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Now!! Selling Direct To Public 
Big Powerful 7 H.P. Briggs & c ... ~ .. ftR 

FROM FACTORY 

TO YOU. 
Mustang RIDING 

1973 Model 
constructed of steel 
and built for constant 
rugged use, this power­
ful 7 H-P Mower will 
easily cut grass and 
weeds 3 feet deep, pull 
fertilizer distributor, 
seeder, roller or any 
other lawn attachment 
for your lawn needs. 

now'22995 

Full Price 
TAX & FREIGHT PAID 

TO YOUR DOOR 
Compare at *43495 

ACTUAL PHOTO 

OF MOWER YOU 

WILL RECEIVE 

eONE FULL YEAR NATIONWIDE 
FACTORY WARRANTY 

e COMES COMPLETE WITH 
ILLUSTRATED PARTS LIST AND 
FULL OPERATING INSTRUCTIONS. 

e TWO DAY SERVICE ON PARTS 
MOST STATES 

e COMES COMPLETELY 
ASSEMBLED IN CRATE. 

e BEAUTIFUL BAKED ON RUST 
PROOF ENAMEL FINISH 

e MADE IN U.S.A. 

WE REPEAT$22995 
FULL PRICE 

Tax & Freight Paid TO YOUR DOOR 

TO OWN ONE RUSH CHECK OR MONEY ORDER 

TO: FRANKLIN MANUFACTURING SALES 
2783 MAIN STREET 
EAST POINT, GEORGIA 30344 
PHONE (404) 768-4585 -

0 

FEATURES 
e 7 H-P BRIGGS & STRATTON 

(EASY SPIN START) ENGINE 
e HEAVY GAGE All STEEL 

CONSTRUCTION 
e BIG 25" CUTTER AND 

MOWING DECK 
e RUGGED!! THREE-POSITION 

TRANSMISSION 
e EASY HEIGHT ADJUSTMENT, 

VARIABLE FROM 1%" to 3%" 
e AUTO TYPE STEERING 
e BALL JOINT ADJUSTABLE 

TIE-RODS 
e TROUBLE FREE-POSI-TRAC 

CHAIN DRIVE 
e LARGE 3 x 10 TRACTOR 

CLEAT SURE-GRIP 
REAR TIRES 

e All TIRESSEMI-NEUMATIC 

e SAFETY CLUTCH 
e WIND TUNNEL DESIGN 

VACUUM-SUCTION AUS­
TEMPERED STEEL DECK. 

-ALSO AVAILABLE:---­

• STU~DY, LARGE 
GRASSCATCHER 
ONLY $20.00 

e SNOW PLOW ATTACH-
MENT LOW PRICE 
OF $34.50 THIS 
PRICE ONLY APPLIES 
WHEN PURCHASeD 
WITH LAWN MOWER . 



Because Transflow tub­
ing's bore is dense and 
smooth, it won't trap 
butterfat, milk soil and 
milkstone. Cleaning is sim­
plified: rinse with warm water 
at 105° (melting temperature 
of butterfat) and use a mild chlo-
rinated alkaline cleaner for com-
plete flushaway action. And be­
cause Transflow tubing is clear, 
there's no guesswork about its clean­
liness- you can see it. 

1 
Because Transflow tubing resists hardening, 
cracking and doesn't age ... because it is resistant 
to ozone ... it gives a long useful service life. 

TRANS FLOW plastic tublng 
BENEFITS 

Fast. easy to put into use 
Long, useful life 

Easy to clean 

Long, useful life 

See milk; see cleanliness 

Guards milk's flavor 

Positive Transflow 
Identification and 
assured quality 

32·495 

FEATURES 

Flexible 
Non-aging - resists 
hardening. cracking 

Dense, non-porous 
surface 

Ozone-resistant 

Transparent 

Tasteless, odorless 

Transflow tubing's 
Blue Stripe~ 

Review the facts! In the points that matter to dairy­
men . .. in the features that make their jobs easier, 
save them money, and give them better milk .. 
Transflow tubing is way ahead! 

The research and development team at our labora­
tories has prepared a detailed study which explains 
how to maintain the crystal clear and pliable 
characteristics of Transflow tubing. Write for our 
manual, "Crystal Clear Transflow Plastic Tubing." 
We'll be happy to send you a copy. No obligation, 
of course. 

Look For and Demand the Blue Stripe of Quality 
" Transflow" and the Blue Strope are regostered trade marks of Norton Company 

PLASTICS AND SYNTHETICS DIVISION 
FORMERLY U.S. STONEWARE INC. AKRON. OHIO #309 
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VIBRIO PARAHAEMOLYTICUS: INFECTION OR TOXICOSIS?' 

R oBERT M . TwEDT N D D AVID F. B RowN 

D ivision c f M'icrob'iolo"'u' J3u rer.u of Fooci ~· 

F·Jocl mid D m g Administ ration , C·incinnr.ti, Ohio 4t)226 

( Received for j)ubl icat ion Augt;st 7, 1972 ) 

ABSTRAC7 

T he facul tative h a lophil e V ibrio paralwemoluticus, since 

its first isolation, has been shown to be toxic for mice and 

has produced experimental infection wh en fed to anim ais and 

hwnans. Pathogenicity h as been shown to be associated with 

the p resence of a heat-stabl e hemolysin-the Kanagawa-hem ­

olysin. Previously, in vestiga tors reported th at most strains 

of V . paralw emolljt icus, regardless of vitulence, could p rod uce 

d ilata tion in the liga ted rabbit gut . \Ve have shown however. 

that ileal loop reactivity is strongly associated with Kanagawa­

hemolysin and, thus, with virul ence. Reactivity is obtained 

with live cell suspensions and th e reaction tim e is close de­

pendent. Oth er in vest igators have reported that p reparations 

of h eated cells, cell lysates, culture fi ltrates, and p ur ified 

Kanagawa-hemolysin will not p roduce dilatation in rabb it 

ileum nor edema in the mouse foot pad. In our stu dies, cell­

f ree cultme filtra tes were without effect in th e ligated ileal 

loop, sugges tin g absence of enterotoxin . Cell wall and h eated 

cell preparations yielded varying ileal Teactions. Present data 

are insufficient to describe th e mech anism of virulence of 

V. paralw emoluticus. 

Although many characteristics of Vibrio paralw e­

molyticus h ave b een revealed during two decades of 

investigation, the question "Infection or Toxicosis?" 

remains unansvvered . I vvould like to review briefly 

the progress made by other investiga tors as well as 

ourselves toward discovering the answer . 

In their pioneer study of the ShiraStJ food-poison­

ing epidemic in Japan in 1950, Fujino et al. (8) de­

scribed the causa tive organism as highly toxic. \ Vhen 

viable cells were administered to mice, either orally 

or by injection, death resulted swiftly from septice­

mia. Subsequently, other investiga tors in Japan and 

elsewhere have reported that the lethal dose for mic ~ 

falls in the range of 10' to 10" viable cells (3, 16, .23 ). 

Experimental infections which closely duplicate 

the natural course of illness have been produ ced 

(Table 1 ) when broth cultures were fed to experi­

mental subjects. Typical gas troenteritis symptoms 

have resul ted, in cluding diarrhea, vomiting, fever, 

and isolation of the infecting organism in the stools. 

Takikawa (21) reportEd immediate temperature rise 

and increase in white blood cell count of periph eral 

blood when ca ts were feel either live or hea ted cell s. 

This suggests involvement of endotoxin . Takikawa 

whole cell s. Aiso and Matsuno (2) ob tained symp­

toms of gastroenteritis when culture filtra tes were 

fed to both monkeys and cats, which sugges ts the 

presence of an enterotoxin. Aiso and F ujiwara (1 ) 

faile d to produ ce gas troenteriti s in dogs fed patient 

isola tes, h owever . 

The illness which resulted from an accidental in ­

gestion of 3 X 10' viable cell s by a laboratory worker 

was documented by Sakazaki et al. (1 9). Typical 

symptoms occmTecl after a 6-hr in cubation period. 

The organism, recovzred from the diarrheal stools, 

was an 02 :K3 Kanagawa-positive. Sakazaki pointed 

out that 15 Kanagawa-negative strains , isolated pri­

mari ly from fis h, failed to produce illness even when 

more than 10" cells were fed to hum an volunteers. 

Th e associa tion of Kanagawa-type hemolysis wi th 

p athogenicity of sb·ains of V. parahaemolyt icu s was 

first observed by Kato et al. (11 ). Usin g the special 

blood agar formulation of \ iVagatsuma (2.5), which 

contain s a monosaccharide and 7% NaCl, Sakazaki 

e t al. (19) demonstra ted th at 96.5% of 2,720 cultures 

isolated from diarrheal stools were hemolytic, where­

as only 1% of 650 sea-fish isolates were hemolytic. 

The relationship b etween source of isolate and hem­

olytic activity, the Kanagawa phenomenon, was ob ­

served by Miyamoto et al. (15) and others. 

In 1970, we (24) compared the hemolytic activities 

(Table 2 ) of 91 strain s of V. parahaem olyticus iso­

la ted from human diarrheal stools, sea fi sh, and sea 

water; 21 isolated from wound infections; 14 from 

non-pathogenic, marine vibrios; and 21 from mori­

buncl blue crabs (14). \Ve fo und that the percentage 

of Kanagawa-posi tive organisms not associated with 

hum an gastroenteritis was signi ficantly higher than 

the 1% reported by Sakazaki. Alternatively, Kan­

agawa-negative strains were rec;:ntly isolated from 

patients and food from epidemics of gas troenteritis. 

Teramoto et al. (22) in 1971 reported isola ting 10 

serotypes from three outbreaks involving 59 cases of 

illn ess. All were Kan agawa-nega tive. 

. also produced illn ~ ss in human volunteers feel liv e 

' 

The virulence of V. paralwemolyticus, when inocu­

lated into the ligated rabbit ileal loop (Table 3 ), 

utilizing the method of D e and Chatterje (5), was 

clemonsh ated by Sakazaki et al. (18). Broth cultures 

of almost all V. pamhaem olyticus, regardless of Kan­

agawa type, produced a severe reaction . In addition, 

some stntins of V . alginolyticus could produce similar 
'Presen ted at the 72nd Annual Meeting of til e Americm: So­

ciety for 1icrobiology, P hi!adelphia, Pennsylvania, April 23-

28, l 972. 
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TAIJLE l. \I!HULENCE OF ViiJI'IO parafw emoiyt iC!IS FED TO EXPEHll\IENTAL ANl l\ IALS 

gastro-en- HccO\'ery 

Stra ins Origin of £xperimenta l :\lalCI' ial teritis from 

tested a strains an imal fed" 

I Presence of I 
.\ mountn symptoms s too ls n emarksc In,·estigator Year 

-j I -

NS Pati ents Cat we NS - Rise in temp- Takikam1 1958~ 

Cat we heate:J NS - erature and ( Ref. 2 7) 

Dog we NS + \VBC 

Htmlan we 0.001-1 ml + 

l\S Patients Dog \VC 2-3 n1 g + + Aiso and 1961 

Ca t we 2-3 n1 g + + Matsuno 

Ca t CF NS + 

~..C onkey CF NS + 

7 Patients (3) Dog we 5 X 1010 - Diarrhea with Aiso and 1963 

and fi sh ( 2 ) a non-patho- F ujiwara 
gen ( Ref. 1 ) 

4 Patients (3) l\ lonkey we 2-5 X 1010 + + Onl y 1 pa-

and fish ( l ) Human we 1 X 10" + tient isolate 
produced ill -

I 
ness 

1 Patient ( 1) Human \VC 3 X 10' + + Kanaga,va + Sakazaki 1968 

Fish and Hum an we 0.2-6.6 X 10' 0 - Kanaga,va - et al. 

patient (11 ) 

"t~S - not stated. 
~>we - whole cells. 
CF - culture filtrate. 
' \ VBC - white blood cell count. 

( Ref. 19) 

TABLE 2. H El\IOLYSJS OF SPECIAL HUl\IAN BLOOD AGAR PLATES BY \'lB HJOSn 

Stra ins grown H cm'J iysis 

:\umber 
of 

Vibrio Blood stra ins 

group ~ I'OliJ) ~l ed i ah tested :\umbers 

I 0 Rh + \V 91 69 
0 Ith + K 86 
0 Rh- \V 62 

II 0 Rh + \V 19 18 
0 Hh + K 19 

0 Rh- w 17 

III 0 Rh + w 14 12 

0 Rh + K 7 

0 Rh- \V 12 

IV 0 Hh + w 20 17 

0 Rh + K 17 

0 Rh- w 15 

aTaken from Ref. 24. · 
h\ V - \ \'agatsuma agar; K - Kato medium . 

dilatation. From his data, Sakazaki suggested that 

the ileal loop tes t had limited value for pathogenicity 

testing of V. paralw.emolyUcu s cultures (17). 

Zen Yoji (28, 29) described the in v iv o reactions 

which resulted from inoculating strains of V. pa:ra­

haemolyticus, V. alginolyt-icus, and related marine 

vibrios into ligated rabbit ileal loops . He also stated 

that almost all of the V. para.haemolyticu s cultures, 

regardless of Kanagawa type, showed remarkable 

dilatation, while all other vibrios showed little re­

sponse. Zen Yoji et al. (31) obtained similar results 

using the mouse foot edema tes t. 
W e utilized the modification of the De-Test de-

I '7o of strain s X umber % of strai ns % of s lra ins 
tested hemolytic tes ted g' cOWil 

76 54 59 78 
95 66 73 77 
68 40 44 65 
95 14 74 78 

100 17 90 90 
90 14 74 82 
86 1 7 8 
50 1 7 14 
86 1 7 8 
85 ll 55 65 
85 17 90 100 
75 ll 60 74 

scribed by Ghoda et al. (9) to study the reactions in 

the rabbit ileal loop of two groups of V. parahaemoly­

ticus sh·ains. These were designated virulent or non­

virulent on the basis of their Kanagawa reaction and 

their source of isolation. After a 48-lu· starvation 

period and 24 lu· without water, laparotomy was per­

formed following barbiturate anaesthesia. Com­

mencing at least 30 em above the ileocecal junction , 

sLx to eight 12-cm loops were ligated. All cell and 

fraction preparations were inoculated in 1-ml volume, 

and the injection site was tied off. Animals were 

sacrificed after incubation periods from 6-30 hr. The 

ileal fluid accumulation for each loop was scored ac-

;. 
I 

, 
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cording to Drucker et al. (6). 
The ratios of loop fluid volume to dry weight of 

tissue were compared. To b e scored as positive, 
sh·ains must have yielded a dilatation at least 3-fold 
greater than the suspensate o~· bacterial control in at 
least two out of tlu·ee tests wtth separate animals . 

We compared the ileal loop reactions (Table 4) 
of 19 Kanagawa positive strains of V. parahaemolyti­
cus isolated from patients' diarrheal stools with those 
of 10 Kanagawa negative strains isolated from sea 
fish . In v ivo reactions differed significantly between 
the two groups when 10 washed cells were inoculated 
in 1 ml of buffered physiological saline and were 
incubated within loops for 18-24 hr. ~/lost Kanagawa­
positive strains produced a severe dilatation in ligated 
loops, whereas most Kanagawa-negative strains yield­
ed none. The correlation observed b et\veen in vitro 
and in vivo tes ts for virul ence was positive in 25 of 
29 strains tested, or 86%. 

·when Sasaki et al. (20) inoculated massive numbers 
of V. parahaemolytictts K-33 into ligated rabbit ileal 
loops, no variation in b acterial population size per 
milliliter could b e observed at 3-hr intervals l.lp to 24 
hr. Of course, since there was great dilatation as 
early as 3 hr, the total number of cells would h ave 
increased. 

To determine the effect of inoculum size and in ­
cubation time u~on ileal loop reactivity (Table 5), 
we inoculated 10' to 10 cells of V. parahaemolyticu.s 
sh·ains per loop and examined for loop reaction and 
population size at 6-hr intervals for 30 lu·. 

\iVhen massive inocula of 107 or 18" cells of either 
hemolytic strain were injected , a drop of approxi­
mately t\~'0 logs in bacterial cell population occurred 
at 6 hr with no dilatation. Recovery from this in­
itial cell loss was observed as early as 12 hr. The 
greatest number of cells was recovered at 18 hr, and 
the cell population it: these heavily inoculated loops 
then decreased steadlly at 24 and 30 hr. Dilata tion 
was seen after the 12-hr observation, concurrent with 

b ac terial cell multiplication. 
\iVhen smaller inocul a from 105 to 10" cells were 

injected , the bacterial cells decreased to less than 
recoverable numbers from 6 through 18 hr. To loop 
dil a tation occurred at these times . Recovery by 
multiplication was nearly compl ete at 24 hr, and 
loop dilatation had b egun. Reactions were severe 

by 30 hr . 
Yahagi (26) rep orted that V. paralwemolyticus K-33 

penetrated epithelial cells and lamina propria of the 
ileum when ligated rabbit small intes tine was inocu­
la ted . Perhaps this accounts for the decrease in num­
bers which we have rep orted with large inocula after 
18 hr. Yahagi's finding (26) sugges ts that V. para­
lzaemolyticus exhibits a Shigella-like virulence pat­
tern , i.e., an infection charactetized by epithelial cell 
penetrati on, disturbance of bowel fun ction , and con­
sequent fluid loss. Such a mechanism contras ts with 
the cholera-like virulence pattern of en terotoxin ela­

boration. 
Some in ves tiga tors have examined cells, cell frac­

tions, and culture filh·ates in an attempt to identify 
a V. paralwem olyt icus toxin . Much of this work has 
stemmed from the association of the hemolysin r e­
sponsible for the Kanagawa reaction with pathogeni­
city. Japanese workers have hypothesized tl~at the 
hemolysin was resp onsible for the pathologtc syn­
drome or was intimately associated with an entero­
toxin. 

In general , four types of hemolysin have been de­
scribed by Japanese workers (17). Two of these are 
con tained in the b ac terial cell . The third hemolytic 
fraction has been found in broth culture supernate 
and has been demonstra ted to be heat labile (27). 
The fourth hemolytic fraction can be recovered from 
culture supernate of Kanagawa-positive cells but 
never from Kanagawa-negative cells. 

This fourth heat-stable Kanagawa hemolysin was 
studied by Kato et al. (12, 13). They purified both 
hemolytic and toxic activity by ammonium sulfate 

TAJJLE 3 . TOXlC!TY FOH li i! CE \NO THE LIGATED IBJJI31T GUT" 
' ' . . 

V. parabarmolytic us v. r~l;.:inoly !i c u s \"". llllgui llurrtm 

Culture Ligated Cul ture Ligated Cu lture Li gated 
no. l\ ii ceb rabbit gut no. 1\li ccb rabbit gut no. l\Ii ccb rabbit gut 

1 5!5 + 1 5! 5 + 1 0/ 5 -
2 5! 5 . + 2 5! 5 + 2 0/ 5 -
3 4/ 5 + 3 5/ 5 + 3 0!5 -
4 5!5 + 4 5/ 5 ± 4 0! 5 --
5 515 + 5 3/ 5 + 5 0/ 5 I -
G tl/5 + 6 5/ 5 G 0!5 I -- ± 
7 5/ 5 + 7 5! 5 + 7 0! 5 -

8 5/ 5 + 8 5! 5 + 8 0! 5 -
9 5/ 5 + 9 3! 5 + f) 0/ 5 -

10 5!5 + 10 4/ 5 + 10 0!5 -

"Taken from H.ef. 18. 
"Ratios are number dead over number injected with 0.5 ml broth, 
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TAULE 4. CoH HELATlON O F in uitro A N D i 11 uiuo v m vLEN CE TE~T~ F C H V . parahaemoltJticus" 

Strain 
dcsip1aticn 

-

i\ 1229 
M235 

T3600-1 
3142-60 

Ansai 
Hiraka ta 

Naka tsukawa 
Ocla 

Toyonaka 
Yanagisawa 

4750 
9121 
9187 
9312 
9337 
9345 
9379 
9382 
9384 

EB101 
S-42-87 
6301-67 

8967 
9020 
9064 
9166 
9365 
9369 
9381 

25 
;'- Percent corre la tion - 29 
''-NT = Not typed . 

Serotyp e Kana :,!"a wa 
l\. - a nti gen" reac t iou 

------ ----
' 15 T 

15 + 
2 + 

NT + 
ll + 

NT + 
3 + 

11 + 
NT + 

9 + 
., 
0 
,., + •J 

13 + 
7 + 

38 + 
4.5 + 
7 + 

11 + 
1.5 + 
NT -

3 -
NT -
NT -
NT -
.'JT -
12 -
46 -
28 -
NT i -

86%. 

precipitation followed by zone chromatography. Kato 

et al. , as reported by Sakazaki (17), demonsh·ated an 

in crea.<:e in titer in patients' sera of antibodies to the 

purified thermostable hemolysin. The titer increased 

50% after 1 week and 70% after 2 weeks, and antibody 

could not be detected in normal sera. These workns 

thu s confirmed the associa tion between the Kanagawa 

hemolyti c activity and enteropathogenicity. 

In the same study, Kato et al. discovered that a 

variant strain which lacked K-antigen could no longer 

produce enteritis ·when inoculated intraduodenally 

into dogs, although the organism was still strongly 

hemolytic. This suggests that K-antigen, hemolysin , 

and toxin are closely associated but separate entities. 

Nevertheless, no rela tionship h as ever b een reported 

bel:\veen serotype and virulence. This may mean 

only that a smooth encapsulated cell causes disease 

regardless of serotype. 

Zen Yoji (29) tested toxigenicity of the hemolytic 

fr action , which he and his co-workers purified by a 

technique similar to Kato's method (30). H e found 

that inoculation of lyophilized hemolysin failed to 

show the dilation of ligated rabbit ileal loops which 

-
Il eal 
loop Virulence 

reac t io n i n 11iVO Corre lati on 

~ 

1/ 4 - -

3/ 5 ' + T 

2/ 3 + + 
0!1 - -

5/ 8 + + 
2/3 + + 
2/4 + + 
3/ 4 + + 
2/ 4 + + 
4/ 6 + + 
3/ 4 + + 
2/ 3 + + 
3/ 3 + + 
3/ 4 + + 
5/7 + + 
4/ 4 + + 
2/2 + 
417 + + 
3/ 4 + + 
0/ 4 - + 
0/ 6 - + 
l/3 - + 
0/ 3 - + 
0/ 3 - + 
4/ 6 + -
3/ 4 + -
0!2 - + 
0/ 2 - + 

I 0/ 2 I - + 

live cells had shovvn . H e sugg : sted that the toxin 

respon sib~ e for fluid accumulation is different from 

th e thermostable Kanagawa hemolysin and "is p res­

ent .in th e culture fluid or in th e bacterial cell." 

In later experiments, Zen Yoji e t al. (31) injected 

l ~ ea te cl V . parahaenw!yt icus cells, cell lysates, or cul­

ture filtrates into th e mouse foot pad. l\'one of these 

yielded a positive reaction . with the fxception tha t a 

10-fo ld concentrated culture filtrate yielded an atypi­

cal edema. Th ese results furth er substantiated Zen 

Yoji's earlier sugges tion that the toxic fac tor is dif­

ferent from the Kanagawa toxin. 

H.ecently, Bhattacharya et al. ( 4) demonstrated an 

apparent vascular permeability factor but not an 

enterotoxic factor in the culture supernate of V. para­

lwemolyticus. This contrasts with V. cholerae, in 

wh ich the two factors are thought to be simply two 

manifestations of the same enterotoxin (7). 

·we inoculated cell-free culture fi ltrates, heated 

cells, and cellwall preparations into the ligated rabbit 

ileal loop (Table 6 ) in an effort to discover a cell­

fr ee or cell-bound toxin. Supernates of cenh·ifuged 

24-hr broth cultures were filtered under positive 

, 

, , 

1! 
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pressure through 0.45 m~-t membrane filters. Sus­
pensions of 108 whole live cells in buffered physiologi­
cal saline were h eated to 60 C for 10 min. Con­
centrated cell suspensions were shaken with glass 
beads; the resulting broken cell s were washed by 
dialysis and centrifu ga tion and the cell walls sus­
pended in buffered phys iological saline (10). ' iVe 
were unable to recover live cells from any of these 
preparations. 

The reac tions observed when these preparations 
were in oculated contrasted sh arply with reactions 
seen with suspensions of live whole cells. The cell­
free culture filtr ate is without effect in the ileal loop, 
sugges ting the absence of an enterotoxin, at least 
in sufficient concentra tion . In addition, only certain 
heated cell or cell-wall preparations are effec tive, 
suggesting that endotoxin is presen t, if at all, in mini­
mal concentration . 

' Ve are continuing our study of cell fr actions and 
cell-free preparations. However, we are using con­
centrated preparations, under the assumption that 
our negative data may result from minimal concen­
trations of a toxin ; if, on the other hand, toxin pro­
duction requires a hos t factor, we are studying the 
ileal loop reactiv ity to p ositive ileal loop lumen 
fluid. Cell-fr ee filtr ates of p ositive loops taken at 
12, 18, and 24 hr are concenh·ated and reinjected 
into the liga ted rabbit loop . ' Ve are also inves ti­
gating the abili ty of homologous and h eterologous 
antibody, either active or passive, to protect the rab ­
bit from the effec ts of ileal loop inoculation with 
live cell s. 
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TABLE 6 ILEAL LOOP H E ·\ CTJVITY WITII VA H!OUS PHEPA HAT!QJ';S INJECTED ' 
,. 

- I 
\\'hole cells Culture fill!·a tes 

I 
Heat ed cell s Cell wall s 

I 
Strain 'l' imcs 'l'i mes Times 

lcsigllati on tested posith·c HeaC'tirit.y tested 
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9187 3 3 + 1 
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9337 7 5 + 1 

9379 2 2 + 1 

9382 7 4 + 1 

9384 4 3 + 2 

.t-. 1229 4 1 - 2 

6301-67 3 1 - I 3 
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AosTRACT 

V ·i.brio species are associat ed with numerous outbreaks of 

diseases in marine fi shes. In such instances, V·ihio anguil­

laru.m, V·ibTio alginolyticus, or Vib1·io pamhaem.olyt'icus h ave 

been isolated from diseased sp ecies. In pond-cultivated brown 

shrimp (Penaeus aztecus) corynefonn bacteria and V ·i.brio pre­

dominated . Although mortalities among brown shrimp caus­

ed by V. pa:rahaemolyticus h ave been observed in laboratory 

aquaria, there is at present no fim1 indication that this organ­

ism is a major problem in pond-cultivated shrimp in T exas. 

In recent years numerous isolations of Vibr-io pa.ra­

ha.emolyticus or organisms resembling or related to 

V. para.ha.emolytictts from marine environments and 

marine species have been reported in the United 

States and Canada (4, 5, 6, 9, 11, 12, 13, 15, 16, 20, 23, 

25, 27, 28). Some of the materials from which iso­

lates were obtained are listed in Table l. A more 

detailed discussion on the distribution of V. para­

ha.emolyticus is presented in another paper ( this 

symposium) by J. Liston and J. A. Baross. It has 

been suggested that certain strains identified as V. 

pa.ra.han nolyticus on the basis of morphological, bio­

chemical, and serological reactions may be strains of 

Vibrio an.guilla.rum or members of as yet unnamed 

groups as determined by D A homology experiments 

(3). 

Vmmos As FISH P ATHOGE:-<s 

Numerous outbreaks of diseases in marine fishes 

associated with Vibr-io species have been described in 

the literature. Marine vibrios were first reported 

to be pathogenic to fish in 1909 when Bergman (7) 

cl -scribecl an outbreak of disease in eels from the 

Baltic Sea. It involved hemorrhagic lesions in the 

musculature of the fish. Vibrio a.ngu-illmu.m. was re­

ported the etiological agent of this disease. In the 

Pacific Northwest, Rucker et al. (18) reported diseases 

. caused by marine vibrios among Pacific salmon, rain­

' bow steelhead trout, and herring. Extensive hem-

'Presented at 72nd Annual 1vl eeting of the American Society 

for Microbiology, Philadelphia, Pennsylvania, April 23 -:2~, 

1972. 

orrhages in the musculature and internal organs were 

noted. Pacha and Kiehn (17) studied the cultural 

characteristics and serological ' relationship of patho­

genic marine vibrios isolated from fish in the Pacific 

Northwest. They showed that these Pacific North­

west sh·ains of Vibrio were closely related to V. an­

guillarttnL Tubiash (21) reported on the activity of • 

V·ib·r-io a.lginolyt·icus and V . anguilla.rum against soft­

shell clams . These were species that caused bacillary 

necrosis in larval and juvenile bivalve mollusks . 

Heaviest losses occmTecl from h eart and excurrent 

siphon injections. Adult soft-shell clams, eastern 

oysters, hard clams, and blue mussels were refractory 

to 24 hr of exposure in large concentrations of these 

vibrios. 

For detailed information on vibrio diseases in ma­

rine fishes including the species involved, geographi­

cal range of the disease, characteristics and pathology 

of the disease, the reader is referred to a recent re­

view by Anderson and Conroy (2), and Principal D·is­

eases of Marine Fish and Shellfish by Sinclermann 

(19). Recently Evelyn (8) reported vibriosis by V. 

a.nguilla.nrm in four species of Pacific .c;almon that 

were held in sea water facilities. Haastein and Holt 

(10) described vibriosis in coalfish, cod, dab, flounder, 

plaice, and salmon from Norwegian waters. The 

causative agent was V. angu-illarurn. In both reports, 

hemorrhagic lesions of the skin and musculature 

were observed. D eath in rainbow h·out occurred 

when V. anguillarum was given per os at a water 

temperature of 15 C. ·when the bacteria were added 

to the water, fish succumbed to infection after 10 

to 27 clays at a water temperature of 10 C. 

The Japanese have made great advances in mari­

culture. They recognize diseases caused by Vibrio 

species as a major problem in fish-farming operations. 

Akazawa (1 ) and Kusuda (14) reported an ulcer-type 

disease caused by Vib'l'io species. The organisms 

existed year around in Wakasa Bay. It was found 

in cultivated fish and also on wrasses, mackerel, dol ­

phins, and yellowtail. The bacteria attacked wound­

ed or weakened fish easily. V ·ibrio pa.mhaernolyt-icus, 
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Figure l. Agar plate counts of fresh pond shrimp and pond shrimp harvested in October and stored at 3 to 5 C for 14 

days. [Data from Vanderzant et al. (26).] 

V. alginolyticvs, and V . anguillarum ·were isolated. 
There is some question as to which species was re­
sponsible for the outbreaks. 

Information linking V. parahaemolyticus to specific 
. disease, problems among marine species is sparse. 
In most instances there is no clear relationship be­
tween this isolate and disease problems. [For an 
interesting discussion, on this subject see "Infection 
'of goldfish with Vibrio angualaru.m," Umbreit and 
Ordal (22).] Krantz et al. (13) isolated V. parahae­
nwlyticus from lethargic and moribund crabs. Exam­

ination of the weak animals revealed large numbers 
of bacteria in their hemolymph. Broken claws and 
appendages consistently contained necrotic liquified 
tissue and large numbers of bacteria. Lipovsky and 
Chew (16) reported isolation of V. pa.mhaemolyticus 
from Pacific oysters among which mortalities oc­

curred in the laboratory. There is, however, some 
question about the specific species involved. 

VIBHIOS Al\D MARICULTURE 

Om interest in V . parahaemolyt'icus is focussed 
primarily on the distribution of this organism in ma-

rine species of the Gulf of Mexico and in shrimp 
from pond cultivation. In addition information is 
sought about (a) the possible effect of this organism 
on marine species particularly shrimp, and (b) the 
public health significance of this organism on slu·imp 
harvested from ponds. 

Nearly all slu·imp harvested commercially in the 
United States are caught in nets by trawlers on near­
shore fishing grounds. Although pond cultivation of 
slu·imp in the United States is almost entirely limited 
to experimental trials, research on shrimp maricultme 
has become increasingly important in recent years . 
One of the objectives of the Ivlariculture program 
sponsored by the Sea Grant Program at Texas A&M 
University is to develop an economically feasible 
shrimp culture industry. Since microbial activity is 

one of the main sources of quality deterioration of 
shTimp, information is needed about the m!crobial 
flora of fresh and refrigerated pond-reared slu·imp. 
In these studies natural or artificial ponds along the 
Texas Gulf Coast fill ed with brackish water are stock­
ed with either postlarval or juvenile shrimp. ·'·· 

Bacterial counts of fresh pond shrimp sampled 
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from June to October ranged from 5 X 10 ' to 5.5 X 

10" per g (26). Counts usually decreased sharply in 

July, reached their lowest level in August, and in­

creased in October (Fig. 1 ) . Coryneform bacteria 

and, to a lesser extent, V·ibrio species were the pre­

dominant isolates from fresh pond shrimp (Table 2 ) . 

