which consume sub­

lethal quantities of aflatoxin for several days or 

weeks develop a subacute toxicity syndrome which 

commonly includes moderate to severe liver damage. 

Several types of liver lesions have been observed in 

different species, and this information is summarized 

in Table 2 (25). Consideration of the data leads one 

to conclude that sheep are rather resistant to effects 

of the toxin, and that biliary hyperplasia (a condition 

in which there is excessive growth of liver tissue ) is 

the lesion most consis tently observed in all species 

except sheep (25), 

Subacute toxic effects of aflatoxins in monkeys 

have been reported (23). In the experiments young 

Rhesus monkeys ( 1.5 to 2.0 kg ) were fed either 1.0 

mg of aflatoxin per day or 0.5 mg per day for t:l:e 

first 18 days followed by 1.0 mg per day. All ani­

mals lost their appetite and died in 14 to 28 days. 

The principal findings on autopsy included liver 

lesions similar to those seen in ducklings and which 

were suggestive of liver cirrhosis. 

CaTc·inogenic properties of aflatoxin. Prolonged 

administration of the toxin at subacute levels leads 

to formation of liver tumors which are cancerous in 

nature. This was observed in early investigations on 

the feeding of toxic peanut meal to rats (16). After 

feeding a purified diet containing 20% of toxic p eanut 

meal for six months, nine of eleven rats developed 

multiple liver tumors , and two of these 9isplayed 

lung metastases. The carcinogenicity of toxic peanut 

meal has been demonstrated repeatedly since then , 

and aflatoxin has clearly been shown to be the respon­

sible agent. 

Precise dose-response conditions have not yet been 

established, but some information is available r e­

garding relationships betvveen tumor incidence in 

rats and aflatoxin content of contaminated peanut 

meals. Results of several studies have demonstrated 

a good correlation b etween liver tumor incidence 

and dietary aflatoxin in the range of 0.06 to 1.8 ppm 

(19 ). Administration of the highest level (e.g., 1.8 

ppm. ) for 370 days was accompanied by a tumor 

incidence in excess of 90%. The lowest level of toxin 

studied ( 0.005 ppm.) failed to induce liver h1mors 

within a similar time period. 

Data accumulated from feeding tes ts employing 

the pure toxin have permitted the estimation of the 

effective dose of aflatoxin B 1 for the induction of 

liver tumors in rats. It has b een es timated that this 

dose is approximately 10 t-tg per day (8). When 

this value is compared with similar estimates , for 

other hepatocarcinogens such as dimethylnitrosamine 

( 750 t-tg/day) and butter yellow ( 9,000 t-tg/ day), the 

relative potency of aflatoxin is readily apparent. 

The rainbow trout was found to be considerably 

more sensitive than the rat to the carcinogenic ef­

fects of aflatoxin. It has b een shown that this fish 

develops liver tumors at significant rates when fed 

purified diets containing only 0.5 to 2.0 t-tg aflatoxin 

B1 per kg (i.e ., 0.5 to 2.0 ppb ) (6, 7, 22). The ap­

parent sensitivity of this fish has suggested that afla­

toxin may b e an etiological agent of the so-called 

"trout hepatoma syndrome." 

M etahol-ic alterations of aflatoxin. 

The discussion on aflatoxins, up to this point, has 

been concerned largely with the effect of the toxin 

on a number of animals. There is another side to 

, 
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• the story-the changes that may result in the toxin as 
a result of its metabolism by animals. Before con­
cluding the discussion, this aspect of the problem 
will be briefly considered. 

Studies with rats and radioactive labeled aflatoxin 
indicated that 25 to 30% of the toxin was metabolized 
to C02, 25% was excreted in the urine, 25% was con­
tained in feces, and six to nine per cent appeared in 
the liver. The nature of compounds present in urine 
and feces has not been determined, and the metabolic 
pathways are not fully understood (25) . 

In another series of tests, rats were fed a dried , 
heat-treated culture of A. flavus grown on peanuts 
':Yf:id _.¥Tf~o-~ ~.orne pure aflatoxin B1 (11) . Chromato­
grap)tri'C', ~nalysis of an extract of milk produced by 

,/ . 
the l~<;~ts _ re~ealed. the ·presence of a component dif-
fel}~nt' froril - aflatoxin, but one which retained the 
toxic properties of the mycotoxin. It was concluded 
that the lactating rat can convert aflatoxin B1 to an­
other still toxic form and secrete it in the milk. Simi­
lar observations have also been made on dairy cattle 
(1 , 2, 11 ). In fact, it has been demonstrated that the 
toxic component in cow's milk is associated with 
casein and remains with the milk protein when it is 
precipitated with rennin and removed from the re-

I·= ri)~i'ning milk constituents . 
\ _ .. -Tests on another product of animal origin, namely 

~~ggs, revealed the absence of a toxic substance even 
when the hens that produced the eggs received a diet 
containing 15 ~~~r cept toxic peanut meal (2). 

