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only Mikro-Master injects 
sanitiZer on a volumetric basis! 

Sanitizing operations in milk plants 
need not be a headache-with 
Klenzade on the job. A controlled 
concentration of iodophors can im
prove product quality and cut sani
tizing costs. 

Exclusive Mikro-Master is the 
only metering and dispensing 
equipment that controls injection 
of liquid iodophor sanitizer into the 
water line on a volumetric basis. It 
precisely controls the sanitizer used 
as a final rinse additive in bottle 
washing and as a germ.icidal spray 
to combat Psychrophilic Bacteria. 

Water passing through the 
Mikro-Master drives a small posi
tive piston pump, whicn delivers a 
specific volume of sanitizer per rev-

olution. The resulting controlled 
concentration saves water and 
chemicals· ... provides sustained 
germ-killing power at lower cost. 

Flow-activated Mikro-Master 
needs no outside source of power. 
Two models-BW for bottle wash
ing, CPS for spray sanitizing. They 
can be quickly installed anywhere 
in the water line. Both give the 
same pin-point control of sanitizing 
operations. Installation is super
vised by Klenzade and the unit will 
be inspected periodically and kept 
in perfect condition at no extra cost 
to you. 

MIKROKLENE DF is an ideal 
iodophor sanitizer for use with the 

Mikro-Master. It is a powerful, 
fast-acting liquid germicide deter
gent highly effective against Psy
chrophilic -Bacteria, molds, yeasts, 
and viruses. Goes directly into so
lution-no mixing. And it complies 
with FDA regulations for use with
out a final rinse. 

Put Klenzade Single Organiza
tion Responsibility to work in your 
plant. Get chemicals, equipment 
and service from a single source. 
Contact your Klenzade Technical 
Representative or the home office. 

For completeness, quality and 
cost control, it's KLENZADE 
PRODUCTS, DivisionofEconom
ics Laboratory, Inc., Osborn Bldg., 
E?t. Paul, Minn. 55102. 

Tl71y JJlilk proce._s·sors 
spell clertJI trith rt K .. 
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Involved in the DairY 
Industry? You may be missing 
something you don't even 
know about veu 

Attend Food & DairY Industries Expo 681 
Here's why: 
You'll find under one roof the year ' s iargest dairy 

processing show; 300 manufacturers will use acres 

of space to display equipment, supplies, and s~rvices 

essential for storing or pumping ... pasteurizing and 

homogenizing ... sterilizing ... packaging liquids or 

so lids ... conveying and transporting ... flavoring and 

coa ting . .. distributing and dispensing ... cleaning and 

san itizing . . . advertising and promotion-all for suc· 

cessful selling in tomorrow's market . . . A view of the 

dairy processing industry 's needs unmatched by any 

other show. 

There are special dairy 
sessions to attend at concurrent 
industry conventions! 
General and technical sessions on topics of current 

interest will be held at the International Association 

of Ice Cream Manufacturers and Milk Industry Foun · 

dation conventions . Also meeting concurrently: 

National Ice Cream Retailers Association , Evaporated 

Milk Association, National Ice Cream Mix Association , 

Dairy Society International. 

I 

Displays relate to all job levels! 
Administrative executives will study ideas that can 

affect tomorrow's profit picture. Processing engineers 

will exchange thoughts with development engineers. 

Plant managers and superintendents will absorb 

important information on processes and equipment. 

Technologists and quality control spec ialists will 

increase their knowledge of fabrication, application, 

new products research . 

Sunday thru Thursday, October 13-17 
International Amphitheatre, Chicago, Illinois 

Write now for advance registration • hotel reservations • full 
details • Dairy & Food Industries Supply Association 
1145 19th Street, N.W. , Washington, D.C. 20036 
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We surprised a food processor in California by removing stubborn stains 
from aluminum food tubs like those shown here. 

Our man out there cleaned them in a flash with one of the special 
cleaners from our B-K® line of cleaners and sanitizers. 
A quick soak and rinse did the job. 

Your local Pennsalt representative can show you how to make even 
the most stubborn stains vanish f rom your plant equipment and utensils. 
If you 've got an especially tough cleaning problem that baffles him 
(possible, but not likely) , our scientists at Pennsalt's Technological 
Center will find the answer. Without charge. 

Contact us now. You have nothing to lose but your stains. 
Dairy and Food Department, Pennsalt Chem icals Corporation, 
3 Penn Center, Philadelphia , Pa. 19102. 

{PENNSALT~ 
II 
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€lean milk: 
what DeLaval1 
to help your produ 
meet the challenge. 
Producing clean market milk is a challenge. A tough challenge. You 
recognize it. So does De Laval. 

We're helping producers meet this challenge in many different ways. 

First, with Soft-touch milking. A method that protects and can even 
improve udder health. In tests on dairy farms throughout the U.S., cows 
milked the fast, gentle De Laval way showed an average 40% improve
ment in udder health-as proved by the California Mastitis Test. 

Second, with "No-film" detergents. Bacteria hide in film. Unless film is kept 
off equipment that contacts milk, many of these bacteria end tip in milk. 

De Laval detergents prevent film from forming in the first place. Routine use 
gets and keeps glass and metal parts cleaner, helps keep bacteria counts to 
an absolute minimum. 

Next, the design of De Laval milking and milk-handling equipment is sani
tary in every way. From couplings and valves to CIP automatic washing. 
Every part that comes in contact with milk meets-and even exceeds-
the toughest sanitary requirements. 

As we see it, clean milk is as much a challenge to us as it is to 
you and your producers. The De Laval Separator Company, 
Poughkeepsie, N.Y.; Chicago, Ill.; Burlingame, Calif. 
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U.S.P. UNITED STATES PHARMACEUTICAL STANDARDS 
CONTAINS NO ANIMAL OR VEGETABLE FATS. ABS OLUTELY 
NEUTRAL WILL NOT TURN RANCID- CONTAM IN ATE OR 
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS. 

SANITARY-PURE 

ODORLESS -TASTELESS 

NON-TOXIC 

11«6 FU<e 
lfti6l -£ike 
HAYNES-SPRAY 
6~ ~ 116ed UJ. ~: 
SANITARY VALVES 
HOMOGENIZER PISTONS - RINGS 
SANITARY SEALS & PARTS 
CAPPER SLIDES & PARTS 
POSITIVE PUMP PARIS 
GLASS & PAPER FILLING 
MACHINE PARTS 
end for All OTHER SANITARY 
MACHINE PARTS w hich ore 
cleaned doily. 

lice lff!UleJm HAYNES-SPRAY lffell«ul ~ .£~ 
CtmhiVUtl6 lttiflt flee lffWl O'UfUuu«u ruuL Code 
R~ luj flee U.S. PKl& HlU!Wt Serwiu 
The Haynes -Spray eli minates the danger of contaminat ion which is 
possible by old fashion ed lubrica ti ng methods. Spread ing lubricants 
by the use of th e f inge r method may entirely d e stroy previous 
bactericidal trea tm ent of equi pment. 

THE HAYNES MANUFACTURING CO. PACK£!) 6-12 oz. CANS PER CARTON 
SHIPPING WEICHT -1 LBS. 4180 Lorain Avenue • Cleveland 13. Oh io 

HAYNES-SPRAY INGREDIENTS CONFORM WITH FDA REGULATIONS AND CAN BE 
SAFELY USED AS A SANITARY LUBRICANT FOR FOOD PROC ESSING EQUIPMENT 
WHEN USED IN COM PLIANCE WITH A EXISTING FOOD ADDITIVES REGULATION. 

Galket Color •• • 
s lightly off·white 

* MADE FROM 

TEFLON® 
\1 Tke Sopfmfiwted G~Jwt II 
THE IDEAL UNION SEAL FOR 

BOTH VACUUM AND 

PRESSURE LINES 

SNAP-TITE self-centering gaske ts of TEFLON are designed for all 
standard bevel seat sanita ry fitting s. They SNAP into place provid 
ing self-alignment and ease of a ssembly and disasse mbly. 
HAYNES SNAP-TITES o f TEFLON are un a ffected by clean ing sol u
tions, steam and solvents . They will not em b rittle at temperatures 
as low as min us 200° F. and are imperv ious to heat up to 500° F. 

fOR A FITTING GASKET THAT Will OUT-PERFu RM All OTHERS ... 

S~uijy ... HAYNES SNAP-TITES of TEFLON 
e TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING 

EQUIPMENT BY U. S. FOOD AND DRUG ADMINISTRATION 

*Gaskets made of DuPont TEFLON (i, TFE-FLUOROCARBON RESINS 

THE HAYNES MANUFACTURING COMPANY 
4180 LORAIN AVENUE • CLEVELAND, OHIO 44113 

VI 

DESIGNED TO 

SNAP INTO 

FITTINGS 
LEAK-PREVENTING 

NEOPRENE GASKET lor Sanitary Fittings 

8kd t4ae $NAl'!tl"rE AMa~et~ 
Tight joints, no leaks, no shri nkage 

Sanita ry, unaffected by heal or fat• 

Non-porous, no seams or crevices 

Odorless, polished surfaces, easily cleaned 

Withstand sterili zation 

Ti me-saving, easy to assemble 
Self-centering 
No sticking to fittings 

Eliminate line blocks 
, 

Help overcome line vibrations 

long life, use over and over 

Aroiloble lor 1*, 1~*, 2", 2Ylu and 3" Fittings. 
Pocked 100 to the box . Order through your doiry supply house. 

THE HAYNES MANUFACTURING CO. 
4180 Lorain Avenue • Cleveland 13, Ohio 

bolh 
SPRAY AND TUBE 

All lubri- Film ingredie nts are 

approved by F.D.A. and can be 

safely ut ilized as a lubricant fo r 

fo od processing equipment when 

used in compliance with an exist

ing food add itive regulatio n. 

ES PE CIALLY DEVEL OP ED FOR LUBRICATIO N OF FOO D 

PROCESSI NG AND PACKAGING EQUIPMENT 

Far Use in Da iries- Ice Cream Plants- Breweries

Beverage Plants- Bakeries- Can neries- Packing Plants 

SANITARY • NON TOXIC • ODORLESS • TASTELESS 
SPRAY- PACKED 6-1 6 OZ. CANS PER CARTON 
TU BES- PAC KE D 12-4 OZ. T\)BES PER CARTON 

THE HAYNES MANUFACTURING CO. 
CLEVELAND 13, OHIO 
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EFFECT OF STORAGE TEMPERATURE ON THE MICROFLORA OF 
IRRADIATED AND NONIRRADIATED VACUUM-PACKAGED 

PETRALE SOLE FILLETS 
GRETCHEt A. PELROY AND JOHN P. SEMAl' JR. 

Bureau of Commercial Fisheries T echnological Laborato·ry 
Seattle, \V ashington 98102 

(R 2ceived for publication March 29, 1968) 

ABSTHACT 

Petrale sole fillets that were vacuum packaged in mylar
polyethylene bags were irradiated at 0.0, 0.1, 0.2, and 0.3 
megarad and stored at 0.5, 3.3, 5.6, 7 .8, 10.0, 15.6, and 
22.2 C. The fish were monitored tlu-oughout storage for 
spoilage, total bacterial count, coliform count, enterococcus 
count, and the presence of coagulase-positive Staphylococcus. 
Ceneric changes in the aerobic flora were determined by the 
identification of nearly 14,000 microbial isolates: The pre
dominant spoilage flora of the irradiated fish stored at all 
the temperatures were lactic acid bacteria. The predomi
nant flora at tl1e tin1e of spoilage of the nonirradiated fish 
stored at 5.6 C an ~l below was Pseudomonas. vVhen th e 
noni..rradiated fish was stmecl above 5.6 C, tl1e predominant 
spoilage flora was lactic acid bacteria. Colifonns and enter
ococci showed growth at the higher storage temperatures but 
were suppressed by the radiation treatm ent. No coagulase
positive Staphylococcus were found in any of the irradiated 
samples. 

The spoilage flora of irradiated fishery products 
stored at refrigeration temperatures has been shown 
to b e significantly different from that of noninadiated 
seafoods (3, 4, 5, 6, 8, 9). Because radiation-pas
teurized seafoods, like other perishable foods , can be 
mishandled by exposure to high temperatures during 
shipment and storage, it is important to determine 
what effect this might have on the microbial popu
lation. 

The purposes of this study were to determine the 
effect of various elevated storage temperatures on 
the composition of the microflora of irradiated and 
nonirradiatecl petrale sole throughout storage to the 
point of sensory spoilage and to determine the sani
tary quality of the fish as indicated by the outgrowth 
of coliforms, enterococci, and coagulase-positive 
Staphylococcus. 

]V[ATEIUALS A • D ]'v[ETH ODS 

Sample preparation and radiation. Samples were pre
pared (8) from petrale sole fill ets purchased from a local 
processor. They were vacuum sealed in mylar-pol yethylene 
bags and irradiated in a Cobalt-60 gam ma irradiator (7) at 
010, 0.1, 0.2, and 0.3 Mrad. 

Sto rage and evaluation of samples. After inadiation, the 
packages were placed in ]ow-temperature incubators wi th 
temperatures controlled to ± 1 C ( 1.8 F ). The storage 
temperatures used were 22.2 C ( 72 F), 15.6 C ( 60 F) , 
10.0 C (50 F ), 7.8 C (46 F ), 5.6 C (42 F ), 3.3 C (38 F ), 
and 0.5 C ( 33 F). Triplicate samples were removed from 

storage periodically for eva luation. A 45 g portion of each 
sample was used for bacteriological analysis and the remainder 
of th e 3 samples were th en presented to an experi en ced panel 
of up to 20 judges for evaluation of odor and appearance. 
The metlwds used for the total bact'erial plate cotmts (8) and 
the detection of coagulase-positive Staphylococcus (10) have 
been described. The total coliform count was determin ed 
using D esoxycholate Lactose Agar (Baltimore Biological Lab
oratory) and the total enterococcus count was determined 
using Enterococcus Agar ( Difco). The spoilage end-point 
was based on tl1e rejection of all samples by all of tl1e judges. 

Isolation and identification of microorganisms. Bacterial 
isolates were collected from th e countabl e pour plates made 
for the total bacterial count. ' Vhenever possible, all of th e 
colonies from a given plate were picked. The identification 
scheme has been described (8). The coliform isolates were 
tes ted using the indol e, meth yl red, Voges-Proskauer, and 
citrate reactions ( IMViC), and selected sugar fermentation 
tes ts. Transfer of the cultures to the various solid and semi
~olid ag~rs and broili was facilitated by the use of a replicat
mg deviCe and special tube racks (11). 

REsuLTS AI\'D DrscussmN 

Storage life . The initial bacterial counts on the 
fillets used in this study approximated 105 organisms 
per g. The total number of bacteria was reduced as 
expected, approximately 1 log cycle by each '0.1 
megaracl increment of radiation applied. 

The maximum storage life of the irradiated and 
nonirradiatecl p etrale sole stored at the various tem
peratures may be seen in Table 2. The total bacterial 
~aunts were usually in the range of 10' to 108 organ
Isms per g at spoilage regardless of the radiation dose 
and the storage temperature used. The maximum 
storage life of the samples, on the other hand, was 
strongly influenced by the storage temperature and 
the radiation close. Differences between temperatures 
were more pronounced than between radiation dos
ages . 

Changes -in the inc·iclence of san:ita.ry indicator or
ganisms. The data presented in Table 1 show the 
initial effect of irradiation on the enterococcus counts 
coliform counts, and presence of coagulase-positiv~ 
Staphylococcus in petrale sole fillets. The coliform 
organisms, which were not present in significant 
levels before irradiation, were detected only in the 
0.1 megaracl samples after irradiation. From Table 
1, it would appear that the coliform count after 0.1 
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TABLE l. EFFECT OF mHADIATION ON THE ENTEHOCOCCU COUNT, COLIFOHi\[ COUNT, AND PHESENCE OF COAGULASE-POSITIVE 

StaphyloCOCCUS I N PETHALE SOLE F ILLETS 

Coagulase-
nositive 

Mega rad 
of 

radiation 
Coliform J)CI' gram a Enterococcus (JCI' ;;ramb Staphylococcus 

Before After Befot·e After Before After 
ina.d. irrad. irrad. irrad. irrad. irrad. 

6.5x102 3.5xl03 + 
0.0 8.5xl02 2.0xl03 

l.lxl03 .3 .5xl03 + 

l.3xl02 4.4xl02 

0.1 <5.0xl0 ' 2.0xl02 3.3xl0' 6.2xl02 

< 5.0x101 2.2xl0' l.lxl03 7.3xl02 

< 5 3.5xl01 

0.2 < 5.0xl01 <5 3.3xl02 4.0xl0' 

<5.0xl0' < 5 l.lxl03 6.0xl0' 

8.5xl02 < 5 4.0xl02 <5 + 
0.3 3.0xl02 < 5 7.5xl0' <5 + 

3.5xl02 < 5 

"Typical colonies on desoxycholate lactose agar. 

"Typical colonies on enterococcus agar. 

7.0xl02 

megarad treatment was higher than before irradi

ation. This can only be explained as sample-to

sample variation since different pieces of fish were 

used for e a c h determination. The enterococcus 

counts were insignificant both before and immediately 

after irradiation. Coagulase-positive Staphylococcus 

were detected initially in the lots of fish used for the 

nonirradiated and 0.3 megarad samples; however, no 

Staphylococcus were found after irradiation. 
The data presented in Table 2 show the total en ter

ococcus counts, coliform counts, and presence of 

coagulase-positive Staphylococcus in the irradiated 

and nonirradiated petrale sole stored at various tem

peratures at the time of spoilage. Significant in

creases in the coliform counts were found in the 

noniJ:radiated and the 0.1 megarad samples that were 

stored above 3.3 C ( 38 F), in the 0.2 megarad samp

les that were stored at 10.0 C (50 F) and above, and 

in the 0.3 megarad samples that were stored at 22.2 

C ( 72 F ). No coliforms were detected in the 0.2 

megarad samples stored at 3.3 C ( 38 F) and below 

or in the 0.3 megarad s~1mples stored at 15.6 C ( 60 F) 

and below. The enterococcus counts of the non

irradiated and 0.1 megarad samples increased when 

the samples were stored at 5.6 C ( 42 F) and above. 