On refrigerated storage, coryneform bacteria pre­

dominated. A comparison of the microbial flora of 

slu·imp at the beginning and end of the experimental 

period (June versus October ) showed a decrease in 

coryneform bacteria and an increase in Vibr·io and 

Flavobacter'itnn species. Changes in numbers and 

types of microorganisms probably are related to some 

extent to changes in characteristics of the water such 

as temperature, salinity, oxygen level, phytoplankton 

activity, and pH. In August when the counts w ere 

low, the salinity and temperature of the water w ere 

high. Although bacterial counts of pond slu-imp 

were comparable to those of many commercial boat 

samples at time of landing, the sh'iking difference in 

microbial flora between Gulf and pond-reared samp­

les was the lack of Pseudomonas in the latter. In 

Gulf slu-in1p (24) coryneform bacteria and species of 

Pseudomonas, Momxella, and Micrococcus predomin­

ated (Table 3 ) . 

In the course of our shrimp mariculture operations 

high mortalities have occurred at the hatchery oper­

ation level and in the ponds. A protozoan ( Epist ylus 

sp. ) has been identified as an organism causing shrimp 

mortalities in ponds . However, at the same time, V. 

pamhaemolyticus was isolated from pond shrimp and 

pond water. Our first study was prompted by high 

mortalities among brown shrimp (Penaeus aztecus) 

which vvere kept for nutritional experiments in lab­

oratory aquaria (27) . The predominant isolate on the 

plates with seawater was a gram-negative pleomorphic 

rod with a single polar flagellum with biochemical 

reactions characteristic of V. parahaemolyticus. The 

DNA base composition was 45.4 mole percent guanine 

plus cytosine. It reacted with 0 III - K30 antiserum. 

The isolate was pathogenic for mice when administer­

ed intraperitoneally. An 18-24 hr brain heart in­

fusion broth culture of the isolate was added to 

aquaria with brown shrimp to yield a concentration 

of 10• and 105 cells per milliliter of water . vVithin 

0.5 to 3 hr, the shrimp in the inoculated tanks reacted 

differently than the control shrimp. Death fol lowed 

usually within 3 hr. · Vib-rio parahaemolyticus was 

recovered in almost pure culture from the interior of 

the cephalothorax region . ' Nhen similar experiments 

were conducted with a coryneform bacterium iso­

l ~ted from shrimp, no mortalities occurred. 

In subsequent experiments adult and postlarval 

shrimp were subjected to V. paralwemolyticus . In 

the tests with adults, the shrimp were placed in gallon 

jars, one per jar, in aerated Instant Ocean (Aquarium 

TA B LE 1. I sOLA-n ON O F V . paralwemoluticus 011 O IIGAN JSJ\ !S 

H ESEM13 LI NG V. parahaemolutiCliS F H{)J\I VAHJOUS 

lVIARTNE ENVIHON~'IENTS 

Al a teria ls 

Sediment ( Gulf and South 

Atlantic Coast ) 

Se<!water, sedim C!1t, shell­

fi sh 
Blue crabs 

O>'Sters, crabs 

\ Vater, oysters 

Shrimp 

Processed blue crab meat 

Crabs, oysters; frozen 

shrimp, oysters and 

crabs 
vVater, oysters 

Clams, mussel , oysters, 

peri winkles, snails; 

fro zen clams, mussels 

and periwinkl es 

\Vater (Chesapeake Bay) 

plankton 
Crabs 

Clams, oysters, crabs 

rnrestiga tors 

B. Q. W ard , 1968. 

J. Bm·oss, and J. Liston, 1968; 

1970. 
C . E. Krantz, R. R. Colwell , and 

E . Lovelace, 1969. 

\ V. L. Landry, B. \ .Ventz, and ivl. 

F ishbein , 1970. 
V. P. Lipovsky, and K. K. Chew, 

1970. 
C. Vanderzant, R. ickelson , and 

J. C. Parker, 1970. 
M. Fishbein , I. J. Mehlm an, and 

J. Pitcher, 1970. 
H. C. Johnson, .T . A. l3m·oss, and 

J. Liston, 1971. 

C. H . Bartley, and L. \ V. Slanetz, 

1971 . 
\ V. K. Thomson , and D . A. Tren­

holm, 1971. 

T. Kaneto, and R. R. Colwell , 

1971. 
U. S. D ept. of HEW. Morbidity 

and mortality, 1971. 

C. Vanderzant, and H. Nickel­

son, 1972. 

Systems Inc., vVickliffe, Ohio) . In the exp eriments 

with postlarvae, 25 were placed in each jar. The 

temperature was kept at 28 C in a temperature con­

trolled bath . Results of these preliminary experi­

ments are presented in Tables 4 and 5. Culture 

SAK8 produced significant mortalities in adult shrimp 

when a broth cultme was added to obtain a cell con­

centration of 3 X 10" per ml aquarium water. Cul­

tures 5A and 17802 produced no marked mortalities 

at a cell concentration of 104/ ml. 'i\7hen cultures 

were added to jars each with 25 postlarval shrimp 

(Table 5 ), significant mortalities were observed with 

broth cultures of 5A, 0, and 9. E xcept for culture 9, 

addition of cells only did not cause mortalities. 

Although the results indicate that V. paralwcmoly­

ticus can cause death of postlarval and adult brown 

shrimp under certain conditions, there is at present 

no proof that this is a major problem in pond culti­

vation. In addition, experimental conditions in the 

present laboratory trials are less complex than those 

encountered in ponds. The conditions in the shrimp 

ponds, particularly from June to October, appear 

ideal for a build up of halophilic Vibr·io . Cultivation 

of marine species under crowded conditions in a con ­

fin ed body of brackish water with temperatures as 

high as 25 to 30 C can b e expected to create disease 
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TABLE 2 . DJSTHIBUTION OF lVIJ CBOBJAL FLOHA OF POND-REAHED SHl\L\lP 

Coryne-
Pond Sample f orm V ibrio 

A Tun e 90 2.5 
Jul y 72.5 10 
August 55 22.5 
October 55 20 
Stored 91.3 

B June 77.5 2 .5 
July 85.7 7. 1 
August 67.5 20 
October 30 20 
Stored 54 

c June 82. t> 7 .. 5 
Ju ly 80.2 6.6 
August 45 30 
October 45 15 
Stored 100 

D Jun e 82.5 7.5 
Jul y 72.5 17.5 
August 57.5 20 
October 50 20 
Stored 100 

E June 82.5 7.5 
July 87.5 2.5 
August GO 5 
October 50.4 S.4 
Stored 94.5 

FfatJO /)(tC-
lerium 

7.5 
12.5 
10 
10 

7.5 

2.5 
45 

2.5 
6.6 
2.5 
5 

2.5 
5 
5 

2.5 
7.5 
2.5 

16.8 

Jlerccnta ge distribution 

Arro-
111 0 11 11$ 

2.5 
7.5 

3.6 
5 

5 

7.5 
10 

5 
2.5 
5 

5 

Achroma- At'n,fi-
bncll'r "!iforttxella grncs 

15.4 

2.5 

15 

5 

5 

2.5 
6.6 

12 .5 
20 

2 .5 
2 .5 
2.5 

2 .5 
2.5 
2.5 

16.S 

2.5 

Bncillu s 

2.5 

5 
3 .6 

5 

2.5 

10 
30 

30 
8.4 

Micrococ- liniden-
cus tiflcd 

8.7 

2 .5 

23 7.6 

5 

5.5 

Data from Vanderzant, C., R. Nickelson, and P . VV. Judkins (26). 

TABLE 3 . DISTHJBUTION OF MICHOOHCANISMS FHO?vi FHESH SHHLMP SAMPLES ISOLATED FHOlii i\·IEDIA WITH HECULAH SEAWATER 

P ercenta ge dis tributi on durin g months of 1969 

1',\"J)C 4 6 9 10 11 12 

Achromobacter 0 0 0 0 0 0 2 .5 0 0 0 0 0 
Alcali.genes 5.7 0 2.5 0 0 0 0 0 0 0 0 0 
Bacillus 2.9 0 0 0 0 0 0 u 0 0 0 0 
Coryneform 22.9 37.5 65.0 45.0 75.7 35.0 25.0 35.0 15.0 42.5 37.5 47 .5 

Flavobacterium 11.4 5.0 0 2 .5 2.7 7 .5 7 .5 7 .5 2.5 45.0 7.5 2 .5 

Lactobacillus 0 0 0 0 2 .7 2.5 7.5 2.5 0 0 0 0 
Microbacterium 0 0 0 0 0 0 2.5 0 0 0 0 0 

JVI icrococcus 14.3 10.0 17.5 10.0 18.9 5.0 10.0 2.5 0 2.5 7 .5 7 .5 

Moraxella 8.6 25.0 7 .5 12.5 
Pseudomonas 31.4 17.5 0 27.5 
Staphylococcus 2.9 5.0 7.5 2.5 
V ibrio 0 0 0 0 

Data from C . Vanderzant, E. Mroz, and R. Nickelson (24). 

problems . In our present pond experiments emphasis 
is placed on a microbiological-histopathological exam-
ination of kills encountered among juveniles and adult 
shrimp. 
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TABLE 4. EFFECT OF V . parahaemolytiCtiS ON ADULT 

BHOWN SHRIMP 

Cullurcn 

SAK 8 
SA 
ATCC 17802 

Control 
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3 X 106 (broth and cells) 
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( cells ) 
(cells) 
(broth and cells) 
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ABSTRACT 

An extremely high incidence of antibiotic or antibiotic-like 
inhibitory substances in 158 human milk samples is repmted . 
Employing the disc assay method as recommended for cows' 
milk, 917% of the samples were fotmd to be positive for in­
hibitory substances, and 46% positive fo r p enicillin . The 
method may not be suitable for hm11an milk because of 
natw-ally occurring ( interfering) inhibitory substru1ces. The 
possibility of the presence of dietary an tibiotics should not 
be ruled out, however, this subject was not pursued furth er. 

Increasing attention is being devoted to residual 
drugs in our food supply. \ i\lidespread and indiscrim­
inate use of pharmaceuticals is said to have led to 
problems which parallel those brought about by so­
called environmental contaminants . Use of drugs in 
animal agriculture is meant to reduce mortality and 
morbidity from infections, increase growth rates, im­
prove feed conversion, relieve sh·ess or tranquilize, 
and improve productivity in general. The subject 
of drugs in animal feeds has b een summ<u-ized by the 
National Academy of Sciences (15). 

Antibiotics are part of th is picture. They may b e 
naturally occurring in a food , may have developed 
secondarily in it, or may have been added (14). Anti­
biotics have been used widely in dairy cattle man­
agement sin ce the late 1940s. W ith lactating cows 
they are administered main ly to treat mastitis . Some 
of the dose subsequently appears in the milk, no 
matter what th e route of administration. Such milk 
may not be sold. The presence of antibiotics in mar­
ket milk was a serious dairy indus try problem two 
decades ago and it took a number of years to bring 
it under control. These aspec ts were reviewed by 
Cuthbert (6) and general data on the subject are com­
piled in a FAO/ WHO publica tion (7). 

Presence of antibiotics in human milk h as b een re­
ported by I-Ioppner et al. (11 ) who examined 27 ran­
domly selected samples of human milk and found 
13 to contain inhibitory substances, antibiotics , chemo­
therapeutic or other bacteriostatic substances, while 
the milk samples from 14 mothers recently treated 
with antibiotics showed 12 positive ones in the stand­
ard test for antibiotics. 

It is believed by some that the normal human d iet 

'Authorized for publication as Paper To. 4296 in the Journal 
Series of th e Pennsylva nia Agricul tural Experim ent Station. 

is now responsible for most · of these antibiotic resi­
dues in human milk and the population in general. 
It remains to be determined, however, where these 
antibioti cs originate and whether the positive tests 
reported are unequivocally due to specific anti­
biotics and not clu e to other bacteriostatic agents. 

Some data and observations have been reported on 
the excretion of antibiotic substances in hum<m milk 
after administration (9, 10, 17) and the subject has 
often been included in reviews dealing with the 
transfer of drugs into human milk (2, 4, 12, 16). ' 

This paper is a report on a relatively large number 
of human milk samples with positive evidence for 
the presence of inhibitory substances. 

SUBJECTS AND METHODS 

All milk sru11ples were donated by members of the Greater 
Philadelphia Childbirth E ducation Association and collected, 
stored, and transported as previously described (13) . Samples 
were delivered fro zen in a variety of containers. These were 
checked later for possible contributions of inhibitory sub­
stances to the samples. 

The sta11dard filter paper el ise method to detect inhibitory 
substances (and identity test for penicillin ) in milk was em­
ployed (3). A spore suspension of Bacillus subtilis (culture 
ATCC 6633) was used. 

A preliminary examination was conducted in October 1970 
on 37 hmnan milk sampl es. \•Vhen 21 of these proved to be 
positive and only 16 samples yielded negative results, this 
matter was pursued further. During December 1971 and 
i\1!ay 1972 anoth er 158 samples were examined. 

These samples were tested in th e raw state ( not h eat­
treated) for inhibitory substances and also specifically for 
the presence of penicillin with th e use of penicillinase-im­
pregnated discs. If both these test s yield positive r esults 
with a milk sru11ple, a zone of inhibition surrounding th e discs 
indicates that an inhibitor other than penicillin may be 
present. If the first general test is positive, and the peni­
cillinase-treated disc shows no zone of inhibition, then peni­
cillin is assumed ~o be present. 

F urther, to eliminate occmrence of so-c.:a lled false-posi­
tives, all samples were reexamined after heatin g to 85 C for 
5 min. False-posi tive tests may result from natural inhibitory 
substances in raw milk. Pasteuriza tion is known to reduce 
but not completely eliminate such substances. In routine 
laboratory work usually on ly positi ve samples are heat-treated 
and reexa111ined. 

Employing these methods it is possible to report positive 
samples as con taining : (a) inhibitory substru1ces in general; 
(b) penicillin; (c) penicillin plus other inhibitory substances ; 
:mel (d) inhibitory substan ces other than penicillin . 
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TABLE 1. INCIDENCE OF INHIBITOHY SUBSTANCES I N RUMAN 

J-IILK ( 158 SAMPLES) AS DETEHMI ' ED BY THE APHA DISC 

ASSAY METHOD 

No. of samples 

Befom heating : 
Positive for inhibitory substances 153 
J egative for inhibitory substances 5 
Positive for penicillin 73 
Positive for penicilJin plus one or more 

other inhibitory substances 50 
Positive for inhibitory substances other 

than penicillin 80 

After heating : 
Positive for inhibitory substances 141 
Negative for inhibitory substances 17 
Positive for penicillin 99 
Positive for penicillin plus one or more 

other inhibitory ~·ubstan ces 57 
Positive for inhibitory substan ces other 

than penicillin 42 

P crce11 L 

96.8 
3.2 

46.2 

31.7 

50.6 

89 .2 
10.8 
62.6 

36.0 

26 .6 
---·----·---------------------------------------

RESULTS 

Of the first set of 37 samples examined in 1970, 
21 were positive, while 16 showed no evidence of 
inhibitory effects. 

The 99 and 59 samples studied more closely in 
1971 and 1972, respectively, led to observations as 
disturbing as those found in the preliminary check 
and as those by H6ppner and associates (11 ). 

Table 1 is a condensation of our findings . The 
exh emely high incidence of positive results requires 
a great deal of explanation and gives rise to con­
siderable speculation until further research is carried 
out on this subject. One unexpected phenomenon 
was the increase from 73 samples positive for peni­
cillin before heating to 99 after heating. Th ese 26 
samples vvere negative for penicillin b efore h eating. 
but they were positive for inhibitory substances. 
H eating apparently initiated a reaction or created 
reaction products that yielded what must b e con­
sidered "false-positives," although the objective of 
heating samples is to eliminate so-called false-p osi­
tives. 

The different kinds of containers in which the 
samples were ·kept until analysis, as well as their 
lids and liners underwent a screening for presence 
of inhibitory substances th at could have diffused from 
container material to milk All these were found 
to be negative for inhibitory substances when raw 
cows' milk was stored in them for several days and 
then assayed. 

DISCUSSION 

Cow milk samples have been routinely examined 
for the presence of antibiotics in our laboratory dur­
ing the l<tst two decades. The incidence of positive 

samples has lately been about 0.1%; nationally it is 
about 0.3%. 

Fresh cows' milk is known to contain several sub­
stances capable of bacterial inhibition (5). These 
are believed to b e "natural biological bacteriostats ." 
Lactenin , lysozyme (also in saliva, tear s, and egg 
white) and other, still unidentified, "substances'~ have 
such inhibitory properties and have b een demonstrat­
ed in milk (5, 8) . 

Bacterial growth in milk may lead to production of 
certain antibiotic or antibiotic-like substances. Nis in 
is an example and has b een thoroughly studied (14). 

Antibiotic production has been associated with the 
lactic sh·eptococci, lactobacilli, propionibacteria, aceto­
bacters, and some other microorganisms responsible 
for food fermentation (e.g., yogurt ) . 

Occurrence of other natural inhibitory substances, 
as in vegetables, fruits, cereals, spices, and honey, 
has b een well documented (14). 

At this time no definite statement can b e made 
about the origin of the inhibitory substances detect­
ed by us in human milk Several possibilities exist. 

(a.) Human milk, and possibly also the milk of 
other mammals, may occasionally, or quite fr equent­
ly, contain one or several natural antibiotic-like sub­
stances. 

(b) Human milk samples, usually not obtained un­
der aseptic conditions, can be expected to b e grossly 
contaminated with microorganisms. H6ppner and 
associates (11 ) counted between 150 and 1,000,000 
bacteria/ ml in 13 of the human milk samples they 
examined for inhibitory substances. The possibility 
of bacteria conh·ibuting to the inhibitory effect in 
human milk is p ossible but remote. No such effect 
has been reported for cows' milk delivered to dairy 
plants. One could also argue that cosmetics, deter­
gents, cleansers, etc. , present on skin or breast pump, 
are responsible for positive results. 

(c) The mothers could have received doses of anti­
biotics before providing their milk samples. It is 
highly unlikely that so many mothers were under 
treatment at the same time. It is equally unlikely 
for any nursing mother to allow herself to b e h·eated 
with antibiotics. As an active member of a Child­
birth Education Association each mother can b e ex­
pected to know about the transfer of drugs to her 
milk, including antibiotics, and the p ossible ill ef­
fects they may have on her baby. 

(d) Certain foods could be indicted for trans­
ferrina antibiotics and antibiotic-like substances to 

b 

the mothers and their milk We do not intend to 
lay the blame on any food here, since evidence for 
it is lacking. Fmther studies are required to inves ti­
gate this point. 

Pending further research on this matter the possi-
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bility of dietary antibiotic residues entering human 
milk can not be ruled out. More information on the 
nature of 
generated. 
substances 
caution. 

the inhibitory substances must also be 
Until that time, the appearance of such 
m human milk must be viewed with 

Finally, our data may suggest that the disc assay 
method as t{sed by the dairy industry for cows' milk 
yields very questionable results when applied to 1m­
man milk Since penicillinase is specific for peni­
cillin, some factor in human milk seems to produce 
results similar to penicillin. To compound the mat­
ter, heating human milk seems to enhance the ac­
tivity of this unknown inhibitor. 

Of some interest was the fact that zones of inhibi­
tion surrounding the milk-impregnated discs were 
relatively constant in size. 

It is strongly suggested here to study further the 
quality of human milk and also to establish guide­
lines and quality control measures for human milk 
used by so-called milk banks of hospitals. The 
U.S .A. may be lagging behind Europe where the 
Committee of Ministers of the Council of Europe at 
the 186th - 189th meetings ( Strasbourg, January -
.\1Iay, 1970 ) adopted Resolution (70) 9 dealing wi tl1 
human milk: "Governments are invited in this resolu­
tion to ensure that better arrangements are made for 
the distribution of mother's milk, and that such milk 
is available for babies needing it mgently, from one 
member country to another. Member states are in­
vited to ask for no more than the refund of the cost 
of collecting, processing, and transporting the mill<. 
They are also asked to establish common rules for 
the labeling, packing, and dispatch of mother's milk, 
to make it exempt from import duties, and to provide 
for its speedy delivery to the consignees by the most 
direct route" (1) . 
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ABSTRACT 

Aerobic microbial f lora, moisture, and NaCl contents of 

smoked salmon samples, obtained from retail outlets along 

the coast of th e Pacific Northwest, were examined . The 

microbial loads ranged from 1.3 X 102 to 2.2 X 106
• The 

moistme levels were from 48 to 64%, and the water phase 

salts from 3.2 to 8.2. Regularly recoverabl e microorganisms 

in most samples were gram-positive cocci. They were either 

mo~tly staphylococci micrococci, depending on the sample. 

Bacillus, Pseudomonas, and yeasts were predominant in 

some samples. 
The gram-positi ve cocci were able to grow in 10 to 25% 

NaCI, but the majority of them did not multiply at 4 C and 

were readily inactivated by mild heat ( D,,c of 1.5 to 47.9 

min). 

The essential fea tures of the newly adapted Good 

i\'Ianufacturing Practice ( GMP, 6) for smoked fish 

are : hot smoking at 82 C (180 F), for a minimum 

of 30 min, if the water phase salt ( WPS ) of the fin­

ished product is 3.5 or above; or 66 C ( 150 F ) 

treatment for 30 min, if vVPS is at least 5.0. Storage 

temperature of 3.3 C ( 38 F ) or lower is also speci­

fi ed for the smoked fish. 

·while this GMP is intended to remove the hazard 

of Clostridium bott1.Unun" type E from smoked fish , 

the accompanying improvement in sanitary quality 

of smoked fish would be beneficial. 

Little information on the microbial flora, other 

than C. botulinum type E, in smoked fish is available. 

The pmpose of this inves tigation was to isolate and 

identify the microbial flora of smoked salmon from 

various processors before the GMP became effective. 

The gram-positive cocci isolated were furth er charac­

terized to determine their potential health hazard 

and their abilities to survive or multiply during the 

hot smoking process. 

!VI AT EHIALS AND M ETHODS 

Smoked srdmon 
Six smoked salmon samples were purchased from various 

roadside retail counters, which represented all known proces­

sors of the survey area, along the southern ' •Vashington and 

northern Oregon coasts. An additional sample (Sample G) 

was an experim ental product not being offered for sale. 

~II samples were well iced and helci for no longer than 48 hr 

f)efore examination. 

'Technical Paper 1 o. 3463, Oregon Agricultural Experiment 

Station , Oregon State Universi ty, Corvallis, Oregon 97331. 

i\1 icrobiological examinations 

All smoked salmon pieces were f inely sliced aseptically 

under a flow of sterile ai r ( Bioq uest Sterility Test Cabinet). 

Sli ces from different pieces were pooled allCl 50 g of this 

mixture were blended in an Osterizer with 50 ml of Butter­

fi eld's phosphate buffer. Appropria te di lutions were spread 

plated on agar containin g Bacto h·yptone ( 0.5%), Bacto-pep­

tone ( 0.5%), Bacto-yeast extract ( 0.25%), glucose (0.1%), and 

NaCl ( 0.5%). The plates were incubated at 25 C for 72 hr 

Bacto tryptone and cotmted (7). 

A dilution which yielded isola ted colon ies was chosen and 

all colonies from th e plates were h·ansferred on a master 

plate with sterile toothpicks. Except for two samples with 

low counts, th e number of colonies for each sample identi­

fi ed was over 100. 

l\lfi crobi al isolat es were then identified by th e modified 

replicaplatin g procedure (5, 9). The gram-positive cocci were 

furth er identified into 6 groups of Staphylococcus and 8 

M:icmcoccus groups accorcling to the scheme proposed b y 

Baird-Parker (3) . The followin g tes ts were also conducted : 

coagulase tes t by the t ube method using Bacto-D Ase agar, 

and hemolysis on basal agm· plus citrated human red blood 

cells. 
The maximum TaCl levels tolerated b y selected Staphy­

lococcus and Micrococcus species were determined b y the 

growth of stationary cultures in h·yptone-peptone-yeast ex­

tract-glucose broth plus various concenh·ations of 1 aCI. 

T ubes were incubated at 25 C for 4 weeks and growth veri­

fied by t he microscopic examination. Growth at 4 C was 

determined in the above m edium plus 4% laC! and incu­

bating at 4 C for 3 weeks. 

Thermal inactivation charac teristics at 52 C were determ­

ined by withdrawing and plating, periodically, samples from 

a flask containing a known number of cells in above media 

held at a constan t t empera ture of 52 ± 1 C (10). 

Moist ure content 

The total moisture of th e smnples was determined by the 

AOAC procedure (1 ). The smoked salmon was dried to 

constant weight in a 102 C vacuum oven a t :23.5 inches of 

Hg. 

NaC l 
The sodium chloride content of smoked fish was m easured 

by the AOAC procedure (2). Chlorine in the sample was 

p recipitated with AgNOa and titrated with 1 H.SCN solu­

tion. The water phase salt ( \ tVPS) was calculated according 

to th e fomlll la: NaCl ( %) / H20 ( %) + NaCl (%) X 100' (6). 

H ESULTS AND D ISCUSSION 

M-icrob·ial load, mo·istu·re and NaCl content 

Table 1 shows the microbial counts, and moisture 

and NaCl levels of samples examined . D espite the 

small number of samples, the data clearly p oint out 

the exh·eme variability among smoked salmon. The 
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TABLE 1. MICROBIAL LOAD, l\IO!STUHE, NaCl, AN D WATER 

PHASE SALT ( \>\IPS) OF SMOKED SALMON 

)Jicrobial load l\Io isturc ::\a Cl 
Sa m(llC (count/g) ( % ) ( % ) \\'PS• 

A 2.2 X 106 48 4.3 8.2 
B 1.9 X 103 61 3.7 5.7 
c 6.5 X 10'' 56 2.0 3.4 
D 1.8 X 102 64 2.1 3.2 
E 4.1 X 104 53 4.2 7.3 
F 2.7 X 104 61 2.7 4.2 
G 1.3 X 102 60 2.2 3.5 

Range 1.3 X 102-2.2 X 106 48-64 2.0-4.3 3.2-8.2 

' \•Vater phase salt ( % brine ) = 
NaCl ( %) 

100 H.o ( %) + NaCl ( %) 
X 

TABLE 2. AEROBIC MI CROB IAL FLORA OF SMOKED SALMON 

Percent in samples 

l\fic:·oorgani sms A B c D E F G 

Gram-positive cocci 1 94 95 13 36 38 100 
Bacillus 98 4 0 25 0 19 0 
Pseudomonas 1 1 0 50 5 37 0 
Yeasts 0 0 3 0 59 0 0 
Unidentified 0 1 2 12 0 6 0 

No isolates 
examined 166 143 150 16 237 147 12 

aerobic microbial count ranged from 1.3 X 102 to 2.2 
X 106/ g. The count also appeared to be inversely 
related to the moisture level. It is worth noting, 
however, that 5 of 7 samples met the minimum WPS 
level of 3.5% specified by GMP and 3 of 7 samples 
could have met the milder heating alternative ( 150 F 
vs. 180 F) that requires 5.0% WPS (6). Samples with 
higher WPS levels did not necessarily contain few­
er aerobic microorganisms. For s om e tmknown 
reason, the reverse appeared to be b.ue. 

M icrob·ial flora 
The identities of microorganisms isolated from tl1e 

smoked salmon are presented· in Table 2. The most 
frequently isolated microorganisms, except for Sample 
A, were gram-positive cocci. Bacillus species, Pseu­
domonas species, and yeasts were found in differ-

ent proportions in different samples. 
The uneven distribution of Pseudomonas species 

and yeasts would indicate post-processing contami­
nation and the presence of Bac-illus species could in­
dicate underprocessing. All spores of Bacillus spec­
ies isolated readily survived heating at 65 C (149 F) 
for 30 min but not 80 C ( 176 F) . Conspicuously 
absent from the smoked salmon were Acinetoba.cter­
M oraxella species, that are common in seafoods. 

Gram-positive cocc·i 
The gram-positive cocci were further character­

ized because of tl1eir suspected human origin. Table 
3 lists the percent dish·ibution of Staphylococcus and 
Micrococcus species isolated from each smoked sal­
mon. Staphylococcus subgroup I, or Staphylococcus 
aureus, were found in 3 samples and all isolates were 
positive for coagulase, DNAse, and were ,8-hemo­
lytic on human blood agar . The high percentage 
of S. aureus recorded for Sample G is somewhat 
misleading as the microbial count of this sample 
was exh·emely low ( 130/ g). The Staphylococcus 
subgroups II through VI or Staphylococcus epicler­
m:iclis species were found in various proportions in 
3 samples. They could also have . originated from 
human ski..n. 

The origin of the Micrococcus ~pecies . in smoked 
salmon is difficult to speculate. Baird-Parker ( 4) 
studied gram-positive cocci isolated from human 
skin, pig skin, bacon, and household dusts and re­
ported that most of Micrococcus isolates were from 
the bacon. Mic1'0coccus spp. may be uniquely adapt­
ed to tl1e smoked foods. 

Another possible source of gram-positive cocci 
in smoked salmon is the brine. Table 4 shows some 
of the physiological characteristics of gram-positive 
cocci isolated in relation to tl1eir potent~al for growtl1 
and survival in brine. Many gram-positive cocci 
grew readily in media containing nem·ly 20% NaCl 
and all isolates tested grew at or above 10% NaCl. 
The level of NaCl tolerated was equivalent to the 
salt content of the 42 to 95° salometer brine, in con­
trast to the 40 to 80° salometer brine generally used 

TABLE 3. IDENTITIES" OF GRAM-POSITIVE COCCI ISOLATED FHOM SMOKED SALMON 

Percent distribution" 

Sampl e 
St aphy lococcus Micrococcus 

II III IV v VI Unident. 8 Unldent. 

B 1 0 4 14 0 34 5 4 0 3 0 0 22. 11 0 4 
c 0 0 0 0 0 0 0 0 0 0 0 7 71 1 0 2.1 
D 0 0 0 0 0 0 0 25 0 75 0 0 0 0 0 0 
E 0 0 0 0 0 0 0 11 0 17 0 0 0 0 0 70 
F 3 0 3 31 3 15 31 0 0 0 0 0 0 3 0 10 
c 58 0 0 8 33 0 0 0 0 0 0 0 0 0 0 0 

"Based on the identification scheme of Baird-Parker (3). 
"Sample A contained only unidentifiable M·icrococcus spp. 
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TABLE 4. 

Stra in 

A-4 
A2-10 
B-99 
D-32 
131-1 
A-3 
A2-58 
131-3 
D-38 

l-26 
C2-43 
A2-92 
A2-158 
C2-73 
C2-82 
132-43 
B2-49 
1-7 
BI-32 

SELECTED CHAl\ACTEIUSTlCS OF GHA~ !-POS I TIVE COCC I 

I SOLATED Fl\0~1 SMOKED SAL~lON 

Identity 

II 
III 
lil 
IV 
v 
v 
Vl 
Vl 

1 
1 
2 
2 
3 
3 
5 
5 
G 
I) 

Max. 1\'aCl (% ) D52 (C) 
tol erated in min 

19 
20 
10 
ll 
16 
20 
19 
16 
21 

22 
ll 
12 
20 
21 
22 
25 
24 
21 
24 

1.5 
3.6 

16.7 
6.9 

13.8 

27.6 

26.1 
47.9 

11.7 

6.3 

4 c 
g rowth 

+ 
+ 

+ 

in the industry. They could not, however, have 

grown excessively in the brine if it had been at 3.33 C 

as the GMP specified. Only 3 Micrococcus spp. out 

of 19 gram-positive cocci tested grew at 4 C after 

3 weeks of incubation (Table 4). All gram-positive 

coccus isolates examined were also very sensitive 

to heat (Table 4). 
Micrococcus spp. were slightly more heat resist­

ant than Staphylococcus. The average eAJlOSure time 

required to inactivate 90% of Micrococcus spp. at 

52± 1 C was 24 min, while the average D•2 for Staphy­

lococcus spp. was 8.5 min. 

The most heat resistant gram-positive coccus ( M·ic-

' rococcus C2-73) registered the D•2 value of 47.9 

(Table 4). At the lowest heat level of 66 C ( 150 F ) 

permitted by the GMP, even the inactivation of 

Micrococcus C2-73 proceeded so rapidly that the ac­

curate inactivation data could not be obtained. 

Owing to the high NaCl tolerance, the gram-posi­

tive cocci could accumulate or grow in brine, especi­

ally if brine was used repeatedly at temperature 

above 3.3 C ( 38 F ). Their sensitivity to heat, how­

ever, is such that they are not likely to survive either 

the 66 or 82 C sm~king process specified by the 

GMP. Other aerobic microorganisms isolated from 

the smoked salmon also appear to have resulted 

from contamination after smoking. Their patterns 

of distribution, however, were too irregular to be 

used as a general indicator of cross-contamination. 