Su:~vrMARY 

Production of toxic metabolites has been associated 
with the growth of different molds on a variety of 

; substrates including cereal grains, celery, peanuts, 
hay, and straw. Most of the toxins affect more than 
one species of animal, and many of them induce 
pathological changes in the liver. 

Most research attention has been devoted to the 
heat stable aflatoxin produced by Asperg-illus flavus. 
Actually, four different aflatoxins are produced. All 
are highly substituted coumarins and two of them 
( B1 and B2 ) fluoresce with a blue color under ultra­
violet light, whereas the others ( G1 and G2) fluoresce 
vvith a yellow-green color. 

The aflatoxins are acutely toxic to most animal 
species and death will result if enough is ingested , 
esp ecially when the animal is young. 'i\' hen low 
levels of the toxin are consumed for several days or 
weeks, symptoms of subacute toxicity develop . These 
inclt\de biliary hyperplasia and hepatomas. A daily 
intake of 10 1-Lg of toxin appears adequate for the 
induction of hepatomas. 

Aflatoxin ingested by animals undergoes cer tain 
metabolic changes within the animal body. Rats 

excrete some of the toxin as C02, some in the urine, 
and some in feces . Approximately 6-9% of the in­
gested toxin is retained in the liver. Rats and daily 
cattle have also b een found able to modify and ex­
crete some of the toxin in milk. The milk toxin is 
associated with the casein fraction and on precipita­
tion by rennin remains with this milk component. 
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ASSOCIATION AFFAIRS 
MISSOURI AWARDS TO BAIRD 

AND NICKEL 

The Missouri Association of :tviilk and Food Sanitar­
ians at its awards dinner in connection with the 35th 
Annual iVIilk and Food Sanitation Conference at Col­
umbia, April 10-12, 1967, selected I. H. Baird for the 
1967 Sanitarians Award and presented to Vernon 
Nickel a 25 year certificate and pin for continuous 
service to the Association. 

I. H. Baird, D.V.M., Director of Laboratory and 
Milk Control for the St. Joseph D epartment of Health, 
has given 45 years service to the health and welfare 
of his community. First employed as City Bacteri­
ologist he was instrumental in the adoption of the 
fiTSt milk ordinance in St. Joseph in 1929 and by con­
tinued revisions and modifications has kept the city's 
milk program at the highest level. 

An outstanding achievement vvas the initiation of 
the first mastitis con trol program in the state. Start-

Vern on Nickel holds 25 Year Sanitat ion Award certificate 
and pin. 

Dr. I. H . Baird (left) receives 1967 Sanitarians Award 
certificate from Earl vVhite of the Awards Committee. 

ing without guidelines and no standardized tests, 
"Doc" devised a program to suit his needs. He in­
troduced test methods, particularly for subclinical 
mastitis, sometimes over the objections of local vet­
erinarians but his program is now fully supported in 
the St. Joseph area . He has been an active member 
of state public health and veterinary medical associa­
tions and his work in St. Joseph has contributed sub­
stantially to the formation of the :Missouri Mastitis 
Council. 

Vernon D . Nickel, with the St. Louis City Health 
Division, has long been active in _the affairs of the 
Missouri Association and is presently chairman of its 
Dairy Farm Methods Committee. "Nick" is also ac­
tive nationally, serving as the chairman of the Sub­
committee on Education of the IAMFES Dairy Farm 
Methods Committee. His group is responsible for 
the selection of outstanding farm publications cur­
rently being abstracted in tbe Journal. 

The 35th Conference was well attended and an in­
teresting and informative program was presented, 
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Missouri Association offi cers for 1967-68 ( left to right ). 
E . P . Gaclcl, Howard Hutchings, G. \ V. Dromgold, Charles 

eighbors and J. I. Kennedy. 

covering milk control problems, restaurant and food 
processing sanitation and general and environmental 
sanitation topics. Formal presentations on selected 
subjects were supplemented by panels and discussion 
periods dealing with specific problem areas. 