The enterococcus counts of the 0.2 megarad samples 

increased when stored at 7.8 C ( 46 F) and above. 

No significant changes occurred in the enterococcus 

coun ts of the 0.3 megarad samples stored at any of 

the temperatures tes ted . Coagulase-positive Staphy

lococcus were found at the time of spoilage in the 

< 5 

nonirradiated fish that was stored at 22.2 C (72 F) 

and 15.6 C ( 60 F) . They were not found in any of 
the irradiated fish. 

Irradiation is effective in suppressing the growth 

of coliforms and coagulase-positive Staphylococcus. 

Although the higher storage temperatures supported 

the growth of coliforms, their levels were always 

lower in the irradiated than in the nonirradiated fish . 

The results indicate, however, that, if the product 

were to be contaminated after irradiation and then 

held at temperatures in the range of 7.8 C ( 46 F) 

and above, significant coliform grovvth could occur. 

Since staphylococci were not detected in any of 

the irradiated fish held at any temperature, it is dif

ficult to speculate what their growth pattern might 

be. It is possible that petrale sole is not a good sub

strate for S. aureus. It would be nec€ssary to inocu

late fish samples vvith S. aureus to determine growth 

under various storage conditions. 
In this study, the enterococci must be defined only 

as the organisms showing characteristic growth on 

the m-Enterococcus medium. Many of the catalase

negative, gram-positive rods (lactic acid bacteria ) 

isolated in this study were also able to produce typi

cal colonies on this medium. In general, the growth 

of the enterococcus group was suppressed by irradi

ation and the lower storage temperatures (Table 2), 

whereas the growth of the lactic acid bacteria (Tables 

3 through 5) was enhanced by the same conditions. 

Changes -i-11 the spoilage ?nicroflora. In the non

irradiated fish (Table 3) , the predominant spoilage 

, , 
( ,. 
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organism at the lower temperatures of 0.5 C ( 33 F ) 
and 3.3 C ( 38 F ) was Pseudomonas. When the stor
age temperature was increased, the. proportion of 
Pseudomonas decreased, and the coliforms were able 
to grow. In the petrale sole stored at 22.2 C ( 72 F) , 
as much as 49% of the spoilage flora was found to be 
coliforms. Achromobacter accounted for very little 
of the flora . 

Although over 60% of the initial microflora of this 
particular lot of fish was gram-positive, the only group 
that showed significant growth was the lactic acid 
bacteria. The lactic acid bacteria showed the most 
increase in the fish stored at tl1e higher temperatures 
and comprised 46% of the spoilage flora of the samples 
stored at 22.2 (72. F). Little or no growth was ob
served in the Mi.crococcu.s and coryneform groups. 

In the 0.1 megarad irradiated petrale sole (Table 
4), Pseudomonas were not found immediately after 
irradiation, but they were isolated during the storage 
period. Significant Pseud01nonas growth occurred 
in the samples stored at 0.5 C ( 33 F ) and 3.3 C 
( 38 F) , but they did not become the predominant 
flora. Coliforms were not found immediately after 
irradiation, but some growth was found after storage 
at temperatures of 10.0 C (50 F) and above. The 
Achromobacter appeared to be relatively resistant to 
radiation ( 38% surviving), but they showed no sig
nificant growth at any of the storage temperatures . 
The predominant gram-positive flora surviving at 0.1 
megarad were Micrococcus ( 42%) and coryneforms 
( 14%). These organisms did not grow out at any 
of the storage temperatures. .The lactic acid bac-

TABLE 2. EFFECT OF STOHAGE TEl\•lPEHATUHE ON THE l\lA.XL.viDl\1 SHELF Lll''E, COUFOHl\1 COU NT , ENTEHOCOCCUS COUNT, AND 

PHESENCE OF StaphylocOCCUS aureus IN JJU\ADIA.TED AND NONlliHADIA.TED PETHALE SOLE FILLETS 

Storage 
temp. 

. (' 
:22.:2 

15.6 

10.0 

7.8 

5.6 

3.3 

0.5 

llad ialion 
dose 

. .\legarad . 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

0.0 
0.1 
0.2 
0.3 

)[a ximum 
storage 

life 

, Da.rs 

2 
2 
2 
4 

3 
3 
4 
7 

6 
7 
9 

16 

7 
8 

12 
23 

10 
12 
15 
26 

12 
21 
34 
34 

14 
33 
36 
42 

Coliform 
count 

Coli form / gm 

6.9x10' 
2.6x10' 
2.5x105 

2.6x10'1 

2.7x10' 
1.2x106 

7.5x10' 
< 5 

l.8x10" 
l.6x105 

2.6x 10" 
< 5 

l.9x106 

5.lx10" 
4.0xl03 

< 5 

l.5xl0' 
l.6x10" 
4.3x102 

< 5 

3.5x10" 
3.3x10" 

< 5 
< 5 

1.9x10" 
l.8x10' 

< 5 
< 5 

Enterococcus 
count 

Enterococcus/ gm 

2.3x10' 
3.9x10' 
5.1x105 

5.0xl0' 

5.7x10' 
l.3x105 

9.6x106 

3.7x10' 

3.0xl03 

3.2x105 

l.Ox10' 
l.Ox10' 

5.6x10' 
3.3x10·' 
l.6x10' 

<5 

6.5x10·' 
l.8x105 

2.7x103 

6.2x102 

3.5x10" 
l.6x10·' 
2.5x10" 

<5 

1.9x103 

7.8x102 

2.8x10" 
<5 

Staphylo
coccus 
au·reus 

+ 

+ 
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TABLE 
,., 

CHANGES I N T HE MICHOFLOHA 01' NONmHADIATED, VACUU~•I-PACKAG.ED PETHAL E SOLE F ILLETS T HHOUGHOUT STOHAGE ,_), 

AT VAHIOUS TEMP EHATU11ES FROJ\•I 0.5 C TO 22.2 C 

Storage Number 
temp. Days of of 

0 c storage isolates Not Pseudo- Achmrno-identi-
bacter fied monas 

0.5 0 304 22 4 13 
4 136 25 62 1 

12 55 2 71 7 

3.3 0 304 22 4 13 
7 254 3 77 1 

11 49 2. 78 0 

5.6 0 304 22 4 13 
3 222 6 55 3 
6 66 1 73 6 
8 59 5 41 0 

7.8 0 304 22 4 13 
3 153 3 65 0 
4 85 1 59 1 
6 82 8 10 0 

10.0 0 304 22 4 13 
3 95 4 63 0 
4 75 0 33 0 
6 60 0 82 2 

15.6 0 304 22 4 13 
1 134 4 28 9 
2 249 1 11 1 
3 148 () 16 0 

22.2 () 304 22 4 13 
1 122 2 16 2 
3 321 1 2 < 1 

teria, however, vvhich constituted only 4% of the flora 
immediately after irradiation, b ecame the dominant 
spoilage organism at all of the storage temperatures. 

Pseudom onas were not isolated at any time from 
the 0.2 megarad irradiated fish (Table 5). Of the 
other gram-negative organisms, a few colifonns were 
found to survive the irradiation treatment, but they 
showed no growth ·even at room temperature. The 
Achrom obacter comprised 12% of the flora immediate
ly after irradiation but showed no growth at any of 
the storage temperatures. 

The dominant genus, immediately after 0.2 megarad 
irrad iation, was the gram-positive M-icrococcus which 
comprised 76% of the survivors. As storage progress
ed, however, the percentage of M-icrococcus decreased 
until none were found at the time of spoilage. Very 
few coryneforms and Bac-illus were found and these 
organisms showed no significant growth at any of the 
storage temperatures. The predominant organisms 
at the time of spoilage of the fish stored at all tem
peratures were lactic acid b acteria. 

The microfloral patterns found in the 0.3 megarad 
peu·ale sole were nearly identical to the 0.2 megarad 

Percentage of isolates 

Micm- La.cti c 
Co li - Co ry ne- acid 

Bacillus form COCC'l/ S forms bacteria Other 

0 4 46 9 1 1 
1 1 8 1 1 0 
2 0 4 14. 0 0 

0 4 46 9 1 1 
2 1 7 9 0 0 
0 0 4 16 0 0 

0 4 46 9 1 1 
6 0 8 22 0 0 
9 0 0 11 0 0 

10 0 10 34 0 0 

0 4 46 9 1 1 
8 0 2 21 < 1 0 
5 1 4 29 0 0 

23 0 0 59 0 0 

0 4 46 9 1 1 
17 0 1 15 0 0 
24 0 1 42 0 0 

5 0 6 5 0 0 

0 4 46 9 1 1 
8 3 18 28 2 0 

29 1 1 55 < 1 < 1 
29 0 0 54 1 0 

0 4 46 9 1 1 
63 2 1 14 0 0 
49 < 1 < 1 46 < 1 0 

irradiated fish . In the 0.3 megarad irradiated fish, 
however, no coliform organisms were found . 

This work is an attempt to elucidate the role of 
temperature in the microfloral ch anges. Definite 
growth patterns were observed for most of the major 
constih1ents of the microflora. 

In this study, lactic acid bacteria were the pre
dominant organisms at the time of spoilage of vac
uum-packaged petrale sole irradiated at 0.1, 0.2, and 
0.3 megarad and stored in the temperature range of 
0.5 C (.33 F ) and 22.2 C (72 F ) . Even in the 
nonirradiated fi sh , lactic acid bacteria showed con
siderable growth in the vacuum-packaged samples 
stored at 5.6 C ( 42 F ) and above and accounted for 
up to 50% of the flora at the time of spoilage. The 
group designation, lactic acid bacteria, is used be
cause a nmnber of catalase-negative organisms with 
streptococcal morphology were isola ted from the fish 
stored a t the higher temperatures, even though the 
majority of the isolates were indeed Lactobac-illus. 
From these results and from studies on other lots of 
petrale sole and other fish species, it is clear that 
vacuum packaging favors the growth of Lac tobacillus 

;,. 
t 
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(8). It has been shown that lactobacilli cause the 

spoilage of nonirradiated, vacuum-packaged products 

such as sliced, cold meats (1 , 2). 

Pseudomonas were not found immediately after ir

radiation at any of the dose levels used . They did 

show significant growth in the 0.1 megarad irradi

ated fish that was stored at the lower temperatures 

of 0.5 C ( 33 F ) and 3.3 C ( 38 F) but they did not 

become the predominant flora. o Pseudomonas 

were found in any of the 0.2 and 0.3 megarad irradi

ated samples stored at any temperahue. This un

usual sensitivity of the psychrophilic Pseu.clonwnas to 

radiation has been well documented (12, 13 ). 

Previous work has shown that the predominant 

spoilage flora of nonirradiated peh·ale sole stored at 

0.5 C ( 33 F ) consists of psychrophilic Pseudomonas 

(8). Similarly, in this study the Pseudomonas were 

the predominant spoilage organism at 0.5 C ( 33 F ) 

and 3.3 C ( 38 F ) . Temperature may be a factor in 

the control of Pseudomonas growth because, as the 

storage temperature increased, the proportion of 

Pseudomonas decreased and they were replaced by 

coliform organisms. 
Of the gram-positive organisms, the Micrococcus 

were the most radiation resistant. As the radiation 

dose increased, the Micrococcus made up a greater 

portion of the surviving flora . This had been ob

served in previous studies (8, 9) where it had been 

speculated that the reason these organisms showed 

no substantial growth in spite of their high level of 

survival was that their growth was inhibited by the 

low storage temperature of 0.6 C ( 33 F ) . Surpris

ingly, in this study no increase in Micrococcus oc

cmTed at the higher temperatures which should have 

allowed them to grow readily. The only exceptions 

were the 0.3 megarad irradiated fish in which the 

Micmcoccus persisted through mid-storage in the 

samples stored at 5.6 C ( 42 F ) and above. It is 

noteworthy that the Pseudomonas and coliforms were 

absent in these samples. The growth of these or· 

ganisms might be controlled not only by storag~ 

temperature but also by competition with or inhibi 

tion by the gram-negative rods. 

The coryneforms and Bacill:u.s isolations were few 

The Bacillus occurrence was sporadic and not sig· 

nificant. The majority of the coryneform isolatiom 

were made from the initial samplings either just be· 

fore or just after irradiation indicating that they 

might have been inhibited by the conditions of vac

uum packaging or that the p eh·ale sole \ovas deficient 

as a substrate for their growth. 
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T ABLE 4. CHA1 GES l N THE MICROFLOI\A OF 0.1-lllliGARAD ffiHADJATED, VAClJUl\I-PACKAGED PETllALE SOLE FILLETS THROUGH

OUT STOI\AGE AT VAlUOUS TEMPEI\ATURES FROl\•1 0.5 C TO 22.2 C 

Storage 
temp. 

0 c 

0.5 

3.3 

5.6 

7.8 

10.0 

15.6 

22.2 

N umber 
Days of of --------------- ---=---- ---------------l'orcenta ge of isolates 

sto ra ge isoln.tes Not Pseudo- Achmmo- Micro- La,ctic 
identi - Coli- Co ryue- acid 

f ied monas bacter form coccus forms bacteria Bacillus Other 

0 196 0 0 38 0 42 14 4 2 0 

12 226 0 58 1 0 1 0 40 0 0 

26 312 0 14 0 0 2 1 83 0 0 

0 196 0 0 38 0 42 14 4 2 0 

9 230 2 20 28 1 2 3 44 0 0 

19 300 0 0 0 0 0 0 100 0 0 

0 196 0 0 38 0 42 14 4 2 0 

9 340 1 1 5 0 2 1 90 0 0 

12 260 < 1 0 0 0 < 1 0 97 0 2 

0 196 0 0 38 0 42 14 4 2 0 

8 378 < 1 < 1 < 1 1 3 0 94 0 0 

0 196 0 0 38 0 42 14 4 2 0 

5 493 6 1 3 5 8 0 77 0 0 

7 334 4 2 2 8 2 1 81 0 0 

0 196 0 0 38 0 42 14 4 2 0 

2 368 4 1 2 13 7 1 72 0 0 

3 229 20 2 3 2 1 2 68 2 0 

0 196 0 0 38 0 42 14 4 2 0 

2 194 13 1 0 2 1 0 83 0 0 
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T;IBLE 5. CHANGES IN THE MICHOFLOHA OF 0.2-MEGAHAD illHJIDIATED, VAC:UUi\1-l'ACKAGED PETHALE SOLE FILLETS THHOUGH

OUT STORAGE AT VAH!OUS TEi\IPEHATUJmS FHOi\1 0.5 C TO 22.2 C 

Storage :\umber 
temp. Days of of 

0 c st.orage isolat es ~ot 
identi-

fico 
Pseudo- Achroma-
monas bacter 

0 .. 5 0 174 6 0 12 
13 209 1 0 1 
36 335 1 0 0 

3.3 0 174 6 0 12 
12 203 0 0 0 
34 297 0 0 0 

5.6 0 174 6 0 n 
9 255 0 0 1 

15 204 1 0 0 

7.8 0 174 6 0 12 

8 188 0 0 12 
12 103 0 0 0 

10.0 0 174 6 0 12 
7 277 1 0 1 
9 203 2 0 0 

15.6 0 174 6 0 12 
2 330 2 0 7 
4 273 11 0 0 

22.2 0 174 6 0 12 
2 331 9 0 0 
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WHAT DAIRYMEN SHOULD KNOW ABOUT MASTITIS 
Education Committee 

National Mastitis CoHncil, Inc. 
Washington, D. C. 20006 

Editors Note. Material for "What Dairymen Should 
Know About Mastit is" has been abstracted by the NMC 
Education Committee from its ear li er pub lication "Cur· 
rent Concepts of Bovine Mastit is." Th is Journa l article 
is based on this recently re leased mate rial. 

Mastitis is the reaction of the mammary gland to 
injury. The term mastitis comes from the Greek word 
mastos for breas t and it-is which means inflammation 
of. Inflammation is characterized by heat, swelling, 
pain and redness, and in mastitis there is additional 
evidence in the appearance or other characteristics 
of the milk. 

Certain terins are used to d : scribe mastitis. Gen
erally speaking "U elder infection is the invasion of 
the mamm.ary gland by organisms . They may multiply 
within the gland and cause inflammation. "Non
clinical (sub-clinical mastitis )" is the form of mastitis 
in which there are none of the recognizable signs of 
inflammation or visible abnormality of the milk. 
There are milk changes and signs of udder inflam
mation which are detectable only by special tests. 
"Clinical mastitis" is the form in which the mam
mary gland shows obvious signs of inflamation and 
the milk contains clots, flakes, watery or other un
usual appearances. Severe acute mastitis may pro
duce systemic reaction such as: fever, rapid pulse, 
vveakness and loss of appetite. \Vhen only the udder 
shows inflammation, the condition is called "acute 
local mastitis." When the cow becomes sick from 
mastitis, it is called "acute systemic mastitis". "Chro
nic mastitis" is caused by persistent udder infection 
which can flare up into the active or clinical form. 
The udder may return to the non-clinical form , but 
progressive destruction of milk secreting tissue results 
from each attack. 

It is important to bear in mind that mastitis is a 
complex problem in which microorganisms may live 
in a host-parasite relationship in the udder without 
causing recognizabl~ disease. Environmental factors 
which injure the cow's udder or lower her resistance 
enable the microorganisms to overcome the cow's 
resis tance and produce clinical signs of the disease. 
It is, therefore, important for dairymen to under
~tand that eradicating or~anis1~1s. from ~1 ~ udders 
of herds will not necessanly ehmmate chmcal mas
titis. Clinical mastitis can occur in udders free from 
infection as a result of irritation or injury which may 
in turn predispose the udder to infection . 