The most consistently recoverable group was 

the gram-positive cocci. Their physiological charac­

teristics are such that these bacteria may be suited 

as indication of post-processing contamination . In 

addition, their presence in substantial numbers may 

also indicate the extent of temperature abuse of the 

product. 
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ABSTR ACT 

lvlicrobial populations of Grade A raw milk samples from 

105 indi vidual producers and 74 bulk tank trucks (com­

mingled ) were enumerated by Standard Plate Count ( SPC ), 

psychrotrophic count ( PBC ), colifoni1 count ( CC ), labora­

tory pasteurized count ( LPC ), them1ophilic cotmt ( TBC ), 

yeas t and mold count ( Y&M ), and special penicillin ( PEN) 

and crystal viol et tetrazolium ( CVT ) agar count procedures . 

In addition , microbial populations were detem1in ed by the 

SPC, PBC, PE , and CVT procedures after preliminary in­

cubation ( PI) of samples . Initial mean cotmts obtained on in­

dividual producer samples were generally lower than those 

for commingled samples . However, producer samples had 

higher mean counts after Pl. Growth ratios were lower for 

commingled than for individual producer samples indicating 

slower growth during PI. Results obtained by the PBC, PE , 

and CVT procedures were similar when viewed as correla­

tion coeffi cients, distribution of samples according to micro­

bial counts, mean counts, and growth ratios during Pl. Be­

fore PI, the correlation between these tlu·ee tes ts was poor and 

lacked statistical significance when the PBC was < 50,000/ ml. 

After PI, th e tes ts were highly correlated ( P < 0.01 ) and the 

·r values ranged from 0.8 to 0.9 for samples with PBC levels 

above 106 / ml. 

i\IIilk may be subjected to a variety of tests to 

evaluate its microbiological quality, compliance with 

regulatory classifications, and conditions of sani­

tation during production (1 , 3, 4, 6, 7, 8). The Stand­

ard Plate Count ( SPC ) is used to determine com­

pliance with health authority grade classifications (18). 

Other investigators (4, 6, 8, 10, 11) have shown that 

the SPC is of limited value in assessing the micro­

biological quality of milk or the conditions of farm 

sanitation. However, Johns and Berzins (11) found 

that a comparison of microbiological counts before 

and after incubation at 12.8 C for 18 hr reflects con­

ditions of sanitation on the farm. 
Modern production and handling procedures have 

caused changes in the microbiological populations of 

raw milk (9, 11). Improved cooling and sanitation 

1Teclrnical pape1· 10052 of the Texas Agricultmal E xperim ent 

Station , Coll ege Station 77843. 
2Present address : Bio-Engineering, Texas A& if University, 

College Station 77843. 
"Present address: Pet Incorporated, Johnson City, Tennessee 

37601. 
4Present address : U .S. Army Vet. Det. ( ME DDAC) NCID, 

Patton USAR Center , Bell, California 90201. 

procedures have made it possible to produce raw 

milk with lo\;ver bacte~· ial counts, but have also in­

creased the relative importance of psychrotrophic 

bacteria (8, 10). Johns (10) indicated that for an ac­

curate assessment of the microbiological quality of 

raw milk, test results should indicate the level of 

psychrotrophic organisms. Hartley et al. (8) found 

a significant relationship between the psychrotrophic 

count of raw milk and farm sanitation conditions. ' 

However, practical utilization of psychrotrophic 

counts is limited by the time required to obtain re­

sults (10 ). 
l'viodified procedures to detect gram-negative bac­

teria in pasteurized dairy products have b een re­

ported (12, 15). Olson (15) employed crystal violet 

and Lightbody (12) utilized penicillin in the agar as 

selective inhibitors of gram-positive bacteria. · In 

both instances, 2, 3, 5 h·iphenyl tetrazolium chloride 

was incorporated into media to make colonies of 

gram-negative organisms m01·e distinct. Their re­

sults were ei1couraging even though these tests since 

have been shown to be somewhat unreliable (13, 

16). Usefulness of these modified tests in estimat­

ing psychrotrophic bacteria in raw milk has not been 

investigated. This paper presents data on the mic­

robiological analysis of 105 producer and 74 bulk 

tank h·uck samples of Grade A Raw Milk and the 

con-elation of counts obtained by various proce­

dures. 

M AT ERIA LS Al\'D M ETHODS 

Collection of sam7Jles 
Grade A raw milk samples were collected through the 

Associated Milk Producers, Inc. ( AMPI) in Houston, San 

Antonio, Austin, \Vaco, and Bryan, Texas . Bulk tank samples 

from individual producers were obtained dming June and 

July of 1970 by AMPI representatives and stored in com­

mercially sterile plastic san1ple bags ( Whirl-Pak ). The com­

mingled san1ples were collected with a stainless steel dipper 

chemically sanitized with a 25 ppm iodophor solution (1 ), 

between ovember 1969· and April 1970 from bulk tank 

trucks at AMPI receiving stations or plants. These samples 

were stored in previously autoclaved polyprop ylene screw­

top bottles. 

Treatment of samples 

Samples were held in ice water until all tests were complet­

ed. Tests were clone before and after preliminary incuba-

\ .. 
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TABLE l. MICROBIOLOGICAL COUNTS OBTAINED ON GltiDE A HA W JIULK SAJIIPLES" 

l\Iicrobiologi cal Producer sa mples Comm ingled sa mrllcs 

test" Range !\l ean Hange Mean 

---------------- (count/ ml) ----------------

70,000 
25,000 
27,000 

SPC 
PBC 
PEN 
CVT 
cc 
LPC 
TBC 
Y&M 

800-630,000 
5-430,000 
5-330,000 

10-460,000 
5- 49,000 
5- 54,000 

-· 17,000 
1,200 
1,200 

2,200-940,000 
20-760,000 
10-580,000 
30-610,000 

5- 10,000 
60- 29,000' 

100,000 
34,000 
32,000 
18,000 

830 
2,600 

41 
110 

5- 700 
< 1- 900 

"Data represent 105 producer (June and July, 1970 ) and 74 commingled (November, 1969 to April, 1970 ) samples. 

"SPC-Standard Plate Count; PBC-Psychrotrophic Bacteria Count; PEN-Penicillin Count; CVT-Crystal Violet Count; CC-Coli­

form Count; LPC-Laboratory Pasteurized Count; TBC-Them1ophilic Bacteria CoLmt; Y&M-Yeast and Mold Count. 

tion (PI) as described by Johns and Berzin (11). Samples 

were transferred to sterile screw-top tes t tubes fo~ PI. After 

PI, samples were cooled immediatelx: 1.and stored , in ice water. 

All laboratory tests on commingled and indi~fd~al producer 

samples were initiated within 24 and 48 hr, respectively, after 

sampling. 

Microb·iological analysis 

The Standard Agar Plate M~thod (1) was used for the 

microbiological analys is of samples. Standard plating media 

and incubation temperatmes were used for Standard Plate 

( SPC ), psychrotrophic ( PBC ), laboratory pasteurized ( LPC) , 

thenno'philic ( TBC ) , colifom1 ( CC) , and yeast and mold 

COLmt (Y&M) procedures (1). 

Special platin g media, crystal violet teh·azolium agar ( CVT ) 

described by Olson (15) and penicillin ( 10 IU/ ml ) tetrazol­

ium agar (PEN) described by Lightbody (12) were used 

to obtain additional counts. Conditions of plate incubation 

used with these media were modified from 32 C for 48 hr (12, 

15) to 21 C for 72 hr. 

Analysis of data 

Data were subjected to computer analysis to obtain the 

distribution of samples according to microbial counts, mean 

coLmts, and linear correlation coeffi cients between counts ob­

tained by various tests. 

RESULTS AND DISCUSSION 

!11 ic'l'ob'ial counts of raw male sam.ples 

The ranges and mean microbiological counts ob­

tained on 105 individual producer and 74 commingl­

ed milk samples are in Table 1. Observed ranges 

for the various microbiological counts were quite 

broad for both producer and commingled samples. 

In general, counts for producer samples were lovv­

er than for commingled samples. The higher SPC's 

noted for commingled samples are consistent with 

previous reports (2, 3). Since commingled samples 

did not represent individual producer samples used 

in this investigation, it is not possible to make defi­

~1ite conclusions regarding the reason for higher 

counts in commingled samples. Hovvever, it is pos­

sible that higher . counts were related to sanitary 

conditions in handling, poor refrigera tion, breaking 

of clumps during pumping, or contamination from 

the h·uck tank. 
Counts obtained by PBC, PE , and CVT pro­

cedures were quite similar from the standpoint of 

range and mean values for both producer and com­

mingled samples. The mean PBC's for producer 

and commingled samples were 25,000 and 34,000/ ml 

compared to mean PEN counts of 27,000 and 32,000-

/ ml. Comparative mean counts obtained by the 

CVT procedure were 17,000 and 18,000/ ml. The 

similarity of counts obtained by the three procedures 

was not as apparent when data for individual samples, 

especially those with low counts, were considered. 

The PE and CVT procedures were originally 

proposed to enumerate gram-negative spoilage or­

ganisms in pasteurized dairy products (12, 15). In 

these tests, crystal violet and penicillin are used 

as selective inhibitors of gram-positive microorgan­

isms. The major advantage of these procedures is 

that counts are available in 48-72 hr. However, the 

effectiveness of these procedures for es timating psy­

clu·oh·ophic contamination has be e n questioned 

(13, 16). Sing et al. (16) suggested that growth of 

some bacteria that normally grow at 7.3 C is sup­

pressed in CVT agar. Micrococcus organisms have 

been reported to grow readily in agar containing 

penicillin (13). Freeman et al. (5) reported that crystal 

violet does not inhibit all gram-positive microorgan­

isms. Therefore, it is quite likely that variations in 

counts obtained by the three procedures were caused 

by differences in the microflora of individual samples 

and by limitations of the selective inhibitors . Such 

variations would seriously limit the reliability of these 

procedures for estimating psychroh·ophic bacteria in 

raw milk. 
The TBC's of commingled samples ranged from 

5 to 700/ ml with a mean count of 41/ ml. Yeast and 

mold counts ranged from < 1 to 900/ml with the 

mean count being 110/ ml. Occurrence of ther­

mophilic bacteria and yeasts and molds at these 

relatively low levels appears to be of little practical 

significance. 
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Distribution of samples by microbial counts 

The distribution of samples on the basis of counts 

obtained by SPC, PBC, PE1 , and CVT procedures 

is in Table 2. In general, dish·ibution patterns of 

both producer and commingled samples according 

to SPC's were asymmetric. Approximately 55% of 

the producer samples had SPC's <20,000/ ml, where­

as only about 15% of the commingled samples had 

counts below this level. The majority ( 64%) of the 

commingled samples had SPC's between 21,000 and 

100,000/ ml. Approximately 71, 81, and 90 of the 

producer samples had SPC's <50,000, 100,000, and 

200,000/ ml, respectively. About 78% of the com­

mingled samples had SPC's < 100,000/ ml and 89% 

had counts <200,000/ ml. The distribution pattern 

of producer samples according to these levels is 

quite similar to the calculated distribution pattern of 

the samples tes ted by Ohri and Slatter (14) while 

the distribution of commingled samples appeared to 

be similar to the estimated distribution pattem of 

the samples tested by Brazis and Black (2). 

The PBC, PEN, and CVT counts for producer 

samples were lower than those of commingled 

samples. Approximately 79% of the producer samples 

had PBC's <5,000/ ml compared to 68 and 72% of 

the samples with PEl and CVT counts < 5,000/ ml. 

Of the commingled samples, 49, 57, and 72% had 

PBC, PE! , and CVT counts <5,000/ ml. Similar 

variations in the distribution patterns were appar­

entJoi··-the count levels of 5,000 to 20,00Q/ ml. The 

The distribution of samples with counts >20,000/ ml 

was similar for the three tests indicating that the 

PEN and CVT procedures are more reliable on h1gh 

count milk. 

Effect of PI on microb·ial counts 
The effect of PI on counts obtained by the SPC, 

PBC, PEN, and CVT procedures is in Table 3. Con­

siderable increases in counts and variations in the 

count ranges were apparent for all four tests. Great-

er count ranges were observed for commingled than 

for producer samples. However, mean counts for 

the four tests were lower for commingled than for 

producer samples. Calculated growth ratios for the 

four tests indicate that growth was more rapid in 

producer than in commingled samples. The PBC, 

PE , and CVT growth ratios were higher than the 

SPC growth ratios for both producer and comming­

led samples . Growth ratios for PBC, PEN, and ' 

CVT were similar. 
The large increases in SPC's and PBC's of both 

producer and commingled samples are consistent 

with the known influence of PI on proliferation of 

psychrotrophic microorganisms (11 ). Comparable 

PBC, PEN, and CVT growth ratios suggest that 

these procedures might be suitable to estimate psy­

chrotrophic organisms in milk after PI. For this 

TABLE 2. DISTHIDUTION OF GHADE A RAW MILK S>\MPLES ON THE BASIS OF M ICHOBIOLOGICAL COUNTS" 

i\l!crob!ologlca! test" 

)fi crobi ological 
Producer sa mJ)l es Commingled samples 

C() Uil t range SPf' PBC I'E:\ CV'J' SPC PBC PEl\ 

( count/ ml ) ( % of samples) 

~ 250 0.0 39.2 24 .8 22.9 0.0 4.0 8.1 

260- 1,000 l.O 23.9 16.2 21.9 0.0 8.1 12.2 

1,000- 5,000 17.2 16.2 26 .7 27.7 1.3 36.5 36.5 

5,100- 9,900 18.0 4.7 6.7 7.6 2.7 18.9 14.8 

10,000- 20,000 19.1 2.8 7.6 7.6 10.8 13.7 6.8 

21,000- 50,000 16.2 4.7 10.5 7.6 35.2 9.5 9.5 

51,000-100,000 9.5 3.8 1.8 1.9 28.4 2.7 2.7 

ll0,000-200,COO 9.5 0.9 2.8 2.8 10.8 1.3 5.4 

210,000-500,000 7.6 3.8 2.8 0.0 9.4 4.0 2.7 

~500 ,000 1.9 0.0 0.0 0.0 1.4 1.4 1.4 

"Data represent 105 producer (Jun e and July, 1970) and 74 commingled (November, 1969 to April, 1970) sru11ples . 

"SPC-Standard Plate Count; PBC-Psychrotrophic Bacteria Count; PEJ -Penicillin Count; C'IT-Crystal Violet Count. 

r yT 

10.8 
23.0 
37.8 

9.5 
5.4 
8 .1 
1.3 
2.7 
0.0 
1.4 

TABLE 3. EFFECT OF PHELIMINAHY I NCUBATION ON MICH::JBIOL OGICAL COUNTS OF GHADE A RAW MILK SAMPLES" 

Producer samples ___ __cC:..:.o:..:.m:..:.mC,C_!n,gled samples ______ _ 

)[i crob i o l og~ca l 

test" 

'ou nt after preli mina ry incubntlon 

Ra nge !\lea n 

----- (Count / ml ) ---------

SPC 
PBC 
PEN 
CV.T 

1,500- 55,000,000 
<50-> 10,000,000 
< 50-> 10,000,000 

. < 50-> 10,000,000 

5,000,000 
4,000,000 
4,200,000 

. 3,Q00,000 

Growth l' 

ratio 

71 
160 
156 
177 

C'ount. after preliminary incubation 

Range l\Iean 

( Count/ ml ) 

3,000-27,000,000 2,900,000 
900-32,000,000 3,200,000 
500-37,000,000 2,400,000 

1,000-36,000,000 1,800,000 

;'Data represent lOS -producer (June and July, 1970). and 74 commingled (Novemb~, 1969• to .April, 1970)' san1ples. 

-"SPC-St'andarcl Plate Count; PBC-Psychrotrophic Bacteria ·count ; PEN-Penicillin Count; CVT-Crystal Violet Count. 

;:C 
1 

. t ' Mean count after preliminary incubation 
ro,vt 1 ra 10 = . . . . 

Mean count before prehm mary mcubation 

Growt!J l· 

ratio 

29 
94 
75 

100 

, 

I '. 
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TABLE 4. PSYCHROTROPHIC GHOWTH RATIO JN GRADE A RAW MILK SAMPLES GROUPED BY INITIAL PSYCHHOTHOPHJC COUNTS' 

Produ cer samples 
Commingled sampl es 

~lean psychrotrC'phic count 
MeaJJ psych rotrophic count 

lnilial Per cent After 

psychrotrophi c of prelimin ary 

count ran:;e sampl es In itia l incubation 

P er cent 
Growth of 
rati ob samples Ini tial 

Aftet· 
prclimin;.u·y 
in cubation 

Growlil 
rat.iob 

(Co unt/ ml ) ( Count/ ml ) - - -- ( Count/ ml) ---

::; 100 24.7 43 21,000 489 2.7 50 1,500 30 

110- 1,000 37.2 470 120,000 255 9.5 530 99,000 187 

1,100-10,000 20.0 3,600 1,700,000 472 55.3 4,300 800,000 186 

11,000-50,000 7.6 23,000 6,700',000 291 23.0 25,000 4,100,000 164 

> 50,000 10.5 210,000 28,700,000 133 9.5 :2,70,000 19,000,000 70 

"Data represent 105 producer (Jtme and July, 1970 ) and 74 commingled (November, 196!) to April, 1970 ) samples. 

"Growth ratio 
Mean Psychrotrophic Bacteria Count after Preliminary Incubation 

Mean Initial Psychrophilic Bacteria Count 

TABLE 5. CORHELATION COEFFICIENTS BETWEEN COUNTS OBTAINED BY VAH.IOUS MICHOBIOLOGlCAL TESTS" 

r.orrelation coeffi cient ( l') 

;\licrobiological SPC SP C-PI PBC PBC-PI PEN PEX-Pl CVT CVT -PI cc J,PC 'L'B C 

teRth 
Pmducer samples 

LPC - 0.02 -0'.06 - 0.05 -0.05 - 0.05 - 0.05 -0.05 -0.05 -0.03 

cc 0.36° 0 0.41° 0 0.60• • 0.32•• 0.49° 0 0.5300 0.58°. 0.26° 0 

CVT-PI 0.69° 0 0.67" 0 0.76° 0 0.96° 0 0.75°. 0.91° 0 0.83 00 

CVT 0.62° 0 0.65° 0 0'.81° 0 0.83° 0 0.82•• 0.85° 0 

PEN-PI 0.69° 0 0.77"" 0.88"· 0.94"" o.85. • 

PEN o.12•o 0.78"" 0.8640 0.84. 0 

PBC-PI 0.68" 0 0.77° . 0.8300 

PBC 0.69 00 o.8o• o 

SPC-PI 0.64 °. 

Commingled samples 

Y&M 0.01 -0.01 -0.01 - 0.01 -0.04 - 0.01 - 0.04 -0.04 0.12 0.16 - 0.07 

TBC 0.08 0.29° 0.07 0.29° 0.08 o.3z•• 0.15 0.31°. 0.56" 0 - 0.03 

LPC 0.20 0.21 0.27 " 0.27° 0.11 0.11 0.10 0.2-3° O.D7 

cc 0.2-3° 0.45° 0 0.20 0.46° 0 0.18 0.470 0 0. 18 0.45° " 

CVT-PI 0.36" 0 0.89° 0 0.58 0.84" 0.47° 0 0.94° 0 0.39° 0 

CVT 0.57° 0 0.47° 0 0.90 00 0.43° 0 0.85° 0 0.36° 0 

PEN-PI 0.430 0 0.90° 0 0.55" 0 0.91. 0 0.42° 0 

PEN 0.53" 0 0.56° 0 0.86"" 0.51" " 

PBC-PI 0.56° 0 0.90° 0 0.67"" 

PBC 0.5700 0.63"" 

SPC-PI o.52°" 

"Data represent 105 producer (June and Jul y, 1970 ) and 74 commingled (November, 1969 to April, 1970) samples. 

"SPC-Standard Plate Cow1t; PBC-Psychrotrophic Bacteria Count; PEN-PenicilUn Count; CVT-Crystal Violet Count; CC-Coli­

foml Count; LPC-Laboratory Pasteurized Count; TBC-Thermophilic Bacteria Count; Y&M-Yeast and Mold Count; PI-indicates 

test conducted after preliminary incubation of th e samples . 

•significant (P<0.05). 

• •significant ( P< 0.01 ) . 

reason, producer and commingled samples were 

grouped according to initial PBC's and growth ra­

tios were calculated for each group. D ata in Table 

4 indicate a general decrease in growth ratios as 

the initial PBC level increased. This trend was 

more apparent and' consistent for producer than for 

commingled samples. Furthermore, commingled 

samples had consistently lower growth ratios at all 

initial PBC levels than did producer samples. Since 

• commingled samples were not representative of pro­

ducer samples, it is not possible to assess the signi­

ficance of commingling to lower growth during PI. 

Observed differences in counts probably resulted 

from variations in the microflont of individual pro-

ducer and commingled samples . 

Conelation between 1nicrobiological counts 

Counts obtained by the various microbiological 

procedures on producer and commingled samples be­

fore and after PI were subjected to statistical analy­

sis to determine the con:elation between tests . 

Linear correlation coefficients are in Table 5. In 

general, correlation coefficients bel:\veen the various 

tes ts were higher for producer than for commingled 

samples . For producer samples, the SPC was high­

ly correlated ( P < 0.01 ) with all other counts except 

the LPC. The LPC was not related to any other 

tes t results obtained on producer samples . With 

cmmningled samples, the SPC was correlated with 
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all counts except LPC, TBC, and Y&1vi. The lovv, 
but statistically significant, correlations observed be­
tween CC's, TBC's, and LPC's and some of the 

other counts on commingled samples is possibly re­
lated to conditions of sanitation in handling that 
could be a common source of the various types of 
microorganisms. Correlation coefficients between 
initial SPC's, PBC's and CC's are in agreement with 

those reported by previous investigators (8, 11, 19). 
Correlation coefficients between initial SPC and 

the initial PBC, PEN, and CVT results ranged from 
0.53 ( SPC vs. PE I for commingled samples) to 
0.72 ( SPC vs. PEN for producer samples ) . High­
er correlation coefficients ( 0.81 to 0.90 ) were ob­
tained between the PBC, PE I, and CVT tests. 

Counts obtained on samples after PI are largely 
representative of the selected microflora multiply­
ing during incubation. Therefore, as would be ex­
pected, highly significant correlations (P<0.01 ) were 
obtained between SPC, PBC, PEN, and CVT counts 
on samples after PI. A close comparison of correla­

tion coefficients between these tests indicates that 
correlations between tests were improved by PI, 
and that this improvement was more apparent in 
commingled than in producer samples. 

Since the PBC, PEN, and CVT tests showed con­
sistently higher correlation coefficients, the relation­
ship between these tests was examined furth er by 
grouping the combined data for producer and com­
mingled samples according to initial PBC's. The 

correlation coefficients for samples at various count 
levels both before and after PI are in Table 6. 
For all of the samples combined, PEN and CVT 
counts were highly related (P<0.01 ) to PBC's wit!~ 

correlation coefficients ranging from 0.86 to 0.95. 
However, at low initial PBC levels ( <50,000/ ml ) 
PEN and CVT counts were not significantly corre­
lated to PBC's. After PI, counts obtained by the 
different tests were highly relatt;!d (P<0.01) for all 
count levels. However, correlation coefficients were 
higher for samples h a vi n g PBC's after PI of 

> 106/ ml. 

The apparent similarity between results obtained 
by PBC, PE , and CVT procedures as evidenced by 
sample distribution patterns, mean counts, growth 
ratios, and highly significant correlation coefficients 
is of special interest. Previous studies (13, 16) have 
indicated that the reliability of the PEN and CVT 
procedures for selective enumeration of gram-nega­
tive microorganisms is limited. Therefore, relation­

ships observed between counts obtained by the tlu·ee 
procedures might be considered contradictory to pre­
vious results . The improved correlation behveen 
test results is probably related to use of the lower 
plate incubation temperature ( 21 C), as opposed to 

the higher temperatures ( 30-32 C) used by previous 
investigators (12, 1.3, 16) and to high initial PBC's of 
some samples. Also, lack of significant correlation 
between the three tests in samples with PBC's 
< 50,000/ ml must be emphasized. These results 

T ABLE 6. E F F ECT OF PRELilviiN ARY INCUBATION ON THE RELATIONSHIP BETWEEN 

PSYCiffiOTROPHIC, PENICILLIN, AND CRYSTAL VIOLET COU NTS" 

Ps.rchrotrophi c bacteria coullt:, 

Jlange Mean 

------- ( Count/ ml ) -------
~ 1(] (! 

110- 1,000 
1,100-10,000 

11,000-50,000 
> 50,000 

Producer san~ pl es 

Commingled samples 
All sampl es 

~ 25,000 
26,000- 300,000 

310,000- 990,000 
1,000,000-9 ,900,000 

> 9,900,000 
Producer sampl es 
Commingled safllples 
All :~amples" ~ ~ ··_.:.. _ 

44 
470 

4,100 
25,000 

240,000 
25,000 
34,000 
29,000 

4,500 
140,000 
570,000 

4,000,000 
26,000,000 
4,000,000 
3,200,000 
3,500,000 

P et· ce nt 
of 

sampl es 

Before p·reliminaru ·incubation 

15.1 
26.1 
34.7 
14.0 
10.1 
58.6 
41.4 

100.0 

After preliminar!J incubation 
32.4 
19.6 
17.9 
20.1 
10.0 
58.6 
41.4 

100.0 

Correia tion between t estsb 

l' B C \"S. 
PE T 

PJH' VS . 

CVT 

---- - ( r value)----
- 0.12 

0.07 
0.15 

- 0.10 
0.82° 0 

0.86°. 
0.86° 0 

0.86° 0 

0.54 ° . 
0.41. 0 

0.55° 0 

0.85° 0 

0.8600 

0.94° 0 

0.91 o6 

0.92° 0 

-0.15 
0.15 
0.10 

- 0.04 
0.85° 0 

0.81°. 
o.9o•• 
0.86° 0 

0.34 ° 0 

0.43°. 
0.35° 0 

0.94. 0 

0.93° 0 

0.96° 0 

0.8400 

0.95° 0 

'Data represent -1Q5 p10ducer (June :.mel Jul y,. 1970 ) and .74 commil1gled ( November, 1969 to Apri l, 1970 ) sa 1~1ples. 
"PBC = Psychrotrophic Bacteri a Count; PEN ·= Penicillin Count; CVT - Crystal Violet Count. 

o Significant CP< 0.05 ). 
••Significant (P< 0.01J . 

•· I 
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coupled with the highly significant correlations be­

tween test results on both producer and commingled 

samples after PI indicate that the shorter PEN and 

CVT plating procedures could be useful in testing 

high count milk or milk after PI; however, reliability 

of these procedures in refl ecting the level of psy­

chrotrophic bacteria in low count milk would be ex­

tremely limited. Additional research should be de­

voted to development of a test employing selective 

inhibitors and media that would be a reliable index 

of the level of psychrotrophic bacteria present in low 

count milk. Use of combinations of the various se­

lective inhibitors has not received adequate atten­

tion . 
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27TH ANNUAL MEETING OF THE 

AMERICAN SOCIETY FOR 

QUALITY CONTROL 

The 27th annual meeting of the American Society 

for Quality Control will b e held at the Sheraton­

Cleveland Hotel, Cleveland, Ohio :May 21-23, 1973. 

Quality control experts representing various industrial 

groups will be in attendance. The Food and Allied 

. Industries Division has several speakers who will deal 

' with current trends and requirements for adequate 

control in an all day session on Tuesday, :May 22, 

1973. Personnel will include technical speakers from 

regulatory agencies, foundations and trad e associa-

tions as well as leading industrial control managers . 

Ample opportunity will be provided to talk with 

leaders in the field. This is an excellent opportunity 

for management as well as those charged with quality 

conh·ol to "update" ideas and programs. 

Non-members may request a copy of the program 

and arrange to attend the meeting by writing to the 

American Society for Quality Control, 161 West vVis­

consin Avenue, Milwaukee, \ iVisconsin 53203. 
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EFFECT OF PLATE INCUBATION TEMPERATURE ON BACTERIAL 
COUNTS OF GRADE A RAW MILK' 

H. E. RM\DOLPII, B. K. CHAKTIABOTITY2
, OTTO 1-!A:rv!PTON", AND D. L. BocAn-r'' 

Dep(//tm ent of Animal Science 
Te:w s A&M University, College Station 77843 

( Received for publi ca tion September 27, 1972) 

ABSTHACT 

Bacterial counts on 155 raw milk samples obtained with 
plate incubation t emperature of 27 and 32 C were closely 
eorrelatcd ( r = 0.96). Correlation coeffi cients between counts 
obtained at both 27 and 32 C and psychrotrophic ( 7 C-10 
clays) counts for all samples were relatively low, but statistical­
ly significant ( P < 0.01 ) . The correla tion to psyclU"otrophic 
counts was especiall y low and in some instances lacking in 
statistical significance in the sample groups with counts ( 27 
and 32 C) < 100,000/ ml. Eighty-four of the samples had 
higher cOlmts at 32 C and 62 samples had higher counts a t 
27 C. The mean psychrotrophic coLmt of the samples with 
higher counts at 27 C was higher than the mean psychw­
trophic count of th e other samples. However, the correlation 
coefficients were higher for samples with counts higher at 
32 C. Incubation at 27 C does not appear to offer signifi­
cant advantages over th e 32 C incubation temperature used 
in the Standard Plate Count. 

The microbial population of r aw milk provides an 
indication of the sanitary conditions employed in its 
production and h andling. Therefore, bacterial counts 
are used to evaluate milk for compliance with quality 
standards and regulatory grade classifications (5, 9 ). 
The Standard Plate Count (SPC) (1) is the most 
widely used procedure to enumerate the microbial 
population of raw milk. It is the only microbiological 
procedure used to determine compliance of Grade 
A raw milk with h ealth authority standards (9) . Enu­
meration of the maximum number of microorganisms 
in milk is generally considered desirable (3, 4) . Other 
investigators (2, 3, 4, 6) have shown that counts ob­
tained on Standard Methods Agar (1) are influenced 
by the temperahlHl of plate incubation. The 12th 
(and 13th ) edition of Standard M ethods (1) specifies 
incubation at 32 -+- 1 C for the SPC, but there is 
some controversy over whether or not this is the 
best incubation temperature. Higher incubation tem­
peratures have been shown to yield lower counts (2, 
3, 4, 6). Nelson and Baker (6) noted that the tem­
perahlre-storage history of milk influences the effect 
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that plate incubation temperature has on bacterial 
counts. Johns (5) indicated that incubation at 32 C 
is too high for growth of many psychrotrophs. Babel 
et al. (2) found that the mean counts obtained with 
plate incubation temperatures of 32 and 26 C were 
essentially the same after 48 lu-, but slightly higher 
counts were obtained at 26 C when plates were incu­
bated for 72 hr. Huhtanen (4) found no statistical 
difference beh;veen mean counts obtained after 48 
hr with plate incubation a t 32 and 27 C but indicated 
that 32 C appeared to b e close to the maximum limit I 
for psychrotrophic microorganisms. 

The purpose of this study was to compare cow1ts 
obtained on Grade A raw milk samples with plates 
incubated at 32 and 27 C and to relate counts ob­
tained at these temperatures to psychrotrophic counts . 

M ATERIALS AND METHODS 

Grade A raw milk samples were obtained from Associated 
Milk Producers, Inc. ( AMPI) in Houston and Bryan, Texas. 
The samples were taken from bulk tanks of individual pro­
ducers by AMPI representatives and stored in commercial­
ly sterile plastic sample bags ( '~'llirl-Pak). Samples were 
held in ice water until t ested. All microbiological tests were 
initiated within 48 hr after samplli1g. 

Bacterial counts were determined by the agar plate method, 
using Standard Methods Agar (1) and plate incubation at 7 
± 1 C-10 days (PBC) , 27 ± 1 C-48 hr, and 32 ± 1 C-48 hr 
( SPC ) . Data were subjected to computer analysis to ob­
tain the distribution of samples according to microbial connts, 
mean counts, and correlation coefficients between the connts 
obtained at different incubation temperatures. 