At the annual business meeting new officers for 
the 1967-68 period were selected as follows: Charles 
Neighbors, Kansas City, President; C. \V. Dromgold, 
St. Louis, 1st Vice-president; Howard Hutchings , 
Columbia, 2nd Vice-president; Erwin P . Gadd, Jeff­
erson City, Secretary-Treasurer . James I. Kennedy, 
Jefferson City, is Past-President. 

INTERESTING HIGHLIGHTS OF THE 
NORTHEAST FOOD INDUSTRY CONFERENCE 

One hundred industry and government representa­
tives from the Nortl1eas t took a look at developments 
of the future and some of the problems of the present 

·during .the annual F ood Industry Conference sp on­
sored by Rhode Island University's College of Agri­
culture at Kingston on April 26, 1967. Sidney Shep ­
ard, executive director of the Rhode Island Quality 
Milk Association, was honored during the day with 
a certificate of achievement for his services to tl1e 
dairy industry. The association is a milk testing 
organization. 

The consumer pendulum is swinging away from 
supermarkets and back toward the old-style "Ma" 
and "Pa" neighborhood store, a retailing executive 
told the annual Conference. Clifford Merrill, presi­
dent of National Convenience Stores Inc. of New 
York, described h ow thousands of dairy convenience 
stores selling a variety of products are opening around 
the country. These stores range in size from only 
1,000 to 3,000 square feet and they serve the public 
12. to 16 hours a day, seven days a week. 

Among th e problems discussed by various speakers 
was solmonellae in food and wh at could b e don e 
about it . Nevis E. Cook, director of the Boston dis­
trict of the U. S. Food and Drug Administration, 
said housewives carm ot solve the problem but b e 
asked them to take care in the preparation of food . 
In preparing meats, particularly poultry, the fooJ 
should not be taken from the oven and set b ack on 
th e cutting board that was used in preparing the raw 
meat, Mr. Cook said, so th at the prepared food will 
not become re-contaminated with any salmonell a 
bacteria th at might b e present. 

Sidney Shepard, Rhode Island Quality ~ ! i l k Association . 

A H arvard nutritionist, Dr. Rob ert B. McGandy, 
said there is an increasing pressure for an alteration 
in the nature of many dairy products and the develop­
ment of new ones. Dr . :McGandy conceded there is 
plenty of room for controversy about diet and heart 
diseas ~ and said milk and milk products are among 
the easiest foods to change when it comes to changin g 
diets. It is regrettable that there are not more dairy 
products that could serve as substitutes. 

Dr. McGandy asked why the dairy industry is not 

at the forefront of the development and marketing 
of dairy products lower in fa t and with a favorable 
balance of saturated to unsaturated fa ts. He sug­
gested the p ossible development of milk, cream and 
ice cream with vegetable oil substituted for p art of 
the fa t. 

Allen R. Buller, general manager of ·worthington 
Foods Inc. , which specializes in produ cing meatless 
mea ts, described how edible protein products are 
produ ced by a spinning process similar to that used 
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in spinning tm .. 'tiles. H e said a slice of simulated 
meat can be fabricated hom plant fibers as readily as 
a synthetic fabric. 

Soybean protein , he said, is spun into 15,000 fibers 
to form a strip of material to which flavors, binders 
and colors are added to produce a product that re­
sembles beef, pork, chicken or turkey in looks, flavor 
and texture. He said these products meet the needs 
of vegetarians as well as those whose religious be­
liefs restricts or prohibits the use of meat. They also 
aid in controlling the amount and type of fat in a 
diet, he added. 

Mr. Buller sa id that more p ounds of simulated 
meat can be produced on an acre of ground than on 
the hoof. At present eight ounces of simulated h am 
slices cost about 69 cents, but the price will eventual­
ly be lower as production costs are lowered . It will 
be possible in the future, Mr. Buller added to pro­
duce simulated berries, fruits , nuts, cocoanuts and 
spaghetti. 

ROBERTS EVERETT RECEIVES 
3-A TOP AWARD 

A form er executive vice-president of the D airy and 
Food Indush·ies Supply Association has received the 
top honor of the 3-A Sanitary Standards Committees. 
Roberts Everett was presented with a 3-A bronze 
plaque April 6 during the spring meeting of the Com­
mittees in Miami Beach, Florida . 

DFISA Teclmical Committee Chair;nan, Gordon 
A. Houran of The D eLaval Separator Company, made 
the presentation following introductory remarks by 
DFISA's present Executive Vice-President Joseph S. 
Cunningham. The plaque's inscription reads: "Pre­
sented to Roberts Everett in appreciation of his ser­
vices to the 3-A Sanitary Standards Program." 