CosT AND P uBLIC HEALTH SIGNIFICA1 CE 

Estimates of annual losses of milk resulting from 
mastitis amount to between $225,000,000 and $500,-
000,000 in the United States. Add to this the shorter 
productive life of affected cows. In many herds , 
losses experienced from culling mastitic cows are 
great. Often all female animals born into the herd 
must be reared to replace cows culled for mastitis . 

Pasteurization of milk removes the danger of trans
mission of organisms commonly found in milk to 1m
mans. Some members of the staphylococcus group 
of organisms are capable of producing enterotoxins 
which are not destroyed by pasteurization . These 
poisonous materials are capable of producing vomit
ing, diarrhea and other toxic manifestations in hu
mans. The presence of sufficient enterotoxin in milk 
to produce such reactions is, fortunately, quite rare . 
The most important problem involving human health 
is the presence in the milk supply of residues of anti
biotics and other drugs used for mastitis treatment. 

During the period between 1953 and 1958 peni
cillin residues were found in a large number of bulk 
milk supplies. Reactions to penicillin in milk were 
reported in persons who had become hypersensitive 
to the antibiotic. Prompt action by the industry, 
govErnmental agencies and producers working to
gether has greatly reduced the danger since that time. 

FACTORS I N FLUENCING THE SuscEPTIBILITY 

OF Cows TO MASTITIS 

There are certain physiological and environmental 
factors which may affect the development of mastitis. 

Anatom.y of the Udcl c:r and T eats. - . Cows with 
pendulous, poorly attached udders are more likely 
to have mastitis . \ i\1here the floor of the udder lies 
below the level of the hocks there is greater likelihocd 
of udder and teat injury. Excessively long teats are 
more prone to injury by tramping. Easy milkers may 
be more prone to mastitis, but it is not clear that 
certain characteristics of the teat duct are responsible. 
Injuries and local inflammation at the end of the 
teat apparently prevent adequate closure of the teat 
sphincter and allow entrance of bacteria. 

Age. - It is generally tru e that as cows advance 
in age, they are more likely to b ecome infected with 
mastitis bacteria and experience clinical mastitis. Old 
cows which have sound udders should be recognized 
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for their genetic worth when saving replacement 
heifers. 

lvl ilk Production. - It is a fact that well-managed, 
high-producing cows have less mastitis. H erds which 
have high production year after year are not the 
herds with mastitis problems. H erds with the ability 
for high production can achieve this goal vvith ade
quate management; herds with the genetic ability for 
high production may suffer from mastitis and other 
problems when dairymen fail to pay attention to im 
portant management practices. 

Stage of Lactation. - Cows which carry infection 
through the dry period frequently suffer clinical mas
titis at freshening time. ~ilastitis is sometimes ob
served at breeding time. Although it has been shown 
that mastitis organisms may enter the udder at any 
time, some studies show that up to one-thiJ·d of all 
infections occur during the dry period. · 

Hormones. - Some research workers suspect that 
certain estrogenic hormones, originating in plants 
or in the animals themselves, may increase suscepti
bility to mastitis, but nobody has yet been able to 
demonstrate that any specific hormone is involved. 

Heredity. -Although there is insufficient evidence 
at present to indicate that selective breeding for mas
titis resistance can be a practical accomplishment, 
it is wise to select animals with well-attached udders , 
good milking characteristics and a clinical mastitis 
free history as breeding stock to provide herd replace
ments. 

inety-five per cent of all clinical mastitis cases are 
caused by streptococci and staphylococci. Many 
other organisms may b e involved in the remaining five 
per cent of infections. Following invasion, theiJ· es
tablishment depends upon their ability to survive 
defensive mechanisms of the cow. Laboratory cul
ture tests of quarter milk samples are necessary to 
identify the organisms causing infection. 

Anything il1 the cow's routine or enviJ·onment 
which can serve as a stress or can affect resistance 
to mastitis. More often than not, it is a combination 
of factors which may together affect the cow's re
sistance. Sudden changes in feed, deficiency or ex
cess of protein or energy in feed, possible hormonal 
effects of certain legume pastures such as ladino 
clover or alfalfa have b een suspected, but not proven, 
to be causative factors in outbreaks. 

Housing may b e an indirect cause of mastitis. Too 
small stalls result in teat and udder injuries. Tie
stalls which are adequate in length and width, pro
vide adequate comfort and space and reduce teat and 
udder injury. Free-stall loose housing appears to be 
the best way to handle cows which are not tied. 
These stalls, when adequately bedded, keep cows 
clean, comfortable and relatively free from injury. 

Lack of good ventilation can have a very bad ef-

feet on disease resistance, although this has not been 
proven for mastitis. Dairymen should recognize the 
fact that milk production is hard work for cows; and, 
r :.-gardless of the kind of housing or handling, at
tention to comfort and cleanliness of the cows '~'ill 
pay off in less clinical mastitis. 

MILKil\'G Al'\'TI MILKING MACHINES-TI-IE MILKI ' G AcT 

The udder contains more milk than · is removed a t 
a single milking. In order that milk can be removed 
by the nursing calf, by hand milking or by machine 
milking, it is necessary that a physiological process oc
curs in the cow called "milk-let-down." This is a 
reflex mechanism whereby stimuli, such as nuzzling 
of the udder by the calf, washing and massaging the 
teats, the sound of the milking machine, the sight 
of the person who does the milking or other stimuli 
cause the brain to stimulate the posterior pih1itary 
gland to release oxytocin into the blood stream. 

O;...)'tocin travels via the blood to the alveoli (tiny 
milk sacs ) in the gland which produce the milk. 
Small musclelike fibers surrounding the alveoli con
tract and literally squeeze the milk out of the alveoli. 
Milk let-down takes place in about thirty seconds 
following the beginning of stimulation and persists 
for about six minutes. The milk is forced under 
pressure from the contraction of millions of tiny 
musclelike fibers surrounding the alveoli into the tea t 
cistern. It is during this period that milk rem.oval 
should take place. 

There is another physiological process which can 
almost immediately stop milk let-down. If the cow 
is hurt, frighten.ed or angered, the adrenal gland 
secretes adrenalin into the bloodstream. This de
fense mechanism stops the action of oxytocin and 
milk let-down ceases. From this it can b e seen that 
milking should be a regular act that is best perform
ed in a tranquil atmosphere. Condition the cow to 
let down her milk by vvashing and massage. Attach 
the milking machine when let-down has begun and 
remove it before the milk flow ceases. Make every 
effort to eliminate injury or fright or any other dis
turbance during the time milk let-down is taking 
place. 

MECHANICAL MrLKli"'G 

The milkll1g machine employs differential pressure 
between the inside and outside of the teat. When 
air is removed from the chamber behveen the in
flation and the teat cup shell, the milk under pressure 
expands the teats, opens the teat canal and moves 
into the inflation. When air is allowed to flow back 
into the teat cup chamber, the teat is allowed to re
turn to its normal shape and the teat sphincter is 
closed. This then allows the teat cavity to refill with 
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milk and allows the blood to circulate in the teat 
walls. As long as milk is forced into the teat cavity 
as the inflation collapses, there is relief from vacuum 
around the walls and at the end of the teat. When 
the teat is empty this does not occur and vacuum may 
actually b e present in the tea t cavity and the teat 
cup may crawl toward the udder. This usually pulls 
udder tissue into the teat cup and prevents furth er 
entrance of milk into the teat cavity. For this reason, 
pull teat cups downward toward the end of the milk
ing process to prevent tea t cup crawl and insure 
the presence of milk in the teats. Overmilking can 
cause injury to the teats . 

Large-bore inflations t e n d to overstretch small 
teats, and when they collapse, they tend to flatten 
the middle area of the teat while the teat end re
mains ballooned under vacuum. Narrow-bore in
flations under tension open and close the teats with 
the least amount of distortion and exposure of the 
smallest amount of teat surface to constant vacuum 
of the interior of the teat cup. Excessive vacuum 
levels may cause erosions and edema at the teat ends 
and severely injure cows which are overmilked. In
adequate vacuum levels may slow milking b eyond 
the physiological let-down time. vVhen insufficient 
claw capacity or some other machanical factor allows 
flooding, vacuum fluctuations occur. This slows 
milking and increases the incidence of mastitis. Pul
sation rates should agree with manufacturers recom
mendations. All p u l s a t o r s functioning properly 
should regularly expand and collapse the teats at the 
right speed to prevent congestion and injury to the 
teat walls. Too fast pulsations may actually slow 
milk removal. 

CRITERIA FOR GooD PIPELINE MILKING 

In a good pipeline milking operation the following 
points are important: 

1. Milk should move toward th e pipeline in one direction
n ever falling backward toward the claw. 

2. Milk entry valves should allow milk to enter above the 
level of milk moving in the milk line so that th ere i s no 
interference with air movement. 

3. Milk in th e line should flow rapidly b y gravity and the 
level of milk in th e line should not exceed half its capacity. 

4. RegarcUess of the kind of pulsator used, all should fun
ction the same way-regul arly opening th e teats with th e 
same level of vacuum and closing the teats by allowing air 
into the cavity around the inflations in th e teat cup . Leakin g 
or overloaded pulsat; rs (as sometim es seen with master pul
sators) fail to open and close th e teat properly and result in 
injury. 

5. F ilters should not in any way intedere with passage of 
air or milk through them. In a properly fun ctionin g pipehne 
system there is an unbroken cohunn of air extending from 
the end of the teat to th e vacmm1 source. \i\lhen a vacuum 
gauge is applied into the teat cup of a mi lking unit, there 
should be a minimmn of fluctuation. 

For bucket or suspended milkers where milk must 
be carried to the milkhouse, it is rare that one man 
can handle two units continuously and milk the cows 
correctly. For pipeline milking in a barn using move
able units, two units per man is the maximum. In 
the most efficient milking parlors a maximum of four 
units p ::r man is the rule. Actually, in good sys tems 
which remove milk rapidly it is difficult to handle 
more than three units without ovennilking the cows . 

A good milking system maintains a stable vacuum 
adequate to milk most cows within three to five 
minutes. It opens and closes the teats in the same 
way regularly without causing injury. It moves milk 
continually toward the vacuum source with no flood
ing or blockages. It is designed so that it can be 
cleaned and sanitized efficiently and satisfactorily. 
It uses sanitary methods to ~eep inflations clean . 

STEPS TO GooD MILKir G 

There are certain practices that are essential to 
good milking. 

l. Adequate Preparation. - Allow at least thirty seconds 
to adequately clean and dry off the teats. 

2. Applying the Teat Cups. - Admit a minimum amount 
of air into the milking system and position the cups as low 
on the teats as possible. 

3. Milk Removal Time. - This varies with individual cows, 
but average milk removal tim e for the herd should not ex
ceed six minutes per cow. At the end of milking, apply 
downward pressure to th e claws to prevent teat cups crawling 
upward and shuttin g off milk flow into the t eats. 

4. Stripping. - Machine stripping should never exceed 
twenty seconds. Strip no longer than necessary to remove 
milk from full teats. Do not attempt to get the last few 
ounces of milk which remain . 

5. Removal of the Teat Cups. - Break the vacuum first 
by admitting a small amount of air before removing t eat 
cups. Remove teat cups gently. 

6. Prevent Overmilking. - Use th e correct number of units 
fo r your system. Do no other chores during milking. Con
centrate on being at the right place at th e right tim e ,vhen 
you milk cows. 

MEASURING YouR E FFICIENCY OF MILKI c 

If milking time per cow (the number of units times 
the number of minutes required to milk the herd, 
div1ded by the number of cows) exceeds five min
utes, there is room for improvement in your procedure 
or in the milking system you use. To illustrate: U = 
Units; M = Minutes; C = Number of Cows 

UxM 
c 

2 X 60 
25 

120 4 8 ° - = . mm. per cow 
25 

This formula is influenced by idle time b etween cows 
and the exh·a time cows may be allowed to consume 
grain in milking parlors. 
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THE UnnEn's R EACTION TO I NFECTION on I NJUHY 

This is called the inflammatory reaction. First, the 
blqod vessels dilate and carry much more blood to 
the affected area than normal. The microscopic 
blood vessels become more porous and blood fluid 
escapes from them. Blood flow slows down and 
blood fluids coagulate in the tissues and milk spaces . 
Milk is trapped in the smaller ducts and it b ecomes 
mixed with blood fluids, or whole blood and it may 
coagulate. Milk-collecting-duct walls become rough
ened and thickened ; this interferes with normal milk 
.drainage. After all but the very mildest inflamma
tory reactions, permanent damage results in the ud
der. The amount of damage depends upon the 
severity of the inflammation and the length of time 
over which it occurs. 

In response to injury and/ or infection enormous 
numbers of leukocytes move from the blood sh·eam 
into the affected area. These cells are part of the 
body's main line of defense. In normal milk, their 
numbers in milk may range upward to approximately 
500,000 per milliliter (about 15 drops of milk). In 
sub-clinical mastitis quarters milk leukocyte numbers 
increase and may exceed one million per milliliter 
( ml ) . \ i\There the milk becomes abnormal in gross 
appearance (clinical mastitis ), leukocyte . numbers 
may exceed five million per ml. The number of 
leukocytes per ml in a milk supply is thus a good 
measure of the degree of mastitis in the herd. H erds 
producing bulk milk in excess of 1,000,000 leukocytes 
per ml may have a mastitis problem severe enough to 
depress milk production and the quality of the milk. 

D IAGNOSIS OF MASTITIS 

Gross changes in the milk or udder, fever, pain and 
lack of appetite are characteristic of clinical mastitis. 
A competent veterinarian can often identify chronic 
non-clinical mastitis quarters by careful manual ex
amin ation, but some infections may escape detection 
by this method. Qu~rter-sampling and identification 
of organisms by laboratory culture is the best method 
for determining what organisms are present. 

Several screening tests have been developed and 
are in popular usage throughout the country. Follow
ing is a brief description of the more commonly em
ployed tests. 

Th e Stri7J Cup. - Use of a strip cup or p late in good light 

is an excellent means of identifying grossly abnormal milk. 

There is also an additional advantage in using a sb·ip cup: 

milking several streams of milk from each teat stimulates milk 

let-down and keeps milk which usuall y contains relati vely 

large numbers of bacteria and leukocytes out of the supply. 

Th e California M05i itis T est. - (or two similar tests: The 

Milk Quality Test and th e i\1lichigan Mastitis Test ) - This is 

a simple test that can be used at the side of th e cow to 

determin e th e degree of mastitis p resent. D epending upon 

th e number of leukocytes present, the CMT reagent and mi lk 

mixture increases in viscosity. Normal milk when mixed with 

CMT reagent shows no change in viscosity. Mastit is mi lk 

may form a heavy viscid gel. 
T l1 e Modified W hiteside T est. - This simp le test usin~ 

a 4% solution of sodium hydroxide ( lye) and cold milk in

dicates b y degree of reaction ( like th e CMT) th e approxi

mate number of leukocytes presen t. This test is usua ll y done 

in th e milkhouse, receiving platform or th e laboratory. 

Th e ' 'Visco nsin i\Iastitis T e5i. - This test uses a reagent 

simil ar to that used in th e CMT. It 1;1ay be used in the milk

house or laboratory. The increase in viscosity of th e reagent 
milk m ixt~u·e is measurable by its rate of flow through a 

standard-sized hole in th e cap of a special tube. By reading 

a scale on the side of th e tube, the approxim ate content of 

th e mi lk can be determined. 
The Catalase T est. - The amount of the enzym e, catalase, 

in milk is broadly related to the leukocyte co unt. By mLxing 

a given amount of milk and hydrogen peroxide solution, the 
amount of catalase present releases a measurable amount of 

oxygen proportional to the severity of mastit is present . 

The Direct Microscopic So-matic Cell Count. - (formerly 

called the Direct Microscopic Leukocyte Count ) . Stained 

film s of milk on glass slides me examined usin g a microscope 

and th e types and numbers of leukocytes and other ti ssue 

cells are observed and counted. This tim e-consuming tech

nique requires an expert technician. It was recently de

veloped by th e Research Committee of the 1ational Mastitis 

Council to serve as a standard through which all oth er screen
in g tes ts will be evaluated. 

VhiAT ScREENING TEsTs MEAN 

E levated leukocyte counts, as revealed by screen
ing test reaction, are caused primarily by milk from 
cows with mastitis; however, in some instances they 
also result when a relatively large number of cows in 
the hen~ are recently fresh or are producing small 
amounts of milk ( less than 20 pounds ) at the end of 
excessively long lactations (over 320 days). When 
bulk milk produces a screening tes t reaction, it indi
cates more than .'500,000 leukocytes per ml and 
strongly suggests a significant incidence of mastitis 
in the herd. Interstate regulations and many state 
regulations require that all milk offered for sale must 
contain less than 1,500,000 leukocytes per ml. 

It pays to produce milk which is below 1,000,000 
leukocytes per ml and negative to screening tests. E x
cessive leukocyte levels in milk indicate up to 25% 
loss of production potential for the herd. The cow's 
productive life is longer in the absence of udder in
flamm ation. Less herd replacements are necessary. 
The quality, flavor and wholesomeness of the herd's 
milk will be improved. Dairymen will have a part 
in increasing milk consumption and their sales po
tential by improving the quality of the product . Good 
milk cannot originate in the dairy plant; it must 
originate in the cows which produce it. 

D airymen can check their herds for abnormal milk 
by regul arly using a simple screening test on samples 
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of bulk milk or pooled can samples at two week or 
monthly intervals. Dairymen can estimate the num
ber of leukocytes which may indicate whether milk 
production is being impaired by subclinical mastitis . 
A test of such a sample showing more than a negative 
or trace test indicates that mas titis or udder injury 
may be present. Using a screening test to check 
cows in late lactation will h elp dairymen to judge 
when such animals should be dried off. Cows milk
ing less than 20 pounds of milk 320 or more days 
fo llowing freshening may show strongly positive test. 
Testing occasional quarters which may be suspected 
of having mastitis will reveal whether or not they 
should be treated . Routine checking of covvs soon to 
be dried off may reveal quarters for which treatment 
during the dry period may be indicated. 