REsULTS AND DIScussiON 

Bacterial counts obtained on 155 individual pro­
ducer milk samples and the correlation coefficients 
beh;veen counts obtained with plate incubation tem­
peratures of 7, 27, and 32 C are in Table 1. Based 
on data obtained at 27 C, approximately 62% of the 
samples liad counts < 20,000/ ml, 24.5% had counts 
between 21,000-100,000/ ml and < 14% of the samples 
had counts > 100,000/ ml. TI1e mean counts obtain­
ed at 27 and 32 C for the samples in the various 
count ranges were quite similar. When samples had 
coun ts of < 100,000/ ml, the mean counts obtained by 
incub ation at 32 C were slightly higher than the 
mean counts obtained at 27 C. However, slightly 
higher mean counts were obtained at 27 C for samp-
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TAllLE l. DISTRIBUTION OF SAlllPLES ON T HE BASIS OF COUNT S OBTAINED AT 27 C A::-ID COHHELATION COEFFICIENTS BETW EEN 

COUNTS OBTAINED AT 7, 27, AND 32 C . 

ll ange 
ha sed on 
2i C cou nt 

( count/ ml) 
< 5,000 

5,100- 20,000 
21,000-100,000 

110,000-500,000 
> 500,000 

All samples 

Sa mple dist ri bution 

(%) 
25.2 
36.6 
24.5 
11.8 
1.9 

100.0 

"Data represent 155 individual p roducer milk sampl es. 
0 Significi!nt ( P < 0.05 ) . 
o o Significant ( P < 0.01 ). 

i c 

250 
2,000 
9,400 

120,000 
67,000 

18,000 

Mea n count/ml 

27 c 32 c 

2,800 3,500 
11 ,000 12,000 
41,000 47,000 

230,000 220,000 
560,000 510,000 

52,000 52,000 

Correlation coeff icients 
32 27 32 

\"S. 7 VS . 'i VS. 27 

0.41 °. 0.35"" 0.8300 

0.20 0.28 ° 0.95"" 
0.28 0. 24 0.83° 0 

0.73° 0 0.79 ° 0 0.88" 0 

0.67 0.72 0.03 

0.41° 0 o.4o•o 0.96° 0 

TABLE 2. GROUPING OF SAMPLES ON UlE BASIS OF MAXIMUM COUNT AND COHRELATJON COEFFIClfu'\'TS BETWEEN COUNTS 

OBTAINED AT 7, 27 AND 32 C. 

l\lea n co un t/ml Co rrelat ion coefficients 
No. of 32 27 32 

Sample group sa mples 7 c 27 c 32 c vs. 7 vs. 7 vs. 27 

Samples with counts 
higher at 32 c than 
at 27 C 84 15,000 35,000 46,000 0.83° 0 0.8590 0.99•• 

Sampl es with counts 
higher at 27 C than 
at 32 C 62 22,000 77,000 63,000 0.59° 0 0.61°. 0.98° 0 

o o Significant (P < 0.01 ). 

les with counts > 100,000/ ml. The mean counts ob­
tained for all the samples at the two incubation tem­
peratures were identical. 

Counts obtained at 27 and 32 C for samples at 
all count ranges were highly correlated with the ex­
ception of the sample group with counts > 500,000./ 
mi. This apparent lack of correlation may be a ttri­
buted to the small number of observations included in 
this group. Correlation coefficients between the 27 
and 32 C counts for the other groups of samples 
ranged from 0.83 to 0.95 and the correlation valu e 
for all samples was 0.96. Counts obtained at 27 and 
32 C were not highly correlated to the psychrotrophic 
counts for the samples with counts < 100,000/ ml, but 
were more highly correlated when samples had counts 
> 100,000/ ml. The correlation coefficients b etween 
counts obtained at both temperatures and psychro­
trophic counts for the entire group of samples were 
relatively low, but highly significant (P < 0.01 ). 

The similarity of counts obtained with plate incu­
bation at 27 and 32 C is consistent with the results 
of Babel et al. (2) and Huhtanen ( 4). However, the 
results are somevvhat ~lifferent from those of H artley 
et al. (3), who reported higher counts with plate in­
cubation at 28 C than at 3:2 C. These differences 
could result from variations in the length of the incu­
bation periods . Hartley et al. (3) incubated plates at 
2~ C for 4 days, compared to the 27 C for 48 hr used 
in the present study. Babel et al. (2) observed similar 
mean counts at 32 and 26 C after two days incuba­
tion for 48 hr, but the 26 C counts were slightly high­
er than the 32 C counts when plates were incubated 

for 72 hr. In addition to variations in incubation 
conditions, differences in microflora, refrigerated 
storage, and population levels could contribute to 
differences in counts obtained at the various incuba­
tion temperatures (4, 5, 6, 7). 

The correlation coefficients between counts ob ­
tained at 32 C and the psychrotrophic counts are 
lower than those reported by previous investigators 
(3, 7, 8) . Tatini e t al. (8) reported a correlation co­
efficient of 0.56 between counts obtained at 7 and 
32 C on over 600 bulk tank milk samples from Grade 
A producers . H artley et al. (3) compared the counts 
obtained at 7 and 32 C for 30 Grade A producers 
and reported a correlation coefficient of 0.80 between 
the counts obtained at the two incubation tempera­
tures. The relatively low correlation between th e 
32 C and psychrotrophic counts as observed in the 
present study could be rela ted to the low initial 
counts of a majority of the samples (approximately 
62% with counts < 20,000/ml ) or to variations in the 
microflora . Low correla tions betv,reen psychrotrophic 
and other microbiological counts in milk samples 
with low initial microbial populations were reported 

in another paper (7). 
Additional comparisons of counts obtained a t the 

different incubation temperatures were made by di­
viding the samples into two groups based upon the 
maximum count at 27 or 32 C. One group consisted 
of 84 samples which had higher counts at 32 than a t 
27 C while the other group, representing 62 samples, 
had higher counts at 27 C. The counts obtained for 
the two groups of samples and the correlation co-
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effici ents between the various coun ts are in Table 2. 

In general , the mean counts obtained on the 84 

samples in the group with higher counts at 32 C 

were lower than for those with higher counts at 27 C. 

Counts obtained at the different incubation temper­

atures for both groups of samples were highly cor­

related (P<0.01) , but the highest degree of correla­

tion vvas still between the counts at 27 and 32 C. 
Considerably higher correlations were obtained be­

tv,reen both the 27 and 32 C counts and the psyclu·o­

trophic counts for the group of samples which had 

higher counts at 32 C. The reason for ths is not 

readily apparent. Johns (5) indicated that in ;ubation 

at 32 C might be too high for growth of psychro­

trophs. Presumably the 27 C incubation temperature 

would be more favorable for growth of psychrotrophs. 

Therefore, counts obtained at 27 C would be ell:pect­

ed to be more closely correlated to psychrotrophic 

counts than would the 32 C counts. It is possible 

that individual sample variations betv,reen the two 

groups could be responsible for the observed dif­

ferences. 

Randolph et al. (7) reported in another paper that 

a small number of samples with relatively high counts 

could exert a marked influence on the correlation 

coefficients between various microbiological counts. 

However, no attempt was made to determine the rea­

son for the higher correlations observed between the 

psychrotrophic counts and the counts obtained at 27 

and 32 C for the group of samples that had higher 

counts at 32 C. Correlation coefficients bel:\:veen 

the counts obtained at both incubation temperatures 

and the psychrotrophic counts for both groups of 

samples were considerably higher than obtained for 

all of the samples combined (Table 1 ). Correlations 

obtained on the two groups of samples are within 

the ranges of those reported by Hartley et al. (3) and 
Tatini et al. (8). 

Several investigators (3, 4, 5) have suggested lower­

ing the incubation t,emperature of the SPC procedure 

(1) to make conditions more suitable for enumeration 

of psychroh·ophic bacteria. However, our results do 

not indicate that counts obtained by incubation at 

27 C for 48 lu· provide a more reliable index of the 

microbiological quality of milk than counts obtained 

by incubation at 32 C for 48 hr. Counts at 27 and 

32 C were highly correlated and the correlation co­

efficients between the counts obtained at both tem­

perahues and psychrotrophic counts were similar. 

Samples with counts < 100,000/ ml showed higher 

counts at 32 C while those with counts > 100,000/ ml 

showed greater growth at 27 C. Thus, it is possible 

that plate incubation at 3:2 C for 48 lu- might be 
more effective than at 27 C for 48 hr for Grade ~ A 

raw milk, since the bacterial population encountered 

should be < 100,000/ ml (9 ). Our results indicate 

that additional studies should be conducted before 

consideration is given to lowering the incubation 

temperature of the SPC method. Due consideration 

should be given in future studies to the effect of 

incubation time on counts obtained with different 

incubation temperatures . 
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POLYCHLORINATED BIPHENYLS IN MAN1 S FOOD-A REVIEW'· • 

R. L. BRADLEY, JR. 
Department of Food Science 

Universitu of Wisconsin , Madison , ' V isconsin 53706 

ABSTRACT 

Among environmental contaminants, polychlorinated bi­

phenyls ( PCBs) are similar to DDT in persistence, biological 

magnification through food chains, chemical inertn ess, and 

hydrophobic character. vVhile toxicity to lower vertibrates 

and invertibrates is less than tlwt of DDT, mammals are much 

more susceptible to the toxic effects. PCBs have been im­

plicated in egg shell thinning in some predacious birds, failure 

to reproduce and deaths in mink, and economic losses in both 

the dairy and poultry industries. . A wide vru·iety of pathologic 

changes have been observed-teratogenesis, edema, drunage to 

liver and kidn eys, and retarded growth and development of 

sex chru·acteristics . Crowth retardation was temporary in 

chicks fed < 40 ppm PCBs in a ration and perman ently 

impaired above this concentration . A by-product, tetra­

chloroparadibenzofuran found in trace quru1titi.es in PCBs 

of European manufacture, is more toxic than PCBs but has 

similar biological effects. Considerable national research 

emphasis is being diJ:ected toward full resolution of PCB­

associa ted problems. 

To exh·emists, the present amount and increasing 

rate of pollution in our environment will be terminal 

for all humans. It is like playing musical chairs on 

the Titanic. In so many words, if the pes ticides don't 

get you, then the carbon monoxide will! At the other 

extreme are the apathetic, and the ill advised. 

The vast majority of people occupy the middle 

category. These people care about our envirmm1ent, 

wish to preserve it for future generations, and are 

willing to go to some economic expense to accomplish 

it. This group is generally aware that a total cleanup 

is impossible, impractical, unnecessary, and that we 

can live compatibly with certain amounts of con­

taminants. This is strengthened by the fact that, in 

general, the birth weight of babies is not decreasing, 

there is no apparent increase in congenital defec ts, 

rate of growth of children over a number of years is 

unchanged, and our life span continues to lengthen. 

To this group the decline of certain wild populations 

of manm1als and birds, serves as a vvarning sign in­

cHeating that we could be in the same predicament if 

the misuse of the pollutant in question continued . 

An example of such. an environmental contaminant 

is the subject of this paper. 

Another chemical, useful to several industri es ancl 

'<(ontribution from th e Co llege of Agricultural and Life 

Sciences, University of \ Visconsin-i\lfaclison , Madison, \ Vis­

cousin 53706. 
2Presented at the 59th Annual JV!eeting of th e International 

Association of Milk, Food, and Enviromnental Sanitarians, 

Milwaukee, Vi'isconsin, August 21-24, 1972. 

known to be inert, insoluble in water, thermally quite 

stable, and resistant to both acid and alkalis has 

presented itself as a primary environmental pollutant. 

Polychlorinated biphenyls or PCBs are a complex 

heterogeneous group of chemicals and have been 

manufactured for 40 years. In 1970, Monsanto sold 

36,500 tons of these materials and 18,800 tons in 1971. 

This is shown by domestic sales in Fig. 1 and by 

type of PCB in Fig. 2. Voluntary resh·iction of sales 

by Monsanto was used in an effort to curb contam­

ination of foods and pollution of the environment 

(27). This represents the difference in sales bel:\;veen 

1970 and 1971 and includes cmtailment of sales for 

plasticizers, surface coatings and sealers, adhesives, 

printing inks, pesticide extenders, microencapsulation 

of dyes, and wax modifiers (16, 21 , 27). Also, PCBs 

used as a heat transfer medium, which could lead to 

contamination of a food supply, was stopped. Uses 

that continue to be supplied with PCBs are hydraulic 

and dielech·ic fluids (27). 
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So::-.m CHEMISTRY OF PCB's 

Structurally PCBs are a heterogeneous group of 
chemicals with various numbers of chlorine atoms 
substitu ted on the diphenyl radical (11, 29). The 
diagram (Fig. 3 ) indicates the number of possible 
isomers and that a total of 210 different isomers is 
p oss ibl e by chlorination of any or all of the 10 avai l­
able positions. It is not known which or how many 
of these are involved in contamin ation of food. 

The concentration of PCBs can be approximated 
using the gas chromatograph and an elec tron capture 
detector, techniques employed to separate and identi­
fy organochlorine pesticides (12, 14), and a separation 
technique using silicic acid (7). Known amounts of 
individual PCBs must b e passed through silicic acid 
to quantitate against unknowns (21). Typical clu·o­
matograms show the complex nature of Aroclor, the 
:Mons an to product, 1221, and 1232 (Fig. 4). These 
are biphenyls containing 21% and 32% chlorine, re­
spectively, as indicated by the last two digits of the 
identifying number. Moreover, in each of these 
figures similar peaks are evident and the same com­
pounds appear in nearly all of these Aroclors . In 
Fig. 5, typical chromatograms for Aroclor 1242 and 
1248 are shown. 1 otice that as the percentage of 
chlorine increases so does the number of constituents 
appearing later in the chromatogram or those having 
more chlorine and longer retention times . In Fig. 6, 

th e chromatograms are typical for Aroclor 1254, 1260, 
and 1262 (11). 

If another benzene ring is added to the biphenyl 
structure at either the ortho, meta, or para position , 
a terphenyl results. Instead of 10 possible position's 
for chlorine there now are 14. A typical example 
containing 42% chlorine is Aroclor 5442 (Fig. 7 ) . 
Some material appears early on the chromatogram 
similar to Aroclor 1242 and 1248, however the bulk 
appears late after 35 min have elapsed. It has been 
suggested that biological concentration could make 
this Aroclor appear as a PCB (11). The terphenyls 
require special methods to isolate them, and these 
are usually not employed in residue chemistry lab­
oratories. 

Monsanto is the only manufacturer of PCBs in the 
U. S.; however, PCBs are produced in other countries ; 
i. e., Japan ( Kanechlor ), Germany ( Clophen ), France 
( Phenoclor ), Russia, Grea t Britain, and Italy. The 
total annual production is guesstimated at 110,000 
tons (27) . Unfortunately an exh·emely hazardous and 
toxic material is a manufacturing by-product in some 
European PCB mixtures, a polychlorodibenzofuran 
( Fig. 8) (42, 44) . It may contain up to 8 chlorines 
with the tri and tetra substituted products being most 
common . This differs by one oxygen atom from 
tetrachlorodibenzo-p-dioxin identified previously as 
the causative agent in chick edema factor ( 44). 

POLLUTION 

Pollution of our environment and of direct concern 
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Figure 3. The structural configuration for biphenyl and 
possible sites for chlorinati on ( 11 ). 
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TABLE l. Gnoss ESTIMATES OF HATES OF INPUT Al\'D ACCUMULATION OF PCBs IN NoRTH AMEHICA l.t'l 1970 (27) 

Ca te,rory of input 

Vaporization of plasticizers 

Vaporiza tion during open burning 

Leaks and disposal of industrial fluid s 

Destroyed by incineration and open burning 

Disposal in clumps and landfills 

Accumulation in service 

Re~ervoir 

Soil excluding dumps 

Oceans adjacent to Nmth America 

Fresh water (dissolved or in suspension ) 

Fresh water ecliment 

Biota 

to us, food, has resulted in many ways. Available 

data (Table 1 ) are for 1970 (27). It is difficult to 

quantitate these losses; however, calculations shovv 

that the total rate of loss of PCBs is approximately 

25,000 tons/year. This accounts for first, loss from 

manufacturing sites through combustion of waste 

materials and vaporization. This aerial contamin­

ation is then precipitated within a few days since, as 

with DDT, the PCBs are bound most usually to parti­

culate material. The smaller particles will require 

A. 

I 
15 

B 

I I I I I I I I 
10 15 

TIM E(MINUTES) 

I I 
20 

I I 
20 

I I 
25 

Figure 4. Gas chrom atograms of Aroclor 1221 \A) and 

Aroclor 1232 ( B ) (11). 

Rate tons/year 

1-2 X 10' 
4 X 102 

4-5 X 10" 
3 X 103 

1.8 X 104 

7 X 10' 

P CB grade 

Mostl y 1248-1260 

iV!ostly 1242 
1242-1260 
Mostly 1242 

1242-1260 
1242-1254 

Accumulalion, tons 

1.5 X 10" 
1.5 X 10'' 
1 X 102 

2 X 104 

< 1 X 103 

rain to precipitate them which' may occur in some 

remote area. Evaporation losses from products in 

which the PCBs were used to facilitate manufach1re 

or application, such as, plastics, epoxy resins, rubber 

goods, varnishes , waxes , lacquers, dyes and adhesives 

are included in this es timate. Estimated emissions 

are 1,500 to 2,000 tons a1mually with the vast ma­

jority concentrated in urban areas. Exposure in an 

incinerator for 2 sec at 2000 F is not a significant 

source and represents the most commonly used and 

accepted method of destruction as opposed to open 

burning. 

Second, loss from manufach1ring sites directly into 

sewers and therefore rivers and lakes is another cate­

gory and includes both direct dumping of waste 

fluids containing PCB and PCBs themselves. Be­

cause of their insoluble character, PCBs lost by this 

route usually are quickly bound in some organic 

entity, such as , river and lake sediment, algae, and 

protozoa. The amount of PCBs transported to the 

ocean and fresh water in 1970 was estimated at 4,000 

to 5,000 ton s. An es timated 18,000 tons were de­

posited in sanitary landfills, dumps, and incinerators. 

Another 7,000 tons accumulated in such units as heat 

exchangers and transformers . Third, losses tln·ough 

leaks in heat exchangers, h·ansformers and capacitors 

represent another source. This loss has been com­

bined with disposal of hydraulic fluid, heat transfer , 

and transformer oils to yield an estimated 4,000 to 

5,000 tons. The last of the data represent estimations 

of amounts of PCBs existing at present in various 

segments of our environment. As a result of these 

annual losses, food has been contaminated whenever 

the sihwtion has b een correct. 

CoNTAi\HNATION OF FooD 

It is necessary to understand biological concentra­

tion where a chemical constituent like PCBs, ,which 

is lipid-soluble, is concentrated through a food chain 
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F igurv 5. Gas chromatograms of Aroclor 1242 (A) and 
Aroclor 1248 ( B ) (11 ). 

(29 ) . This is well documented and values show a 
magnifica tion of 10- to 100-fold tlu-ough each pre­
dator in a marine system, for example, ultimately 
reaching a magnitude of 10" to 10' times higher than 
in water (27). The larger and older the fish in such 
an environment, the higher the level. The debacle 
of the supposed Coho salmon bonanza to the Grea t 
Lakes is an excellent example. o trout or salmon 
longer than 21 in ches taken in Lake Michigan are 
salable presently because of PCB levels above 5 ppm 
on an edible parts basis (26). This is the toleran ce 
es tablished by the Food and Drug Adminish·ation 
( FDA ) for PCBs in · fish (6). 

Milk has been contaminated because cows were 
fed silage stored in epoxy coated silos (15, 38, 39 ). 
The area of concern is in Ohio, Indiana, and Ken­
tucky. Silo walls vvere sealed vvith an epoxy paint 
that apparently had Aroclor 1254 as a solvent. Re­
search showed migration of the PCBs into corn silage 
with the greatest concentration in that silage within 
3 em of the wall. It was suggested that the PCBs 
were dissolved in the silage liquor which wi th time 
descended in the silo thereby spreading the con­
tamination. Moreover, automatic unloaders in the 
silo contributed to the problem by mixing the con­
taminated with the noncontaminated silage. I atural 
decontamination of cows is slow and similar to that 
observed with organochlorine pes ticides (15). Some 

evidence on the fate uf PCBs in milk during process­
ing showed that no change occmTed in the distri­
bution or content in finished dairy products except 
in skimmilk that was heated to 70 C for 10 min (31). 

Also, these data show that, proportionately, PCBs ln 
skimmilk and whey were higher than the concentra­
tion in milk from which these products were manu­
factured. This fact has been observed by others 
(17, 24) and involves the lipoprotein constituents of 
the milk fat globule membrane. ·FDA has a temporary 
guideline of 2.5 ppm PCBs in milk fat (5, 6) . 

One of the most recent discoveries is that PCBs 
as a contaminant in paper packaging do migrate to 
the food product contained inside (39 ). After in­
ves tigating the problem, the American Paper Institute 
pointed to recycled fibers in paperboard as the source 
of contamination. These fibers proved to be con­
taminated from carbonless carbon paper (22, 41) and 
printer's inks ( 41). Currently, because of swift action 
on the part of paper manufacturers, leaders in the 
paper industry stated that PCB concenh·ations pres­
ently in packaging materials are not hazardous. The 
Food and Drug Administration also is concerned 
about th e amount of PCB material found in paper 
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Figure G. Gas chromatograms of Aroclor 1254 ( A), Aroclor 
1260 ( B) and Aroclor 1262 ( C) (1 1 ). 
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0 
Figure 8. The structural configuration of pol ychlorocli­

benzofuran. 

and paperboard . They have found PCBs in virgin 
paper, regular paperboard, and grey board . Pre­
sumably the PCB residues from virgin paper are 
attributable to environmental contamination and 
traces acquired during manufacturing (6, 39). 

Food Chemical Netcs stated that the FDA was 
considering amending the law to read- no more than 
0.1 ppm PCBs in pulp from reclaimed fiber (3). This 
considered tolerance is at method sensitivity. In the 
interim, a "temporary guideline" of 5 ppm in food 
packaging materials has been established (2, 6). In 
a smvey FDA (5) found that although 67% of com­
plete food packaging tested contained PCBs at levels 
as high as 338 ppm, only 19% of the foods in these 
packages contained PCBs at an average concentration 
of 0.1 ppm. The maximum level found in these food 
products was 5 ppm. About 75% of packaged infant 
cereals contained an average of 0.3 ppm PCBs witl1 
a high of 1 ppm. Of the recycled paper samples 
recently tested, 95% contained < 5 ppm PCBs but 
dming 1970-1971 only 18% were < 5 ppm. FDA 
stated that progress is being made and tl1is would in 
effect substantiate the statement from the leaders in 
the paper indush·y (5). Of all paperboard, grey board 
presents the highest contamination in food packaging. 
Such food items as, crackers, cookies, ready-to-eat 
breakfast cereals, pretzels, chips, macaroni and noodle 
products, dry infant cereals, and dry prepared mixes 
have been contaminated from packaging materials 
(20). 

Hazelton Laboratories in a study supported by the 
American Paper Instih1te has examined PCB migra­
tion from food packaging (4). Only materials of low 
gas permeability were checked. PVDC (polyvinyli­
dinechloride or saran) coated paper was best and 
waxed glassine paper was second best in preventing 
migration of Aroclor 1242. Polyethylene films were 
ineffective over a · long period. Foil laminates, co­
polymer films and paper laminates were not tested . 

ANIMALS ARE AFFECTED BY PCBs 

Of the animals raised by man and contaminated 
with PCBs, mink appear to be the most susceptible 
to the chemicals. When Lake :Michigan Coho salmon 
containing high levels of PCBs was incorporated in a 
mink ration at the 30% level, reproduction either failed 

or the kits died within 24 hr of whelping. Death of 
aclult mink resulted after 3 months on this diet (8) . 

In another study (1), Aroclor 1254 contaminated 
beef was added to a mink ration. All mink fed the 
diet containing 3.57 ppm PCBs on a whole ration 
basis died with no reproduction dming a 105-day 
study. At the 0.64 ppm level only one of 12 mink 
produced kits and these died within 24 lu· of whelp-
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Figure 9 . Number of pati en ts with Yoshu b y prefecture 

(23). 

Figure lU . H ydropericardium in a chick fed a d iet con­

taining 50 ppm Aroclor 1248 (33). 
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ing. Similar results have been obtained with lab­
oratory rats, however, dietary concentrations of PCBs 
used to produce reproductive failmes were 100 ppm 
Aroclor 1254 (13). 

Poultry has been contaminated mostly through 
leaks in heat exchangers used to prepare feed or 
through contaminated fish meal (39 ). Moreover, 
some poulh·y rations contain rejected bread, crackers, 
and cookies which were added to the feed with their 
packaging material. Such feed has resulted in con­
taminated poulh-y and eggs . As of March, 1972, 
1,086,908 chickens were des troyed because of con­
tamination (5). FDA has established a temporary 
tolerance of 5 ppm PCBs in the fat of poultry and 
0.5 ppm in eggs (6). 

The inspection staff of the U . S. Department of 
Agriculture (USDA ) was alerted for evidence of 
leaks in heat processing equipment that uses toxic 
materials where food or feed might be contaminated 
(5). Subsequently, FDA has in effect banned equip­
ment using PCBs (5). 

PCBs IN H mvrANS 

PCB contamination in humans (32, 45) has been 

Figure ll. External syrnptoms of edematous condition. 
Note gasping (33). 
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Figure 12. Metab::~lic product from 2, 2, 5, 5'-tetr'l.::hloro­
biphenyl feel to rats and pi geons (19 ). 

found in quantities grea ter than 1 ppm in 31.1% of 
637 adipose samples examined, while 19.6% had be­
tween trace and 1 ppm. The samples were collected 
in 18 states and the District of Cohm1bia. Positive 
samples were obtained in all the states. Apparently 
humans like other mammals can degrade the PCB 
isomers that contain a few chlorine atoms; therefore 
clu·omatograms initially will show small peaks and 
later p eaks indicative of high concenh·ations. In a 
study done in collaboration vvith the Michigan De­
parhnent of Public Health , even house dust sweepings 
in homes of occupationally exposed population in 
Southwes t i\IIichigan contained up to 180 ppm PCBs. 

Some Japanese people reportedly have been con­
taminated \¥ith PCBs in rice oil (13 , 23). The dis­
ease, called "Yusbo" or oil disease, was first observed 
in October of 1968. The map of Japan ( Fig. 9 ) 
shows the frequency of the disease by prefecture. 
The highest incidence occurred in Fukuoka-Ken.' From 
a symptomatic standpoint, of the 136 initial cases 
38.3% of the patients showed swelling of t:lJe _tipper 
eye lids and increased eye discharge and 33.1% ex­
hibited acne types of skin eruptions. Others showed 
dark brown pigmentation of the nails and skin, ac­
centuation of hair follicles, numbness and swelling, 
or edema of the limbs . To date 1,057 cases of Yusho 
have been reported. J\!Iost of the patients apparently 
used a particular brand of canned rice oil which con­
tained bet\:veen 2,000 and 3,000 ppm of Kanechlor 
400, a PCB with 48% chlorine. The oil became con­
taminated through a leak in a vacuum deodorizer 
used for processing. This is the only case where 
significant contamination of humans has resulted 
from one source of food . A follow-up study has 
been conducted to show the current state of the 
patients and growth effects on children. Of 23 boys 
and 19 girls affected with Yusho during 1967-1969, 
the weight and height gains of boys decreased sig­
nificantly while no effect was observed with the girls 
when compared to their classmates. About 50% of 
adult p atients have shown improvement over ori­
ginal clinical symptoms, while about 10% showed 
worsening effects . Such effects as persistent head­
ache, numbness in limbs, weight loss, and fatigu e are 
clear indications that the effects of Yusho are ex­
tremely difficult to overcome. 

ExPERIMENTS WrTH ANI:MALS 

A study conducted at the University of Vhsconsin 
and using rats has shown hyperh·ophy of the liver, 
lack of weight gain, and proliferations of the endo­
plasmic reticulum of the liver (28). Concurrent with 
increased liver size was an increase in hepatic enzyme 
ac tivity. · The evidence of hepatic enzyme activity 
has been observed by others (12, 29, 36, 40) More-

. over, PCBs have b een shown to be antihormonal in 
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hepatic microsomes (9, 25, 30, 36). This can b e cor­

related with poor reproduction in animals feel PCBs 

as well as retarded development of secondary sex 

characteristics in chicks (34). The edema observed 

in the Yusho incident has also been noted in chicks. 

Evidence from research with one-day old chicks in­

dicates general edema and provides a vivid example 

of hydropericardium (Fig. 10 ) (33 ). The chick was 

fed a diet containing 50 ppm Aroclor 1248. The 

heart sac contained 7 ml of fluid. Also, results of 

edema can be seen externally in chicks vvith the 

gasping symptom shown in Fig. 11. Acnegenic re­

action has been vividly shown by Vos and Beems 

using rabbits ( 42, 43 ). 

STABILITY OF PCBs 

PCBs do not persist ad -infi·nitum. Research has 

shown that 4-chlorobiphenyl fed to rabbits was ex­

creted in the urine as 4- ( p-chlorophenyl ) phenol and 

4-chlorobiphenyl glucosiduronide (10 ). Subsequent­

ly, this metabolic hydroxylation of lower PCB homo­

logs ( Fig. 12 ) was identified in rats and pigeons as 

one route of excretion as a water soluble product 

(19 ) . Also, exposure of PCBs to ultraviolet energy at 

310 nm causes polymerization, formation of hydro­

xylated and carboxylated products, and reductive 

dechlorination (18, 37). 

SuMMAHY 

The mechanism of toxicity of PCBs in humans and 

animals is still unclear. There are numerous areas 

where no substantive information exists. On the one 

hand we find extreme sensitivity with mink and on 

the other lack of sensitivity in some birds and mam­

llWls. PCBs appear to cause no mutagenic effects ; 

<d·r. teratogenic when feel to chicks but not to rats 

(l.J). Two instances of bladder cancer have been 

identified in rats (13) . Of all the factors studied , 

reproduction appears to be the most vulnerable fun c­

tion in birds, fish , and mammals (40) . 

One of the most perplexing problems yet unresolved 

is the involvemen t of the various homologs and 

isomers , i.e., which are toxic, which are not; how is 

toxicity affected by the position of chlorine sub­

stituen ts, and is there a synergistic effect among 

them. 

There are five distinct pathological pattern s for 

humans-acnegenic, liver damage, porphyria , edema, 

and immunosuppression (23, 42). H owever, none of 

the underlying reactions in the human body have 

b,een studied or reported in detail. It is obvious 

from a search of th e litera ture that human contamin­

ation is ubiquitous much as with DDT and its ana­

logs and the toxicity to humans is moderate to high 

especiall y when PCBs arc inhaled as vapors. Again, 

no studies have outlined the fate of PCBs when in ­

gested. vVe do know that, like organochlorine pesti­

cides, PCBs are lipophilic and therefore stored in 

adipose tissue. 'i\' hen the total picture of the cases 

of Yusho in Japan is examined, perhaps a fuller un­

dm·standing will be available of the toxicity, long­

term effects, and rate and route of discharge of PCBs 

from the human body. 
Finally it is apparent that Monsanto has limited its 

sales and controlled the uses of PCBs . Perhaps for­

eign manufachu·ers will follow this example. The 

concentration of PCBs in the environment is great 

and widespread. It will remain for some time (35) . 

How long it will b e here appears impossible to esti­

mate. 
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THE EFFECTS OF WARM-UP OF MILK IN SIMULATION OF 
HOME CONDITIONS ON THE SUBSEQUENT COOLING RATE AND 

FLAVOR ACCEPTABILITY OF THE PRODUCT' 
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Depa:1tm ent of Animal Industries 
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ABSTRACT 

Milk in hall-gallon cartons was exposed for up to 2 hr at 

90 F to simulate carry-home conditions and/ or up to 

1 lu- at room temperature at intervals simulating time elapsed 

during meals for a 2-day clmation. Milk of superior bac­

teriological quality at time of purchase exposed to th e above 

conditions r emained acceptable in flavor. Poor quality milk 

resulted in excessive flavor deterioration. 

The temperature rise of milk during dish·ibution 

and home use and its effect on keeping quality is of 

concern to the dairy indush·y and the consumer. 

There is little information in the literature regarding 

the effects of such temperature changes, particularly 

those occurring during meals when the milk may be 

held at room temperahue for various time intervals 

of up to 1 hr or more. Temperature rises above 47 F 

during filling have a detrimental effect on the keep­

ing quality of milk in paper cartons (3). A note re­

cently published indicated tl1at temperature rises in­
duced by incubation at 120 F for 30, 60, and 120 

min increased bacterial numbers and decreased fla­

vor scores. Differences in taste were detected be­

tween control and incubated samples after only 1 

day of storage (2). 
f The objective of tl1is study was to ascertain if the 

acceptability of tl1e product was affected by increases 

in the temperature of milk during time periods simu­
lating take-home and mealtime intervals and subse­

quent slow cooling in the home ref1igerator. 

ExPERil\IENTAL PLIOCEDURE 

Half-gallon cartons of homogenized milk representative of 

four brands were obtained from the supply storage of local 

supermarkets. Six cartons of each brand were obtained from 

a single case to assure duplicate samples . The cartons were 

transported to th e labonitory in styrofoam packers and then 

placed in storage at 45 F . The milks had been pasteurized 

at 172 to 177 F by the high temperatme-short t im e 

system and the temperatures at pick-up were between 

44 and 46 F. The time of pasteurization was es tablish ed b y 

a call to the production manager at each of the four p lants. 

Tf1is enabled storage of samples at 45 F for an elapsed time 

of 4 clays from pasteuriza tion to simulate assumed normal 

'Scientific contribution lo. 531, Agricultural E xperim ent 

Station, University of Connecticut, Storrs. 

tim e lapse between pastemization and sale to the constmler. 