Everett, who now• serves as supervisory consultant 
and secretary for DFISA, is credited with major sup­
port of the 3-A activity in its formative period. Dur­
ing that time, he made available to the infant or­
ganization many DFISA ( then DISA) facilities. His 
strength and leadership in the movement are widely 
recognized ," states iVIr. Cum1ingham. 

Awarded to participants who h ave made outstand­
ing contributions to the 3-A activity, this plaque is 
the fourth to be presented since the honor was in­
itiated in 1964. Earlier honorees include the fol­
lowing persons: Dr. Elliott H . Parfitt, formerly with 
Evaporated Milk Association, who served as Chair­
man of the Sanitary Standards Subcommittee of the 
D airy Industry Committee; T . A. Burress, formerly 
with The Heil Co., and long-time co-chairman of the 

Roberts Everett, form er execuUve vice president of tl~ e 
Dairy and Food Industries Suppl y Association , as h e receives 
the top award of th e 3-A Sanitary Standards Committees. 
Making th e presentation is Gordon A. Houran ( I. ), Chair- , 
man of DFISA's T echnical Committee. Joseph S. Cunnin g­
h am, present E xecutive Vice President of DF ISA and Dean 
H. Stambaugh ( r. ), 3-A Sanitary Standards Committees Chair­
man, look on. 

DFISA Technical Committee; and C. A. Abele, for 
20 years chairman of the Committee on Sanitary 
Procedures-International Association of :Milk, Food 
and E nvironmental Sanitarians. 

SIX NEW AMENDMENTS ADOPTED 
AT 3-A COMMITTEES MEETING 

Six new amendments have been adopted as final 
by the 3-A Sanitary Standards Committees. This 
action which refl ects the organization's philosophy 
of technological up-dating of existing standards and 
practices, involves four Sanitary Standards and two 
Accepted Practices . The body of user, fabricator , 
and regulatory segments of the dairy processing in­
dustry took fin al action during its April 6-8 meeting 
in ~'liami Beach, Fla. 

Amendments to the following 3-A Sanitary Stand­
ards were accepted as final: 

STAN DAHD 

Silo Tanks 

SUBJI!:CT OF 

SE:H IAL No. Al\mNDMI!:N T 

2200 Clarification of vent­
ing provisions 

Evapor<ltors and Vacuum Pans 1600 Authorization fo r 
rolled tubes 

Mu lt iple-Usc Plastics 2COO Addition of new 

San itary F ittin gs 

plastics 

0800 Suppl ement for 
diaphragm va lves 
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• Also adopted as final were amendments to the fol­
lowing 3-A Accepted Practices : 

PH ACTICE 

Perman entl y Installed 
Pipelines 

Air Under Pressure 

SUHJECT OF 

DATE AME!'.'DlV!ENT 

]\llarch, 1966 1 ew cast surface 
standard 

April , 1964 Inclusion of high 
pressure air 

This series of amendments will be prepared for 

signature and publication later tl1is year in the Journal 
of Milk and Food Technology. Although effective 
dates for tl1e several amendments may vary, none 
will exceed one year. 

In addition to finalizing the six amendments, the 
3-A group reviewed tentative standards for dry milk 
fillers, and proposed revisions or amendments .to the 
3-A HTST Practices, Storage Tanks Standards, and 
Sanitary Fittings. These were referred back to the 
respective task committees for further changes. 

ADDITIONAL LIST OF COMMITTEES 1966-1967 

• 

CoMMITTEE ON Foon PHOTECTION 

Ohjectives 

To provide international leadership in the prevention and 
CO!ltrol of food borne diseases through: 

l. Identification and evaluation of microbial, ch emical, 
radiological and physical hazards associated with th e process­
in g, transportation, storage, handling and service of foods and 
an imals feeds; 

2. Encourage th e conduct of research to provide data need­
ed to develop effective, practical control measmes; 

3. Promote improved reporting of foodborn e disease out­
breaks; 

4. Encourage development of improved methodology for 
detection of foodborne pathogens and hazardous chemicals in 
market foods; 

5. Encourage the development of model Jaws and regula­
tions for the control of food hazards, and promote their uni­
form adoption and application by State and local regulatory 
a"encies. 