\Vhen screening tests show that milk is abnormal 
ask your dairy fieldman, veterinarian, milking ma
chine serviceman or your county extension agent to 
check for defects in your milking and management 
which are contributing to mastitis. Be sure that you 
are doing a good job of milking and caring for your 
cows before you embark on a treatment program. 

PREVENTING THE SPREAD OF j'vlAsnns I NFECTION 

IN A H ERD 

Certain recommended practices must be follovved 
to insure against the spread of infection. 

Calves. - Feed calves milk in such a manner that 
they will not suckle each other. Infections which 
may produce "blind quarters" may be introduced in 
this way. 

Milking Order. - Milk first calf heifers first. :Milk 

older cows and cows which have had mastitis last. 
In large h erds several units of milking size may b e 
possible. If such groups can be started as first calf 
heifers and milked together without mixing them 
with older animals, the spread of many mastitis or
ganisms can be slowed. 

Sa·nitary Procedures . - Since mastitis is caused pri
marily by infection which spreads during the milking 
period, sanitizing udders, milkers ' hands and equip
ment will help to lessen the possibility of spread. 
New procedures for sanitizing or pasteurizing teat 
cups may be helpful. Use individual paper towels 
and a non-irritant sani tizer for preparing cows for 
milking. \i\lashing hands in a sanitizer b etween milk
ing and clipping teats in an efficient non-irritant dis
infectant after milking has be~n widely recommend
eel. 

Culling th e herd. - Cull mastitis infected cows 
which do not respond to treatment to help reduce 
sources of infection in the herd. 

Treating dry quaTteTs . - Treat dry quarters which 
have had clinical mastitis or other evidence of in
fection during the previous lactation. 

Dairymen should concentrate on good manage
ment and good milking which includes the hygiene 
practices necessary for producing good, clean milk 
and preventing the spread of mastitis organisms. The 
answer to h erd mastitis problems does not lie in us
ing antibiotics. vVhen the dairyman does a good 
job, trea tment of occasional mastitis cases (which 
are inevitable in the best managed or controlled 
herds) is quite effective; when the dairyman does a 
poor job, tremendous effort and expense for treat
ment has littl e value. 

RAPID REMOVAL OF PESTICIDES 
REPORTED BY MSU SCIENTISTS 

Progress was reported recently in Michigan State Univer
sity's effort to accelerate removal of pesticide residues from 
animal systems. 

Dairy scientists D. G. Braund, L. D. Brown and J. T. Huber 
contaminated a group of rats with di eldrin and fed h alf of 
th em th e drug heptabarbital. At the end of just 14 days, 
residues stored in bod.y fat of treated rats were redu ced by 
75%. 

H eptabarbital also proved effecti ve in treatin g animals al
ready contaminated with dieldrin. Rats were fed the dru g 
during a 6 week decontamination period. A 96% reduction 
in stored dieldrin was found. Ordinarily, it would take a 

i vear to decontaminate an animal. 

Next step was findin g out how drugs work on metabolism 

and removal of pesticides. This research was repotted b y 
graduate student Barbara Zook and Dr. R. M. Cook. 

Chlorinated hydrocarbons, like di eldrin, are not water 
soluble. This means it would take a long time for them to 
be broken down and excreted by the animals, the researchers 
reported. 

"Current work is aim ed at drug metabolism in the liver," 
Dr. Cook said . Trea tm ents stimul ate secretion of enzymes 
which make pesticides water soluble. Pesticides then can 
be excreted in th e urine. 

An overall goal of th e MS U research is to clear an anim al's 
svstem of pes ticides as quickly as possible. Previous research 
showed that rate of pesticide removal could be doubled wh en 
anim als were fed small amounts of charcoal causin g them to 
pass residues in th e _feces. 
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FOOD AND FEED TOLERANCES FOR PESTICIDES' 
R. A. SCHEIBNER 

Department of Entomology 
University of Kentucky 

Lexington 

You are all perhaps familiar with U.S. Food and 
Drug Administration (FDA) laws that regulate the 
use of pes ticides on agricultural commodities. The 
purpose of these laws is to protect the public's health 
which may be endangered by pesticide residues that 
remain on food and feeds. Pesticide residues in milk 
are particularly noticed, b ecause milk is one of the 
first foods a person receives in his life and it contin
ues to b e an important food in the form of butter fat 
throughout his life. There is the danger that the 
constant intake of pesticide residues through milk 
and other products could eventually accumulate to 
levels in the body that are deleterious to health. 
Just in what way certain small residues would af
fect health has not been established definitely, but the 
FDA would rather be safe than sorry in its interest 
of safe guarding health. 

The type of imecticides that are of primary in
terest to the dairy industry on this regard are the 
long lasting insecticides, particularly the group 
known as the chlorinated hydrocarbons. Examples 
of these are: aldrin, BHC, DDT, lindane, heptachlor, 
dieldrin, endrin, toxaphene and many others. One 
of the other main problems with these insecticides is 
that they are not readily eliminated from the body, 
but accumulate in the fat. In dairy animals this in
cludes the butter fat. 

Back in the 1950's when the danger from these in
secticides was suspected, their registered use on 
forage was withdrawn. A zero residue tolerance on 
forage and in milk was established for these pesticides. 
Since that time much of the milk sold in the United 
States has been illegal:' 

The widespread illegality of milk sales is not a 
result of dairymen flagrantly ignoring the laws, but 
the result of the history of pesticide use, and the ad
vancement of residue testing technology. To be sure, 
there are perhaps cases of willful misuse of pesticides. 

Because certain pesticides are so persistent in the 
soil, they can still contaminate forage and hence 
milk years after they had been applied to ground 
now used for forage produ ·:tion. Most of these in
secticides are not systemic :n tl- e plants, but harvest 

'Presented at the 1968 Kentucky Fi<.ldmen and Sanitarians 
Conference, Mammoth Cave, Kentuc1.-y, February 27 and 28, 
1968. 

operations kick up enough soil to contaminate the 
forage to a degree that is detectab1e by modern tech
niques. As small as these residues may be, they are 
still not zero. Therefore, they are illegal. 

The FDR soon realized the meaninglesssness of the 
zero tolerance on certain commodities, but the situa
tion was not immediately correctable. Before finite 
neglible residue tolerances could be established, it 
was necessary to make a study of what amount · of 
res idue could be expected in milk when illegal pest
icide use is not involved. This year the FDA has 
been able to temporarily establish pesticide residue 
action level guides for certain p es ticides in milk and 
other products. These negligible tolerances are sub
ject to re-evaluation and changes as more information 
becomes available. If a sample of milk contains 
residue in excess of the neglible tolerance, action will 
be taken against the persons involved. Action will 
also be taken even if the tolerance is not exceeded, 
but it can be shown that there was a misuse of a 
pesticide. 

Another piece of information that you may be 
aware of is that the USDA cancelled Dec. 31, 1967, 
registrations of pesticides for use on food or feed that 
were registered on a "no residue" or "zero tolerance" 
basis un less : ( 1 ) finite tolerances or exemptions from 
the requirement of tolerances have subsequently been 
established, or ( 2) progress reports were submitted 
showing that studies are being conducted to obtain 
data to support finite tolerances. 

A hasty look at these two pieces of information 
awy seem to b e from a topsy-turvy world. A par
ticular insecticide may be illegal to use on forage al
though there is a residue allowed, but the same in
secticide may be legal to use on a different crop 
although no residue is allowed. Part of this con
tradiction can be explained by the fact that the legal 
tolerance level is really zero in both cases, but in 
some cases a limited excess is allowed, for certain 
reasons. This is somewhat analagous to driving 61 
mph down a hill in a 60 mph zone. The excess of 1 
mph over the limit is hardly speeding especially 
when you take into consideration the adjustment 
necessary to compensate for the acceleration brought 
about by the down slope. 

My concern is that the two statements about resi
dues may be confused. Some persons coming aware of 

, 
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the action level guide for the residue of a certain in
secticide on particular agricultural produce may in
terpret this as permission to use this insecticide on 
this produce. tlany of you who do not grow all 
your forage are exposed to the danger of possibly 
buying hay that is contaminated because of such a 
misinterpretation . My advice to you is to know the 

source of your hay so that should you become involv
ed in a residue problem you have some recomse. 

The best protection you have is to use only those 
pesticides that m·e recommended for a specific pm
pose as given in the University of Kentucky recom
mendation literature; or at least as stated on the 
pes ticide label. 

ECONOMIC FACILITIES FOR MILK PRODUCTION' 
G E ORGE M. TURNER 

Agricultuml Engin eerin g Department 
University of Kentucky 

Le~·ington 

The total production system controlled by each 
individual producer of milk must b e efficient in the 
realm of today's economy, or h e faces the drastic 
fact of b eing forced out of business. The physical 
facilities are a part of the total production system. 
These facilities usually represent 25% of the total 
capital outlay. A list of the components that com
prise the physical facilities of a modern dairy system 
is as follows : 

1. Milking parlor and holding area. 
2. Milk handling room. 
3. Hay storage and feeding. 
4. Silage storage and feeding. 
5. Grain and supplement storage and feeding. 
6. Res ting area. 
7. Maternity, nursery and medical. 
8. Drinking water. 
9. Exercise. 

10. 1tlanure and waste handling. 
It is impossible to say which of these components 

is the most important, therefore, it should not b e 
construed that this listing is in order of importance. 

In general, the dairy equipment manufacturers have 
designed and are marketing very workable milking 
parlors and milk handling room. Likewise, the in
dustry has done an excellent job designing vertical
type silos. The major problem comes upon the 
owner and operator in trying to arrange all ten of 
these components into · an efficient operating system. 
This is where the extension agricultural engineers, 
dairy specialists, and area specialists can be of great
est help to the producers as far as the physical facil
ities are concerned. Since this is quite a complex 

'Presented at the 1968 Kentucky Fieldmcn and Sanitarians 
Conference, Mammoth Cave, Kentucky, February 27 and 
28, 1968. 

problem, the producer should b e encouraged to seek 
the advice of these trained persons. 

One of the components that is of tremendous 
importance and can usually be obtained economical
ly, is providing high quality drinking water in the 
correct amount. vVhen one stops to realize the amount 
of time, effort, and expense that goes into the pro
duction, storage, and handling of hay, grain, and 
silage, and also stops to realize that drinking water 
is of equal importance, we can understand the mean
ing of economy as applied here. For a fraction of 
the cost of feed production, drinking water can be 
supplied at the feedlot so that the milk cows can al
ways have sufficient quantity of high quality water 
available. Many of our producers could provide 
this component which they are not now adequately 
doing. 

u l\'IVERSITY PROVIDES PLA1 s 

Another component that seems to b e generally ig
nored by our producers is the maternity, nmsery 
and medical facilities. In general , I would say that 
the nursery and medical units are the most neglected 
of these three. Since replacements are the backbone 
of a continuing h erd, the producers could well af
ford to invest in proper facilities for young calves. 
There is always need for medication and special cm·e 
in a herd of milk cows. Providing good facilities 
for this type of work is a sound investment. Agricul
tural engineers in cooperation with the dairy spec
ialists of the University, have r ecently developed a 
Calf Nursery Plan o. 8839-3. It may be obtained 
from Plan Service, Agricultmal Engineering D epart
ment, University of Kentucky, Lexington, Kentucky 
for 75 cents. 

One p articular inovation that has apparently been 
earning its wa)' the past few years, is the free stall 
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resting area. Rather than have the milk cows lying 

down in filthy and unsanitary areas where the possi

bility of udder infection is increased , as well as in

creased clean up time in the parlor, and a higher 

possibility of milk contamination, the free stall barns 

provide clean , dry, draft-free areas . The free stall 

barn undoubtedly is a wise investment for the pro

ducer. The University of Kentucky Extension Plan 

Service has three different plans for building free 

stalls. They are as follows: 

l. 1 o. 723-28, Double Aisle-Cows Face Out, @ 75c 

per set. 

2. To. 723-29, Single Aisle-Cows Face Out, @ 25c 

per set. 

3. No. 723-30, Side-Entering, @ 50c per set. 

These plans may be obtained from the Plan Service, 

Agricultural Engineering D epartment, University of 

Kentucky, or from the area dairy extension special

ists. 

IMPORTANCE OF FEED STORAGE LOCATION 

The components that appear to present some diffi

culty so far as the location or arrangement with the 

other components are the silos. One main thing to 

plan for is the very heavy loads of silage that will be 

brought to the structure, so silos must be located so 

that these vehicles can unload and return to the field 

without difficult maneuvering, or be in danger of 

overturning. Secondly, they must be located so that 

the stored material can be removed and taken to the 

mouth of the cow with the least amount of difficulty 

and feed wastage . It appears that utilization of the 

horizontal-type silo has been slightly neglected. It 

is quite possible that today's milk producer is miss

ing a good opportunity for an economical silo struc

ture by overlooking the possible use of a horizontal-

type silo. It is a well-established fact that silage 

may be stored for 1/ 4 to 1/ 2 the capital cost in 

horizontal structures. In general, it takes a little 

more effort and management time to handle tl;e 

horizontal silo compared to the vertical, but that in 

many cases the producer can provide this extra time 

and effort where he might not be able to supply the 

extra capital for the vertical type. 

One thing should be said apout hay feeding. If 

it is at all possible, the hay should be stored where 

it is to be fed. This eliminates extra chore time and 

labor in having to load baled hay at feeding time. 

One inovation that has been in use for several years 

in many cattle feeding systems is the slanted-slat 

head gate. These have been primarily designed for 

self-feeding into horizontal silos, but the principle can 

very ·well be applied to hay feeding as well as to 

silage feeding. The general idea is that the animal 

has to turn its head to enter the head gate, since the 

slats are sloping approximately 60° , and are about ' 

10" to 12" apart. Animals feeding through head 

gates of this sort usually remain much quieter with 

less pulling in and out and disturbing the animals on 

either side, thus there is an apparent saving of feed 

being dragged out and wasted on the ground. 

One last item that is of tremendous importance 

today is the manure waste handling. Laws are very 

strict about drainage from any animal feedlot to

day, and will be even more strict in the future . In 

many cases there is no simple answer to the prob

lem, and the cost of correcting it might be so great as 

to be the "straw that breaks the camel's back" and 

force the producer out of business. Generally, how

ever , if this problem is faced intelligently and plan

ned for, manure can at least be properly handled so 

that it can defray its own costs of handling. Most 

important is not to violate the sanitation laws and 

allow the producer to continue in business . 

CHANCES OF FOOD INFECTION 
INCREASES IN SUMMER ' 1 

Summer picnics, with traditional potato salad and cold 

chicken, increase the chances of occasiona l food infections. 

This is often caused by Salmon ella organisms, which food 

scientists are only beginning to understand. 

The effect of acidity and temperature of food on th e 

growth of one species of Salmonella, Salmonella typhimurium , 

was recently reported by E. H. Marth, Un iversity of \•Visean

sin food bacteriologist. 

Marth and C. S. Subramanian added 3 common food acids 

- lactic, citr ic, and hydrochloric-to sldmmilk that conta ined 

Salmon ella organisms to see how acid affected th e growth 

of the harmful bacteria. They held one batch of skimmilk at 

the temperature used in making cultured dairy prod ucts, ( 72 

F ) and another batch at human body temperatme ( 98 F ) . 

The various acids were added up to 16 hr, and then the milk 

was held at the test temperatures for a longer tim e. 

The Salmonella. bacteria continued to multiply in all th e 

acid conditions, but they were slowed clown at lower tempera

tures . They reached peak populations in 12 hr at 98 F but 

didn 't reach peak until 16 hr at 72 F. 

Marth concluded from his experim ents that acid will not 

prevent the growth of bacteri a in Salmonella-contaminated 

milk. 
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SANITATION PROBLEMS IN THE PRODUCTION OF 
FROZEN CITRUS CONCENTRATE' 

D. I. MURDOCK 

The Coca-Cola ComJJany Foods Di-vision 
(Formerly M·inute Maid Company) 

Orlando, Florida 32802 

ADSTHACT 

Extensive repairs are made during th e off season in food 
plants operating on a seasonal basis. Precautions taken to 
protect equipment during down p eriods are discussed. 

Microorganisms causing food poisoning do not gro\v, but 
die readily in citrus juices and concentrates . Coliform bac
teria are of no apparent public health significance in frozen 
citrus concentrates, partially concentrated or single strength 
citrus juices. Lactic acid bacteria , which constitute th e most 
important index of processing sa nit ~1tion, are held in check by 

constant sanitation efforts. 
Soundness of incoming fruit and effi ciency of grading are 

important factors in fin al product quality. Chlorinated water 
sprays are used to sanitize fruit handling equipment. A 
chlorine concentration of 15 ppm was found to be effecti ve 
in controlling conveyor b elt contamination at one plant. 

Th e TASTE evaporator (thermal accelerated short tim e 
evaporator), now used almost universally in th e citrus industry, 
is not a source of microbial contamination. Data indicate that 
a loss of diacetyl occurs when it is used for processing. 

In distributing finish ed product from processor to consum er, 
an occasional can may infrequently be exposed to conditions 
conduci ve to the developm ent of spoilage. Tests results in
dicate that for a 6 oz can of frozen concentrated orange juice 
to swell or burst , 3 or more clays are required at room tem
perature, and 5 or more wk at 40 F. 

Microbial contamination is controll ed in the citrus industry 
by strict adherence to fruit quality and by maintaining an ef
ficient sanitation program. The diacetyl test is used as a 
quality control tool to detect microbial activity in processin g 
orange and grapefruit concentrates. 