Followin g the storage period, sampl es were removed for the 

warm-up trials and a sample of each brand was judged for 

flavor and examined bacteriologically by standard procedures 

(1) for standard plate and colifom1 ,counts. Flavor scores 

were obtained b y presenting coded samples in random fashion 

to a trained pan el of two and averaging the scores. In flavor 

acceptability trials, a duplicate set of san1ples was used to 

obtain temperature data of the milk in the car tons during 

warm-up and subsequent cooling. Temperatures were r e­

corded b y means of copper-constantan thermocouples located 

in the center of th e cartons with a Speeclomax Type G, 16 

lead recorder having a range of - 200 to 40 C, an accmacy 

of ±0.1 C and recorcling charts with lines at 2 C intervals. 

In the first warm-up study, the experimental milk samples 

were transferred from 45 F storage to thermostatically con­

trolled incubators for 1 or 2 hr at 70 and 90 F. Subse­

qu ently, th e sampl es were placed in the 40 F refrigerator in 

which the control sample had been placed immediately after 

the 45 F 4-clay storage period. Sufficient milk was removed 

daily from all samples during 40 F storage for flavor evalu­

ation. Tllis was continu ed until th e panel's average score for 

each sample was below 36. 

The second study entailed treatment of the milk samples 

after removal from 45 F 4-clay storage as follows : (a) 1 hr 

at 90 F in an incubator on the AM of th e first clay to simulate 

carry-hom e warm-up, (b) room temperature a t 4-hT intervals 

for 0.5 or 1 hr at M and PM on the first clay and AM, if , 

and PM on th e second clay to simulat e mealtime warm-up, 

(c) combination of ( a ) and (b ) above, and ( d) a control 

sample refrigerated at 40 F . The temperatme of the room 

during simulated mealtim e warm-ups was 81.6 F ( ± 1) and 

83.5 F ( ± 1.5 ) for th e 0.5- and 1-hr periods, 1·espectively. 

Tbe samples were placed in a 40 F r efrigerator after each 

warm-up period. Ten ounces of milk were removed from all 

cartons before each warm-up period. The aliquots r emoved 

fron1 cartons containing th em1ocouples were discarded; the 

others were used for flavor judgments. Results are e:-.1Jress­

ecl as the mnnber of meal s at which the milk would be ac­

ceptable ( flavor score of 2: 36 ) . An ass U111ption was made 

that the milk when pmchasecl would be opened th e same clay 

and consum ed within 2 clays . 

R ESULTS A~'D DISCUSSION 

The rate of cooling milk (Fig. 1) in half-gallon 

cartons during storage at 40 F subsequent to warm-up 
for 1 or 2 hr at 70 and 90 F ~ollows generally recog­

nized cmves. The graphs in tl1e figmes have been 
separated for clarity only, and tlms are directly com­
parable. Placement of tl1e samples in tl1e refrigerator 
caused a rise in temperahu·e of the storage facility 



164 s~nTII ET. AL. 

7 0 
2 H R AT 9 0 F 

HR AT 90F 

C O NTROL 

lL 

5 0 '-... 
............. ,- ..... ..............: ..... _ 
--- ---

w 4 0 
a: 7 0 
:::> 2 HR 
1-

AT 7 0 F 

<l I 
a: 

HR AT 7 0 F 

w 
a.. 6 0 REFRIGERATOR 

:I 
w 
1-

S TO RA G E TIME ( HR) 

F igure l. The cooling rate of milk in half-gallon cartons 

during storage at 40 F following warm-ups simul r. ting t rans­

portation from store to home. 

and a simultaneous rise in temperature of the control 

sample of milk. The lengths of time these samples 

were above 50 F, particularly for the 2-hr warm-up, 

would be expected to have an adverse effect on the 

keeping quality of the milk. There was a small de­

crease (Table 1) in the mean values for keeping 

quality (expressed as days to reach a flavor score of 

<36) for the experimental samples from those of the 

control samples. These mean differences varied from 

0.3 to 1.3 days and are probably of minor practical 

significance since they occur approximately 2 weeks 

after pasteurization. However, this warm-up may b e 

of considerable importance if subsequent to warm-up 

the milk is allowed to remain on the table during 

family meals. Experiments involving three meal-time 

warm-up periods will be discussed later. The quality 

of the product at time of pick-up by the customer ap­

pears to determine keeping quality (Table 1 ) . Sam­

ple four with its higher initial standard plate count 

had a poorer keeping quality . The discrep ancy in! 

the shelf life of sample 2 for l hr at 90 F may b e 

caused by recontamination of the milk in that par­

ticular carton. 
Typical cooling rate curves for milk in half-gallon 

cartons during storage at 40 F following warm-ups 

simulating hypothetical home conditions are present­

ed in Fig. 2. The "C" milk as depicted in Fig. 2 

representing tempera ture rise during carry-home time 

in the first peak and rises during meals in the re­

maining five p eaks was at relatively warm tem­

peratures for extended periods of t ime. The milk 

was above 50 F for approximately 15 and 13 hr dur­

ing the 1st and 2nd day, respectively. The shorter 

time on the 2nd day probably resulted from quicker 

cooling of the much smaller volume of milk remain­

ing in the carton (at this late stage in the trial ). The 

"B" milk (Fig. 2 ) which vvas not subjected to the 

warm-up simulating carry-home time did not reach 

as high temperatures during the 1st day, but on the 

2nd day the results were very similar to the "C" mill<. 

The "A" milk depicting carry-home time (Fig. 2 ) 

remained above 50 F longer than the milk depicted 

in Fig. 1 for 1 hr at 90 F because the refrigerator was 

reacting to the in-and-out movement of samples . The 

temperature of the refrigera tor is not presented in 

the graph because of its erratic movement as samples 

were removed or placed therein, but except for the 

start of the trial when its temperature was 40 F, it 

approximated 1.5 F below the temperature of the 

control "D " milk (Fig. 2 ) . Graphs for the milks 

held at room temperature for 0.5 hr for five periods 

during 2 days are not presented because they closely 

resembled the results in Fig. 2 except that the peaks 

were 3-4 F lower. 

\Vann-up of milk samples at intervals for 2 days 

did not affect acceptability unless the product at 

simulated time of purchase was of an inferior quality 

(Table 2 ). For example, in brands 4, 6, and 8 repre-

T ABLE l. EFFECT OF WAHM -UP A ND SUBSEQUENT COLD STORAGE ON THE ACCEPTABILITY OF 

PAST EUHIZED MILK l N HALF-GALLON CAnTONS 

Qu a li ty pr ior to warm -up \Vann-up 

1 hr 2 hr 1 hr 2 ht· 

Ra nmle Fl nr ur 70F IOF 9W 90F 

number S PC/ml Coli fo nn / ml (Score, C' itici sm) Control (Oa.rs" to a fl a\'O r score <36) 

1 3,000 8 38.5 cooked & feed 12 11 9 10 9 

2 1,200 < 1 38.0 cooked & feed 12 12 10 7 12 

3 680 < 1 39.0 cook0d & feed 13 14 15 15 14 

4 38,000 <I 38.5 cooked & feed s 7 8 8 7 

Mean 11.3 11.0 10.5 10.0 10.5 

' Values do not include 4 dr.ys storage before wann-up. 
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TABLE 2. EFFECT OF WARM-UPS SIMULATL'IG HO>'.•IE CONDITIONS ON THE ACCEPTABIL ITY 

OF PASTEURIZED MILK IN HALF-GALLON CARTONS 

Quality before warm-up 

Brand 
number 

1 
2 
3 
4 

5 
6 
7 
8 

SPC/ml 

730 
2,000 

300 
1,000,000 

2,200 
230,000 

680 
100,GOO 

'A. 1 hr at 90 F on AM of 1st day 

Coliform/ml 

<1 
<1 
<1 
177 

43 
<1 
<1 
62 

A' 

> 6 
> 6 
> 6 
. 6 

>6 
6 

> 6 
> 6 

'l' reatments 

Bl C1 D' 
(Menl s2 to n fin vo r score <36) 

~~-hr warm-up 

> 6 > 6 > 6 
>6 > 6 > 6 
> 6 > 6 > 6 
· 6 5 > 6 

1-hr warm-up 
> 6 > 6 > 6 

6 6 > 6 
> 6 > 6 > 6 
> 6 G >6 

B. Room temperature for J~ or 1 hr at M and nvr of 1st day any Alv!, i\1!, and PM of 2nd day 
C. Combination of C and B 
D. Control 
' Values do not include 4 days storage prior to warm-up 

senting milks with poor bacteriological quality, most 
of the warmed-up samples were acceptable for fewer 
meals than their controls. \ iVhereas, in the brands 
1, 2, 3, and 7 with superior bacteriological quality, 
differences between the warmed-up and control sam­
ples were not noticeable nor did differences appear 
after 3 days of storage at 40 F (data not shmvn) fol­
lowing the 2-day warm-up period. Flavor accept-

70 
A IHRAT90F 

B I HR AT RT" FOR 5 PERIODS 

IL 

a:: 70 
:::> c COMBINATION OF A AND B 
I- . 0 CONTROL 
~ 

a:: 

0.. 

:z:: 
~ 
I-

. . 8 16 24 32 40 48 

STORAGE T I Ill E ( H R ) 

Figure 2. The cooling rate of milk in half-gallon cartons 
during storage at 40 F followin g 1 hr warm-ups simulating 
hom e conditions ( o room temperatu re) . 

TABLE 3. EFFECT OF WARM-UPS SIMULATING HOl\IE CONDITIONS 

ON THE FLAVOR SCORE1 OF PASTEUH!ZE D MILK IN HALF-GALLO ' 

CARTONS 

Storag:e Treatm ents 

(hr) A2 B2 cz D' 

3~-hr warm-u7J 
0 38.5 38.5 38.5 38.5 

24 38.1 37.9 38.2 38.1 
48 37.1 36.3 36.3 37.5 

1-hr warm-up 
0 39.0 39.0 39.0 39.0 

24 38.9 39.0 38.9 38.9 
48 37.8 37.0 36.6 38.4 

'Average of 4 samples. 
2A. 1 hr at 90 F on AM of 1st day. 
B. Room temperah1re for J~ or 1 hr at !vi and PM of 1st day and 
AM, M and PM of 2nd day. 
C. Combination of A and B. 
D. Control. 

ability variances among the three types of warm-up 
were negligible except for possibly brands 4 and 8. 
A comparison between the 0.5- and 1-hr warm-ups 
should not be made since facilities available pre­
cluded doing these tvvo-warm-ups at the same time. 
However, 0.5-hr warm-ups appear as detrimental as 
1 hr when poor quality milk is purchased. 

The average flavor score of the samples during the 
2-day warm-up period which simulated home con­
ditions is presented in Table 3. The flavor scores of 
the warm~d-up samples were lower than those of the 
controls after storage for 48 hr. The greatest dif­
ference from the conh·ols occurred in the samples 
warmed up for 0.5- or 1-lu· periods to simulate home 
conditions-during meals. The predominant factor in 
the low flavor scores for the warmed up samples after 
48 hr of storage (Table 3) was the poor bacteriologi­
cal quality of brands 4, 6, and 8 (Table 2) at simu-
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lated time of purchase. 
Poor quality milk at time of purchase will de­

teriorate more quickly than good quality milk with 

warm-up by the consumer and thus may result in 

consumer complaints. Such complaints may be avoid­

ed if the original quality of the milk is excellent, even 

if the consumer is lax in maintaining proper storage 

temperatures. Efforts should be made to improve 

the bacteriological quality of both raw and p asteu-

rized milk and thus prolong shelf-life. 
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REPORT OF THE COMMITTEE ON DAIRY FARM METHODS: 1971-1972 

A. K. SAUNDERS, Cha·innan 

A. E. P AHKIDl , vVestem Asst. Chairman 

J. B. SMATHERS, Eastern Asst. Clwi.rnwn. 

In 1971-1972 we have had ten task committees workin g 

diligently to present members of th e International Associa­

tion of Milk, Food and Environm ental San itarians' m ember­

ship with useful material. 

ANTIBIOTICS, P ESTICIDES, AND OTHER ADULTERANTS 

M. \ V . } EFFERSON, Clw irm.an 

Adulteration of milk supplies by an tibiotics continues 

to concern the dairy industry and public h ealth authorities. 

Control and use of antibiotics varies between areas of the 

country. Use of antibiotics to treat mastitis is under close 

supervision when used by a veterinarian, and is usually well 

supervised by the dai ryman when used for such treatment. 

There have been reports where antibiotics have been used to 

treat milking dairy animals for problems other than mastitis, 

which has caused some milk adulteration. This has been 

particularly true in the treatm ent of cattle for breeding prob­

lems. 
Education continues to be a tool which would be em­

phasized and used, · to control and d irect proper use of anti­

biotics. The Task Committee recommends that: 

(a) Educational programs be continued and strengthened 

on use of antibiotics on dairy cattle. Such programs should 

be directed to the dairyman, practicing veterinarian, extension 

service personnel, and other people workin g directly with 

milk producers. 
(b) Use of antibiotics should be carried out as directed by 

the label, and all an tibiotics should be properly labeled, 

givin g clear and precise directions for use. Antibiotics, 

whether formulated by a veterinarian or b y a pharmacist, 

should carry a clear and precise label as to the product and 

directions for use. 
(c) Conh·ols on a na tionwide basis to limit the close rate 

of antibiotics, the different types of antibiotics, and th eir 

use by dairy farmers. 
Pesticides continue to be a problem in certain areas of the 

country; but indications are that controls placed on use and 

time of application h ave decreased th e incidence of pesti­

cide contamination in milk supplies. Surveillance programs 

continue to play an important pmt in eliminating adulteration 

of mi lk supplies by pesticides. Substances identified as poly­

chlorinated biphenyls ( PCBs) h ave been of concern to the 

daiq industry in many areas of the country. These materials 

are not classified as a pesticide, but are somewhat similar to 

DDT. Surveys h ave been conducted by the Food and Dmg 

Administration and many state regulatory agencies to deter­

mine the incidence of PCBs in th e milk supplies. Indications 

are that PCBs have been in our environment for many years, 

and it will take considerable effort to eliminate PCBs from 

ou r environm ent. 

Label directions continue to be very important in the use 

of pesticides . The Task Committee recommends: (a) educa­

tional programs concerning the use of pesticides be con­

tinued and strengthened; (b) directions on labels of all pesti­

cides be plain, simple, and distinct; (c) commercial applica­

tors be licensed and controlled; and (d) chlorinated hydro­

carbon pesticides as well as PCBs be prevented from use 

where residues cannot be controlled. 

Use of automated equipm ent to clean and sanitize milk 

contact equipment on dairy farms and in receiving and trans­

fer stations as well as plants increases the possibility of adult­

eration of milk by sanitizers and detergents. Continued vigil­

ance should be carried out in es tablishing and maintaining 

control of the opemtion of such equipment to prevent adult­

eration of milk. The Task Committee r ecommends that re­

search be directed toward development of suitable test s for 

protection against ch emicals in milk supplies. 

Excess water in milk continues to exist in most areas of the 

country. Use of automated equipment to handle milk could 

contribute to adulteration of milk with excess water. Use of 

plate and tubular coolers wh ere the cooling m edium is a t a 

greater pressure than the milk could cause adulteration if 

leakage occurred . Indications are that tubular and plate 

coolers will be used to a much greater extent in the future 

because of cooling requirements, and use of bulk holding 

and cooling tanks not designed for present use. Adulteration 

from excess water, chemicals, and microorganisms is possible 

unless proper controls are maintained. 

It is recommended that: (a) serious attention be given to 

use of tubular and plate coolers on dairy farms where they 

aTe used as a partial or complete cooling facility; and (b) that 

the dairy producer be educated as to the use of external type 

cooling facilities in conjunction with fam1 bulk milk cooling 

tanks. 

(Continued on Page 171 ) 
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COOLING RATES OF FOODS 
R. W. DICKERSON, JR. AND R. B. READ, JR. 

U. S. Depmtment of H ealth, Education, and Welfare 
Public H ealth Service, Food and Drug Adnl'inistTOtion 

Bureau of Foods, Cincinnati, Oh·io 45226 

( Heceivecl for publication May 25, 1972) 

AnSTRACT 

Hapicl cooling is essential to prevent multiplication of 
microorganisms in potentially hazaxdous foods. This re­
quirement is frequently not met with viscous foods in large 
containers. The time required to cool an 8-gal container 
of white sauce hom 10.5 to 57 F was 25 hr. Similarly, a 
14-gal container of beef stew required 84 hr to cool from 115 
to 50 F. Under some conditions, cooling times are directly 
proportional to the square of the shortest dimension of tl1e 
food sample. For example, if fue shortest dimension is 
doubled, cooling times are increased by a factor of fom . 

The effect of most plastic containers on cooling rates of 
foods is generally insignificant. Thermal properties of poly­
ethylene, nylon, and Teflon are similar to thennal properties 
of foods, and a 1/ 8-inch-thick container will have about the 
same effect as an additional 1/ 8-inch thiclmess of the food. 
Polystyrene, however, has a very low thermal conductivity 
and will significantly delay cooling of most foods. 

Bacteria are responsible for 90% of food-borne ill­
nesses (24), and many outbreaks are the result of 
inadvertent holding of food at improper tempera­
tures for an extended period of time. When hot 
foods are placed in a refrigerator, temperatmes must 
pass through the range that supports rapid growth 
of food poisoning bacteria and this should be ac­
complished as rapidly as possible. For large volumes 
of foods, rapid cooling depends in part on the cooling 

1 
capacity of the refrigerator but, to a greater extent, 
it depends on the geomeb:y and thennal properties 
of the foods . TI1e objective of this work was to re­
view the effect of geomeh·y and thermal properties 
on the cooling rates of foods in the refrigerator . 

PREviOus :METHODS AND REcENT D EVELOPMENTS 

For all solid foods and most stews, sauces, cus­
tards, and puddings, heat is h·ansferTed from the food 
to the refrigerator by conduction heat h·ansfer through 
the food, which is a sl~w process. For example, the 
time required to cool an 8-gal container of white 
sauce from 105 to 57 F was 25 hr (12). Because of 
their poor heat h·ansfer characteristics, these classes 
of foods have received considerable attention, and the 
cooJ.ing rates of some of these foods during refriger­
ation have been measmed (12, 13, 17, 18, 19). 

In analyzing these data; the usual approach is to 
plot a hea t peneb:ation curve (Fig. 1), and the f­

. value (2) obtained from the slope of the curve identi-
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F igm e 1. Cooling 8 gal of white sauce in a refrigerator. 
'rom Longree and ' i'i' hite (12) . The heat penetration curve. 

fies the cooling rate. \ i\Tith the £-value, temperatures 
can be predicted for any tin1e during cooling. :tvluch 
additional information can be obtained, however, if 
the data are plotted as a function of aT/ s' (Fig. 2 ), 
where a = thermal diffusivity of the food, 7 = time, 
and s = half-thickness or radius of the food sample 
(3, 9). By use of Fig. 2, temperatmes may be pre­
dicted not only as a function of time (as in Fig. 1) 
but also as a function of geomeh-y, thermal diffusivity 
of the food , initial temperature of the food, and an1-
bient temperah1re in the refrigerator. Figure 2 was 
developed from data in the original article ( s = 4.3 
inch, To = 105 F , Tn :== 47 F) (12) 1except for thermal 
diffusivity, which was not available. When data -are 
lacking for foods of high water content, thermal dif­
fusivity may be taken as 10% below-. the value for 
water at a comparable temperature (7) . This yields 
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F igure 2. Cooling 8 gal of white sauce in a refrigerator. 

From Longree and White (12) . Cooling rate shown as a 

fun ction of a 7 I s'. 

a value of 0.013 inch'/min. 
The technique is not new; it was first developed in 

1878 (8). Thompson (23) recommended it for foods 

in 1919, but the technique was not used because the 

state of the art would not permit reliable measure­

ments of thermal diffusivity; values were in error by 

as much as 100% between replicate tests (23) . Reli­

able methods of measuring thermal properties of foods 

are now available (5, 6, 11 , 15, 20), and tabulations 

of thermal properties have been published (7) . A 

recent review of thermal conductivity of foods is also 

available (21). This has led to an increased use of 

the term a 7/s' in correlating heat transfer data and 

predicting cooling times of foods (4, 6, 22). It shows 

that cooling times are a function of both geomeh·y 

( s') and thermal properties (a) of the food. 
Cooling times are also a function of environmental 

conditions at the food surface. A refrigerator with 

an internal fan will cool foods faster than one without 

a fan. Furthermore, there is a complicated relation­

ship between geomeb·y, thermal properties, and en­

vironmental conditions at the food surface. A tech­

nique is , available to predict cooling rates of foods, 

however, it is somewhat specialized and requites a 

background in heat b·ansfer and mathemqtics, 
The need for the specialized knowledge can be 

eliminated by neglecting the relationship of environ­

mental conditions at the food surface with geomeh·y 

and thermal properties. Of course, accuracy is also 

sacrificed, but a rough approximation of cooliqg 

times is an improvement over the information no\, 

available to the Health Officer. The reader inter­

ested in the more precise and detailed technique of 

predicting heat h·ansfer rates is referred to the ap­

plicable references (3, 4, 6, 9, 22.). 

GEOMETRY 

' Vhen the relationship between food geomeb:y and 

environmental conditions at the food smface is neg­

lected a 7/ s' has constant value for a given level of 

cooling. If the food of Fig. 2 is cooled from 140 to 

50 F in a refrigerator at 32 F, then ( T - T R) I (To­

TR ) = (50-32) (140-32) = 0.17, and a 7/s' = 1.05. 

Therefore, for two different tests in the same refri­

gerator, with the same air flow and the same degree 1 
of loading the refrigerator, 

(1) 

where subscripts 1 and 2 refer to the 1:\.vo different 

tests . For the same food, w = a' and equation 1 re­
duces to 

(2) 

For rectangular samples, cooli·ng t·imes vary as half­

thickness squared. For cylind1·ical and spherical 

samples, cool-ing times vary as mdius squa·red. If the 

radius of a sample is doubled, the cooling time ( 140 

to 50 F) will be approximately 4 times greater. If 
the radius of the sample is h·ipled, the cooling time 

vvill be approximately 9 times greater. 

The same geomeh·y ratios apply to any level of 

cooling. If the time required to cool a sample of 4-

inch radius from 115 to 50 F is 5 lu·, the time required 

to cool the same sample of 12-inch radius, through the 

same temperatme zone would be approximately 45 

hr . To use equation 2, it is necess<u:y to know the 

cooling time, 7, for one heat transfer condition, and 

the cooling times of different geomeb·ies of foods are 

es timated for the same heat h·ansfer condition. 

In using equation 2, the dimension s must be the 

shortest dimension of the food sample. If a sample 

is 4 inches thick and 12 inches in radius, doubling the 

radius will have no effect on cooling time; the 4-inch 

dimension is the conh·olling factor. Regardless of the 

size or configuration of a food sample, the shortest 

dimension bel:\.veen surface and center governs heat 

transfer rates . A 4 X 8 X 12-inch tray of chicken 

a la king has a cooling rate that is within 5% of the 

rate for a 4-inch plate infinitely wide and long (6). 

Equation 2 is free of error only when the original 

assumption is operative; that is, the relationship be-
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tween food geometry and environmental conditions 
at the food surface is negligible. In steam autoclaves 
and vigorously agitated water baths, the condition is 
satisfied and results from equation 2 are accurate. 
For most refrigerators , results from equation 2 are 
useful approximations, and the following example 
illustrates the magnitude of error. 

Assume the time required to cool a sample of food 
of 4-inch radius from 140 to 50 F is known to be 33 
hr. Using equation 2 the predicted cooling time for 
a food sample of 8-inch radius is 132 hr. Using the 
more detailed technique (6) which accotmts for the 
relationship bet'-veen food geomeh·y <md environment­
al conditions at the food surface, the predicted cool­
ing time is 94 hT. In this instance, the error involved 
in the use of equation 2 is 40%. 

The cooling time for the white sauce of Fig. 1 was 
25 h1·, during which a significant amount of bacterial 
growth occmred; bacterial counts increased from 
100/ ml at the start of cooling to 108/ ml dming the 
first 6 hr of cooling (12), demonstrating a significant 
hazard to consumer health. Furthermore, the 8-gal 
batches used by Longree and White (12) are not con­
sidered large; 15-gal containers are common. 

Since use of equation 2 on these larger containers 
yielded a predicted cooling time in excess of 100 ln, 
we measured the cooling time of a 15-gal container 
filled vvith 14 gal of beef stew. 

The stainless-steel container was 16 inches in di­
ameter, 18 inches high, and filled to a depth of 16 
inches with beef stew. The recipe was 36 lb of stew 
beef, 12. lb of carrots, 8 medium Spanish onions, 20 
lb of potatoes, 72 oz of green peas, 4 oz of b eef 
flavor soup base, 1 qt of cream corn starch, 6 lb, 9 
oz of tomato puree, 35 oz of flour, 2-3/ 4 lb of instant 

I potatoes, and 24.5 qt of water. One thermocouple 
was placed at the geometric center of the food , and 
8 additional therm ocouples were placed radially 1 
inch apart bet'-veen the center and the con tainer 
wall . ·with the food at 150 F , the container was 
placed in a walk-in refrigerator held at 40 F. Am­
bient air temperature in the refrigerator was meas­
ured with a thermocouple and was 40 F dming the 
test, indicating the refrigerator had ample capacity 
for the load. 

The time required ~o cool the center of the food 
through the temperature range of 11.5 to 50 F was 84 
hr (Fig. 3 ) . From a practical standpoint, a contain­
er of food is not left in the refrigerator that long; 
routine storage would be about 24 hr. During the 
fir)'l t 24 hr, the c~nh·al temperature remained above 
120 F ; this leads · to the observation that, for large 
con tainers, the hazardous location occurs not at the 
center, but near the container wall for the first 24 
hr, where temperatures dropped from 150 F to 115 F 

012345678 

DISTANCE FROM CENTER (inch) 

~Thermocouples u ~""' '"'" ·~" 
Se.: tion A-A 

F igum 3. Radial temperature profiles dming refrigF:rati.on 
of a cr ntainer filled with 14 gal of beef stew. 

during the fint 4 hr and remained between 115 F 
and 75 F for the remaining 20-hr period. Conse­
quently, warm viscous and solid foods refrigerated in 
large containers are potentially hazardous to consum­
er health. 

Continuous agitation r educes cooling times b y a 
factor of 3 (13) and is effective for containers up to 
a capacity of about 6 gal. For the large container 
( Fig. 3 ), however, agitation is not effective . The 
factor of 3 improvement from Longree et al. (13) 
would reduce the cooling time from 84 to 28 hr; 
however, 28 hr also is unacceptable. Furthermore, 
some foods are damaged by mechanical stirring. 
vVhen agitation cannot be used Longree et al. (13) 
recommend cooling in shallow pans. 

THERJ\f AL PROPERTIES OF FOODS 

For heating and cooling of foods, the important 
thermal properties are thermal conductivity, k; den­
sity, p; and specific heat, C,.. They can be com­

bined into a single relation 
a = 2.4 ki p c,. (3 ) 

where 2.4 is the factor required to convert a from 
fe/ hr to inch2/ min. Thermal diffusivity, a , is a 
measure of the quantity of heat absorbed ( p CP) by 
a material for a given temperature change, and fur­
ther indicates the ability of the material to conduct 
heat (k ) to adjacent molecules. 

Like geometry, thermal diffusivity of the food also 
has an effect on cooling time. \i'Vhen the relation­
ship be l"'-~'een thermal properties and environmental 
conditions at the food surface is negligible, and 
geometry is identical , equation 1 reduces to 

7 2 = 7'• ( w /w) ( 4) 
For equal geO'Inetries, cool·ing times vary inversely 

as thermal cliffttsiv ity. For a given hea t h·ansfer tes t, 
if the food is changed to one with a thennal diffusi-
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vity one-half that of the previous sample, cooling 
times will b e increased by a factor of 2. To use 
equation 4, the cooling time, 7', must b e knovvn for 
one heat transfer condition, and the cooling times 
for different samples of foods are obtained for the 
same heat tramfer condition. Equation 4 is subject 
to the same resb:iction as equation 2 and yields only 
an approximation of cooling time. Use of equation 
4 can be demonsh·ated by considering the problem 
of storing foods in plastic containers. 

Most plastic containers are insulators of heat and 
the question arises whether these containers will de­
lay the cooling of foods. Thermal properties of some 
foods and containers ar e shown in Table 1. Thermal 
diffusivities of stainless steel and glass are signifi­
cantly greater than those of foods , and their cooling 
times (from equation 4) are much shorter than those 
of foods . Consequently, tl1ese h vo materials will not 
delay the cooling of foods. Thermal diffusivities of 
polyethylene, nylon, and polyte traflouroethylene ( Tef­
lon ) • are considerably lower tl1an tl1ose of glass or 
stainless steel; however, tl1ey are about tl1e same as 
that of p otato salad. A container fabricated from 
1/ 8-inch-thick polyethylene will have the same effect 
on cooling rates as an additional 1/ 8-inch thiclmess 
of tl1e food. For conventional container tllicknesses 
of about 1/ 8 inch, nylon, polyethylene, and Teflon 
will not sig11ificantly delay the cooling of foods. 

Thermal diffusivity of polystyrene insulation is 15 
times greater than that of foods, and will cool 15 
times faster than food of a similar size (equation 4) . 
This does not mean, however, tl1at polystyrene is a 
better conductor of heat. Conversely, the poly­
styrene insulation will conduct heat only 1/ 12 as fast 
as beef (see thermal conductivities in Table 1 ). This 
lower thermal conductivity, h owever, is compensated 
by a much lower heat-absorbing capacity . The heat 
absorbing capacity ( p cp) of polystyrene is almost 
200 times less tl1a.11 b eef; tl1erefore, for a given tem­
peratme decrease, thc;l heat to b e removed per fe of 

polystyrene is only 1/ 200 of that required for b eef. 
This leads to the conclusion that very light foods 

consisting chiefly of air, such as meringue, will cool 
much faster thru1 ordinary heavier foods . Even if the 
meringue is placed in a polystyrene insulating con­
tainer, it will not significantly increase cooling times 
because both tl1e container and the food h ave about 
tl1e same thermal diffusivity and thermal conducti­
vity. The only effect will be the increased geometry 
( equation 2) caused by the container. 

When a heavy food such as potato salad is placed 
in a polystyrene-insulated container, a different situ­
ation exists, and cooling times will be increased sig­
nificantly. Because of its lru·ge heat-absorbing cap­
acity, the potato salad must release a large amount 
of heat for a given an1ount of cooling, and all of 
the h eat must pass through tl1e insulated .container 
which reshicts the large flow of heat by its low 
thermal conductivity (Table 1 ). 

Therefore, p olystyrene containers will not affect 
cooling rates whenever tl1ennal diffusivity of the 
polystyrene is greater than that of the food; p1'0vided 
tl1ermal conductivity of the p olystyrene is not sig­
nificantly less than that of tl1e food. Tllis condition 

is met for very light foods consisting clliefly of air . 

VVhen thermal conductivity of tl1e polystyrene is sig­

nificantly less tl1an that of the food, as it is for most 

foods, polystyrene will delay tl1e cooling of the food. 

S uMMARY 

Of all the factors influencing cooling rates of foods , 
geomeh·y of the food sample has the most pro­
nounced effect. For foods stored in bulk, the food 
itself is responsible for the delay in cooling the inner­

most portions of the food. Equations 2 and 4 yield 
reasonable estimates of cooling time. Cleru·ly, tl1ey 
are not intended for precision work, but they are 
useful tools in evaluating field procedures for re­
frigerating and storing foods. 

hmd ion of a 7 js2
• 

"Mention of company or product names implies neither en­
dorsement nor criticism by the Food and Drug Administration. 

TABLE l. THERMAL PROPERTIES OF SOiME FOODS AND CONTAINER MATEHIALS BETWEEN 32 AND 90 F 

l!'ood or 'l'h erm al Therma l Apparent Specif ic Refer -
materi al diffus ivit y conductivity density heat euce 

( inch 2 I min ) ( Btu/ hr ft F) ( Lb/ ft3
) (Btu/ lb F) 

Stainless steel 0.38 9.2 490 0.12 (14) 

Glass (borosilicate) 0.056 0.65 140 0.20 (10) 

Polyethylene ( low densi ty) 0.014 0.19 57 0.55 (16) 

Nylon 0.012 0.14 68 0.40 (16) 

Polytetraflouroethylene ( T eflon) 0.010 0.15 140 0.25 (16) 

Potato salad 0.013 0.28 63 0.79 ( 6) 

Beef, lean sirloin 0.012 0.29 72 0.84 ( 7) 

Cod fish 0.013 0.31 62 0.88 ( 7) 

PolystyTene insulation 0.11 0.024 1.6 0.32 (1 , 16) 

\Vater 0.014 0.34 62.4 1.00 ( 7) 
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No:MENCLATURE 

CP specific heat, Btu/ lb F. 
f slope of the heat penetration curve, hour. 
k them1al conductivity, Btu/ hr ft F. 

characteristic dimension, radius of the sphere, radiu s 

of the cylinder, half-thickness of the plate, inch. 

T temperature, F. 
To temperatme of food before start of refrigeration, F. 