6. Promote tJ1e development of regional and / or nationa l 
certification programs designed to assure the safety of foods 
moving in interjurisdictional shipm ents; 

7. Study existing and new processin g and servin g practices 
i and techniques to assure the incorporation of new and im­

proved food protection measures; 
8. Lend ~ upport to agencies and groups concerned witJ1 th e 

training of industry and regulator y agency personnel; 
9. Assist any agency or group engaged in th e eradication of 

foodborn e hazards fron1 market foods; i. e. Salmonellae in eggs, 
dry milk, cake mixes, etc.; 

10. Provide techni cal and consultative assistance to any 
segment of th e food indush·y and to regulatory agencies in 
matters of food protection . 

David Kronick, Chairman, Chief, Milk and Food Section, 
Division of Environmental Health, Philadelphia Departm ent 
of Public Health, Philadelph ia, Pennsylvania 19146. 

\-\lilliatn V. Hickey, Vice Chairman, Public H ealth Com­
mittee, Paper Cup and ContaiJ1er Institute, New York, 1 ew 
York 10017. 

\ V. A. Fountain , Chief Food T echnologist, General EngiJl­
eering-Sanitation Service, Georgia Department of Public 
Hd lth , Atlanta, Georgia 30334. 

A. E . Abrahamson, Deputy Assistant Commissioner, En­
vironm ental Health Ser·vices, New York City Department of 
H ealth, ew York, lew York 10013. 

Dr. James C. \Vhi te, D epartm ent of 'Foocl Science, Cornell 
University, Ithaca, New York 14850. 

Dr. K. G. vVeckel, D epartment of Food Scien.ce and In­
dustries, University of \Visconsin, Madison, ' Visconsin 53706. 

E lmer D. McGlasson , Mi lk and Food Branch EEFP, Public 
H ea lth Service, Washington, D. C. 20201. 

Robert Back, Chief Food Technology Division, District of 
Columbia Deparb11ent of H ealth , ' Vashington, D. C. 

CoMMITTEE Or S ANITARY PHOCEDURE 

Dick B. vVhiteh ead, Clurirman , 210 Casa Linda Plaza, 
Dallas, Texas 75218. 

C. A. Abel e, 2617 Hartzell Street, Evanston, llli~1 o i s . 
D. C. Cleveland , Dairy and Food Di vision, H.oom 505, 

Municipal Building, Oklahoma City, Oklahoma. 

KennetJ1 Carl, Chief, Dairy Consumer Service Division , 
Oregon Deparbnent of Agriculture, Salem, Oregon. 

Duclly J. Conner, State Milk Inspector, Division of Environ­
menta l Health , 275 E. Main Street, Frankfort, Kentucky. 

P. J . Dolan, Bureau of Dairy Service, State Bui ldin g, 
H.oom 3051, 2550 Mariposa Street, F resno, California 93712. 

Harold Irvin, Omaha-Douglas Health · Departm ent, 1202 
S. 42ncl Street, Omaha, Nebraska. 

\•V. K. Jordan, Associate Professor, D epartment Dairy and 
Food Service, Stocking Ha ll , Cornell University, Ithaca,_ N. Y. 

Joseph J . Karsh, Alleghan ey City Health D epartmen t, 
Pi ttsburg, Pennsylvania. 

C. K. Luchterhand, 240 City-County Building, Madison , 
\~Visconsin. 

James A. Meany, 8949 S. LafliJ1 Street, Ch icago, Illinois. 

Sam 0. Noles, State Board of H ealth , P. 0. Box 2l0, 
Jacksonvill e, F lorida. 

0. M. Osten, Assistant Director, Food Inspection Di­
vision, Minnesota D eparb11ent of Agriculture, State Office 
Building, St. Paul, linnesota 55101. 

H.ichard M. Parry, Chief, Dairy Division, State D epart­
ment of Agriculture, State Office Building, Hartford, Con­
necticut . 

H. L. Thomasson, P. 0. Box 437, Shelbyvill e, Indiana. 

F. E. F enton, Chief, Standariza tion Branch, Dairy Di­
,· ision, Agricultural Marketing Service, U. S. D ept. of Agricul­
ture, F ('dcral Center Building, H yattsvill e, Maryland 20781. 
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NEWS AND EVENTS 
OHIO HOLDS ANNUAL MID-WEST 

WORKSHOP IN SANITARY SCIENCE 

Approximately 150 individuals representing five 
states attended the Annual Mid-west \ iVorkshop in 
Sanitary Science at The Ohio State University, March 
20-24, 1967. The ·workshop program offered in serv­
ice training for persons having principal responsibili­
ties in milk procurement, handling, processing, or 
quality control ; r~gulatory work dealing with food 
service operations and es tablishments; or regulatory 
work pertaining to the control and the labeling of 
hazardous substances. 