Good housekeeping is an important adjtm ct to sanitation . 
One compan y employs a good housekeepin g/ safety contest as 
a method of maintaining a safe and neat-appearing pl ant. 
The contest has resulted in improved morale of employees, 
along with b etter over-all plant sanitation and effi ciency. 

Webster defines sanitation as the . application of 
measures to make environmental conditions available 
to health. Modern usage does not restrict the term 
to conditions affecting health. According to the Food 
and Drug Administration, the term must be interpret
ed broadly encompas~ing the field of food plant sani
tation including conditions that not only lead to con
tamination of food with microorganisms or other 
elements dangerous to health, but also filth and other 
extraneous matter that have no place in food. Sani
tiftiOn, an integral part of plant operation, is of uhnost 

'Presented at the 54th Annual Meeting of the Internat ional 
Association of Milk, Food, and Envirom11ental Sanitarians, 
Miami Beach, Florida, August 14-17, 1967. 

importance in the production of high quality frozen 
food products with wide consumer acceptance. It is 
for this reason that the citrus industry emphasizes 
sanitation so strongly in its plants. The industry's 
policy is to give the consumer not just a good product, 
but the best and finest attainable. At no time does 
it want the consumer to open a can of citrus concen
trate vvhich is "off-flavored" or contains foreign mat
ter. The citrus industry has one of the highest sani
tary codes in the frozen food field. 

The Florida citrus industry is big business. Last 
season ( 1965-66 ) the on-tree-dollar value was $227,-
952,000, with 72% of the oranges in the United States 
produced in Florida, 26% in California, and the re
mainder in Texas, Arizona and other states (3). This 
season ( 1966-67) an estimated 147,000,000 boxes of 
oranges will b e produced in the state of Florida. 
Over 50% of the orange crop annually is used for the 
production of frozen concentrated orange juice. Pro
cessing this tremendous volume has led to the de
velopment of the most modern equipment and pro
cessing technique. 

PROCESSING FROZEN OnA ' GE CoNCENTRATE 

The processing of frozen orange concentrate is 
briefl y reviewed below. At most plants fruit is re
ceived by truck, clumped onto a conveyor system, 
graded for maturity and soundness, stored in bins, 
washed, regraded, and sanitized prior to entering the 
extractors. Juice leaving the extractors passes through 
a series of finishers which remove the seeds and pulp. 
Product, prior to entering the evaporators , is pump
eel to large storage tanks which are either h eld under 
atmospheric pressure or vacuum. In the evaporators 
juice is concentrated to the desired solids content 
measured as degrees Brix. It is flash-heated to re
duce enzyme activity, and thus retard separation and 
gelation. The concentrate then enters the blending 
tanks where it is mixed with fr esh juice to replace 
some of the volatile constituents which were lost 
during evaporation. In some plants volatile essence 
is recovered and restored to the product along with 
cutback juice. The blended ( 45 o Brix) product is 
either pumped through votators where it is slush
frozen or to cold wall tanks prior to filling into cans. 
The finish ed canned concentrate is quick-frozen in 
a blast or alcohol freezer, cased, and stored in a cold 
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storage warehouse at 0 to - 10 F u n til shipped 
through commercial channels to the market. 

The frozen citrus concentrate season in Florida us
ually starts in D ecember and extends into June of 
the following year. Operation during this period is 
usually 7 days a wk and 24 hr a day. At the end of 
the season's operation all equipment is given a 
thorough renovation. Most plants , during the sum
mer months, make necessary equipment changes to 
eliminate processing "bottlenecks" which have shown 
up the previous season . Occasionally certain phases 
of the processing operation are completely modified to 
improve manufacturing efficiency. An extensive 
painting program is usually carried out. Buildings 
are painted both inside and out where needed. 
Equipment is given a thorough overhaul and defective 
parts replaced. Floors, both concrete and tile, are in
spected and repaired as required . Since the citrus 
indush-y in Florida is located in a semitropical area, 
problems associated with high humidity are of con
cern. Consequently, steps are taken to minimize rust 
formation by use of rust inhibitors, grease, and by 
use of paint on equipment where needed. 

Prior to the start of seasonal operation all equip
ment is reassembled and checked to make sure it is 
in running order. Each plant is inspected to insure 
that: (a) motor guards removed during the summer 
have been replaced, (b ) windows are installed where 
broken or absent, (c ) doors or windows that require 
rescreening have been rescreened, and (d) plant ap
pearance and housekeeping are satisfactory. 

SANITATION PROBLEMS ENCOUNTERED DURING 

PROCESSING SEASO T 

Up to this point, the operations that are generally 
followed by the citrus industry during their off-sea
son have been briefly discussed. Now, some of the 
sanitary problems encountered during the processing 
season will be mentioned. However, before pro
ceeding, mention should be made of the microflora 
encountered in processiii.g frozen concenh·ated orange 
juice. 

Significance of pH 
The pH of citrus concentrate, excluding lemon and 

lime, which averages from 3.4 to 4.0, makes this 
product unique in comparison with other food prod
ucts. Citrus juices, therefore, act similar to a dif
ferential plating medium in that they restrict the 
growth to only those organisms capable of tolerating 
this acid envil'Onment. Consequently, enteric organ
isms such as Salmonella and Shigella types cannot 
survive for long periods in cih·us juices or concen
trates (1, 5). Furthermore, the spores of Clost1'idium 
botulinum, Types A and B, apparently cannot germi
nate even though they may be present (18). In other 

words, microorganisms causing food poisoning do not 
grow, and often die readily in cih·us juices and con
centrates. 

Coliform bacteria have been reported to be present 
from time to time in frozen citrus concentrates b y ! 
various public health agencies. In this regard, there 
are no data to indicate that these organisms actually 
grow in citrus juices . On the other hand, there is 
considerable evidence to show that coliform bacteria 
can retain their viability for exten:ded periods in fro
zen orange concenh·ate, but die off rapidly in fresh 
or reconstituted juice (2, 5, 19 ). It is the opinion of 
D ack (2), and others (7, 8) that the coliform index of 
frozen citrus products is of no public health signifi
cance. Dack (2) also states , "Millions of cans of fro 
zen concentrated orange juice have been consumed 
without causing any known cases of enteric infec
tions." 

Microorgan·isms capable of growing in citrus pmclucts 
Up to tl1is point, microorganisms which fail to grow 

in citrus products have been discussed. Now those 
capable of tolerating this acid medium will be con
sidered . Organisms known to grow in single strength 
juices of these acid foods (not including lemon or 
lime juice ) are lactic and acetic acid bacteria, yeasts 
and molds. Of this group, organisms belonging to 
the genera Lactobacillus and Leuconostoc are of prime 
concern. Lactic acid bacteria are organisms of sani
tary significance in processing frozen concentrated 
orange JUlCe. They impart flavors and odors which 
have been characterized as similar to "buttermilk" 
(6, 7, 15) . 

Fruit handling 
One of the most important factors in the production 

of high grade product is the quality of the incoming 
fruit. It must be carefully graded prior to juice ex
traction . If defective fruit entering the extractors 
is not removed, it will affect the microbial load of 
the expressed juice (Table 1 ) and may produce 
"stale" and "old" fruit fl avors in the finished product. 

In some plants, fruit is washed prior to bin storage 
and again before juice extraction. The effect of pre
bin washing was inves tigated (16) and results indicate 
a decrease in fruit surface contamination occurred 
immediately after the initial fruit wash. The over
all effect of pre-washing was not statistically sig
nificant. However, fruit handling equipment (par
ticularly the storage bins) remained in a more sani
tary condition, and the washed fruit was cleaner from 
the standpoint of surface soil up to the point of final 
brush washing. Graders preferred handling washed 
fruit and culled more oranges entering bins when they 
were unwashed. Pre-bin washing did not affect the 
p erformance of the final graders (Table 2). 

One of the most effective means of removing soil 

, 
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TABLE 1. RELATJONSIUP BETWEEN QUALlTY OF FRUJT 

ENT ERING ExTRACTORS AND Co TAMINATJON OF 

EXTRACTED } UICE' 

F requ ency of 
Defec ts" occurrence 

(% ) 

0 10 
4 1 
6 1 
8 2 

Jui ce sampled befo re fini shers 
.Microorganisms per rn l 

('fin .) (Max.) (AI•g.) 

1,000 21,000 8,835 
37,000 98,000 67,000 
90,000 120,000 105,000 
47,000 320,000 176,000 

"Period coverecl-3 days. Total samples exami.ned-14. 
"Per cent defects based on examination of. 50 oranges col
lected at random from belt feeding one line of ex b·actors. 

from fruit surfaces is the brush washer. It consists 
of a detergent applicator and a set of rotating brush
es. The fruit is thoroughly rinsed prior to leaving 
the unit. The brush washer is an essential piece of 
equipment used in all cih·us plants, and is generally 
placed in the line prior to the final graders. 

Fruit from the bins to the extractors is transported 
by a series of conveyor belts and elevators. It is im
portant that this equipment not only be cleaned at 
periodic intervals , but also kept properly sanitized. 
This is usually accomplished by placing chlorinated 
water sprays at strategic locations on the conveyor 
belts and elevators . The sprays must completely 
cover the entire width of the belt. Otherwise, dark 
areas at the edges of the belt consisting of mold and 
bacterial slime will accumulate ( Figme 1 ). When 
sprays are positioned to adequately cover the entire 
belt surface, top as well as the underside, microbial 
contamination will be kept to a minimum. Likewise, 
the elevators must be effectively sprayed. 

The relationship of chlorine concentration on a 
conveyor belt feeding a line of extractors and the 
bacterial counts of expressed juice is shown in Table 
3. Data show a 15 ppm chlorine residual held ex
pressed juice microbial population to an acceptable 
level. Although this concentration of chlorine proved 
to be effective in the present study (4), it could vary 
from one installation to another . Chlorine concenh·a
tion is dependent upon the degree of contamination; 

length and speed of the conveyor belt; and the num
ber, location and volume of the sprays. 

PTeparat ion of juice for concentrate 
Up to this point the need of proper grading to 

insure that only sound fruit enters the e>..·tractors, and 
the importance of maintaining the fruit handling 
system in a sanitary condition have been discussed. 
An efficient sanitation program is also needed in pro
cessing the juice from the e>..'tractors to the finished 
product. 

Figure 1. Inadequate coverage of conveyor belt with chlor
inated water spray. Dark edges of belt indicate presence of 
mold and bacterial slime. 

The juice exh·actors , of which there are 2 principal 
types, Brown (Automatic iVIachinery Corp.) and the 
FMC In-line (FMC Corp. ), must be flushed with 
chlorinated water and cleaned with detergent solution 
at regular intervals. This also applies to the finishers 
which are used to r emove seeds and pulp from the 
juice. The usual practice at Minute Maid is to flush 
all juice handling equipment, prior to the evaporators , 
at 4 hr intervals with water containing between 50 
and 100 ppm chlorine. This is a very effective meth
od of controlling microbial buildup. 

Eoaporators and fi·nished product 
Generally speaking, there are two types of evap

orators used in the cih·us industry, low temperature 
(approximately 65 to 80 F ) and high temperature 

TABLE 2 . Fnun CuLLED l.lY CRAOEHS ( \ •\lASHED VERS US UNWASHED F n urr ) 

nwashed 

Total 

Boxes Boxes P er cent 
received culled culled 

Frui t to bins 199,031 982 0.493 

F ruit to process 198,049 956 0.483 

Total 

Boxes 
rece ived 

201,142 

200,393 

Washed 

Boxes 
cu lled 

749 

1,028 

P er cent 
culled 

0.372 

0.513 
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TABLE 3. CEOJviETHlC ~·lEAN B ACTERIAL CouNT S OF 

ExPnESSED J u re£ D u mNG C HLORINATION OF BELTS 

ChloTine 1-:o. Cou nt 
dosage tests per ml 

(ppm ) 

5 10 114,000 
10 11 105,000 
15 14 19,000 
20 4 16,000 

TABLE 4. A\"ERAGE D IACETYL VALUES 0BTAl i'IED \ .YHEN 

PnocESSING \ VASI-l P ULP CoNCENTHATE ( 60° Brux) 

.Aq;. ppm of cliacetyl 

No. J,raporator Pump-out Diacelyl 
l~ rapora t or tes ts feed jui.ce concentrate % change 

Low T e mp . 44 0.282 0.323 15 ( +) 

TASTE 35 0.265 0.171 36 ( -) 

short holding time ui1its ( 195 to 200 F ). The latter 

are generally referred to as TASTE evaporators 

( thermal accelerated short time evaporator ) . ·within 

the last year or two, the citrus industry has replaced 

nearly all of their low tempe~·ature units with the 

TASTE evaporator. Product leaving the TASTE 

evap orator is, for all practical purposes, free from 

microorganisms (11 ). On the other hand, an increase 

in contamination usually occurs in a low temperature 

evap orator. Table 4 shows a comp arison of diacetyl 

values between juice entering and product leaving a 

TASTE evaporator in comparison with a low tem

perature unit when wash pulp concentrate was being 

processed. Note a 36% decrease in diacetyl occurred 

in the TASTE evap orator vvhich compares with a 

15% increase in the low temperature unit. A similar 

reduction in diacetyl occurred when the TASTE 

Figure 2. Partial view of a citrus concentrate plant. 

evaporator was used to process orange concentrate. 

Subsequent processing equipment consisting of 

blending tanks, votators and filler bowls are not a 

source of contamination during operating periods 

since concentrate in these units is usually in tth e 

temperah1re range of 25 to 30 F. 

Up to this p oint, sanitation problems encountered 

from the time the fruit enters the plant to the point 

where concentrate is placed into the can have been 

discussed. One would think that there are no more 

problems after the product has been canned, frozen , 

cased and placed in primary storage at 0 to -10 F . 

This is not true. It is entirely possible along the 

dish·ibution route, between the processor and con

suming public, that an occasional can of frozen con

cen trated citrus juice may b e exposed to conditions 

conducive to the development of spoilage. For ex

ample, the consumer may place it in a refrigerator 

( 40 F ) or even on the kitchen shelf or in the panh·y 

where the can may explode. Fortunately, these com- , 

plaints have been exceedingly low, averaging less than 

1.5 per 10,000,000 units of 6 and 12 oz cans of frozen 

concentrated orange juice sold (10) . 

Lor ant (9 ), in his study on distribution and handling 

of frozen fruits , vegetables, and juices, states that 

the major sources of adverse exposure for frozen con

cenh·ated orange juice are: (a) h·ansport, (b) break

up operation, (c) retail store, and ( cl ) home stor

age. Of the 4 categories mentioned, the greatest 

abuse occurs during home storage. 

The question is frequently asked, "How long does 

it take for a 6 oz can of frozen concentrated orange 

juice to swell or burst when abused?" An investiga

tion (17) showed for the cans to swell or burst, 3 days 

or more were required at room temperature (70-74 F ) 

and 5 wk or more at 40 F. Yeasts were the pre

dominant organisms which grew rapidly in the prod

uct stored 5 days at room temperature and were the 

only ones found capable of growing at 40 F in 42° 

Brix concentrate (Tables 5 and 6 ). 

Methods 'Used to control 1nicrob·ial contamination 

As previously stated, the frozen citrus concentrate 

industry strives to produce a product that has the 

appearance and all of the flavor characteristics of 

freshly squeezed orange JL!lCe. How is this p ossible 

with large scale production with its inherent sani

tation problems? This is resolved by strict adherence 

to fruit quality and maintenance of an efficient sani

tation program. The prerequisites may be briefly 

stated as follows: 
l. Onl y clean sound fruit must he permitted to enter th e 

extractors. 
2. F rui t must" he carefull y graded before it enters the bins, 

properl y washed, regraded and sanitized prior to juice ex

trac tion. If unsound fruit composed of a large percentage 

of drops, soft deteriorated spots, splits, etc. is permitted to 
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TABLE 5. SPOILAGE D EVELOPI.!'IG AT RooM T EMPEHATURE 

(70-74 F) IN 6 oz CANS OF ORANGE CONCENTHATE. PRODUCT 

H.EPHESENTATIVE OF 2 CITHUS SEASON~ 

Days for 1 or more cnns 

);o. days To swell 'l'o burst 
?\o. cans a ll can s ·---

Sea sun tested fl at Days % Days % 

1961 M idseason'' 150 2 3 21 3 2 

1961 Val encia 100 2 3 5 3 1 

1962 Midseason 100 2 3 1 4 20 

1962 Valencia 50 3 4 62 4 16 

"Sampl es from 2 plants. 

TABLE 6. SPOILAGE D EVELOPING AT 40 F I N 6 oz CA NS OF 

OHA NGE C oNCENTHAT E. PnonucT REPHESENTATIVE OF 

2 Crmus SEASONS 

1\'eeks fo r 1 or more cans 

No. wcelis To swell To burst 
?\o. ca ns a ll ca ns 

Season tested flat 'Yl\ ~0 Wk % 

1961 Midseason" 150 4 5 lO 

1961 Valencia 100 4 5 3 7 1 

1962 Midseason 100 4 5 3 16 2 

1962 Valencia 50 5 6 2 8 16 

"Samples from 2 p lants. 

"Not checked to detennine tim e required to burst. 

enter th e extractors, it not only contaminates juice room equip

ment and evaporators, but may also result in stale, old fwit 

flavors in the finished product. 

3 . Fruit handling equipm ent must be kept in a sanitary 

condition to prevent recontamination of fruit surfaces . Re-

i contamination may result from slim y belts, sizers, elevators, 

and from the extractors just b efore the fruit is extracted if 

they are not cleaned properl y. This problem is resolved 

through th e use of chlorinated water which is used as a 

germicidal rinse to control fruit surface contamination, and 

as a spray on conveyor belts, elevators, etc. to minimize slim e 

formation. 
4 . An effective cleaning and san itizi11 g program must be 

maintained to prevent contamination by microorgani sms dur

ing th e processing operation. Otherwise microbial growth , 

if not controlled, may result in yeasty, fem1 ented , and butter

milk-like flavors in the finish ed product. 