Tn ambient temperatme in refrigerator, F . 
a them1al diffusivity, inch2/ min . 

T tim e, min. 
p apparent density, lb/ ft3

• 
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CLEANING A:t\'D SANITIZIJ.'\TG OF FARM 111ILK 
EQUIPMENT 

J AMES \ VELCH, Chabrman 

This Task Commi ttee find man y changes taking place 

on om present dairy farms. As an example, we all see some 

dairy farms using la rger milk lines ( 3 inches), pre-coolers, 

and dairy plm1t type storage tanks. Many of these installa­

tions resemble a small dairy plm1t . Therefore, th e commit­

tee feels tha t th e fo llowing items need fmther evaluation and 

consideration: (a.) study by pipeline manufacturers regarding 

gallonage requirements, (b) when air in jection systems m·e 

used, slugs per minute requirements should be established, 

(c) establish criteria for water heatin g capacities, and (cl) 

maintenance of water temperature during wash cycles. 

The fo llowing m·e the recommendations of this committee : 

A . T emperature ·record ing devices: 
1. \1Vhen enclosed tanks ( 1,000 gallons or over) are to be 

clem1ed in place, a temperature recording device should be 

install ed . 
2. Pipelines over 2 inches in size are being cleaned in con-
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junction with a pre-cooler-consideration should be given 

to the installation of a temperature recorder. 

3. Consideration should be given to require fittings in the 

system to accommodate easy installation of recording devices 

for either a checking device or a pennanent installation. 

B. Automatic cleaning equ-iJnn ent 

l. 'vVhen pre-rinses are programmed into an automatic 

cleaning device, initial rinse temperature should be no higher 

than tepid. 
2. A complete education program should be conducted at 

time of installation relative to the operation of the unit. 

3. Establish a preventive maintenance program for auto­

matic equipm ent. 
4. Intensify requirements for water suppli es to be of ade­

quate vo lume and pressure. 

C. Vacnwn systems 

l. The vacuum pump or reservoir be installed in a location 

so the operator h as easy access for maintenance. This in­

cludes servicing the unit, inspection , and cleaning. Area 

should have floor drain fac ilities. 

EDUCATIOr 

VERNON D. NrcKEL, Chairman 

The Educational Task Committee has the continual as­

signment of ga th ering new material which is sent to Dr. 

Elmer H. Marth, Editor of the ]oumal of Milk and Food 

T echnology, for publication. 

During th e past year new material h as been listed and its 

source has been published in the ]omnal. Additional ma­

terial has been evaluated for publication . 

The Task Committee is in the process of adding slide col­

lection information on various phases of the dairy farm oper­

ations to its Committee function. Many valuable slide col­

lections are available. The cost and avai lability of these 

slides will be furnished for publication in the ]oumal. 

PLASTICS 

BERNARD M. SAFFIAN, Chairman 

In 1972, a survey on replacements for polyphosphates was 

continued with particular emphasis on effects that polyphos­

phate replacement would have on plastics used on dairy 

fanns. 
If polyphosphates are replaced by more alkaline materials 

and/ or materials which require higher cleaning temperature, 

th e life and efficient use of plastic components will be re­

duced. Polyetl1ylene and polypropylene are semi-rigid, acrylic 

and polycarbonate are rigid, and polyvinyl chloride is gen­

erally used as a flexible material. These are the most com­

monly used plastics in dairy farm equipment, w:ith a minor 

amount of nylon and Teflon used as seals and gaskets . 

Polyethylene, acrylic, and polycarl::onate stress-crack more 

readily as alkalinity and/ or t emperature increase. Poly­

propylene is quite resistant to stress-cracking. F lexible poly­

vinyl chloride hardens at the exposed surface and will event­

ually stress-crack with increasing alkalinity (pH). Increased 

temperature hastens stress-cracking, accelerates t empormy 

opacity or "fogging", and causes temporary softening and 

permanent distortion at bends and fittings. Use of a wam1 

air dryer prevents the temporary water "fogging." 

High er cleaning temperature generally causes more prob­

lems (fogging and hardening) with plastics than does higher 

alkalinity ( hardening only). If phosphate 1·eplacements were 

developed, th eir efficient use could possibly require relatively 

low cleaning temperah1res or such materials could cause in­

creased damage to some plastics if higher t emperatures were 

needed. Therefore, a smvey of state regulations was made 

to determin e wh ether cleaning temperatures and / or times 

are specified which may resh·ict changes in cleaner chemistry. 

In the survey of 50 states plus Puerto Rico and the Virgin 

Islands, we received a \10% response to our inquiries . Only 

one state had specific regulations over and above the Grade 

A Pasteurized Milk Ordinance 1965 Recommendat-ions of the 

United States Public H ealth Service. This regulation re­

quires that the cleaner be circulated at 13D--140 F for at 

leas t 15 min. Four states made recommendations, but these 

are not regulations. The balance of the states follow the 

USPHS recommendations which do not specify cleaning con­

dHions, on ly that the system be cleaned after every milking 

and the milk product must meet bacteria count limits. 

Many replies mentioned that criteria are not any specific 

set of cleaning conditions, but more importantly the quality 

of the milk product regru·dless of cleru1ing procedures used. 

Several replies stated that it would not be wise to specify 

cleaning condi tions because these would vary depending on 

milking equipment and water conditions. So it appears 

that possible modification of clean ers with questionable need 

of temperature-time changes, will not be res tricted by pre­

sent state regulations. 

The following ques tions were asked of leading dairy cleaner 

manufacturers : 
(a) Has a replacement for polyphosphates been develop­

ed? Answer : One company reports that a material 

has been developed and is available. Others have ex­

perimental products undergoing field testing in which 

much lower concentrations of polyphosphates are pre­

sent or polyphosphate is not used at all. 

(b) Vlill replacement for polyphosphates require a higher 

or lower t emperatme and/ or time of cleaning? 

Answer: 1ormally the same time and temperatures 

presently used will be sufficient. 

(c) 'vVill modified cleaners increase cleaning cost and 

for what reason? 

Answers: There me indications that cost will be in­

creased 15-30% because of raw materials. Also, it is 

possible that water conditioners would be required on 

most farms and it may be necessary to use acid 

rinses . At present, there are meas with water condi­

tions that do not require acid rinse. 

(d) 'vVhat is the current state or present or proposed 

legislation regarding use of polyphosphates in clean­

ers? 
Answers : Some current and much pending legislation 

is limiting the concentration of polyphosphates . How­

ever, it appears that detergents for use in machine 

dishwashers, dairy equipment, beverage equipment, 

food processing equipm ent, or industrial cleaning 

equipment may be exempt. 

It appears that banning or severely limiting th e concen­

tration of polyphosphates in cleaners for many applications 

could create a public h ealth hazard because of decreased 

cleaning ability. 

Several questions have been asked in the past in regmd 

to items pertinent to plastics in past reports. These are 

covered in th e following issues of the Journal of Milk and Food 

Technology: 1965-66 - Vol. 30, No . 1; 1966-67 - Vol. 31, To. 

1, o. 2, No. 3; 1967-68 - Vol. 32, 1 o. 7; and 1968-6!}- Vol. 

33, No . 5. 

TESTING FOB CLEANLINESS OF MILK PHODUCTIO! 

M. H. RoMAN, Chairman 

The previous report of this task com.mittee included re-

' 
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comm endations on : (a) significance of the mixed sample sedi­

ment test, (b) procedures for clean milk production, (c) adop­

tion of sediment testing as one of the monitoring tes ts for 

cleanliness of milk production, and (d) use of a producer's 

sediment record as means for selecting dairy farms wh ere 

milking time inspections and sediment tests should be con­

ducted. 
Since th e previous rep01t, a study was undertaken on a 

national basis to determine th e incidence of unclean milk. 

Reports were received from five task committee members. 

Results are as follows: 
Acceptable 78.2% -< 1.5 mg/ gal. basis 

. Probationary 15.2 -1.5 to < 3.0 mg 

Unsatisfactory 6.6 -< 2.5 or 3.0 mg 

The study showed th at there is a need for a unifonn 

classification system in ra ting sediment tests for degree of 

cleanliness. Some areas use No. 1, 2, 3; others use No. 1, 2, 

3, 4; and oth er use terms such as 1.5 mg, 3.0 mg etc. per 

gallon basis. Some note 2.5 mg and others 3.0 mg as reject 

grade. Further, it was reported that milk cleanliness t est­

ing is not compulsory nor is it being practiced in some areas. 

A 4 oz. milk sample t es ted through a filter area 0.2-inch in 

d iameter maintains the standard vol wne-area relationship. 

\~lith the advent of the 4 oz. universal milk sample procured 

at each farm bulk milk collection, an r,d-hoc committee made 

a study to determine if 0.2-inch diameter tes ts could be uni­

fo rmly graded with a photo standard of this same size. Such 

a photo standard was prepared using two sediment levels, 

one bein g at a probationary 1.5 mg level and th e oth er at an 

unsatisfactory or 3.0 mg level. A group of 0.2-inch sediment 

tes ts in a relatively narrow sediment intensity range were 

selected for grading. Seven graders rated the sedim ent t es ts 

independently using the photo standard. Gradings were alike 

in 223 out of 273 ratings or an 82% agreement in the grad­

ings. F rom this study, it can be concluded that : (a) The 4 

oz. - 0.2-inch diam eter test has merit in determining care 

used by the milk producer and thus th e 4 oz. universal 

sample can be used in screening the producer's milk for 

cleanliness. (b) Grading a large number of disks is made easier 

and more uniform by arranging the group of disks in either 

ascending or descending order of sedim ent intensity as visual­

ly observed. Following this arrangement, the grader has 

only to detennine the cut-off point for each sediment grade 

I group . 

R ECOMMENDED PROCEDURES FOR THE vVELDING OF 

STAil\TLESS STEEL tliLK L INES ON D AIRY FARMS 

K EN:-IETH HAR HINGTON, Cha·irman 

This report is the consensus of this task committee, and is 

submitted as guidelines for "Recommended Procedures for 

the vVelding of Stainless Steel Milk Lines on Dairy Fanns ." 

I . VVelde·r-i.nstaller ·recommendations 

A. Farm pipeline welder-install ers should be approved by 

official regulatory agencies. 
B. Farm pipeline welder-installer's n ame and address 

should be submitted as part of the CIP installation applica­

tion. However, it is not recommended that the installation 

be started until tentative approval of the application has been 

received. 
C. It is recommended that th e welder-installe1: notify th e 

enf0rcement agency when the installation is to be stmted . 

D . The fm·m pipeline installer should certify to the pro­

ducer upon compl etion of the installation, in writing, that 

the. installation meets sani ta tion stanclm·ds and 3-A Standards. 

II. Reg11latoru agencu ·inspection p·roceedings 

A sanitarian need not be present when the installation is 

made, but th e installer should make a sample weld at the 

start of each day's operation to be sure the welding device 

is operating properly. These welds should be cut off and 

labeled as to th e approximate location of the welds for that 

particular day's operation. T hese samples should be tied 

togeth er and left at site of installation for the supervising 

sanitarian 's inspection. 

JII . Machine or hand w eldin g 

Both are satisfactory methods of installation. The entire 

milk line is to he welded ; however, an optional standard 

milk line union could be installed in the milk house to pro­

vide quick d isassembly for inspection. There should be no 

restrictions in the pipeline which will impede the velocity. 

The receiving receptacle should no t be welded into the pipe­

line and the milk pump should be so mounted th at it can be 

eas il y inspected . 

IV . Unsatisfa ctory installation 

Unsatisfactory insta llation from the standpoint of appear­

ance as well as noncompliance with 3-A Standards and sani­

tation standards should be cut out and corrected by the 

installer. It is further recommended that the installation 

be inspected as soon as possibl e after completion by the sup­

ervising sanitarian . 

V . Th e following are considered unacceptable woTkmanship: 

A. Grinding of welds 
B. Welds sagging 
C. Pin holes 
D. Scorching or discoloration 
E . \~lelds showing ridges which would impede or restrict 

solution f low. 

V I. Borescope examination 
Most sanitarim1s feel that a B01·escope exmnination is too 

costly and should not be n ecessary if the above procedures 

are enforced. Its use should be optional as a tool for regul­

atory officials. 

CLEAN! ' G AND S ANrnzmc OF 

FARM PICKUP T ANKERS 

Bovo i\1 . CooK, Cha imwn 

The farm bulk pickup tm1 ker, the backbone of the milk 

collection system in tJ1 e United States, is the vital link in 

the quality chain from producer to processor. This tank 

must be cleaned, sanitized, and maintained in a condition 

where it cannot cause any product deterioration during pump­

ing or transportin g. The responsibility for these actions must 

be clearly defin ed to reach this objective. 

The Task Committee attempted to detem1ine th e pre­

fen·ed procedures and methods to clean and sanitize the pick­

up tanker. The driver - receiver has the direct responsibility 

to be certain the pw11p, tank, and otJ1er milk contact surfaces 

are cleaned and sanitized before pumping milk into the truck. 

The Task Committee is aware tJ1at mm1 erous opportunities 

fo r fa ilure are present due to use of r elief drivers, deliveries 

at various times of day and night, and various cleaning 

faciliti es provided at differen t dairies. Sanitarians haye 

found that th e following procedures have worked. 

I . Drive·r ·reSJJonsib'ility before loading 
A. The driver, regm·clless of who drove the tmck the day 

before, must be certain the tank in terior, manhole gaskets, 

pun1p, hose, and valve are cleaned before departure fo~ pick­

up. H e must also detennine that tJ1e tanker l1as bee11~ san i­

tized before departure. 
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B. If the unit is found to be deficient in cleaning, remedial 

action should be taken to clean and sanitize the unit prior to 

loading. 
C. At tim es, spare tmits are not used for several clays. 

Before use the unit should be checked for cleanliness and 

odor. If found to be clean an d odor-free, the unit should be 

sanitized before use. If it has been out of use for over 2 

clays, it should be rewashed and sanitized before use. 

D. To aid in consum er acceptance of our industry, t he 

chiver should keep the outside of the mut as clean as prac tical 

at all tim es. Routine washing is a must. 

II . Responsibility of driver and/ or plant 7Jersonnel following 

receipt of th e loacl 

A. The Task Committee finds that most successful programs 

clearly defin e the responsibility for th e cleanlin ess of the 

tank interior, manhole area, pump, hose, and pump com­

partments. Plant personn el normally are assigned responsi­

bility for th e interior of th e tank and the manhole area in­

cluding gaskets, breathers, and lids. ( 1 ) Plant personnel 

may clean the interior of the tank by h and washing or CIP 

cleaning with spray heads. nozzles, or tear drop h eads 

inserted through th e manholes or CIP ports installed in the 

tank. Care must be given to proper sizin g of the pumps, 

solution voltun es, and piping to do an adequate cleanin g job 

on tanks of various sizes and dimensions. Built-in nozzles 

or spray h eads in the tankers should be installed to assure 

proper distribution of th e cleaning solution within each tank. 

( 2) Plant personnel may be required to hand wash the CIP 

ports, manhole covers, gaskets, and other manhole acces­

sories . ( 3) The h ealth authority should establish a tagging 

procedure calling for the plant employee to sign th at he has 

cleaned and sanitized his area of the truck. 

B. The driver operator should be required to be certain 

the pump compartment, hoses, and p ump are cleaned and 

sanitized following every delivery. ( 1 ) Proper wrench es, 

brushes, mat, or soft container necessary to disassemble and 

wash th e pump, valves, hoses, and other accessories should 

be provided by the trucker so th at h e can be assured that 

they are available at each delivery location . The mat or soft 

container is to hold th e parts of the pump to pnwent dent­

ing, scarrin g or other dam ages to th e parts. ( 2) It is sug­

gested that th e plant should provide a method of cleaning the 

pump hose by 1·ecirculation within a tank containing a hot 

cleaning solution of proper strength. This method of clean­

ing assures internal ru1d external cleanliness of tl1e h ose and 

tends to increase the life of th e hose. ( 3) Following clean­

ing, t11e pmnp parts should be assembled and sanitized b y 

spray or circulation Of a sanitizing solution. The responsibil­

ity for seeing that this is accomplished rests with the driver 

even though the requirement to do tl1e work in some markets 

may be assigned to plant personnel. ( 4 ) The chiver should be 

required to sign the truck cleaning tag indicating that he h as 

cleaned th e truck and equipm ent in accorclru1ce with local 

1·egulation. 

III. Responsibility of th e clahy plant reload station, transfer 

station, or receiving station 

A. The station should furni sh the necessary hot water, 

detergents, sru1itizers, and fa cilities to allow pl ru1t personnel 

and/ or drivers t o accomplish proper cleaning ru1cl sru1itizing 

of all tankers. 

B. The station should establish a l'Outine quality control 

check to assure that tl1e cleaning solutions are in compliru1ce 

with the manufacturer's recommendations and that plant per­

sonnel and/,9r .. drivers are completing th e required work. Re­

cording thermometers on CIP lines can be used to compme 

cleru1ing cycles to the load receiving reports as a m eans of 

determining compliance with plant cleaning procedures. Rou­

tine laboratory checks of detergent and sruutizer strength 

should be a requirement. 

IV. Responsib'ilities of the health a t~ tho rity 

A. The h ealth authorities should meet with local P,lant 

personnel, operators, and h aulers to es tablish equipment cri ­

teria and procedures that will minimize tl1e problems in th e 

market, such as : ( 1 ) Stru1 cl ardizing CIP systems in t11e market 

area to be compatible witl1 all truck units in tl1 e market and 

adequate to handle the largest units in operation ( 2) E stab­

lish location requirements for truck CIP ports so th at the 

equipment at various plants will properly wash all truck 

units. ( 3) Establish a spot check procedure to determine 

compliance by all personnel involved . ( 4 ) Meet with plant 

personnel and truck operators to ru11 encl procedures t o meet 

new problems with minimum inconveni ence ru1cl expense to 

the industry. ( 5) Work witl1 all segments of tl1e industry 

to establish solution temperatures, solution concentrations, ru1d 

faci lity requirements to make the best use of today's tech­

nology. 
Th~ Task Committee recomm ends that CIP cleru1ing sy­

stems include the following : (a) valve sizes should be stan­

dardized, small valves res trict solution flow; (b) proper size 

CIP ptmlpS for adequate coverage of tanker walls with clean - , 

ing solution, manufac turer's recomm endations should be fol­

lowed to insure proper volumes and pressm es in t11e cleaning 

system ; (c) initial rinse water should be discarded clown the 

drain; (d.) proper positioning of the spray ball or teaT drop 

spray h ead within the tank is critical for complete coverage; 

(e) burst wash and rinse cycles may be needed to allow th e 

return ptmlp to keep the flooding of t11 e long tankers to a 

miniJntull . 

S JU.1PLING OF B u LK T ru"\'K MILK 

H E L ENE UHLMAN, Cha:i:rman 

The Task Committee on Sampling of Bulk Tank Milk has 

the responsibility of insuring that th eTe is no breakdown in 

the hru1clling of Grade A milk at a point where it can be most 

vulnerable. This interiJ11 repmt contains pertinent recommen­

dations needed now; and \, ill be fin alized at th e next IAMFES 

conference. Jo\ 

L engtl1 of agitation time is, in the consensus of the com­

mittee, a subject t11at needs priority in r ecommendations. 

Since tank sizes, agitators, and speeds are such variables, 

each tank should cruT)' on t11e Identification Plate and the 

calibration chart, the recommended agitation time for a 

homogeneous sample. Lengtl1 of time tl1e milk has been 

quiescent and level of tl1e milk in th e tank are Ullpmtant 

variables to be considered . 

Additional recommendations of the task committee are: 

(a.) State H.egulations on time of agitation should be reviewed 

as to their adequacy for modern tanks now being installed. 

(b) Bulk tank manufacturers should design ·tanks and provide 

supporting data to assure a homogeneous sample. A two 

speed agitator might be h elpful. Tlus iJlClucles a slow speed 

for the cooling process and higher speed for sru11pling witl1 

a timer on the higher speed. (c) Interval times for agitators 

are recommended on farm tanks for quality control and 

the obtaining of homogeneous samples. (d) Study is n eeded 

on agitation and sampling of milk in over-the-road tankers. 

(e) Study is needed on inspection and san1pling facilities for 

silo and other large capacity tanks. (f) Manufacturers should 

specify fom1dation requirements to support large capacity 

tanks to avoid movement of th e tank. (g) Sample carrying 

cases on tank trucks should be considered for a fi eld type of 

study. The study should result in recommendations for de-
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sign and materials for temperature con trol and durability. 
Over-the-road tankers with long hauling distances involv­

ed is another area that should be studied. A split-sample 
might be considered. This sample to be taken by a licensed 
sampler at the time of tank origin and sealing; maintaining 
high quality control on the cooling phase during transit, and 
sending sample along with the tanker to its destination. 

It is the consensus of the Task Committee that maintaining 
close liaison with interested groups such as USPHS, IMS 
Laboratory committee, industry representatives, and regu­
latory personnel will insure success in reaching our goal of the 
highest quality control of Grade A milk. 

WATER TREAT1V1ENT A D PROTECTION 

DALE TERMUNDE, Chairman 

\Vater treatm ent and protection are becoming increasingly 
important to the dairy industry. The continued trend toward 
consolidation of dairying is closely correlated with installa­
tion of highly complex, automated CIP dairy farm equipment 
with additional demands for consistently high quality water. 

A review of water treatment and protection procedures, 
as prepared by this task committee, is furn ished as suggest­
ed guidelines to help improve total water quality standards 
for dairy farm usage. 

Bacteriological testing of dairy farm water supplies is 
established in the U. S. Public Health Service publication 
#229, Grade "A" Pasteurized Milk Ordinance, 1965 Recom­
mendatiom, requiring such testing for new permits or upon 
any repair of a water supply. Additional bacteriological t est­
ing of water suppli es at a specifi c designated time should be 
considered. 

Closely related to the problem of bacterial contamination 
of the water supply is the presence of water impurities, i.e., 
chemical contamination. Knowledge of pH, degree of hard­
ness, total mineral content, and similar factors is necessary to 
determine proper germicidal treatment; is essential for special­
ized conditioning of the water to provide efficient and econ­
omical cleaning and compatibility with sanitizers, and is 
needed to reduce corrosion and to improve taste and odor. 

Metering devices should supply water without having a 
submerged inlet . An ah space between the inlet and level 
of tank overflow has proven the most satisfactory. If an air 
space is not practical, an approved anti-siphon valve should 
be installed to insure against cross contamination of water 

supplies. 
Removal of h ardness minerals through the ion exchange 

process (water conditioning) can improve the effectiveness 
of detergents and bactericides by eliminating mineral precipi­
tation . \Vater conditioning equipment should be thorough­
ly disinfected before use to insm e against contamination of 
the water supply. 

Iron filtration may be feasible in water supplies with high 
iron content (over 3 ppm ) to eliminate the oxidation of iron 
caused by hypochlorite sanitizing solutions. Iron filtration 
units should be disinfec t~d before use to insure against con­
tamination of the water supply. 

Neutralization of acid water supplies (below pH 6.5) with 
chemical feed pumps or neutralizing filters h as proven bene­
ficial in reducing detergent consumption and increasing tl1 e 
life expectancy of water piping and phunbing fixtures. 

iSand filtration is important to eliminate clogging of water 
inlet screens, for effective cleaning ability of equipment, and 
to prevent the abrasive action on milk contact surfaces. 
Coarse sand removal may normally be accomplished through 
the centrifugal process. However, colloidal sand particles 
require cartridge or med ia filtration. 

The most common method of controlling bacterial contami­
nation of farm water supplies is chlorination. Many factors 
must be considered if this system is to operate successfully: 
(a) Chlorine demand in raw water supplies may vary greatly, 
resulting in increased levels of chlorine residual which may 
be objectionable to taste and odor. (b) Sufficient contact time 
is necessary for m aximum killing efficiency. The capacity 
of retention tank is important. (c) Chlorine residual must be 
ch ecked and equipmen t inspected and ser·viced on a r egular 
basis. (cl) Highl y alkaline and extremely cold water supplies 
may require increased levels of chlorine residual. (e) Hard 
water supplies ma y require additional maintenance to pre­
vent clogging of injection fittings and check valves. 

Super chlorination followed by dechlorination (on drinking 
water) is the most widely recommended on farm use treat­
ment. Additional research is suggested to detennine if iodine 
residuals may prove practical for gem1icidal treahnent of 
water supplies. 

Ultra-violet steriliza tion of fam1 water supplies is gaining 
in consumer acceptance. However, 'there are many limiting 
factors detennining its total effectiveness. The USPHS has 
written criteria for specific installation and operation . Tur­
bidity, iron content, and the water color are importan t factors 
in detennining effectiveness of this tmit. Periodic disin­
fection of the water dish·ibution system may be required, 
since ultra-violet treated systems have no residual action . 

Present pasteurization systems for bacterially contanlinated 
water supplies have proven uneconomical for on-farm appli­
cation. 

High quality water, available in quantity, has become a 
requirement for installation of highly automated CIP dairy 
farm equipment. '~Tater treahnent and protection of fann 
water supplies, therefore, greatly increases in importance. 

The 1ational Academy of Sciences is presently preparing 
a report, Quality Criteria for V11ater To Be Used For Agri­
cultural Ptt-rposes. TI1.is report is to be presented to tlle 
Environmental Protection Agency late in 1972. Additional 
research to better defin e the relationship between quality 
water supplies and milk supplies is required so that tllis new 
infonnation may be brought to the attention of tlle dairy 
industry. 

The Task Committee on vVater Treatment and Protection 
further suggests that additional reference material be review~ 

eel by interest ed members. 
1. Y\Tater Quality Criteria, 1968, Report of the National 

Technical Advisory Committee to the Secretary of tl1e In­
terior-Federal vVater Pollution Control Administration, Sec­
tion 4, Agricultural Uses. 

2. Mwwal of Indi vidual ·water Supply Systems, U. S. 
Public Health Service publication #24. 

3. \ .Vater S11pply and Plumbing Cmss Connectio11, U. S. 
Department of Health, Education and \•Velfare, Public H ealth 
Service. 

4. Rural \ .Vater Supplies, ci.rcular # 145, University of Ver­
mont. 

5. Evaluating \.Yater T reatment Methods, H. V. Atherton, 
University of Vermont. 

A "!MAL V\1 ASTE DISPOSAL 

RussEL LocK, Cha.i.rman 

The Animal \•Vaste Disposal Task Committee this year was 
mainly involved in accumulating information and attempt­
ing to ascertain our role in the animal waste disposal problem. 
Through assistance from the National Milk Producer's Fed­
eration, infom1ation was distributed to t11e task committee 
on : (a) Model State Feedlot Enviromnental Control Act, 
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( b ) questionnaires from th e Environmental Protection Agen­
cy, (c) Uniform Tem1inology for Rural \ ii,Taste Management, 
and (d) Copies of all available State Regulations. 

It is obvious in reviewing CtuTent and pending state and 
Federal legislation that the govenunental agencies ch arged 
with the responsibility for regulating animal waste disposal 
will not be the regulatory officials who administer the pas­
temized milk ordinances. Pollution control boards and water 
quality commissions are being created and g iven the authority 
for r egulating waste disposal. 

Our responsibility as an association representin g profes­
sional people wi th long experience in protecting public h ealth 
should be to establish regular lines of communication with 
these pollution control boards and commissions. This will 
enable coorclination of recommendations to minimize the 
possibility of conflicting provisions and uru1ecessary bmdens 
on the dairy fanner. 

\ i\Te recommend close cooperation with these agencies in 
establishing good livestock waste management and pollution 
abatement policies that are in the public interest. 

vVe recommend that animal waste regulations must be 
made on a regional basis related directly to topography, soil, 
and climatic conclitions. 

\ iVe m ge that cattle manure be considered as a resource 
in the food production cycle and not as a waste by-product. 
Regulations should be promulgated to facilitate utilization of 
this resomce wherever it can be accomplished without en­
vironmental insult. 

F ARM METHOD COMMITTEE MEMBERS 
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HOLDERS OF 3-A SYMBOL COUNCIL 

AUTHORIZATIONS ON FEBRUARY 20, 1973 

"Questions or statements concerning any of the holders 
of authorizations listed below, or the equipment fabricat­
ed, should be addr~ssed to Earl 0. Wright, Sec'y-Treas., 
Dept. of Food Technology, Dairy Industry Bldg., Iowa 
State University, Ames, Iowa 50010." 