Many educators , industrialists and public health 
officials participated in the five-day event Dr. W. 
J. Bashe, Univ. of Cincinnati, opened the Workshop 
with a discussion of the "Epidemiological Aspects of 
Milk and Food Sanitation" and emphasized the pub­
lic health reasons for milk and food sanitation pro­
grams, the epidemiology and the etiology of some 
food borne diseases. Other participants included Dr. 
H. E. Randolph, Univ. of Kentucky; Dr. A. R. Brazis, 
USPHS; D. A. Seiberling, Klenzade Products ; C. Lay, 
Ohio Dept of H ealth ; D . J. Hartley, ational Auto­
matic Merchandising Assn.; J. \iV . Steckel, Torco Tes t 
Control Co. ; Dr. E. H . Marth, Univ. of \ iVisconsin ; 
S. M. Hart, FDA; Dr. J. H. Russell, Ohio D ept of 
H ealth ; W. R. McLean and R. L. Sanders, USPHS; 
C. M. Crosby, The D e Laval Separator Co.; H . Wai­
ness, Consultant in Public Health ; T. C. Klapperich , 
USPHS; and P. A. Freebairn, Pennsalt Corp. 

Milk and food personnel participated in concurrent 
sessions. For milk, there were discussions on "D airy 
Farm Practices" dealing with herd health, milking 
and milk handling equipment, farm inspection and 
abnorm al milk; "Milk Pasteurization-Equipment and 
1\tlethods" featured pasteurization in review, instru­
mentation, pumps and equipment and post-pasteuri­
zation contaminatiol); and "Automated Cleaning Sys­
tems" relating to unit components and the automated 
scheme. Concerning food , there were achlal work­
shop demonstrations in the areas of "Food Service 
Operations and Vending Machines" dealing with food 
operation plan review, food vending sanitation, food 
equipment evaluation and approval, layout design for 
food handling areas, environmental conditions for 
food operations and establishments and water heat­
ing for commercial kitchens. "Special Phases of Food 
Sanitation" were concerned with accident prevention , 
bakery and poultry products and plant sanitation. 
The "Hazardous Substances Section" dealt with the 
labeling act, regulations, inspection and analysis of 
hazardous substances. 

CHECK SEDIMENT 
BEFORE IT GETS INTO YOUR 

MilK SUPPlY 
• Sani -Guide catches hair, in­

sects, fluffy filter lint, and 
other foreign matter 

• Gives visual proof of cleanli­
ness 

e Low-cost protection against 
pump-damaging objects 

• Prevents air leaks, foaming, 
costly milk seepage 

• Easy to insert in the sanitary 
union between bulk tank out­
let and truck hose 

Only KENDALL makes this effec­
tive after-filtering insert ... rec­
ommended and used by leading 
dairy plants and health depart­
ments! 

KenDAL~ 

THE KENDALL COMPANY 
FIBER PRODUCTS DIVISI ON 

WALPOLE, MASSACHUSETTS 

Makers of KENDALL non-gauze Mi lk Filters 
and KENDALL Anim al Health Products 

, 
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• FDA POLICY ON SALMONElLA 
CONTAMINATED FEED INGREDIENTS 

"" . In the Federal Register in March, 1967, the FDA 
published a statement asserting that it will consider 
to be adulterated and therefore subject to seizure 
any animal feed ingredients contaminated with sal­
monellae. Listed were such items as bone meal, 
blood meal, feather meal, crab and fish meal, fish 
solubles, meat scraps, tankage or similar by-products. 

FDA said that investigations had revealed that 
animal by-products used for animal feed may be con­
taminated with salmonellae. Contamination occurs 
through inadequate heat treatments of products or 
improper storage and handling subsequent to pro­
cessing. 

The armouncement is issued becat1se of the public 
health significance of such microorganisms in meat, 
milk, eggs and other edible products from food-pro­
ducing animals . FDA states that the announcement 
creates no new authority with respect to application 
of the Food, Drug and Cosmetic Act to salmonella 
contamination in animal feeds. 

NEW USPHS BOOKLET ON MILK 

~ "What You Should Know About Grade A Milk" is ((i. the title of a new booklet issued by the Public H ealth 
Service. The booklet is Public Health Service Publi­
cation No. 1472 and is different from Public Health 
Service's "Grade A Pasteurized Milk and Milk Prod­
ucts, Your Best Buy" which was released about a 
year ago. 