D ETECTION OF . CONTAMll ATION BY 

LABORATORY METHODS 

The citrus industry is very forhmate that there is 

a rapid method, generally referred to as the diacetyl 

tes1.i (12), for the detection of microbial activity in 

orange and grapefruit concentrates. It is a colori

meh·ic procedure requiring about 30 min for the 

detection of diacetyl and acetylmethylcarbinol, end 

products of microbial growth in orange juice prin-

cipally by those organisms belonging to the genera 

Lactobacillus and Leuconostoc. The diacetyl test is 

used very effectively as a quality control tool during 

processing operations (13). 

Plate counts are also employed by the citrus in

dush·y to determine the total number of viable micro

organisms in a product. Generally, they are restricted 

to finished product. However, in some plants juice 

from various processing operations are plated . These 

tes ts are usually referred to by the citrus industry as 

line checks. 
Minute Maid has been able to detect microbial 

buildup in their processing operations, source of con

tamination, and determine the efficiency of each clean

up through their biological control program. Tllis 

is accomplished by making routine. diacetyl determ

inations and line checks. These procedures have also 

been highly successful in preventing product spoilage. 

HousEKEEPING-A r ADJUNCT TO S Ar ITATION 

The citrus industry has made great strides in im

proving plant appearance and maintaining good 

Figure 3. TASTE evaporator typical of the type used in 

the citrus industry. 



250 SANITATION PROBLEMS 

housekeeping throughout the processing season. In 
plants of ·the Minute Maid Company it was decided 
this could best be accomplished through a good house
keeping contest (14). Since a clean plant is generally 
a safe one, a combination was made of both safety 
and good housekeeping. Posters using a "catchy" 
slogan announcing the contest are placed in each 
plant prior to the start of the program. Some ex
amples are: "\VANTED - Cleaner and Safer Plants 
for 1965"; "GET ON TARGET for '-66, Play it Safe, 
Keep it Clean", and "LET'S ALL PULL TOGETHER 
for a CLEANER - SAFER 1967." Prizes are award
ed as an incentive to keep up interest in the house
keeping program. This year "Safety Sam" was intro
duced to make employees more safety conscious. A 
different safety slogan is placed in a plant twice each 
mo. Employees' names are drawn from a hat, and 
the first employee to repeat the slogan word for word 
receives a gift certificate. Since the contest has been 
in force, a substantial reduction in accident fre
quency rate has been obtained. For example, dur
ing a recent season 1 of our plants received national 
recognition by working 1,000,000 man-hr without a 
"lost-time" accident. Morale of employees, over-all 
sanitation, and plant efficiency have been improved. 
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ISU RESEARCH REPORTS ON NEW, 
PRECISE SUGAR-TESTING PROCEDURE 

A highly sensitive method for measuring the content of 
various sugars in ch eese was described recently b y an Iowa 
State University researcher. 

A. H. Miah pointed out that even though there are nu
merous colorimeh'ic methods for determining sugar levels in 
cheese, they are of limited value because other reducing sub
stances are present. 

" It was commonly believed that lactose in cheese clisapears 
within the first 2 weeks after manufacture. However, this 
new method has been used to find low levels of lactose in 
cheese several years old ," Miah said. 

He added that as little as 0.002% of glucose and 0.001% 
of galactose can be detected by the enzymatic method de
veloped at Iowa State. 
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THE POTENTIALS OF FREEZE DRYING' 
WILLIAM FLmG, JR. 

Freeze Dry P·roducts, In c. 
Evansville, IncUana 

It is an honor for me to be invited to talk about 
freeze drying and its potentials. Freeze Dry Prod
ucts, Inc. has been involved with this industry for 
five years and has seen it grow from an infant to a 
young adult. Our young adult has matmed quickly 
during his development. H e knew he had potential, 
but he has gone through some difficult times learn
ing to utilize it. Two directions seem very promis
ing and are paying their own way. There is a third 
way to go that could utilize the industry's poten
tials to the fullest. 

TI1e first two paths of growth are in the areas of 
institutional convenience feeding and industrial in
gredients. Freeze-dried food offers large institu
tional feeders quickly prep ared foods that handle and 
store easily as well as assuring uniform quality, flavor 
and texture each time they are prepared. Dinner 
enu·ees, soups, salads and breakfast items are avail
able to the mass feeder now and are doing very well. 

The military is an extensive user of freeze-dried 
foods . In addition to the above advantages they also 
list ease of shipping and storage as well as making 
some perishable items available to remote locations . 
Freeze-dried pouch packed meals for long range pa
trols are now replacing C-rations. The quality and 
acceptance has been so good that many soldiers are 
sending the packets home for theiJ: families to u·y. 

; By industrial ingredients I am referring to freeze
dried foods which are incorporated with other food 
products before they are sold to the end user. These 
ingredients afford the processor a quality dehydrated 
component that will enhance his final product and is 
generally easier to store and handle. Freeze-dried 
chives for dairy products, fruits with cereals, and 
meats, fishes and poultry for soups and casseroles 
are some examples. 

Before I discuss the industry's third and possibly 
bes t area of growth potential, let me quickly explain 
the process for a full er understanding of what freeze
dried foods have to offer. 

We all know that at sea level water boils at 212°. 
If we go to Pikes Peak, the boiling temperah1re is 
less because there is less pressure. And, if we con

l 

'Presented at the 1968 Kentucky Fieldmen and Sanitarians 
Conference, Mammoth Cave, Kentucky, F ebruary 27 and 28, 

1968. 

tinue reducing the pressure, the boiling point soon 
drops to where it is equal to the freezing point of 
water. At this point, and lower, all water must exist 
in the form of ice. But, we also have a boiling point 
at this pressure that causes the ice to change to a 
vapor of ice crystals without going through the liquid 
state-a process called sublimation. 

The resulting water vapor is collected on refriger
ated coils until the product is dry to less than 2% 
moisture. With proper packaging in a nitrogen at
mosphere, and the low moisture content, the final 
product has a long shelf life. 

Because the water leaves the product as a vapor 
the cell sh·ucture is not disturbed and there is no 
loss of color, flavor, or nutritional values. Also, the 
vapor leaves so gently that there is no surface hard
ening or any other objectionable property commonly 
associated with dehydrated foods . Thus, when you 
replace the water, the rehydrated product is virtually 
identical to the original in flavor, texture and appear
ance. 

All of this now brings us to freeze drying's third 
area of growth potential of offering completely new 
food products to the market place as well as increas
ing the availability of foods to new markets. This 
potential can only be accomplished by close coopera
tion and great imagination on the part of freeze dry
ers and the food industry. A number of companies 
are exploiting this potential right now and it is pay
ing off. 

A perishable item as cottage cheese is being sold 
to Americans living overseas by a meat packing com
pany. They are selling on the average of 7,200 
pounds a month and that is in addition to the three 
million pounds our company sold to the military last 
year. 

Freeze-dried ice cream enrobed in chocolate or 
oth fr coverings is being used as a candy center. It's 
crun chy vvith the definite flavor of ice cream. Freeze 
-dried ice cream in cereal was also attempted as was 
the same product in an instant milk shake. 

Horseradish kept losing its flavor, even while in a 
sauce. Tow it is freeze dried, milled, and able to be 
put on the table and dispensed like salt. It releases 
its fl avor when it comes in contact with any moist 
product. 

I could keep citing examples of how a market 
could be expanded or a new market crea ted by utili z-
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ing freeze drying. It obviously is not the only way, 

but it is an area to be inves tigated because of the 

potential it holds. 
vVe are pleased with the potentials of the freeze

drying industry and with its growth these past years. 

PASTEURIZED MILK BACTERIA 
SOMETIMES RECOVE.R 

\ Vhy does pasteurized mi lk "sour" after several weeks in 

th e refri gerator? 

Scientists have long believed that bacteria som ehow en

tered the milk after pasteurization, but a University of f-.1lm·y

land graduate student has found some bacteria " knocked out" 

by th e h eat treatm ent can and do recover after a p eriod 

of time. However, h e hastened to explain, this does not 

mean that pas teurization is a poor method of protecting milk. 

It simply m eans that pasteurized milk is not "sterile" milk . 

Most bacteria are not " harmful"-in fact, som e are necessary 

in the manufacture of butter, cheese and oth er dai1·y products. 

Mr. Roger D abbah , working under th e supervision of Dr. 

J. F. Mattick of th e University's D airy Science D epartment , 

found that certain kinds of bacteria began mu ltiplying after 

being totally inactive for 3 clays. 

Dabbah reported on the work h e did in cooperation with 

Dr. \.Y. A. Moats at th e U. S. D epartm ent of Agriculture He

search Center, Beltsville, Mel. 

H e identified certain psychrophil es in milk. After h e

heated th e bacteria to 55 for 30 min , h e transferred th em to 

a seri es of seal ed glass ampules so th at no outside bacteri <1 

could enter. H e opened one of th e ampules and foun d no 

living bacteria ; th e oth er samples were stored for later exami

nation. 

Twenty-four hours later he opened one of th e ampules 

and incubated th e enclosed materia l. H e continued to do 

this on a 24 hr period. For the first 2 or 3 clays, he found 

no activity, but th en the bacteria began to multipl y. 

H e also observed that th e "recovered " bacteria grew as 

well as similar org·,;nisms that h ad not been h eat trea ted. 

Dabbal1 exp lain ed , "When bacteria d o not multiply, the 

scientist must assum e that th ere is no life. But, we now 

have evidence that psychrophili c bacteria do recover after 

sub-leth al heat trea tm ent." 

The direction it will take or the products that will ac

count for the greatest percentage of the business we 

can only speculate about. In all probability the 

products that are enjoying success today will be over

shadowed by the new ones of tomorrow. 

OFF FLAVORS MAY BE DUE 
TO AIR POLLUTION 

Air in our citi es may at times be so polluted that it camwt 

be used to d ry milk without affectin g th e fl avor, a U . S. 

D epartment of Agriculture scientist reported recentl y. 

If present indications are borne out in experiments to be 

conducted this summ er, future milk-drying plants m ay have 

to be constructed at considerable distances from areas of 

heavy automobile traffic. Or, milk dqers in such locations 

will require filters to remove air contaminm1ts. 

Scientists of USDA's Agricultmal Hesearch Service, doing 

experimental work on th e production of skim-milk powder ll 

in \Vashington, D. C., believe that ozone in the air used for 

dryin g is responsibl e for serious flavor defects they have en

countered in making th e product during the smmner months. 

" Consistent appearance of the off-flavors during the hot 

weather made us suspect that contamination of th e air with 

ozone might be responsible," explained ARS chemist , F. E. 

Kurtz, of th e Eastern utiliza tion research laboratory in \i'lasb

ington. H e reasoned th at the combined action of sunlight 

and h eat on automobile exhaust fum es can result in the 

conversion of considerable quantities of these combustion 

products to ozone. 
Th is seemed a likely source of the off-flavors encotmtered, 

since th e ' Vashington laboratory is located in a heavy-h·affic 

section of th e ci ty. But when th e th eory was first proposed 

last fall , th e hot weather was over, and sa tisfactory dried 

milks were again bein g prod uced. To test out the theory, Dr. 

Kurtz sa id the scientists intentionally contaminated with ozone 

th e air they were using for dryin g milk. They found that 

ozone concentrations as low as 30 to 50 parts per billion

well within the ozone levels that have been reported for 

po lluted city air-were sufficient to produce off-fl avors in th e 

dried milks. 
Final proof of th e th eory must await tests to be made this 

summer when the dryer air will be subjected to analyses for 

ozone and oth er contaminants. If, as exp ected, the levels 

are high a11cl th e same off-flavors reappear, this will estab lish 

that dairy products cannot be dried without fl avor change 

where th e air pollution is high. 
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A SANITARY SURVEY OF ICE 
I. ICE MANUFACTURE AND VENDING UNITS' 

P. A. LADANYI AND S. M. MoRRISON 

De-pa·rtrn ent of M icrobio logy 
Colorado State University 

Fort Collins, Colorado 80521 

( Hcceivecl for publication March 7, 1968 ) 

ABSTllACT 

A study of the sanitary quality of ice p roducts and manu
facturing waters from three Denver plants including coliform, 
mesophilic and psychrophilic microbial determinations and 
sediment evaluations was made. Cubed ice from vending 
units in Fort Collins, Colorado was examined for mesophilic 
and psychrophilic microorganisms and sedim ents. Some addi
tional observations are presented. 

Cenerally microorganisms were consistently present in low 
numbers. The coliform content of ice was extremely low and 
often they were not present. There were indications that much 
of the microbial and sediment contamination in ice r esulted 
from environm ental or human exposure after manufacture. A 

variety of foreign particulate matter was observed in both the 
Denver and Fort Collins ice; however, there appeared to be 
little correlation between sediment and microbia l content. 
Sanitary control of ice manufacture and dispensing should in
clude sediment testin g and microbial detenninations to supple
ment the currently used coliforni determinations. 

The desire of modern society for chilled foods and 
beverages, along ·with vast needs in the preparation, 
storage, transport, and serving of foods and beverages 
have created an ever increasing demand for ice. In 
the past, most of the ice was supplied by commercial 
plants which produced blocks of ice by mechanical 

; freezing or, to a lesser degree, by cutting natural ice. 
For several years after the development of the house
hold refrigerator, the ice cubes produced by this ap
pliance seemed to meet family needs . Changing so
cial and recreational habits and increased mobility 
of the population have created a demand for ice to 
supplement the household refrigerator supply. To 
meet these increased needs two major developments 
have taken place. On-the-premise ice machines are 
used by most hotels and motels , institutional food 
services, bars, restaurants and retail food outlets . Al
so, large number of retail stores, gasoline stations, and 
roadside vendors have installed ice dispensers (coin
operated or over-the-counter ) . These units dispense 
cubed, crushed, chipped or block ice supplied by 
co\mnercial ice plants or by ice-making machines. 

Even though ice is consumed as a food , examination 

'This study was supported by research project EF 00507 of 
the U. S. Public Health Service. 

for sanitary quality and the control of manufacture 
and distribution is often neglected. While freezing 
is detrimental to large numbers of organisms in a 
fluid environment, not all bacteria are killed. Also, 
other foreign matter can b e incorporated into ice. 
The large surface area of crushed or chipped ice 
makes it particularly vulnerable to environmental 
contamination. \ iVhen ice is produced from potable 
water, the sanitary quality of the product should be 
superior to that of the water, because freezing in
activates many organisms. In practice, however, the 
microbial contaminants in ice can approach unsafe 
levels for human consumption (3, 6). This increase in 
microbial content was attributed by many investigat
ors to improper and insanitary handling and storage 
of ice after production (3, 6, 7). 

This paper reports the results of a survey of · sani
tary quality of ice manufacturing of commercial plants 
in D enver, Colorado and a survey of ice sold at dis
pensers or storage bins in Fort Collins, Colorado. It 
also reports sources and types of microbial popula
tions and foreign matter contamin ation in ice and 
methods for laboratory testing. 

MATEHlALS AND M ETHODS 

The usual laboratory tes t for san itary quality of ice is to 
treat it as a form of water and test for Escherichia coli or 
coliform density. Several inves tiga tors have noted that this 
test may be inadequate because gram-negative bacteria, par
ticularl y the colifom1s, are more sensitive to freezing than are 
the gram-positives (2, 4, 5, Jvforrison and McCarron, unpub
lished data ) . Therefore in these surveys, in addition to stand
ard coliform testing, ·total m esophilic (32. C ) and psychro
philic ( 5 C ) plate counts ( bacteria and yeasts) were per
formed. 

Denver ·ice plants 
Between F ebruary 1964 and July 1965, 593 ice and p ro

cessing water samples were collected in sterile covered glass 
con tainers from three ice manufacturing plants in D enver by 
sanitarians of the Deparb11ent of H ealth and Hospitals and 
transported promptly to the Environmental H ealth Laboratory 
where they were analyzed. 

TI1e ice samples were pl aced in a 48-55 C water batl1 only 
until they m elted . Dilutions of th e water and m elted ice 
were plated, in duplicate, using procedures outlined in Stand
ard Methods for the Examination of Dcl'i:ry Pmducts (1). One 
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set of plates was incubated at 32 C for 48 lw before counting 

and the duplicate p lates were incubated at 5 C for 14 days 

for p sychrophiles. Coliform determin ations were done by the 

most probable number method on five 10 ml portions. Counts 

of viable organisms in ice were reported for 100 ml portions, 

whereas for processing water, counts per ml were used. 

For an approximation of tl1 e quantity and type of suspended 

solids present in ice and processing waters, 500 ml were 

passed through cotton milk filter pads ( 0.4 inch) and the 

resulting sedim ents compared visually with an arbitrary set 

of standards established in tl1e laboratory. 

Fo1t Collins vendi.ng 1111its 

During th e period May 1964 to July 1965, 121 samples of 

ice in the original plastic or paper bags were collected from 

comm ercial vencung units located in a variety of sites in the 

Fort Collins area: parking areas, gasoline stations, grocery 

stores and beverage outlets. 

The coll ection and testiJ1g of these samples were done by 

personnel of th e water laboratory of the D epartment of Micro

biology at Colorado State University. In the laboratory, ice 

was melted in sterile glass containers at 45 C in a water batl1. 

Duplicate 25 and 50 ml samples we1·e passed tl1rough filter 

membranes ( ifillipore HA, 0.45 p.) and tl1e membran es trans

fen·ecl to absorbent pads, saturated with m-plate count broth 

( Difco) in petri dishes. One set of plates was incubated at 

32 C for 48 hr for mesopl1ilic counts and the duplicates were 

incubated at 5 C for 14 clays. The m embrane counts were 

read under a dissecting microscope (1 ) . Membrane filter de

tection of coliforms was attempted for approximately ilie first 

half of the samples, but the occurrence of colifom1s was so 

infrequent that the method was abandoned. 