0104 Storage Tanks for Milk and Milk Products 
As Amended 

116 Jacob Brenner Company, Inc. ( 10/ 8/59) 
450 Arlington, Fond du Lac, Wisconsin 54935 

28 Cherry-Burrell Corporation ( 10/ 3/ 56 ) 
575 E . Mill St., Little Falls, . Y. 13365 

102 Chester-Jensen Company, Inc. ( 6/ 6/ 58 ) 
5th & Tilgham Streets, Chester, Pennsylvania 19013 

1 Chicago Stainless Operations ( 5/ 1/ 56 ) 
5001 No. Elston Avenu e, Chicago, Illinois 60630 

2 CP Division, St. Regis ( 5/ 1!56 ) 
100 C. P . Ave., Lake Mills, Wisconsin 53551 

117 Dairy Craft, Inc. ( 10/ 28/ 59 ) 
St. Cloud Industrial Park 
St. Cloud, Minn. 56301 

76 Damrow Company ( 10/31/ 57) 
196 ·western Avem:e, Fond du Lac, Wisconsin 54935 

115 DeLaval Company, Ltd . ( 9/ 28/ 59) 
113 Park Street, So., Peterborough, Ont., Canada 

109 Girton Manufacturing Company 9/ 30/ 58) 
Millville, Pennsylvania 17846 

114 C. E. Howard Corporation 9/ 21/ 59 ) 
9001 Rayo Avenue, South Gate, California 90280 

127 Paul Mueller Company ( 6/ 29/ 60 ) 
P . 0 . Box 828, Springfield, Missouri 65801 

197 Paul Mueller ( Canada ), Ltd . ( 9'/ 9/ 67 ) 
84 Wellington St., South, St. Marys, Ont., Canada 

213 Sanitary Processing Equipment Corp. ( 2/18172 ) 
Butternut Drive, E . Syracuse, N. Y. 13057 

233 Stainless Steel Craft Corporation 4/13/72) 
4503 Alger St., Los Angeles, Calif. 90039 

21 Technova, Inc. Gosselin Division 9/ 20/ 56 ) 
1450 Hebe1t c. p . 758 
Drummondville, Quebec, Canada 

31 Walker Stainless Equipment Co. ( 10/ 4/ 56 ) 
E lroy, Wisconsin 53929 

0203 Pumps for Milk and Milk Products 
Revised, as Amended 

214R Ben H . Anderson Manufacturers 5/ 20170 ) 
Morrisonville, Wis. 53571 

212R Babson Bros. Co. 2/ 20/70 ) 
2100 S. York Rd., Oak Brook, Ill. 60621 

29R Cherry-Burrell Corporation ( 10/ 3/ 56 ) 
2400 Sixth St. , S. \V. , Cedar Rapids, Iowa 52406 

63R CP Division, St. Regis ( 4/ 29/ 57 ) 
100 C. P . Ave., Lake Mills, "Wisconsin 53551 

205R Dairy Equipment Co. ( 5/ 22/ 69) 
1919 So. Stoughton Road, Madison, Wis. 53716 

180R The DeLaval Separator Co. ( 5/ 5! 66) 
Duchess Turnpike, Poughkeepsie, . Y. 12602 

~5R G & H Products, Inc. ( 5/ 22/57 ) 
5718 52nd Street, Kenosha, \Visconsin 53140 

145R ITT J a bsco, Incorporated ( 11!20/ 63) 
1485 Dale \"lay, Costa Mesa, Calif. 92626 

2oH Ladish Co., Tri-Clover Division ( 9/ 29/ 56 ~ 
9201 Wilmot Road, Kenosha, Wisconsin 53140 · 

236 Mega tor Corporation ( 5/ 2172 ) 
125 Gamma Drive, Pittsburgh, Pa . 15238 

241 Purity S.A. 9/12172) 
Alfredo Noble #38, Indusbial fte. deVigas 
Tlalnepantla, Mexico 

148R Robbins & Myers, Inc. 4/ 22/64 ) 
Moyna Pump Division 
1345 Lagonda Ave., Springfield, Ohio 45501 

163R Sta-Rite Industries, Inc. ( 5/ 5/ 65 ) 
P. 0 . Box 622, Delavan, Wisconsin 53115 

72R L. C. Thomsen & Sons, Inc. ( 8/ 15/ 57) 
1303 53rd Street, Kenosha, VVisconsin 53140 

219 Tri-Canada Limited ( 2!15/ 71 ) 
6500 Northwest Drive, Mississauga, Ont., Canada 

175R Universal Milking Machine Div. ( 10/ 26/ 65) 
National Cooperatives, Inc. 
First Avenue at College, Albert Lea, Minn . 56007 

52R Viking Pump Div. 
Houdaille Industries, Inc. (12/ 31/56) 
406 State Street, Cedar Falls, Iowa 50613 

5R Waukesha Foundry Company ( 7 I 6/ 56) 
Waukesha, Wisconsin 53186 

0403 Homogenizers and High Pressure Pumps of the 
Plunger Type, As Amended 

87 Cherry-Burrell Corporation ( 1::./ 20/ 57) 
2400 Sixth Street, S. W., Cedar Rapids, Iowa 52404 

37 CP Division, St. Regis ( 10!19/ 56) 
100 C.P. Ave, Lake Mills, Wis. 53538 

75 Gaulin, Inc. ( 9 / 26/ 57 ) 
44 Garden Street, E verett, Massachusetts 02149 

237 Graco Inc. ( 6/ 3172) 
60-Eleventh Ave., .E. , Minneapolis, Minn . 55413 

0511 Stainless Steel Automotive Milk Transportation 
Tanks for Bulk Delivery and/ or Farm Pick-up Service, 

As Amended 

131R Almont Welding Works, Inc. ( 9/ 3/ 60) 
4091 Van Dyke Road, Almont, Michigan 48003 

98R Beseler Steel Products, Inc. ( 3/ 24/ 58) 
417 East 29th, Marshfield, ·wisconsin 54449 

70R Jacob Brenner Company ( 8/ 5! 51) 
450 Arlington, Fond du Lac, Wisconsin 54935 

40 Butler Manufacturing Co. ( 10/ 20/ 56) 
900 Sixth Ave., S. E., Minneapolis, Minn. 55114 

118 Dairy Craft, Inc. (10/ 2.8/ 59 ) 
St. Cloud Industrial Park 
St. Cloud, Minn. 56301 

66 Dairy Equipment Company ( 5/ 29/ 57) 
1818 So. Stoughton Road, :Madison, Wisconsin 53716 

123 DeLaval Company, Ltd . ( 12/ 31/ 59) 
113 Park Street, South Peterborough, Ont. , Canada 

45 The Heil Company ( 10/ 26/ 56) 
3000 W . Montana Street, Milwaukee, Wisconsin 53235 

201 Paul Krohnert Mfg., Ltd. ( 4/ 1/ 68) 
W est Hill, Ontario, Canada 

232 Litewate Transport Equipment Corp. ( 4/ 4172 ) 
4220 South 13th Street, Milwaukee, Wis. 53221 

80 Paul Mueller ( Canada) , Ltd . ( 11/ 24/ 57) 

' 
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84 Wellington Street, So., St. Marys, Ont., Canada 
85 Polar Manufacturing Company ( 12/ 20/57 ) 

Holdingford, Minn . 56340 
144 Portersville Equipment Company ( 5!16/ 63) 

Portersville, Pennsylvania 16051 
71 Progress Industries, Inc. ( 8/ 8/57) 

400 E. Progress Street, Arthur, Illinois 61911 
121 Tech nova Inc. Gosselin Division ( 12/ 9/ 59) 

1450 Hebert c. p . 758 
Drummondville, Quebec, Canada 

47 Traihnobile, Div. of Pullman, Inc. ( 11/ 2/56) 
701 East 16th Ave., North Kansas City, Mo. 64116 

189 A. & L. Tougas, Ltee ( 10/ 3/ 66) 
1 Tougas St., Iberville, Quebec, Canada 

25 Walker Stainless Equipment Co. ( 9/ 28/ 56) 
New Lisbon, Wisconsin 53950 

0809 Fittings Used on Milk and Milk Products 
Equipment, and Used on Sanitary Lines Conducting 

Milk and Milk Products, Revised 

79R Alloy Products Corporation ( 11/ 23/ 57) 
1045 Perkins Avenue, Waukesha, Wisconsin 53186 

138R A.P.V. (Canada) Equipment, Ltd. ( 12/ 17 / 6-2) 
103 Rivalda Rd., Weston, Ont., Canada 

245 Babson Brothers Company ( 2/ 12/73) 
2100 S. York Road, Oak Brook, Illinois 60521 

82R Cherry-Burrell Corporation ( 12/ 11/ 57) 
2400 Sixth Street, S.W. Cedar Rapids, Iowa 52406 

124R DeLaval Company, Ltd. ( 2/ 18/60) 
113 Park Street, South Peterborough, Ont., Canada 

184R The DeLaval Separator Co. ( 8/ 9! 66) 
Duchess Turnpike, Poughkeepsie, N. Y. 12602 

67R G & H Products, Inc. ( 6/ 10/ 57) 
5718 52nd Street, Kenosha, Wisconsin 53140 

199R Graco, Inc. ( 12/ 8/ 67) 
60 Eleventh Ave., N.E., Minneapolis, Minn . 55413 

203R Grinnell Company ( 11/ 7/ 68) 
260 W . Exchange St., Providence, R. I. 02901 

218 Highland Equipment Corporation ( 2/12/71) 
74-10 88th St., Glendale, N.Y. 11227 

204R Hills McCanna Company 2/10/ 69) 
400 Maple Ave., Carpentersville, Ill. 60110 

34R Ladish Co., Tri-Clover Division ( 10/15/ 56) 
2809 60th St., Kenosha, Wisconsin 53140 

239 LDrv1ACO ( 6/30/72 ) 
Box 688, Teaneck, N. J. 07666 

2.30 ITT Moreland Products, Inc. ( 3/ 27/72 ) 
P.O. Box #34, Wrightsville, Pa. 17638 

200R Paul Mueller Co. ( 3/ 5/68) 
P. 0. Box 828, Sptingfield, 1\lfo. 65801 

244 Pittsburgh Brass Manufactming Co. ( 2/ 10/73) 
P.O. Box 387-A, Rd. #6, Irwin, Pa. 15642 

149R Q Controls 5!18/ 64) 
Occidental, California 95465 

227 Stainless Steel Craft Corporation 1/11/72) 
4503 Alger Street, Los Angeles, California 

89R Sta-Rite Industries, Inc. (12/ 23/ 68) 
P. 0. Box 622, Delavan, Wis. 53115 

13R L. C. Thomsen & Sons, Inc. ( 8 / 31/57) 
1303 43rd Street, Kenosha, Wisconsin 53140 

191R Tri-Canada Fittings & Equipment, Ltd. ( 11/ 23/ 66 ) 
21 Newbtidge Road, Toronto 18, Ontario, Canada 

86R Waukesha Specialty Company, Inc. (12/ 20/ 57) 
Darien, \ Visconsin 53114 

32 

206 

0900 Thermometer Fittings and Connections Used 
on Milk and Milk Products Equipment and 

Supplement 1, As Amended 

Taylor Instrument Process Control, 
Div. Sybron Corp. 

95 Ames Street, Rochester, New York 
The Foxboro Company 
Neponset Ave., Foxboro, .tvfass. 02035 

(10/ 4/56) 
14601 

( 8/ll/ 69) 

1000 Milk and Milk Products Filters Using Disposable 
Filter Media, As Amended 

35 Laclish Co. , Tri-Clover Division ( 10!15/ 56) 
2809 60th Street, Kenosha, Wisconsin 53140 

1103 Plate-Type Heat Exchangers for Milk and Milk 
Products, As Amended 

20 A.P.V. Company, Inc. ( 9/ 4/56) 
137 Arthm Street, Buffalo, ew York 14207 

30 Cherry-Bmrell Corporation ( 10/ 1/56) 
2400 Sixth Street, S.W., Cedar Rapids, Iowa 52404 

14 Chester-Jensen Co., Inc. ( 8/ 15/ 56) 
5th & Tilgham Streets, Chester, Pennsylvania 19013 

38 CP Division, St. Regis ( 10/ 19/ 56) 
Fort Atkinson, \ iVisconsin 53538 

120 DeLaval Company, Ltd. ( 12/ 3/ 59) 
113 Park Street, South Peterborough, Ont., Canada 

17 The DeLaval Separator Company ( 8/ 30/ 56) 
Duchess Turnpike, Poughkeepsie, N. Y. 12602 

15 Kusel Dairy Equipment Company ( 8 / 15/56) 
100 W. Milwaukee Street, ·watertown, Wisconsin 53094 

1204 Internal Return Tubular Heat Exchangers, 
for Milk and Milk Products, As Ame;1ded 

243 Babson Brothers Company ( 10/ 31/72) 
2100 S. York H.oad, Oak Brook, Illinois 60521 

103 Chester-Jensen Company, Inc. ( 6/ 6! 58) 
5th & Tilgham Street, Chester, Pennsylvania 19013 

152 The DeLaval Separator Co. ( 11/18/69) 
350 Duchess Turnpike, Poughkeepsie, N. Y. 12602 

217 Girton Manufacturing Co. ( 1/23/71) 
Millville, Pa . 17846 

238 Paul Mueller Company ( 6/ 28/72) 
P. 0 . Box 828, Springfield, Missouri 65801 

96 C. E. Rogers Company ( 3/ 31/64) 
P. 0. Box 118, Mora, Minnesota 55051 

225 Sanitary Processing Equipment Corporation ( 11/ 24/71) 
Butternut Drive, East Syracuse, N.Y. 

240 

1301 Farm Milk Cooling and Holding Tanks­
Revised, As Amended 

Babson Brothers Company ( 9/ 5172) 
60521 

11H. 
2100 S. York Road, Oak Brook, Illinois 
CP Division, St. Regis ( 7! 25! 56) 
100 C. P. Ave. 
Lake Mills, \illisconsin 53551 

119R Dairy Craft, Inc. (10/ 28/ 59) 
St. Cloud Industrial Park, St. Cloud, Minn. 56301 

4H. Dairy Equipment Company ( 6!15! 56) 
1919 S. Stoughton Road, Madison, Wisconsin 53716 

92R DeLaval Company, Ltd. ( 12/ 27 / 57) 
113 Park Street, South Peterborough, Ontario, Can«rl~ 

49H. The DeLaval Separator Company ( 12/ f/AA l 
Duchess Turnpike, Poughkeepsie, N. Y. 12602 
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lOR Girton Manufacturing Company ( 7/ 25/ 56) 
Millville, Pennsylvania 17846 

95R Globe Fabricators, Inc. ( 3/14/ 58) 

3350 North Gilman Rd. , El Monte, California 91732 

179R Heavy Duty Products (Preston), Ltd . ( 3/ 8/ 66 ) 

1261 Industrial Road, Preston, Ont., Canada 

12R Paul Mueller Company ( 7/ 31/ 56) 

P. 0. Box 828, Springfield, Missouri 65801 

58R Schweitzer's Metal Fabricators, Inc. ( 2/ 25/ 57) 

806 No. Todd Avenue, Azusa, California 91702 

235 Stainless Steel Craft Corporation ( 4/13/72 ) 

4503 Alger St., Los Angeles, California 90039 
216R Valco Manufacturing Company ( 10/ 22170) 

3470 Randolph St., Huntington Pk. , Calif. 90256 

42R VanVetter, Inc. (10/ 22/ 56) 

2130 Harbor Avenue S.W., Seattle, Washington 98126 

55R Superior Metalware Industries, 
(Fonnerly Jolm Wood Company) ( 1/ 23/ 57) 

509 Front Avenue, St. Paul, Minnesota 55117 

170R The W . C. Wood Co., Ltd. ( 8/ 9/ 65 ) 

5 Arthur Street, South, Box 750, Guelph, Ont., Canada 

16R Zero Manufacturing Company ( 8 / 27 ! 56) 

Washington, Missouri 63090 

1400 Inlet and Outlet Leak Protector Plug Valves 
for Batch Pasteurizers, As Amended 

122R Cherry-Burrell Corporation ( 12/11/ 59) 

2400 Sixth St., S. W., Cedar Rapids, Iowa 52406 

69 G & H Products Corporation ( 6/ 10/ 57) 

5718 52nd Street, Kenosha, Wisconsin 53140 

27 Ladish Co. - Tri-Clover Division ( 9/ 29/ 56) 
2809 60th Street, Kenosha, Wisconsin 53140 

78 L. C. Thomsen & Sons, Inc. ( 11/ 20/ 57) 

1303 43rd Street, Kenosha, Wisconsin 53140 

1604 Evaporators and Vacuum Pans for Milk and 
Milk Products, Revised 

132R A.P.V. Compa_'1y, Inc. ( 10/26/ 60) 

137 Arthur Street, Buffalo, New York 14207 

lllR Blaw-Knox Food & Chemical Equip., Inc. ( 2/12/59) 
P. 0 . Box 1041 
Buffalo, N. Y. 14240 

164R Mora Industries, Inc. ( 4/ 25/ 65) 

999 E . Maple Street, Mora, Minnesota 55051 
107R C. E. Rogers Company ( 8/ 1/ 58) 

P. 0 . Box 118,. Mora, Minnesota 55051 
186R Marriott Walker Corporation ( 9/ 6/ 66) 

925 East Maple Road, Birmingham, Mich. 48010 

1700 Fillers and Sealers of Single Service Containers, 
For Milk and Milk Products, As Amended 

221 Bertopack Limited ( 5/ 25171 ) 
75 Ardelt Place, Kitchener, Ontario, Canada 

192 Cherry-Burrell Corporation ( 1/ 3/ 67 ) 

2400 Sixth St., S. W., Cedar Rapids, Iowa 52404 

139 Exact Weight Scale Company ( 4/15/ 68) 

944 W. 5th Ave., Columbus, 0 . 43212 
137 Ex-Cell-O CorpOI'ation ( 10/ 17 / 62) 

P. 0. Box 386, Detroit, Michigan 48232 

220 Haskon, Inc., Package Equipment Division ( 4/ 24/71) 

2285 University Ave., St. Paul, Minnesota 55114 

211 Twinpak, Inc. ( 2/ 4170) 

2225 Hymus Blvd. , Dorval 740, P.Q. 

1901 Batch and Continuous Freezers, For Ice Cream, 

Ices and Similarly Frozen Dairy Foods, As Amended 

141 CP Division, St. Regis ( 4/15/ 63) 

100 C. P. Avenue, Lake Mills, Wisconsin 53551 

146 Cherry-Burrell Corporation ( 12/l0Y63 ) 

2400 SLxth Street, S. W. , Cedar Rapids, Iowa 52404 

168 

154 

160 

2201 Silo-Ty pe Storage Tanks for Milk and 
Milk Products 

( 6/16/65) 
N. Y. 13365 

Cherry-Burrell Corporation · 
575 E. Mill St., Little Falls, 
CP Division, St. Regis 
100 C. P. Ave., Lake Mills, 
Dairy Craft, Inc. 

( 2/10/ 65) 
Wisconsin 53551 

St. Cloud Industrial Park 
St. Cloud, Minn. 56301 

( 4/ 5/ 65) 

181 Damrow Company ( 5/ 18/66) 

196 Western Ave., Fond du Lac, Wisccnsin 54935 

156 C. E. Howard Corporation ( 3/ 9/65) 

9001 Rayo Avenue, South Gate, California 90280 

155 Paul Mueller Co. ( 2/10/65) 

P. 0. Box 828, Springfield, Missouri 65801 
195 Paul Mueller (Canada), Ltd. ( 7/ 6/67) I 

84 Wellington St., So., St. Marys, Ont. , Canada 

234 Stainless Steel Craft Corporation ( 4/13/72) 

4503 Alger St., Los Angeles, California 90039 
165 Walker Stainless Equipment Co. ( 4 / 26/65) 

Elroy, Wisconsin 53929 

2300 Equipment for Packaging Frozen Desserts, 

Cottage Cheese and Milk Products Similar to Cottage 
Cheese in Single Service Containers 

174 Anderson Bros. Mfg. Co. ( 9/28/G5) 
1303 Samuelson Road, Rockford, Illinois 61109 

209 Do boy Packaging Machinery ( 7/23/69) 
Domain Industries, Inc. 
869 S. Knowles Ave., New Richmond, Wis. 54017 

222 Maryland Cup Corporation ( 11/15/71) 

Owings Mills, Maryland 21117 
193 Triangle Package Machinery Co. ( 1/31/67) 

6655 West Diversey Ave., Chicago, Illinois 60635 

2400 Non-Coil Type Batch Pasteurizers 

161 Cherry-Burrell Corporation ( 4/ 5! 65) 

575 E. Mill St., Little Falls, N. Y. 13365 
158 CP Division, St. Regis ( 3/24/65) 

100 C. P. Avenue, Lake Mills, Wisconsin 53551 

187 Dairy Craft, Inc. ( 9/ 26/ 66) 

St. Cloud Industrial Park 
St. Cloud, Minn. 56301 

177 Girton Manufacturing Co. ( 2/18/ 66) 

Millville, Pennsylvania 17846 
166 Paul Mueller Co. ( 4/ 26/65) 

P. 0. Box 828, Springfield, :Mo. 65601 

2500 Non-Coil Type Batch Processors for Milk and 
Milk Products 

162 Cherry-Burrell Corporation ( 4/ 5/ 65) 
575 E. Mill St., Little Falls, N. Y. 13365 

159 CP Division, St. Regis ( 3/24/65) 

100 C. P. Avenue, Lake Mills, Wiscons~n 53551 

188 Dairy Graft, Inc. · ( 9/26 / 66) 

St. Cloud Industrial Park 
St. Cloud, Minn. 56301 
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167 Pam Mueller Co. 4/26/ 65) 
Box 828, Springfi eld, :Mo. 65801 

196 Paul Mu ell er ( Canada ) , Ltd . 7 / 6/ 67 ) 
84 W ellington St., So., St. Marys, Ont., Canada 

20~ Walker Stainl ess E quipment Co. ( 9/24/ 68) 
New Lisbon, vVis. 53950 

2600 Sifters for Dry Milk c.nd Dry Mil k Products 

185 

176 

172 

The Orville-Simpson Co. 
1230 Knowlton St., Cincinnati, 
Sprout, Waldron & Co., Inc. 
!vi unsy, Pennsylvania 17756 

( 8/ 10/ 66) 
Ohio 45223 

( 1/ 4/ 66) 

SWECO, Inc. 9/ 1/65) 
6111 E. Banclini Blvd. , Los Angeles, California 90022 

2BOO Flow Meters for Milk and 
Li quid Milk Products 

228 J. H . Day Co. ( 2/ 28/72) 223 
4932 Beech Street, Cincinnati, Ohio 45202 

C-E IN-VAL-CO, a division of Combustion 
Engineering, Inc. ( 11!15/71) 

171 Entoleter, Inc. ( 9/ 1/ 65 ) 
Subsidiary of American Mfg. Co. 

P. 0. Box 556, 3102 Charles Page Blvd., Tulsa, 
Oklahoma 74101 

251 W elton St. , H amden, Connecticut 06511 231 The DeLaval Separator Compan y 
350 Dutchess Turnpike 
Poughkeepsie, New York 12603 
F ischer & Porter Company 

( 3 / 27 172 ) 
220 Russell Fin ex 1nc. ( 3/ 15/72 ) 

156 W. Sandford Boulevard, H. Vernon, N. Y. 10550 
173 B. F . Gump Division ( 9/20/ 65) 226 

Blaw-Knox Food & Cbem. Equip. In c. County Line Road, Warminster, 
The Foxboro Company 

(12/ 9/71) 
l'a. 18974 

750 E. Ferry St., P. 0 . Box 1041 224 ( 11/16/ 71) 
Buffalo, New York 14240 Foxboro, Massachusetts 02035 

LETTER TO THE EDITOR 

Siz·ing holding tubes of high-temperature short-time 
pasteurizers for Power law food products 

DEAR Sm: 
Studies on the minimum holding ( residence ) times of viscous 

food products in holding tubes of high-te:mperatme short­
time pastemizers have been published in this (5, 6) and other 
journals (2, 8) . These studies showed that the flow of food 
products was laminar and hence the sizing of holding tubes 
on the basis of either a salt conductivity test with water in 
tmbulent flow or the average linear velocity of the food leads 
to shorter residence times for the fastest particles. 

It was in turn suggested (2, 8) that the holding tube length 
be calculated from the relation 

( 1) 

L = ( :~~ ) ( 
3n + 1 ) 
n + 1 

(3) 

' Equation ( 3) is an extension of Equation ( 1 ) and is applica-
bl e to pseudoplastic and dilatant fluids as well. 

To detem1ine the error wh en the residence tim e is cal­
culated assuming l ewtonian flow characteristics rather than 
Power law fluid characteristics, the residence time of the 

fastes t particle of a Power law product ( t, ) is compared to 
that of a lewtonian fluid ( t ) . The comparison is made as­
Sliming equal volw11 etric flow rates and th e same holding tube. 
From Equations ( 1) and ( 3), it can be shown that 

t, 2 ( n + 1) 

(3n + 1) 
(4) 

Results of calculations based on Equation ( 4 ) shown in 
Table 1 indicate that use of Newtonian fluid data leads to 
over design for pseudoplas tic fluids and under design for 
dilatant fluid s. 

In conclusion the non-Newtonian nature of many food 
products must be taken into consideration for the design of 
holding tubes. E arlier studies have shown that residence 
tim e data with Newtonian fluids in turbulent flow should 
not be used for viscous food products. The equations and 

0.2 

} 0.6 

1.0 

1.2 } 1.6 

Pseudoplastic 

Newtonian 

Dilatant 

1.14 

1.00 

0.96 

0.90 

calculations presented here show th at usin g Newtonian lami­
nar flow residence time would lead to holdin g tube lengths 
longer than necessary for pseudoplastic fluids and shorter 
than necessary for dilatant fluids. 

M. ANANDHA RAO 

Faculdade de T ecnologia 
de Alimentos 

UniiJersity of Campinas 
Cai:w. Postal 1170 
Ca1117Jinas, S.P., Brazil 

(Continued on Page 188) 
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THE WILLIAMS-STEIGER OCCUPATIONAL SAFETY AND 
HEALTH ACT OF 1970' 

EARL D. HEATH 

Office of T-raining ancl Education 

Occupational Safety ancl H ealth Aclmi.nistration 

U. S. Depm·tment of Labo1', Washington, D.C. 20210 

ABSTHACT 

On December 29, 1970, the President signed the \;.,lilJiams­

Steiger Occupational Safety and H ealth Act of 1970, the 

most comprehensive law ever designed for ensuring safe 

and healthful working condition. The Act, which applies 

to virtually the entire Nation's workforce, is the result of 

more than 60 years of involvement by the Federal and 

State governments, by employers, and by employees in an 

effort to assure American workers a safe and h ealthful 

job environment. The Congress has presented each of us 

with both a great potential and a great challenge. The es­

sence of the Act is cooperation, for only by working to­

gether can we ensure worker protection and elin1inate the 

needless waste that accompanies occupational deaths, in­

juries and ilh1esses . Past accomplishments to safeguard th e 

worker have not been adequate. Each year, more than 

14,000 workers continue to die as th e result of occupationally­

induced injuries. Another 2 million suffer disabling injur­

ies. And, according to an estimate by the Surgeon Gen­

eral of the United States, some 400,000 are stricken by 

occupationally-related illnesses. Today, when National con­

cern is focused on all phases of the environment, it is only 

natmal that we give special consideration to the job site 

where American workers spend an es timated one-quarter of 

their tin1e. 

On December 29, 1970, the President signed the 

vVilliams-Steiger Occupational Safety and Health 

Act of 1970 (Public Law 91-596) , the most comp­

rehensive law ever designed for insuring safe and 
healthful conditions in the American workplace. 

The Act applies to virtually the entire Nation's work­

force and to some five million establishments. 

Bet\veen the early 1800's and now, there have 

been numerous me:;tsures ino·oduced by the vari­

ous States and by the Federal Government to im­

prove the safety and health of the worker. A 

chronology of attitudes toward induso·ial accident 

prevention efforts tlu-oughout this Nation's history 

makes interesting reading. J. E. Trainer, in an 

adch-ess before the Annual Meeting of the Ameri­

can Society of Safety Engineers in 1949, reported 

than at one time: " ... It was not thought unreason­

able to expect one fatality for every floor of a 

building under consb·uction; or that two men might 

well lose their lives per mile of tunnel driven; or that 

one employee could be expected to donate his fu-

'Presented at the 59th Annual Meeting of the International 

Association of Milk, Food, and Environmental Sanitarians, 

Milwaukee, Wisconsin, August 21-24, 1972. 

ture for every million dollars spent on a general 

construction project . . " Happily, these "norms" 

are well behind us. 
The voluntary safety movement in the United 

States has proven effective to the extent that there 

were enough volunteers. This was pointed up in the 

testimony of the National Safety Council before the 

Congress when the Occupational Safety and Health 

Act of 1970 was under consideration. A portion of 

this testimony is quoted here: " ... In all candor, 

it is the ational Safety Council's judgment that 

there is no real substih1te for the effectiveness of 

the voluntary safety movement for those who par­

ticipate. Unfortunately, not all participate ... " 
The Act is a general statute covering almost 60 

million employees in about 5 million establishments. 

Coverage applies to all business in commerce with 

one or more employees, including those in agriculture, 

the professions, and retail and service indusb·ies. As 

a matter of policy, houshold domestic employees 

and immediate family members working on family 

farms are generally not subject to the provisions of 

the Act. To the extent that other Federal agencies 

exercise statutory authority affecting occupational 

safety and health with respect to specific working 

conditions, the Act is inapplicable. 

The intent of the Act is to provide a vehicle for re­

ducing the high social and economic costs of occu­

pationally related injuries, illnesses, and deaths by a 

combination of Federal, State, and private efforts. 

The Act mandates not only Federal standards setting 

and enforcement activities, but also training for em­

ployers and employees, information efforts, the active 

involvement of the States, loans by the Small Business 

Adminiso·ation to small businesses to as~;ist them in 

coming into compliance, and the conduct of need­

ed research and statistical programs. '\i'lle in the 

Deparbnent are actively engaged in all of these ef­

forts, though we recognize that we have a long way 

to go. \i\Te also recognize that we cannot hope to 

achieve the objectives of the Act unless employers 

and employees work together to voluntarily overcome 

many of the problems that exist. 
The Act is not a totally new concept. Rather, it 

is the logical result of more than 60 years of in­

volvement by the Federal and State governments, 

and by employers and employees and their represen-

' 
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tatives in an effort to assure American workers a 

safe and healthful work environment. 

Past accomplishments to safeguard the worker have 

not been adequate. Each year, more than 14,000 

workers continue to die as the result of occupation­

ally-induced injuries. Another 2 million suffer dis­

abling injmies. And, according to an es timate by 

the Surgeon General of the United States, some 

400,000 <Ue stricken by occupationally-related ill­

nesses. Today, when ational concern is focused on 

all phases of the environment, it is only natural 

that we give special consideration to the job site 

where American workers spend an es timated one­

quarter of their time. 
A major factor in past failures to create relatively 

hazard-free workplaces may be that these efforts 

were fragmented. Never before have all sectors of 

the working community been united in one major 

campaign. The Williams-Steiger Occupational Safe­

ty and Health Act of 1970 calls on the b est re­

sources of the Federal and State governments , and 

of employers and employees and their representa­

tives . It assigns responsibilities to each group. 

In designing this law, the Congress has present­

ed each of us with a great potential and a great 

challenge. The essence of the Act is cooperation. 

For only by working together can we ensure work­

er protection and eliminate the needless waste that 

accompanies occupational death, injury, or illness . 

The Occupational Safety and Health Administration 

( OSHA ) which was es tablished to implement the 

Act is a decentralized organization with 10 Region­

al, 49 Area, and 2 District Offices. Following Presi­

dent Nixon's approach to all 1ational Government, 

our sh·ucture is based on responding to the needs of 

citizens at the local level. Thus, the bulk of our 

personnel are in the fi eld; and regional and area 

officials help to set National policy. 

0PEHATING PHILOSOPHY 

Secretary of Labor, James D . Hodgson, in a speech 

at the National Safety Congress on October 27, 

1971, made four points regarding OSHA's operating 

philosophy. These bear repeating. 

P·rinciple No. 1 
\~That is done w~lingly is done well. This means 

that we, in government, cannot do the job alone. 

\ 'Ve depend on the willingness of others - the will­

ingness of employees, organized labor, business, and 

industry. 

•Principle No. 2 
The Department of Labor is charged with En­

forcing the law. And, we're going to. But, I think 

it's fair to say that we'll be guided as mu ch by the 

spirit of the law as hy the letter. 

Principl No. 3 
'vVe are doing all we can to encourage the States 

to assume their responsibilities under the Act be­

cause we believe this is the best way to make the 

program work. 

Pri·nciple No. 4 
Our whole training and education effort is so 

important that the OSHA program will stand or 

fal l on it. I can assure you that it's going to stand. 

OSHA's TmmE PHASES To D ATE 

During Phase I of OSHA's operation, the major 

project was the selecting, reviewing, and issuing 

of the initial group of occupational safety and health 

standards. Phase II of our op~ration was the initia­

tion of compliance safety and h ealth visits. OSHA 

is now in Phase III, which is the involvement of 

the States in the implementation of the Act. 

OccuPATIONAL SAFETY AND HEALTH STAJ.'I DAHDS 

The initial standards package, published in the 

Federal Register on May 29, 1971, incorporated ex­

isting Federal standards from the vValsh-Healey 

Act, the Maritime Safety Act, and others. The 

package also incorporated selected National con­

sensus standards developed by such organizations 

as the American National Standards Institute 

(ANSI), and the National Fire Protection Associa­

tion (NFPA). 
By definition , a standard as applied to this sub­

ject is a rule or regulation established in accordance 

vvith law or other competent authority, which des ig­

nates safe and healthful conditions or practices by 

which work must be performed to preven t injury or 

illness. 
The Deparh11ent of Labor has been charged with 

having "invented" these standards . It didn't hap­

pen that way. Not one of the initial standards 

was our "invention". The standards, promulgated 

on May 29, 1971, had all been previously adopted 

eitheT through private sector review or Federal ad­

ministrative procedures. Some of these, we know, 

contain questionable elements which we are now 

in the process of modifying, but all are national con­

sensus or es tablished Federal standards as requir­

ed by the Act. 
Issuance of standards is a continuing responsibili­

ty. Since promulgation of the initial standards pack­

age in May 1971, we have revised and updated 

existing standards. I ew standards are contemplated 

in tunn el consh·uction and agriculture as well as 

in the health area. In this la tter field , we will rely 

heavily on the 1 ational Institute for Occupation~l 

Safety and H ealth , which has primary responsibili ty 

for research activity in the health area. 
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Only in the case of the maritime and construction 

indush"ies, in which unique workplace conditions 

exis t, have we issued special bodies of standards 

applicable only to the industry. The Act recognizes 

that employers may do things in many different 

ways and be as effective in terms of safety and 

health as would be compliance with th e standards 

issued. An employer may either petition for a 

change in the standard or else apply for a variance 

from its requirements. 

Section 5 of the Act states in part: "Each em­

ployer shall furnish to each of his employees, em­

ployment and a place of employment vvhich are fr ee 

from recognized hazards that are causing or are likely 

to cause death or serious physical harm to his em­

ployees. This "general duty clause" shall b e used 

only in cases involving alleged serious violations 

where (a) no standard exists, and (b) where the 

specified and stringent requirements of the general 

duty definition involving recognized hazards and 

death or serious physical harm are met. 

EKFORCE:\1ENT OF THE S AFETY AND HEALTH STANDARDS 

To ensure compliance with the safety and health 

standards promulgated by the Secretary under tl•e 

Act, OSHA has a force of compliance safety and 

health officers in the field who conduct visits to 

establishments. 

Almost from the first it was clear that we would 

have to establish priorities for workplace inspections, 

since there are an estimated 5 million such establish­

ments. Thus, we proceeded in accordance with the 

"worst first" principle mandated by the Act and 

requiring us to give maximum attention to the 

most hazardous workplaces . 

"Imminent danger" situations must obviously re­

ceive first consideration. These are situations in 

which it can reasonably be expected that death or 

serious physical harm will result before the danger 

can be eliminated through normal enforcement pro­

ceedings. The Act gives us authority to seek re­

straining orders and, injunctive relief in U. S. Dis­

trict Courts in these situations, and we have made 

it clear to our compliance staff that they must re­

spond immediately whenever they receive informa­

tion suggesting that imminent danger exists. \ iVe 

have inspected several of these situations; fortw1ate ­

ly, most were resolved through voluntary compliance. 

In the case of the Port Huron tunnel disaster in 

Michigan, we did obtain a temporary res training 

order and later a preliminary injunction against per­

mitting employees to work in or near the tunnel 

until an acceptable plan of safe operations had been 

put into effect. 
Putting aside these emergency situations, our first 

priority is inspection of workplaces followin g catas­

trophies or accidents resulting in fata lities. \\ e con­

duct prompt inspections, often within hours of the 

accident, to determine if imminEnt danger exists an4 

whether citations and penalties should be proposed . · 

The nex t inspection priority is response ·to valid 

employee complaints. Prompt response to complaints 

is a key element in protecting the employees' safety 

and health, and in maintaining confidence in pro­

gram administration. To date, we have received 

over 4,000 complaints, and most of them have been 

investigated. 
The third inspection priority is the target industrv 

and target health hazards programs - those indus­

tries and toxic substances presenting the greatest 

risks. In the target industry program we have se­

lected five industries with high injury frequency 

rates - marine cargo handl-ing, lumber and wood 

pmclucts, roofing and sheet m etal, meat and m eat 

products, and miscellaneous transportation equip­

m ent (mostly mobile home construction and recre­

ational vehicle construction). In the target health 

hazmds program, we chose asbestos , lead, silica, 

cotton dust, and carbon monoxide - all known 

toxic substances covered by specific standards and 

affecting large numbers of employees. 