I 

•' l 

The booklet is designed to answer three important 
questions about milk which should b e of concern to 
all persons. They are: 

1. What is the nutrient value of milk and how much ; 
should we include in the dairy diet for maximum 
health? 

·2. \i\That is being done to safeguard milk to prevent 
the dissemination of disease through milk and milk 
products? 

3. What is being done about cholesterol, chemical 
residues and radiological fallout? 

Separate sections are devoted to a discussion of 
each of the questions. 'With respect to its nutritional 
value and its importance in the daily diet, the pamph­
let emphasizes the excellent quality of the protein 
in milk, the completeness of its assortment of mineral 
elements and the proportions in which they occur, 
the high content of calcium necessary for growth, the 
presence of indispensable vitamins and the calcium 
phosphorous ratio important in the building of strong 
bones and teeth . 

The booklet points out that Grade A pasteurized 
milk must come from healthy animals and be pro­
duced, pasteurized, and handled under conditions of 

strict sanitary control by State and local milk sanita­
tion officials. Effective milk sanitation controls in 
every State today protect consumers against such dis­
eases. Continued vigilance through adherence to 
these controls is, however, essential. 

As to the third question concerning cholesterol, 
chemical residues and radioactive fall-out the booklet 
reviews what is presently known about cholesterol 
and the position of the Public Health Service on 
various recommended dietary changes. The booklet 
discusses the increased uses of pesticides and anti­
biotics ' and possible effects and the public concern 
over radioactive materials in foods. It points out 
that cooperative plans by industry, and local, State, 
and Federal authorities have been worked out so as 
to safeguard and protect the milk consuming public 
from these harmful substances . 

Today, consumers may be assured that pasteurized 
grade A milk and milk products that they purchase 
have been properly safeguar·ded to prevent illness 
when produced, processed and packaged in accord­
ance with the Grade "A" Pasteurized Milk Ordinance 
-1965 Recommendations of the United States Public 
Health Service. 

Copies of the booklet are available at 15 cents each 
from the Superinten<,lant of Documents , U. S. Govern­
ment Printing Office, \i\Tashington, D. C. 20402. 

AGRICULTURAL ECONOMIST PREDICTS 
200,000 DAIRY HERDS IN LATE 1970s 

University of \ i\lisconsin Agricultural Economist 
Truman Graf told the American Dairy Association 
1967 annual meeting: "There were slightly more than 
500,000 dairy herds in the United States in 1966. This 
total will b e cut by more than one-helf in the next 
decade. There will be only about 200,000 U. S. dairy 
herds in the late seventies. Most of these will be 
in the 60-100 cow category. However, b ecause of 
greater production efficiencies, these herds will be 
producing substantially more milk than is being pro­
duced now." 

In his discussion of dairying trends in the next 
decade, Dr. Graf made several points . It is true that 
the number of farms selling milk and cream dropped 
56% in the 1954-64 decade. It is true too that the 
number of milk cows on farms dropped 19% since 
1960. It is also true that the shift from farm separ­
ated cream to whole milk sales, and the shift from 
farm use of milk, has b een largely completed. The 
reduction in milk used on the farm resulted in 13 
billion pounds of additional milk marketings s·ince 
1950. 

1 evertheless, the above factors will be more than 
offset by others which will encourage substantial fu ­
ture increases in milk production. Production per 

r 
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cow has increased 21% since 1960, and promises to 
continue to increase considerably above the 1966 
level of 8,513 pounds. Also the rapid exodus from 
dairying in recent years has resulted in fewer, but 
larger, dairy herds. For example the number of 
cows per farm increased 40% in the 1959-64 period. 
Increased herd size results in increased production 
per cow because of higher grain and concentrate 
feeding rates, and improved breeding and feeding 
practices. 

Furthermore, the number of commercial dairy 
farms with gross sales of over $10,000 annually, more 
than doubled in the 1949-59 decade and has con­
tinued upward in the 19601s. It is these commercial 
dairy farms who will be the big producers of milk 
in the future. As far back as 1959 these cmmnercial 
dairy farms accounted for over one-half the total 
marketings of milk but represented only about 15% 
of the farms selling milk and cream. vVhat happens 
on these larger commercial dairy farms, will to a 
large extent determine what happens to future milk 
production in the U . S. These commercial dairy 
farms will be controlling more and more of the total 
dairy production in coming years, and upward pres­
sure on milk production will increase substantially 
as control shifts to the larger commercial sized dairy 
operations. 