Sediment detection was carried out as described above. 

RESULTS AND DISCUSSION 

DenveT ice plants 

The tln·ee Denver ice manufacturing plants (de

signed A, B, and C ) included in this study "vere quite 

similar in their basic operational methods. Ice blocks 

were produced in metal forms which were filled with 

water and immersed in refrigerated brine. \iVhen 

freezing of the blocks was complete, the metal forms 

were immersed i11 a thaw tank to release tl1e ice 

blocks. The blocks were slid into a cold area for 

storage or distribution, or were broken up into a 

variety of smaller units (small blocks, crushed, cubed, 

chipped or shaved ) . 

The mesophilic and psychrophilic vizlble microbial 

~ bacteria and yeas t ) cotmts found in ice samples 

hom each of the plants are presented in Table 1. 

Counts were made on samples from the interior of 

the blocks, on samples composed of a mixture of in

terior and smface ice and on cubes made by the 

plant. Mean counts per 100 ml for each group of 

samples are presented along with tl1e per cent fre

quency distribution of the counts in arbitrary groups. 

Although the mesophilic and psychrophilic counts 

were relatively low in most of the samples, it is in

teresting to note the infrequency of zero or near zero 

cotmts . 

At Companies B and C the interior of the ice 

blocks showed fewer mesophilic and psycln·ophilic 

organisms than the block mixtures or the cubes, both 

by mean count data and per cent frequency dish·ibu

tion of counts. The higher counts of the samplJs 

containing surface material and ice that had been 

tl1rough the cutters indicates contamination of the 

surfaces by tl1e thaw tank, by the slides and floors 

over which tl1e ice is moved, a~1cl by air and human 

contamination. Thaw tank contamination was ob

served by Shewan (7). The ice cubes go through the 

additional exposure of cutting and human handling. 

The apparent exception to the statements above, 

seen in Company A, can be explained by the poor 

quality water this plant 'vvas using to fill the metal 

forms (Table 2). 

Consistently the number of ice samples showing 

coliform organisms was very low. Out of the 250 

samples tested, only 10 yielded any coliforms (Table 

1), even though 17% of the fill water and 71% of the 

thaw tank water san1ples (Table 2) did contain coli

forms. Some of these organisms may have been re

moved from tl1e surfaces of the ice blocks during the 

brief period of thawing needed to release them from 

the forms and move them to the storage or process 

area; however, tl1e greater factor in the low coliforms 

was probably the sensitivity of these organisms to the 

temperature of ice. 

In the Denver study tl1e numbers of observed psy

chrophiles and mesophiles were similar. The mem

brane filter was more efficient tl1an the plate method 

for detecting psychrophiles. Damage to the psy

chrophiles by ilie temperature of melted agar when 

poming plates, as reported by Vanderzant and Mat

tl1ys (8) was probably an important contributing fac

tor to depressed psychrophile counts. 

Each of the plants accumulated municipal water in 

tanks to provide tl1e high flow rates needed in pro

duction . Tl1is storage system appears to be the somce 

of the coliforms that appeared i11 17% of tl1e fill water 

samples (Table 2 ) . Also the table shows tl1at the 

psychrophile level was similar in samples from each 

plant and the mesophilic counts were similar in samp

les from Companies B and C. The high mesophile 

sample count in A was probably related to the com

plex processing applied to their water supply; tl1e 

water was passed through a sand clarifying-charcoal 

decolorizing-ion exchange system to a storage reser

voir. 

Two other procedures used by the plants were 

meant to improve the quality of the ice. Company 

B scraped and washed the ice block surfaces before 

cutting; both Company B and C usually removed 

core water before completion of block freezing and 
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TABLE 1. FHEQUE CY OI STIUBUTIO ' SU RVEY OF DE:-IVEH PLANT I CE l ' OR TOTAL COUNTS AND COL!l' ORMS 

Type of ice 
sampl e 

Block interior 
Block mixture 
Cubes 

Block interior 
Block mixture 
Cubes 

Block interior 
Block mixture 
Cubes 

Block interior 
Block mixtme 
Cubes 

All ice 

1'\o. 
of 

samp les 

28 
28 
26 

29 
29 
27 

28 
28 
27 

85 
85 
80 

250 

Tota l l"iable counts 
IIOO ml at 32 C 

% Frequency 
di stribu t ion 

+ 
0 

g 
0 
.-< 

0 14 64 22 0 
0 14 64 22 0 
0 4 69 27 0 

7 45 48 0 0 
0 17 59 21 3 
0 0 63 37 0 

14 18 64 4 0 
0 18 75 7 0 
0 15 70 15 0 

7 26 59 8 0 
0 16 66 17 1 
0 6 68 26 0 

2 16 64 17 1 

l\Iea n 

710 
580 

1200 

190 
2000 
1500 

310 
860 
530 

400 
1200 
llOO 

870 

0/ 5 

27 
27 
24 

29 
25 
25 

28 
28 
27 

84 
80 
76 

240 

No. 

'l'ota l vi able counts 
IIOO ml at 5 C 

% Frequency 
distr ibution of 

samples ---------

20 
20 
19 

+ 
0 
0 
0 

~ 

5 30 55 10 0 
0 45 40 15 0 
5 5 58 32 0 

20 25 55 20 0 0 
19 5 32 32 10 21 
20 0 10 55 35 0 

19 37 37 '26 0 0 
19 16 26 58 0 0 
19 5 53 32 10 0 

59 22 41 34 3 0 
58 7 34 43 9 7 
58 4 22 48 26 0 

175 ll 32 42 13 2 

2.55 

~lean 

610 
470 
900 

74 
6000 
970 

82 
130 
540 

260 
2200 
800 

llOO 

TAllLE 2. FHEQUENCY OJSTHIB UTION SUHVEY OF WATER SAMPLES Fl~Oi\·1 DENVEH l CE PLANTS FOR TOTAL COUNTS Al'Hl COLlFOHMS 

Company 

A 

B 

c 

Subtotals 

Total 

'l'.\"Jle Of 
water 
sa mple 

F ill 
Core 
Brine 
Thaw 

Fill 
Core 
Brine 
Thaw 

Fill 
Core 
Brine 
Thaw 

Fill 
Core 
Brine 
Thaw 

All 

No. 
of 

samples 

29 
29 
29 
29 

29 
28 
29 
29 

28 
28 
28 
28 

86 
85 
86 
86 

343 

Total vi:tble counts 
/ ml at 32 C 

% Frequency 
distri bution 

+ 
0 

g 
~ 

:Mean 

0 0 41 
3 4 69 
3 66 31 
0 17 69 

55 4 2500 
21 3 1500 
0 0 100 

14 0 550 

24 41 28 7 0 
55 29 11 5 0 
76 17 7 0 0 

0 14 55 28 3 

18 43 25 
61 21 18 
46 54 0 

0 4 93 

14 0 
0 0 
0 0 
3 0 

14 28 31 26 1 
40 18 33 8 1 
42 45 13 0 0 
0 12 72 15 1 

24 26 37 12 1 

330 
76 
19 

1500 

280 
67 
21 

460 

1000 
570 

47 
830 

620 

Coliform ~lPN 

% Frequency 
di stribut ion 

0/5 1-3/5 4··5/5 

96 
96 

100 
24 

82 
100 
100 

3 

68 
93 

100 
61 

83 
96 

100 
29 

77 

4 
4 
0 

21 

14 
0 
0 

31 

ll 
7 
0 

25 

9 
4 
0 

26 

10 

0 
0 
0 

55 

4 
0 
0 

66 

21 
0 
0 

14 

8 
0 
0 

45 

13 

Ko. 
of 

samples 

20 
20 
20 
20 

20 
19 
20 
20 

19 
19 
19 
19 

59 
58 
59 
59 

235 

Total viable counts 
/ml at 5 C 

%Frequency 
distribution Mean 

25 30 35 
15 55 15 
5 55 40 
0 40 55 

10 
15 

0 
5 

30 40 20 10 
84 ll 5 0 
55 35 10 0 

5 50 35 10 

21 32 37 
47 27 21 
37 63 0 
16 68 16 

26 34 30 
48 31 14 
32 51 17 
7 52 36 

10 
5 
0 
0 

10 
7 
0 
5 

28 42 24 6 

440 
410 

98 
220 

300 
51 
38 

35C 

350 
130 

18 
40 

370 
200 
52 

203 

210 
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replaced it with fresh water. This core, the last 
portion of the block to freeze, is cup shaped at the 

top center of the freezing block. As fr eezing pro
gresses the ice excludes foreign matter as salts, gases 

and microorganisms which concenh·ate in the un

frozen area. The bacteriological data of this study 

do not show evidence of greatly improved product by 

either of the above procedures. Hovvever, additional 

more specific studies are needed to evaluate the pro

cedures. 
Another variable of operation among the plants for 

which our data do not provide evidence of preference 

was the freezing times and temperatures used. Plan t 

A used brine temperature of 8-15 F and a three day 

period for fr eezing; Plant B used a temperature near 

0 F and a variable freezing cycle of 1-2 days; Plant 

TAllLE 3. SEDniENTS, HATED ON 0 TO 3 SCALE, I N ~Al\IPL E.'; 

F HOM D ENVEH ICE PLANTS AND FOHT COLLINS ICE DISPENSEHS 

Company 

Denver A 

Denver 13 

Denver C 

Subtotals 

Tota l 

Denver 

Fort 
Collins A 

Fort 
Collins B 

Fort 
Collin s (C) 

Total 

Type of sa mple 

F ill water 
l ee block interior 
Ice b lock mixture 
l ee cubes 

Fill water 
Ice block interior 
Ice block mixture 
lee cubes 

F ill water 
Ice block in terior 
l ee block mixture 
Ice cubes 

Fill water 
l ee block interior 
Ice block mixture 

Ice cul~.es 

All ice 

City tap water 

Ice cubes 

Ice cubes 

Icc cubes 

Ice cubes 

( C ) = Sources unknown 

% Distribution 

3. amplcs 

50 50 0 0 
10 57 19 14 
14 45 27 14 

0 10 19 71 

78 13 
23 36 
14 50 
5 5 

9 0 
14 27 
18 18 
u 76 

20 
21 
22 
21 

2.3 
22 
22 
21 

GO 30 5 5 20 
0 35 35 30 20 
5 53 16 26 19 
4 14 41 41 22 

63 30 5 2 G3 
ll 43 22 24 6:3 
11 49 21 19 63 
3 9 25 63 64 

8 34 23 35 190 

85 5 10 0 20 

0 33 53 14 30 

0 10 42 48 52 

() 56 22 22 27 

() 28 40 32 109 

VISIBLE SEDIMENT IN ICE MANlFACTU'lED IN DENVER, COLORADO. 

PUHT A 

I'LAJOT I • 
PL..UIT C 

CONTltcLI 

UlfJS£D""' CfTYT..., WATU 

Fig. 1. Typical pads showing sediment from Denver ice 

sampl es rated on 0-3 scale. 

VISIBLE SEDIMENT FROM ICE PURCHASED IN FORT COLLINS, COLORADO. 

IC£ CLIIEt - 1500 IlL. 

GROUP A 

...., .. 
GftOUP C 

CONTROLS 

Fig. 2. Typical pads showing sedim ent f rom Fort Coll ins 

ice samp les rated on 0-3 scale. 

C used 14-24 F brine temperature and a four day 

freezing period. As expected, relatively few organ

isms were detected in the brine waters due to the 

high salt content. 
Suprisingly, the microbial content of the thaw 

waters was not unusually high (Table 2). The thaw 

tanks were large pits below floor level, continuously 

filled with running water, and emptied weekly. Large 

amounts of debris were visible in these tanks and 

high microbial counts were expected . 

Table 3 presents the per cent fr equency distribu

tion of the sediments in 500 ml samples of the fill 

water and ice samples from each D enver plant. A 

pictorial presentation of some typical sediment pads 
is shown in Fig. 1. 'While over 90% of the fill water 

samples showed sedimen t pads that were rated 0 to 

1 ( trace), the block ice samples, both interior and 
mixed, showed a higher number of sediments in cate-

, 
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TABLE 4. FREQUENCY DlSTRJBUTIO ' SUR \ ' EY OF FOHT COLLJNS lCE TOTAL COUNTS 

Total ,·iable counts /100 ml at 32 C Total viable counts /100 ml at 5 c 

Origin of :\o. of % Frequency ::\o. of o/o F requency 
icc euhcs snmples distr ibution snmples di stribulion 

l\Iean .Mean 
0> "' 0> "' "' "" + g g + "' '? 

~ "' 0 g "' 0 

g 0 g 0 0 g 
c; 0 . "' 0 

::: ::: ::: ::: 0 ;:; 0 

.-< .-< .-< .-< .-< 

Company A 35 14 72 14 0 0 47 44 18 48 32 2 0 140 

Company B 54 5 61 30 4 0 150 64 1 20 47 30 2 1000 

Unknown (C) 32 0 28 47 22 3 llOO 36 11 17 36 25 11 4300 

Total 121 7 55 30 7 1 

gories 2 and 3 with little difference bel:\;veen the in

terior samples and the samples containing both in
terior and exterior (mixed) ice. VVhen the ice was 
cubed, there was a definite increase in foreign mat
ter, almost 90% of the samples rated 2 or 3. This in
dicates that some of the sediment occurs in the freez
ing forms , but the bulk of the foreign matter was 
added during later handling of the ice. 

Microscopic study of the sediment pads led to the 
detection of sand particles, salt crystals, rust, wood 
slivers, paint flakes and much unidentifiable material. 
There was no relationship bel:\veen sediments and 
microbial content. 

F art C olli·ns vend·ing units 
A summary of the results of the microbial content 

of Fort Collins ice is presented in Table 4; the evalu
ation of the sediments found in this ice in Table 3. 
All of the ice samples were either in cubed or crack
ed form. An attempt to trace the source of the ice 
was partially successful. Company A used an auto
matic cube-making machine; Company B made crack
ed ice by crushing blocks; and C were samples whose 
source was unknown or were made on the premise. 
The letter designations are in no way related to the 
D enver companies . 

The mesophilic ( 32 C) counts of the ice from Com
panies A and B were somewhat lower than the counts 
observed in the D enver plants. Although it is im
possible to directly compare the water supply or the 
manufacturing procedures in the manufacture of the 
Fort Collins and D e'nver ice, the lower counts were 
expected b ecause the Fort Collins ice was stored 
samples, while the Denver ice was fresh . Work in 
our laboratory has shovvn the rapid decline of organ
i,sms, particularly mesophiles, when stored in ice. 
Considerably higher mesophilic counts occurred in 
ice from heterogeneous group C. In this group were 
liquor stores, gasoline stations and small food stores 
that filled bags for the purchaser in a very insanitary 

manner. 
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In contrast to the Denver stttdy where mesophilic 
and psychrophilic counts were comparable, the Fort 
Collins samples yielded higher levels of psychrophiles. 
The membrane fi lter d etermination of psychrophiles 
was used and yielded higher counts than the pour 
plate techniqu e. Again the group C samples showed 
higher counts than those observed for A and B. 

The seqiments in the Fort Collins samples distri
buted on our 0-3 evaluation scale similarly to the ice 
cube samples from D enver . A photograph of some 
typical pads is presented in Fig. 2. Again no corre
lation between microbial content and foreign matter 
was seen. 

Microscopic examination showed the same types 
of foreign matter seen in the D enver ice and also un
identified mucoid slime. To determine if the meso
philic organisms that we were encountering in the 
counts might be including some potential pathogens 
such as hemolytic Staphylococcus and Streptococcus 
or eQterics, duplicate membrane filters were pressed 
on the surface of blood agar in petri dishes and in
cubated for 48 hr at 37 C. Colony observation, 
Gram stains and subcultures, where necessary, were 
done. o colonies which could be considered patho
genic Staphylococcus, Streptococcus or enterics were 
found in the samples studied. Almost all the meso
philic bacteria observed in ice were gram-positive 

with rod shaped cells predominating; the psychro
philic organisms were primarily gram-positive bac

teria and yeasts. 
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ASSO·CIATION AFFAIRS 

WILLIAM J. DIXON SR. 

William J. Dixon, Sr. age 69, Associate Editor of 
the Journal the past two and one half years and a 
long time member of International, died Friday, 

_June 14. "Bill" had been in poor health for sometime 
but his death was unexpected . H e was born in Kan
sas City, Missouri and was Commissioner of Sanita
tion for the Kansas City Health Department from 
1940 until 1948. He resigned in 1948 to become a 
Vice-President of Klenzade Products, Inc. Beloit, 
·wisconsin. "Bill" and Alma returned to Kansas City 
in 1967 after his retirement from Klenzade. 

During his tenure with Klenzade he became wide-
- ly known and liked by everyone who attended the 

Klenzade Seminars . The work done by "Bill" as Di
rector of the seminars was most outstanding and 
will always be considered a monumental contribution 
to the field of sanitation. 

He was a member of the American Public Health 
Association; International Association of Milk, Food 
and Environmental, Sanitarians, Inc.; The Associa
tion of Food and Drug Officials of the United States; . 
past president of the Missouri Public H ealth Associa
tion; Mid-Continent Dairy Food & Drug Association 
and the Dairy Technology of Greater Kansas City. 

H e will be greatly missed by all his fri ends in In
ternational. Surviving are his wife, Mrs. Alma ~11. 

Dixon, 5318 North Virginia Ave., two sons, Robert 
H . Dixon at home and vVilliam J. Dixon, Jr. Clay
mont, Delaware. 

GUY JESSE NAGEOTTE 

Guy Jesse Nageotte, Extension Specialist, Dairy 
Science, at VPI since 1951, died of a heart attack on 
Wednesday, July 17, 1968, at Radford Community 
Hospital, Radford, Virginia. H e is survived by his 

wife, Mrs. Eudora D . Nageotte, his father, Mr. Joseph 
Nageotte, Penn State University, University Park, 
Pennsylvania, a brother, J. L. Nageotte, Montibello, , 
California and three sisters. 