Our last inspection priority is for a random cross 

section of all indush·y. V•le interpret the Act as cov­

ering all employers with one or more employees, 

whether engaged in profit or non-profit enter­

prises. 
An actual inspection consists of showing cre­

dentials to tl1e employer, discussing with him the 

purpose and scope of the inspection ; giving him in­

formational materials ; the walk-around, in which 

both employer and employee representatives may 

participate; interviewing employees as necessary; a 

closing conference with the employer in which ap­

p<u ent violations and what would be involved in 

abatement are discussed; and, if violations are noted, 

appropriate citations are then prepared with pro­

posed penalties , if any, and abatement periods. In 

proposing penalties, the size of the es tablishment, 

gravity of the violations, the good faith of the em­

ployer, and the history of pas t violations arc· taken 

into consideration . 

vVe conduct follow-up inspections to determine 

if abatement requirements are being met. \ Ve have 

made follow-up inspection mandatory in cases of 

willful, repeated, and serious violations or in cases 

in which the employer leads us to b elieve abatement 

will not take place. In other cases, follow-up in­

spections are discretionary with our Area Directors. 

FIRST I NSTANCE CITATIONS 

First instance citations ate specifically provided for 
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in the Act. Past experience in State programs amply 

demonstrates that initial warnings alone just do not 

do the job. Seld om is any corrective a::tion taken. 

i\lloreover, the prospec t of receiving merely an ini­

tial warning is slight inducement for an employer 

to take correc tive action until after an inspection is 

made. Thus, Congress provided for citations and, 

where appropriate, penalties when violations even 

in the first instance are foun d to exist . 

H EVISED CO?v!PLIA NCE MAKUAL 

Experience soon convinced us of the need to 

modify the first compliance opera tions manual. \ Ve 

issued a comprehensive new edition in January 1972, 

containing much detailed material on inspection pro­

cedures, compliants, imminent dangers, vio lations, 

citations, and proposed penalties. \Ve also de::ided 

to make the new manual available to the publi c, even 

though much of the material was exempt from dis­

closure. Our decision to publish the revised manual 

was taken as part of our policy of maximum disclos­

ure. Under this policy we have disclosed all cita­

tions, proposed penalties, and similar documents, 

and even pertinent portions of investigative files 

when law enforcement action based on those fil es 

no longer appeared likely. vVe welcome public 

scrutiny and h')' to be responsive to legitimate pub­

lic comment. 

STATE PARTICIP.ATIOK 

The Act encourages the Sta tes to assume the "full­

es t responsibility for the administration and enforce­

ment of their occupational safety and heal·th laws . .. " 

It makes clear that they are to be true parb1ers with 

the Federal Government through d ~veloping plans 

for carrying out their own programs which will 

eventually replace Federal standard> setting and en­

forcement efforts in areas covered by their plans. 

All States and territories except two have received 

grant funds to help deve]op State plans. ~'vl any 

States require comprehensive enabling legislation to 

mount an effective program. Thirteen have already 

passed such legislation , an d a t least an additional 25 

have bills pending. The Department of Labor has 

moved to assist the States to participa te by adopting 

a policy of funding a . full 50% of the cost of approved 

State plans without resort to arbitrary formu laes fm 

all oca tion of funds. 

RECOI\DKEEPn;c 

1 Before the Act, the only data on occupational in ­

juries was based on a voluntary sys tem involvin g 

about 150,000 employers. Occupational illnesses 

were "guess timated" from time to time, with little 

or no hard data. To a ll ow effec tive program eli-

rection as well as to highlight for employers and em­

ployees what is really happening on the worksite, 

new recordkeeping and reporting systems were man­

elated by the Act. The recordkeeping sys tem re­

quires that a log of o:::cupational injuries and illness­

es be maintained by employers. A supplementary 

detailed record is required for each injury. Hovv­

ever, most injuries are now covered by workmen's 

compensation and those reports usually contain all 

of the information for the supplementary record, 

with no separate form needing to be prepared. A 

summary of the injuries and illnesses must be pre­

pared annually and made available to employees . 

The records are kept at the establishment, and are 

not submitted to the Government, except on specific 

request. 

The Bureau of Labor Statistics conducts an annual 

survey of injuries and illnesses . To do thi s, a ran­

dom sample of firm s is selected and asked to report 

their actual experience based on the records that 

they are required to keep. For the next survey to 

be conducted in January 1973, about 2?6 of the 

establishments with fewer than 20 employees will be 

asked to report. vVe have initiated proceedings to 

exempt employers of <8 employees from all regular 

recordkeeping requirements . 

COKSULTATIVE SERVICES 

v.re would like to provide greater consultative ser­

vices to employers than we have been able to do 

under the Act. H owever. whenever a D epartment 

official goes into a employer's premises for any pur­

pose under the Act, except for an inspection in con­

nection with the issuance of a variance under Sec­

tion 6, he is required to note any violations and ci­

tations must b e issu ed as appropriate. Under Sec­

tion 9 of the Act, if, upon inspec tion, a compliance 

officer believes that an employer has violated a re­

quirement of the Act, an appropriate citation and 

proposed penalty shall be issued to the employer. 

Since Section 8 makes it clear that any entering upon 

the employer's premises is regarded as an inspection 

provided for in Section 9, we have b een legally pre­

cluded from providing any consul tation visits on an 

employer's premises . Assistant Secretary George 

C. Guenther, in a sta tement before the Subcommittee 

on Environmental Problems Affecting Small Business 

on Occupational Safety and H ealth on June :2:2 , 

1972, said: "vVe wou ld support an amendment to 

provide for workplace visits, upon request, for spe­

cific consulta tive purposes by D epartment of Labor 

advisors. Voluntary complian ce, which we consider 

essential to the success of the whole rJccupational 

safety and health program would be greatly en­

hanced by such an amendment." 

It will not b e possible for OSHA to achieve th e 
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purposes of the Act through compliance visits alone. 
vVe will continu e to rely heavily upon voluntary com­
pliance by employers . 'i\' e assume that the great 
majority of employers want to comply with the 
safety and health standards . H owever, to do this, 
employers and employees must know what is ex­
pected of them and must know how to achieve these 
goals and objectives. Here is where training can 
play a major role. 

TRAI NING AN!) EDUCATION 

Section 21 of the Act places responsibilities for 
training upon both the D eparhnent of H ealth, Ed­
ucation and vVelfare, and the D epartment of Labor. 
HEW's responsibilities relate to educational programs 
to provide an adequate supply of qualified manpow­
er to carry out the pmposes of the Act, and il1-
formational programs on the importance of and prop­
er use of safety and health equipment. 

The Secretary of Labor's responsibilities for train­
ing under the Act, in addition to training of his own 
staff to implement the legislation, requu·e him to: 
(a.) provide for establishment and supervision of pro­
grams for the education and h·aining of employers 
and employees in the recognition, avoidance and pre­
vention of unsafe or unhealthful working conditions 
in employments covered by the Act, and (b ) consult 
with and advise employers and employees, and or­
ganiza tions representing employers and employees 
as to effective means for preventing occupational in­
juries and illnesses. 

In developil1g its strategy for developi11g training 
for , and delivering h·aining programs to, the tar­
get populations, OSHA recognized that it could not 
impact directly upon this Nation's total workforce. 
But, OSHA can and is working with field popula­
tions which can impact upon the ultimate target 
populations. E xamples of the fi eld populations with 
which OSHA is currently working are: (a) the voca­
tional education con~munity, (b) training of cadres of 
instructors, (c) training of employee representatives , 
(d) training of employer representatives, (e) training 
of compliance safety and health officers, and (f) 
h·aining of OSHA personnel at the National Office 
and in the field. 

Among the many training efforts initiated by 
OSHA in support of the Act's goals and objectives 
are those intended to improve the level of under­
stand ing of employer and employee rights and re­
sponsibilities under the Act and their understanding 
of how factors which may lead to injuries or illnesses 
can be eliminated or otherwise controlled . One of 
these is a programmed insb·uction text and an ad­
ministrator's manual which , upon completion some­
tim e this fall , will b e made available through the 

U.S. Government Printing Office. Another project 
is d evelopment, in cooperation with NIOSI-1, of a 
rigorous home study course in occupational safety 
and health . Through efforts of this type, we ex­
pect to reach large numbers of employers and etJ'l ­
ployees. Moreover, many employees, as the result 
of having taken this type of b·aining, can then be­
come more effective workmen and supervisors. l\·Iany 
will be able to perform effectively on occupational 
safety and health committees ,¥ithin their es tablish­
ments, and some may be able to obtain positions as 
collateral duty safety and health personnel within 
their es tablishments. 

\1/hat resources are available to assist the train ing 
specialist to help both employers and employees ·in­

crease tlw ir wulerstancling of the Act and how it 
affects them? First, there are the occupational safety 
and health standards promulgated by the Secretary 
under the Act. These are available in the Code of 
Federal Regulations. The pril1cipal parts are 1910 
and 1926. Next, there is the Compl'iance Operations 
Manual, which is the "bible" of the complian ce safety 
and health officer. It is available at $2.00 a copy 
from the Superintendent of Documents, U.S. Gov­
ernment Printing Office, VVashington , D.C. 20402. 
Armed witl1 the standards and tl1e Compl·ian ce Oper­
ations Manual, it should be possible for an employer 
to learn thoroughly what is expected of hjm under 
the Act and hovv tl1e compliance safety and health 
officer performs his tasks when conducting a com­
pliance visit. Another useful publication is the 
In spection Su.rvey Guide: A Handbook of Guides 
and References to Safety and Health Standards for 
Federal Contracts Programs. This publica tion is 
available from the Superintendent of Documents, 
U. S. Government Printing Office, ' i\lashington, D.C. 
20402 for $2.25 p er copy. 

Now, moving from publications to services, there 
are the 49 Area Du·ectors of the Occupational Safety 
and I-Iealtl1 Administration located in as many cit­
ies . These individuals are prepared to provide de­
tailed information to employers , to employees, and 
to representatives of employers and employees, and 
to others who have questions pertaining to the Act. 
Each Area Du·ector and each Regional Administra­
tor, through his staff, is prepared to provide orienta­
tions on the Act for employer audiences and for em­
ployee audiences. OSHA has prepared packaged 
programs, complete with b·aining aids , that are used 
in tl1e fi eld to acquaint employers and empl oyees 
and tl1eir representatives and other interes ted indi­
viduals witl1 tl1e Act and how it is b eing imple­
mented . 

CONCLUSION 

vVe are developing and carrying out a balanccJ 
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program effort looking r:ot only at today's statu­
tory requirements but also at the improvements neces 

sary over the next four years and b eyond. \ Ve are 
dedicated to building a broad program that wi ll 

eliminate occupational hazards from the American 

workplace. \ \"c believe we have made a substantial 

r: nd responsibl e star t toward this goal. 

AFFILIATES OF 

International Assn. of Milk, f ood & Environmental Sanitarians 

AssociATED ILLli'<Ois MILK 

SANITARIANS 

Pres., Harold \iVainess _____ r orthfield 
Pres.-Elect, Don King ___ Melrose Park 
First V-ice-Pres., Harold McAvoy ____ _ 

___ ___ _____ ____ __ __ _ Springfield 

Second V-ice-Pres., vVarren Hewes ---­
----------------------- Chicago 

Sec' y.-Treas., Robert Coe, 
Rt. 1, Box 149A, Hinckley 60520 

Sgt . at Arms, D ale Termunde -------­
----- ---- ----------- Oak Brook 

CALIFORN IA AssociATION OF DAJHY AND 

~VhLK SAN ITARIA NS 

Pres ., Pat. J. Dolan __ ______ Sacramento 
First Vice-Pres., Ron i'v!cLaughlin ___ _ 

- ----------------------- Fresno 
Second V ice-Pres ., Hugh H. Bement __ 

-- ------------------ La Mirada 
Sec'y. -T-reas., Fred I. Robins, 1351-24th 

Ave., San Francisco, Ca. 94122 
Past Pres., Jack S. Gould __ Los Angeles 

CoNNECTICUT AssociATION OF 

DAmY AND FooD SANIT1UUANS 

Pres., L ester Hankin ______ New Haven 

V ice Pres ., \Villiam Ullmann _Hartford 
Sec'y. , Richard l\'1. Parry, D ept. of Agric. 

State Office Bldg. ______ H ar tford 

Treas., Henry \ Vilson , Dept. of Agric., 
State Office Bldg. __ ____ Hmtford 

Asst. Treas., Carl Jekanouski __ Hartford 
Board of Govem ors: 

E. Kellarson ______ \Varehouse Pt. 
vV. Ullmann ________ East Hartford 
T. Burkhard __________ Tnunbull 
F. Crane ____________ Bridgeport 
P . Vozzola _________ West Granby 
L. Hankin ---------- lew Haven 
A. Pulling ___ _____ Auburn, Mass. 
G. Van\Vorm er ________ Simsbury 

FLOHIDA AssoCIATION OF MILK AND 

FooD SANITARIANS 

Pres., Dan Horne ___ \Vest Palm Beach 
Sec'y. -Treas., Jay Boos:inger 1340 Linda 

Ann Dr. __ Tallahassee, F la. 32301 
Boarcl of Directors : 

Dan Horne ____ \Vest Palm Beach 
J. F. Beatty __ _______ Jacksonville 
Victor N. Yeager ____ _ Jacksonville 
John L. Mill er -- - -- - -- -~Orlando 
John Manning ---------~Miramar 
Jay B. Boosinger _____ Tallahassee 
Richard Joll ey --------Tallahassee 
John L. Tredway ________ _ Miami 

INDIANA AssociATION OF 

SANITARIANS 

Pres., Paul McBride _________ Bedford 

Pres.-Elect, Lloyd Grannon _Indianapolis 
First Vice-Pres. , Paul Welch ----- --­

------- ----------- - Terre Haute 
Second V ice-Pres., Tom Atkinson ____ _ 

---- ----------------- Richmond 
Senior Past-Pres., Joe Mcintosh _____ _ 

_ __ ____ __ ___ ____ ___ Indianapolis 

Junior Past-P1·es., Robert Jump ______ _ 
------------- ---- _ _ Indianapolis 

Secretary, Paul Meyers ____ Indim1apolis 
Treasurer, Gene Kelso ____ \Vashington 
Allditors : 

Richard Harlow ________ Lafayette 
Chm·les Scull _______ _____ Mtmcie 

IAMFES Chainnan, James Harton __ _ _ 
---------- ---- -- ___ Indianapolis 

IowA AssociATION OF MILK, FooD A~D 
ENvmoNMENTAL SANITARIANS, I Nc. 

P·res., Alvin Grey ______ Marshalltown 
P·res.-Elect, Glenn Cavin __ Cedar Falls 
First Vice Pres., R. H . Wilke_ Dubuque 
Second Vice Pres., John Hallback ___ _ 

------- - ----------- Cedar Falls 
Sec'y.-Treas., H. E. Hansen, State H ealth 

D ept., Robert Lucas Bldg., D es 
Moines, Ia. 50319 

Faculty Advisors: 
Earl 0. Wright _________ __ _ Ames 
W. S. LaGrange ___ ____ ____ Ames 

Past Pres., Farris Biggart _Cedar Rapids 

KANSAS AssOCIATION OF 

ENvmONMENT ALISTS 

Pres., Charles Fussenegger ____ Topeka 
1st Vice-P1·es., 0. L. Honomichl Wichita 
2nd Vice-Pms., George Garrison _Topeka 
Secretary-T1·eas ., John J . Austermiller, 

800 Polk, Apt. 20, Topeka, Kansas 
66612 

KENTUCKY AssociATION OF ~'hLK, FooD 

AND E NviRONMENTAL SANITAHIANs, I Nc . 

Pres., Donald L. Colgan ____ Louisvill e 
Past Pres., Irving Bell ______ F rankfort 

Pres.-Elect, Dudley J. Conner _Frankfort 
V ice-P·res., R. T. Winbigler ---------­

Secretary-T1·eas., Leon Townsend, 110 
Tec1m1seh Trail, Frankfort, Ky. 
40601 

D i-rectors : 
Max A. Y\leaver __ _ vVestern Region 
Marion J . Smith ---------------­
_____________ _ Midwestern Region 
C. Gayle Shrader N. Central Region 
Don Eckler ____ J . Central Region 
Robert Goodlett _N. Central Region 
L. E. Mayhugh _S, Central Region 
Tom Forde ______ Eastern Region 
William L. Stephenson ---------­
_________________ _ Eastern Region 

:\IICHIGAN ENVIRONll'lENTAL 

H EALTH AssociATION 

Past Pres., Raphael D . Gayn:ier _Lapeer 
Pres., Jack Mason ---------Whitehall 
Pres. -Elect, James Shifflet ---------- -

_ _____ ______ ____ __ Grand Rapids 

Secretary, Theodore J. Kilmer, Oakland 
Co. Health ' D ept. , 1200 N. Tele­
graph Rd. , Pontiac, Mich. 48053 

Treas. , Richard E. Vincent __ __ Pontiac 
Directors : 

James P . Robertson __ Grand Blanc 
F rank D . Murphy ___ Sterling Hts. 
Jam es Akers ________ _____ Monroe 
Phillip Kirkwood __ __ Battle Creek 
Rayman M. Jurczyk __ E ast Tawas 
;\filton Stanton ____ _ Traverse City 

:\!JNNESOTA SANITARIANS AssociATION 

Sec'y .-Treas., Dr. Vern Packard, Food 
Sc. & Indust. , Univ. Minn. , St. 
Paul, Minn . 55101 

(No Up-To-Date List Available) 

:\IISSISSIPP r A ssociATION oF SANITARIANS 

Sec'u.-Treas., Jimm y \V. Bray, 202 N. 
Rohin son St., Senatofia, Miss. 38668 

(No Up-To-Date List Available ) 

:\ !i sso u m A ssociATION OF MILK 

AND FooD SANITARIANS 

Fres., Charl es Van Landuyt __ Versailles 
1st V ice Pres ., Harold Bengsch _____ _ 

_____ ------ __ __ _____ Springfield 

Sec'y.-Treas., Erwin P. Gadd, Bureau of 
Milk, Food and Drug Control, Mo. 
Div. of Health , Jefferson City, Mo. 
65800 

L\uditors : 
Ronald Sebley _________ St. Louis 
Jim Ragan ___ _______ Kansas City 

:\'Ew Yon K AssoCIATION OF MILK AND 

FooD SANITARIANS 

Pres., Charles Ashe _____ __ F ayetteville 
Pres.-Elect, David K. Bandler __ Ithaca 

Past Pres., Joseph F . Tiernan --------
------ ----- - ------ White Plains 

Sec'u.-Treas., R. P. March, 118 Stocking 
H all , Comell Univ., Ithaca, N. Y. 

I·: .recutiue Board: 
John G. Burke ________ \JVatertown 
Maurice Gu errette ________ Albany 
Donald A. Brownell __ BiEghamton 

0:-.;TAJUO AssoCIATION OF MILK AND 

Fooo SANITARIANS 

Sec'u.-Treas., George H azelwood, Eto­
bicoke Health Unit, 550 Burnham­
thorpe Rd. , Etob:icoke, Ontario, Can­
ada 

( o Up-To-Date List Available) 
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OnECON AssuCtAno:--.- OF l\! JLK A="U 
Fooo SAN tTABIA:-<s 

Pres .. Mark Prescott ______ Clackamas 
V ice-Pres ., Loren Ed lund ______ Salem 
Sec'u.-Treas., Alvin E . T esclal, 5155 -

7th Ave., !':. E ., Salem, Oregon 
97303 

Directors : 
Tom Bailey _____ ______ Cloverdale 
Virgil Simmons ___________ Salem 
C lenn Briody ____ ____ __ Portland 
Dona ld Ibistakka _______ Portland 
D on An d erson _________ Estacada 

A uditors: 
Jim Black ____________ Tillamook 
Ralph Cook --------------Tigard 

PEN:-ISYL\'A="L-\ DAll\Y S.-\ :--.- lTAl\ IA:--.-5 
ASSOCIATIO:--.-

l'res .. Tohn Heid ________________ Erie 
l'res.~11Lect, Bernard E. Hinish ___ _ 

_ __ _ _ ___ _ __ __ _ _____ _ Currysville 
\l ice-z>res ., John Boore ______ Grantville 
Past Pres ., Raymond Gelwi cks _LatTObc 
Sec' !:-Treas ., Gerald Schick. _______ _ 

------ It R. 2, Latrobe, Pa. 15650 
Association Acluhors : Sidney Barnard , 

Stephen Spencer, Dr. Samuel Cuss, 
Penn. State Uni v. 

AFFILIATES OF IAMFES 

Executiue Committees Associ :1 Li on Offi­
cers and appointed representati ves 
of regional associations . 

RocKY l\louKTAIK AssOCIATION OF l\lru;:, 
Fooo A:--.-o ENvmON:\ [E:o-:TAL S.-\ :-IITA11 tAKS 
Pres., John N ussbau mer ______ D enver 
Pres .-Eiect . Darrell D eane --------- -

--- -- ------- ---- Laram ie, \ Vyo. 
Sec' y.-Treas. , Frank Yatckoske, 3150 

\ Vest 25th Avenu e, D enver, Colo­
rado 8021 1 

Directors: 
H elen H overs ___________ Aurorfl 
Carl Yeager __________ Longmont 

SouTH D AKOTA Asso:: tATJO:--: 
OF SA:-< lTAR IAKS 

Pres ., Rober t \ Verm ers ____ Rapid Ci t,· 
V ice-Pres., Ed Michale\\·i cz __ Brookings 
Sec'u.-Treas., H oward I-Iu tcJJ ings, Di-v. 

San. Eng. State Dept. H efll th, Pi erre, 
S. D . 575C1 

Directors : 
\ Vayne P,n lsmft ___ ___ ___ l\fitch ell 
Casper T"·iss ________ Pin e Ridge 

Vmc J:--.-JA AssocuTIO:--: OF SA:--IIT.-\1\t.-\ :--.-s 
,\:--.- 0 D ArtW FIELD:\IA:'( 

Pres., V. l\ l. Yeary ____________ Marion 

First Vice-Pres., J. 0. Gunter -:::- .-----
- _____ _ __ __ __ _ _ __ __ _ _ _ Evmgton 

Past Pres ., H. J . Schutrumpf _________ _ 
----- --- ------------- Cleveland 

Sec' y.-Treas. , W. H . G ill , 6702 Van 
Buren Ave .. H.ichmond. Va. 23226 

ln temational Cl1ainnan, .·\. . J. Huff! __ 
---------------------- H.oanokc 
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LETTER TO THE EDITOR 

(Continued from Page 181 ) 

NOTATI0 :-1 
di ameter of tuhe 
constant , E q. ( 2 ) 
holdin g tube length 
Power law index 

Q vo lumetric flow ra te of fluid 
res id ence tim e of t he fas tes t par tic le 

y shear rate 
S11bscript 
n = for a Power la'w fluid 
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LETTER TO THE EDITOR 

Do pmposed standa-rds make a m edicine out of m ilk? 

DEAn Sm: 
T he F ederal Food and Drub Administrat ion's proposed 

standards for milk and mi lk products require that \ ' itam in D 

be ~ dded to a ll mi lk and Vitamins A and D t.o a ll low fa t an:: 

skim 111ilk products. Then, they state that a ll cf th e procb cts 

shall be labeled as special die tary products. I ques tion the 

legality of such a requirement. H owever, if Food and Drug 

is ab le to make this mandatory, as published in th e Federal 

R3gister, a most important bas ic food, nature's most n early 

perfect food , will be relegated to the ca tegory of a medicine. 

\ Vc rea lize th at mi lk is an id ea l carri er for additional vita­

mins and that Vitam in D is more readil y ass imilated b y tJ1e 
bod y in th e presence of m ilk, with its abundance of calcium. 

Mi lk is our most insp ected , tes ted, and analyzed food all th e 

way from the producer through th e processing p lant, to t he 

consum er. A sing le Vitamin D as:;ay costs upwards of $40.00 . 

As a mem her of th e Na tional Labeling Committee, I am 

awa re of th e work, tim e, and expense to both incl u;try and 

state regu latory agencies on changing om m ilk and fluid 

mi lk p roducts labelin g th e las t two years to comply w ith t he 

;. 
I 
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F ederal Fair Packaging and Labeling Act. This has just 

been completec~ . Now, if Food and Drug gets its proposal 

through, it would requiTe again chan gin g all our carton, bot­

t le cap, and package labelin g a ll over the United States. 

Furthermore, it is absolutely impossible to get all this new 

required labeli ng on a bottle cap. 
Consumers are now used to Vitamin D ~!ilk or Fortified 

~ ! ilk being so labeled, with th e amount of each vitamin 

added specified on the label in compliance with the Fair 

Packaging and Labeling Act. Tow we would have to change 

all this to read "M il k, Vitamin D Added" or "Vitamin A and 

D Added" as th e case might be. This wou ld require a con­

sid erable amount of time, work, and expense to both industry 

and state regulatory agencies and wou ld accomplish no­

thing except to increase th e cost of fluid milk to consumers 

and to ultimately in crease taxes of consum ers to pay for this 

rid iculous change! 
Is this th e kind of "consum er protection" th e consumer 

wants and needs?!! 
BEN LucE 
Dairy Inspection Section 
Dairy and Food Dir;'ision 

\V aslrin gton Departm ent 
of Agriculture 
Olumpia, \Vashington 

LATEST DAIRY PLANNING INFORMATION 

Babson Bros. Co. has added an automation supple­

ment to the 7th edition of "The Way Cows 'i\' ill Be 

Milked On Your Dairy Tomorrow." This new 24 page 

booklet focuses on these vital subjects: planning auto­

mated systems, economics of automation, cost and 

labor evaluations of basic milking sys tems, improving 

cow traffic, automatic milker innovations, automated 

prep-stalls, rotary parlor report, and effects of auto­

mation on good cow milking. 
The two books combine to provide a comprehensive 

and informative approach to sound dairy planning 

and management. Both books are available for $1.00, 

the original price of 'The vVay Cows Will Be Milked 

I On Yom Dairy Tomorrow." Contact yam Surge 

·Dealer or write to Babson Bros. Co., 2100 South York 

Road, Oak Brook, Ill.- 60521. 
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CLASSIFIED ADS 
FOR SAL E 

Si_ngle Service milk sample tubes. For f urthe r in· 

fo rm ation and a cata logue please wri te, Dairy Technology 
1 In c. , P. 0 . Box 101 , Eugen e, Orego n 97401. 

III 

REVOLUTIONARY NEW PRINCIPLE 
TANACO FREE WHE ELING TIE NUT 
lets you t urn a valve under press ure without 

u nse ~ting t he p lug or to uch ing t he bottom assembly! 

Send for b rochure of WH AT IT IS, HOW IT WORKS 
and WHAT IT CA N DO FOR YOU. 2" Valve wi!-h 
Tie Nut ill ustrated has # 316 sta inless steel pa rt s 
a nd the 

T A NACO PLASTIC PLUG 
Inert to caustics, acids and live s ~e am 

Clea red by FDA, USDA an d USP HS 

2825 Benedi ct St reet 
Los An ge!es, Ca lifo rnia 90039 
Telephone: (213) 661 -1222 

Send for illustrated brochures 

Manager 
Food Protection 

Laboratory 

Ph.D. in Microbiology or Bacteriology 

Perm;; nent pos ition with research onpnization 
perform ing consu lting services to the food p ack­
aging ind ust ry. Duties involve d irect ion of lab­
orato ry work wi t h some t ravel to food and pack­
ag ing manufacturing plant s to perform surveys. 
Experience in food sanitat ion necessary. 

SYRACUSE UNIVERSITY RESEARCH CORP· 
ORAT IO N is a not-for-profit organi zat ion affiliat­
ed with Syracuse University and offers excellent 
com p rehensive benefits. 

Send deta i led resume, including salary history, 
in confidence, to : Personnel Manager 

SYRACUSE UNIV~RS ITY 

RESEARCH 

CORPORATION 
Merrill Lane, University Heights 

Syracuse, N.Y. 13210 

An Equal Opportunitu En;ployer M.l F 
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U.S. P. LIQUID PETROLATUM SPRAY 
U.S.P. UHITID. STITES PHARMICIUIICIL STAHDARDS 

CONTAINS' NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY 
NEUTRAL. WILL NOT TURN RANCID-CONTAMINATE OR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY- PURE 

ODORLESS -TASTELESS 

NON-TOXIC 

Tld6 fiHe 
Uli6t-eike 
HAYNES-SPRAY 
Glcaufd be 114M fiJ. ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
and for All OTHER SANITARY 
MACHINE PARTS which oro 
cleaned daily. 

lice lftedelut HAYNES -SPRAY lftefbd el .£~ 
C~tVUtl6 MCifk Ute lf{ifk OruliKaKce cuul CIJde 
R~ 6y Ute U.S. PKbeie HeaWt Sewice 

The Haynes-Spray eliminates the danger of contamination which is 
possible by old fashioned lubricating methods . Spreading lubricants 
by the use of the finger method may entirely destroy previous 
bactericidal treatment of equipment. 

PACKED 6-12 oz. CANS PER CARTON SHIPPING WEIGHT- ? lBS. 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

*MADE FROM 

TEFLON® 
" Tke Sopld6tiwhul GMket II 
THE IDEAL UNION SEAL FOR 

Gasket Color • •• 
slightly off-while 

BOTH VACUUM AND 
PRESSURE LINES 

SNAP-TITE self-centering gaskets of TEFLON are designed far all 
standard bevel seal sanitary fittings. They SNAP into place pravid· 
ing self-alignment and ease of assembly and disassembly. 
HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu· 
fions, steam and solvents. They will not embrittle at temperatures 
as low as minus 200° F. and are impervious to heal up to 500° F. 

fOR A FITTING GASKET THAT WILL OUT-PERFORM ALL OTHERS." 

' 
S~~!l . .. HAYNES SNAP-TilES of TEFLON 

e TfFLON_ACCEPTED SAFE FOR USE ON FOOD & P«OCESSING 
EQU,MENT 8Y U. S. FOOD AND D«UG ADMINIST«ATION 

*Gaskets made of DuPont TEFLON ® TFE-FLUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

DESIGNED TO 
SNAP INTO 

FITTINGS 

~LOW COST ••• RE-USABLE 

~ LEAK-PREVENTING 
NEOPRENE GASKET lor Sanitary Fittings 

~ tk4e $NA"P!J'I'l'E r/eWad~ 
Tight joints, no leaks, no shrinkage 

Sanitary, unaffected by heal ar fats 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterilization 

Time-saving, easy to assemble 
Self-centering 
No sticking to fiHings 

Eliminate line blocks 
Help overcome line vibrations 

Long life, use over and over 

Ayailoble for 1"', 1!1.1 '"', 2"', 2~· ond 3u fittings. 
Packed 100 to the box. Order through your dairy supply house. 

THE HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

A HEAVY DUTY SANITARY LUBRICANT _I! 

A-valatie in tofh 
SPRAY AND TUBE 

All lubri- Film ingredients are 

approved additives and can be 

safely utilized as a lubricant for 

food processing equipment when 

used in compliance with existing 

food additive regulations. 

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD 

PROCESSING AND PACKAGING EQUIPMENT 

For Use in Dairies- Ice Cream Plants- Breweries­

Beverage Plants- Bakeries- Canneries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6- 16 OZ. CANS PER CARTON 

TUBES- PACKED 12-4 OZ. TUBES PER CARTON 

THE HAYNES MANUFACTURING CO. 

CLEVELAND . OHIO 44113 



Vacuum 
problems 
aren't always 
this obvious! 

Vacuum system problems can 
take a top cow out of your milking 
herd years before you'd normally 
cull her. The reason? 

An improperly functioning 
vacuum system can cause teat 
and udder irritation-opening the 
door to mastitis. If mastitis is 
already present, vacuum problems 
can aggravate the condition. 

Mastitis causes scar tissue to 
form in the udder, replacing 
healthy, milk-producing tissues. 
That means lowered production­
high leucocyte counts-dumping 
of milk from diseased animals­
lost profits. 

New Alamo pumps available in 20+ 40+ 60+ 75+ 100+ 200+ 

All this can happen despite 
careful sanitation, good milking 
practices, and good herd 
management. Vacuum problems 
are not always obvious. Let your 
Surge dealer check your vacuum 
system regularly. It's the ounce of 
prevention that could save 
hundreds of pounds of milk . 

Surge . .. the accent is on you! 

(§uRGSJ 
Babson Bros. Co., Oak Brook, Ill inois 60521 

Babson Bros. Co., (Canada) Ltd., Port Credit, Ontario 
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