... if your problem is 
TEMPERATURE DROP! 

IT'S A FACT: 
The higher the temperature of yo ur 
starting wash solution . .. the faster the 
temperature drop! 

PROVE IT YOURSELF Check the 
temperature of your wash solution after 
10 minutes- SEE what temperature 
you are washing with! 

SUPER REAM is formulated 
to clean at temperatures you can 
maintain. 

Available thru 
your local creamery, 

milk plant or 
dairy supply dealer 

SEP-KO CHEMICALS, INC. 
3900 Jackson Street N.E. 
Minneapolis, Minn. 55421 
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ENVIRONMENTAL SANITATION SECTION CHIEF 

Opportunity in South Dakota for Sanitarian to direct 
State Department of Health restaurant and lodging in· 
spection and licensing program. Position requirements 
include Bachelor's Degree, a Master's Degree in Public 
Health or in the principal field. of under-graduate study, 
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FOR SALE 

Single Service milk sample tubes. For further in· 
formation and a catalogue please write, Dairy Technology 
Inc., P.O. Box 101, Eugene, Oregon. 

Classified Ad Rates 10c Per Word-Minimum 1.00 

Consistently accurate! 
A complete line of Babcock testers-8 to 36 
bottle capacity-in electric, hand and hand­
electric models. Adva nced features inc lude 
the most accurate speed indicator known, 
variable speed control and thermostatic hea t 
control. Gerber test models also available. 

Babcock Test Bottle Shaker. Ovate move­
ment completely integrates acid with 
milk or cream, assures uniform testing, 
saves time. May be loa ded while in motion. 
Made in 24 and 36 bottle models with sta­
tionary or removable tray. 

Write today for full details! 
THE GARVER MANUFACTURING CO. 

Dept. JM, UNION CITY, IND. -------------1 
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.00 YOU HAVE 
A SPRAY CLEANING 
PROBLEM? 
these plant operators do not, 

they specified 

<LENZ-SPRAYS 
Original equipment manufacturers know that Klenz­

Sprays take the guesswork out of cleaning. You can 

specify them for installation in tanks or vats fabri­

cated by all manufacturers, and in fact, several have 

standardized on Klenz-Sprays in their equipment. 

They know that these sprays are simple with no 

~oving parts, and spray clean ALL the surfaces ALL 

~he time. 

; 

You, too, can benefit from the Klenzade approach­

Single Organization Responsibility for design, man­

ufacture, installation and service. If you have a spray 

cleaning problem-or are planning a new faci I ity, call 

your Klenzade Technical Representative or write for 

further information. 

• l 

Wells Dairy, Le Mars, Iowa, equipped these Cherry-Burrell 

Silo-Type Tanks with Klenz-Sprays . 

Economy Stores, Norfolk , Va ., specified Klenz-Sprays in 
three of these Paul Mueller Processors . 

Five Walker Sta inl ess Stora ge Tanks equ ipped with Klenz­
Sprays are installed at Economy Stores. 

For completeness, quality and cost-control it's 

KLENZADE PRODUCTS 
Div. of Economics Laboratory, Inc . 

Dept. 1461 Beloit, Wisconsin 

Why milk processors spell clean with a UK" 



We DARE you to see 
this NEW FILM .. . 
it may change your ideas 
about modern milking! 

, 

\ .. 
I 

•. -· 

Ptd tflaue/1 /le; lk ''8/tJ ORANtJ£ tHA/R::. 
• See the features a pipeline milking unit 

MUST have to do a profitable job of GOOD 
COW MILKING. 

• See a split-screen COMPARISON of the 
new Surge Lo-Profile Breaker Cup and a 
claw-type milkiAg unit. 

• See the importance of a COMPLETE break 
in the column of milk . 

. -~-'D MENSIONS DAIRYING 

BABSON BROS. CO. 
2100 S. YORK ROAD, OAK BROOK, Ill. 60521 
BABSON BRO S. CO . (Canada) LTD. REXDALE , ONTARIO 
MINNEAPOLIS, RENO, KANSAS CITY, MEMPHIS, SYRACUSE 

• See how Pulsator location AFFECTS the 
milking action of the inflation. 

• See why there will be NO DOUBT in your 
mind which Milking Unit is the SAFEST, 
FASTEST and CLEANEST. 

• See your Surge Dealer for a free showing 
of the 10 minute, full -color film ... 
"Patent No. 2709416" 