Professor Nageotte served as Dairy Products Spec
ialist at VPI and was very active in many programs 
relating to quality milk production and processing. 
H e helped conduct annual conferences and training 
sessions for Dairy Plant Fieldman and Milk Sanitar
ians. He helped organize and was instrumental in 
planning outstanding programs for two Dairy Tech
nology Societies in Virginia, as well as serving fo:· 
many years on the Food Promotion Committee of the 
American Dairy Association of Virginia. Activities 
in the latter were centered around plans for the An
nual June Dairy Month Program on Milk promotion. 

Professor Nageotte prepared a Dairy H erd Manage
ment Calendar that received wide acclaim through
out Virginia and many other states as being very 
useful as a guide on proper milking practices and 
producing quality milk. The calendar has been used 
in several states for a period of six years. H e was 
the author of 47 scientific papers dealing with quality 
milk and milk products. H e was a member of the 
American Dairy Science Association and International 
Association of 1Iilk, Food and Environmental Sani
tarians, Inc. 

During the last year he served as staff assistant to 
the Dairy Task Force Committee of the Commission 
of the Industry of Agriculture in Virginia. Also he 
was advisor to the Student Dairy Science Club at 
VPI. 

ABRAHAM W. FUCHS 

Abraham W. Fuchs, 76, a retired Sanitary Engineer 
Director in the United States Public Health Service, 
who devoted most of his professional life to improv
ing the quality of milk and foods, died on Jwle 25, 
1968 in Washington, D. C. 
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Born in ew York City, Mr. Fuchs attended the 
City grade schools and the Boys' High School in 
Brooklyn. H e was graduated from Cornell Univer
sity in 1913 with a major in sanitary engineering. 

After graduation, he worked for three years as a 
junior engineer with the Baltimore Sewerage Com
nusswn. In 1916 he began a long association with 
the U. S. Public Health Service-one that vvas to last 
until his death. 

In the early years of his PHS career, he worked 
in the area of malaria conh·ol in various Southern 
States . In 1927 he became involved in a specialty 
that was to become his lifelong concern-milk sani
tation . He first conducted milk sanitation smveys in 
Connecticut and ew York for the 1930 ViThite House 
Conference on Child Health. While working in New 
York City in 1931 he began laboratory studies for 
improved bactericidal treatment of milk equipment. 

In 1933 he became Assistant Chief of the PHS 
Office of :tvlilk Inves tigations in ·washington, D. C., 
and in 1940 was appointed Chief of the Milk and 
Food Branch of the Sanitary Engineering Division. 
In this position, Mr. Fuchs helped State and local 
agencies develop milk and food sanitation ordinances 
<md codes and initiate cooperative programs with in
dustry for a higher quality of milk supplies. Dming 
·world War II, his attention was directed toward pro
viding adequate milk supplies for critical defense 
areas and conducting demonstration classes for food 
handlers. His research focused on sanitary design 
and adequacy of pasteurization equipment. He de
veloped basic design criteria for leak-protector valves 
on pasteurizers as well as for milk regenerators. H e 
also developed a plan for the certification of inter
state milk shipments to elin1inate trade barriers. In 

i 1952 he served as Chief of Health and Sanitation on 
a special U. S. mission to Israel, and in 1955 served 
as a Senior Public Health Consultant on a similar 
mission to Jamaica. 

·when Abraham Fuchs retired from the Public 
Health Service in ~956, he had achieved the rank of 
Sanitary Engineer Di.J:ector (Captain ). In 1963 he 
received the American Campaign Medal, the World 
\Var II Victory Medal, and the National Defense 
Service Medal. 

Mr. Fuchs is the avthor or co-author of over 80 
technical papers on malaria, milk and food sanita
tion, and health adminish·ation. He edited all edi
tions of the PHS Milk Ordinance and Code, Restau
rant Ordinance and Code, and Frozen Desserts Odi
na\1Ce and Code that were issued by the PHS dming 
the years 1933 to 1953. These model ordinances, 
based on many years of research and field experience, 
have been widely adopted as State regulations and 
municipal and country ordmances . 

Mr. Fuchs was a member of th e American Public 

Health Association, the Standard Methods Commit
tee for Examination of Dairy Products, the Commit
tee on Food Utensil Sanitation and the International 
Association of Milk, Food, and Environmental San
itarians, servmg as President in 1949 and as a mem
ber of its Executive Board from 1946 to 1952. He 
was associate editor of the Journal of Milk and Food 
Technology from 1947 to 1952. 

Mr. Fuchs is survived by his wife, Hanna, a son, 
Richard Fuchs, a daughter, :Mrs. Martin Packman, 3 
grandchildren, 2 sisters, and one brother. 

CHARLES HALLORAN 

Charles Halloran passed away in a Sioux Falls, 
South Dakota hospital Sunday June 30, 1968. Funeral 
mass was held Tuesday morning at St. Joseph's Ca
thedral in Sioux Falls . He was graduated from Rock 
Rapids high school and later from South Dakota 
State University with a B. S. degree in Dairy Manu
fachu·ing and minor in Economics and Bacteriology. 
He later received a M.S. degree in Dairy Science at 
Michigan State University in East Lansing. 

His research toward the Master's degree was in 
the field of homogenization of milk under the guid
ance of Dr. G. Malcolm Trout. Based on his re
search, several articles on the subject were written 
and published. He then retmned to South Dakota 
and worked as a creamtester, butter maker, milk 
mspector, water plant operator and supervisor before 
starting as an assistant milk specialist with the State 
Board of Health, being assigned to the Pennington 
County Health Unit April, 1943. 

In September, 1949, he was transferred to Pierre. 
His duties with the State Department of Health were 
in the field of Environmental Sanitation. He was 
the State Milk Survey Sanitation Officer as well as 
a certified food service sanitation survey officer and 
has been an invaluable consultant in the entire field 
of environmental sanitation. Mr. Halloran was a 
charter member of the South Dakota Association of 
Sanitarians, and held numerous offices in the or
ganization. H e was made an l1onorary member of 
the Association upon his retirement in D ecember 
of 1964. H e was, also, a long ti.Jne member of Inter
national Association of Milk, Food and Environmental 
Sanitarians, Inc. and served on various committees. 

Since his retirement, Mr. Halloran has made his 
home in Sioux Falls, South Dakota, and has spent his 
wmters in St. Petersburg, Florida. Smvivors include 
two sisters, Mrs. Leander Dunker of Sioux Falls, and 
Mrs. Arthur 11IcKelvey of Aurora; and a brother Mar
tin, of Pipes tone. 
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TRAINING PROGRAM 

Training Program, National Communicable Disease 

Center, Public H ealth Service, Atlanta, Georgia, 

would like to announce the presentation of Course 

3090-G, "Environmental Control in H ealth Care Fa

cilities," in Atlanta, Georgia, October 14-18, 1968. 

This is a course for public health workers and others 

wh~ are responsible for curbing infection through 
envu·onmental control activities in hospitals and 

similar institutions. It will be applicable to those 

vvho are asswning these responsibilities for the first 

time, as well as those with some experience. 

The purpose of this course is to provide an oppor

tunity for enrollees to gain an understanding of the 

hospital administrative structure, and to learn the 

environmental control activities usually followed for 

control of infections. 
The teaching staff of recognized authorities will 

be drawn from universities, hospitals, state health 

departments, private industry, and the Public Health 

Service. 
Anyone interested in a ttending or in getting further 

information concerning this course should write to : 

Chief, Community Services Training Section, Train

ing Program, Room 414, Buckhead, National Com

municable Dsease Center, Atlanta, Georgia 30333. 

INTERN•ATIONAL PESTICIDE CONTROVERSY' 

Current international controversy over pesticide 

safety could have serious reprecussions for food ex

porting countries as well as for developing nations. 
Dr. H enry Hurtig, pesticide research co-ordinator 

for the Canada D epartment of Agriculture, has stated 

that there was a real danger that the levels for the 

permissible amounts of pesticides in food may be se t 

so unreasonably low, as to jeopardize pes t and disease 

control programs in emerging nations . Dr. Hurtia 

based his contention on recent experiences at th~ 
Food and Agriculture Organization in Rome where 

he has been chairman of t~1e vVorking Party on Pes

ticide Residues since it was es tablished in 1963. 
H e expressed misgivings "over a conflict of values 

which appears to be evolving at the international 

level concerning the safety of some pesticides, par

ticularly the organochlorine insecticides, that is DDT 

and related compounds". The basic reasons for the 

controversy appear to be the differences in frequency 

and scale of need for use of pesticides between food 

importing and food exporting countries, and dif

ferences in the need to use organochlorine and other 

pesticides in large scale programs for saving lives 

by controlling disease-carrying insects . Unless the 

Food and Agriculture Organization and the \iVorld 

Health ~rganization can resolve this problem through 
cooperatiOn of member governments, further un

n~cess~ry restrictions on the sale and use of pesticides 
will rmse the cost of producing food and create bar

riers to the export of agricultural products . It could 

also raise the cos t and frequency of control of insects 

which jeopardize public health in the general en

vironment, including recreational areas. 
. To be effective, a pesticide must control a pest or 

disease at a concentration that does not yield a residue 

in food above the "maxinmm permissible level" rec

ommended by FAO/ \iVHO experts. 
"Acceptable maximum daily human intakes for 

DDT and all other pe.sticides are recommended on 

the assumption that the dose involved will be eaten 

every day for life and that all food in the diet would 

contain this maximum permissible level," Dr. Hurtig 

pointed out. Residue analysis surveys in Canada 

and th.e U. S. show that in fact the average residue 
levels m foods are but a small fraction of the amount 

provided for by these maximum permissible levels . 

If the concentration of a pesticide necessary to 

control a pest or disease must be at a level that con

tributes to a residue in human food higher than the 

maximum permissible leveL the pesticide cannot b e 

used as a control agent. Thus, if the legal tolerance 

of a pesticide in food is established at a level un

necessarily low, the use of such a vitally important 

pesticide is prevented. 
The Canadian expert is also worried that countries 

will use pesticide regulations in place of tariffs to 

restrict trade. "Although the values established by 

these U agencies' expert committees are ultra-con

servative, and in my opinion overly cautious, they 

are being used in discussions among official dele

gations of developed countries as a basis for the es

t~blishment of even lower values. I am apprehen

sive that the compromises likely to be negotiated will 

actually cast doubt on the wisdom of FAO/WHO 

operational programs involving DDT and other 

pesticides. 
"With these pesticides, WHO is approaching the 

laudable goal of malaria and yellow fever eradication. 

"FAO has similar operational and educational pro

grams for developing countries such as cereal treat

ment, locust control, and animal insect control to 

produce and preserve urgently needed food . 

"J?ese c_ontroversies pose a real threat to solving 

the Immediate problems of food production and dis

ease control. And in the end pesticides will still l1e 

the main means for insect control", Dr. Hurtig said . 

'Reprinted from Food and Drug Research, Jun e 1968, No. 53. 
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CORNELL RESEARCHERS REPORT 
NEW FINDINGS AT POULTRY CONCLAVE 

At the annual meeting of the Poulh'y Science Asso
ciation, July 11, at Texas A&M University, Prof. D. V. 
Vadehra, poultry scientist from the .Y. State Col
lege of Agriculhu·e, Cornell, said cuticle, which is 
dep.osited on the egg shell just before it is laid, plays 
an Important role in preventing bacterial attack. 

Eggs with the layer of cuticle can remain fresh 
as long as 20 days at room temperature, whereas 
eggs without it spoil within five days. 

Even after the cuticle dries out, its protection re
mains effective for as long as three weeks, conh·ary 
to previous belief that the coating material becomes 
ineffective in its protection after a few days, the 
Cornell professor said. 

Vadehra also reported that eggs from different 
strains of layers differ considerably in their abilitv 
to resist bacterial attack. This finding may serve ;s 
a basis for selecting birds that offer better built-in 
protection. 

R. B. Gravani, a graduate student working with 
Profs. Robert C. Baker, poultry scientist, and Vadelu·a, 
told the meeting that the greenish-black discoloration 
of egg yolk on heating in the presence of albumen 
(egg ·white) can be prevented by three different 
methods, involving uses of various kinds of chemicals 
in different combinations. These methods, he said, 
could put an end to the discoloration problem which 
has become quite serious to the indush-y because of 
the greater use of liquid whole eggs. 

Another Cornell graduate sh1dent, R. J. Hasiak, 
reported that the egg shell, outer shell membrane, 
and inner shell membrane ·together contain 11 dif
ferent kinds of lipids (fats) . It was thought pre-

; viously that these shell structures had no fats . The 
finding, he said, is a step tovvard better under
standing of ways in which bacteria infect interior 
parts of th e egg. 

VERSATILE DAIRY LABS TEST 
VARIED PRODUCTS 

Wild boar meat in a dairy laboratory? Yes-if the 
la:b is one of those operated by the U. S. Department 
of Agriculhue. Specialty products such as boar 
meat, dried and frozen 'eggs, and dehydrated chicken 
soup are tested by laboratories of the Dairy Division 
of USDA's Consumer and Marketing Service. The 
Division has its own laboratories in Chicago and 
Syracuse. It also employs the lab facilities of tbe 
Unfversity of \ iVashington under a cooperative agree
ment and has a contract with a San Francisco com
mercial lab. 

In addition to their regular testing of dairy prod
ucts in connection with the D airy Division's grading 

programs, tb~se labs tes t both dairy and non-dairy 
products for mdush·y and other Federal agencies on 
a fee-for-service basis. One example is blended food 
product (a mixture of nonfat dry milk, corn meal, 
soy flour, and vitamins and minerals ), which is dis
tributed overseas to help combat malnutrition. 

They also test products for other divisions within 
C&MS as part of the agency's cross-utilization pro
gram. This means that Dairy technicians have the 
training and the equipment to check almost any kind 
of food product. Often, they may be able to test a 
certain pr~d:1~t more conveniently and economically 
than the divisiOn responsible for the commodity. For 
example, the Chicago lab has been testing some of 
the margarine bought by the C&MS Livestock Divi
sion because it is near the sites \~'here "samples" of 
the margarine are taken. The margarine is dish'i
buted to the school lunch programs and to needy 
families. 
. The r~nge of products tested extends from goose 

hv.ers, wild boar meat, dehydrated chicken soup, and 
c~·wd and fro~en eggs for the C&1viS Poultry Divi
swn; mayonnaise and gelatin powders for the C&MS 
Fruit and Vegetable Division; and margarine for the 
Livestock Division; to dry cream substitute for the 
Veterans Administration. For products such as these, 
the labs can provide a broad range of tests-from 
routine analysis for fat, moisture, and bacteria con
tent to specialized tests for the presence of pesticides 
and salmonella. The salmonella bacteria can cause 
persons to suffer an infection of the digestive tract. 
The emphasis is on bacteriological testing for the 
wholesomeness and keeping quality of the product. 
But in addition, if applicable, checks are also made 
of such basic factors as the net weight-to make sure 
the product weighs the amount stated on the label. 

The laboratories use standard testing procedures 
and apply them to the special requirements set up 
by the agency or firm requesting the service. In 
t~s~ing egg products , for example, the dairy tech
m~I~I~s use the requirements set up by the Poultry 
DivisJOn. If requested, though, the Dairy Division 
can help set up product specifications and test re
quirements. 

Although most of the work is done for government 
agencies, the labs will, on request, help any plant, 
industry, or private organization analyze its products. 
Often, these official tests are used by plant managers 
as checks on the accuracy of their own plan ts' tests . 
This service is also used by firms wishing to check 
the quality of the products they buy. For example, 
a larg -:: Chicago hotel p eriodically requests the lab to 
sample the dairy products it buys and to make a 
general quality check on them. 

The Dairy Division lab teclmicians are recognized 
as authorities in the area of quality control of food 
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products and are frequently asked for their opinions 
on the effectiveness of certain types of quality con
trol work. This is another way in which they aid 
industry-and thus ultimately help the consumer to 
get better products. 

ANNUAL ECONOMICS LABORATORY 
TECHNICAL SYMPOSIUM WATER 

MANAGEMENT AND WASTE TREATMENT 
SEPTEMBER 11-12, 1968 

M. J. OSBORN RESEARCH CENTER 
MENDOTA HEIGHTS, MINNESOTA 

Again this Fall, Economics Laboratory will con
duct a Technical Symposium, and this year the sub
ject will be vVATER i\IIANAGEMENT AND WASTE 
TREATMENT. As in prior years, educators and 
other technical experts will speak. 

The two day program will deal with national and 
international problems and developments relating to 
water resources, water reuse, water deionization, ad
vanced waste h·eatment, eutrophication, bio-degrad
ability, and oil spills, along with new chemical prod
ucts and processes. 

Those invited to attend the Symposium are tech
nical representatives from the following industries: 

Meat packing, Canning, Pulp and Paper, Food 
Service, Appliance Manufacturers, D airy, Metal 
Treating and Processing, Refineries and oil com
panies, Government Agencies, Insurance Under
writers, Oil Shipping Companies and Breweries. 

SEMINARS ON AUTOMATED CLEANING 
AND QUALITY CONTROL TO BE 

FEATURED AT OCTOBER FOOD AND 
DAIRY INDUSTRIES EXPOSITION 

Sessions to study application of automated clean
ing, and quality control techniques for food process
ing operations will be featured at Food and Dairy 
Industries Expo in Chicago during the week of 
October 13-17, 1968. 

Announcement of the Food Technology \iVorkshops, 
which will occur on Tuesday and vVednesday after
noons, October 15 and 16, at the International Am
phitheatre, was made by Expo's sponsor, Dairy and 
Food Industries Supply Association ( DFISA). Both 
sessions begin at 2:00 p.m. 

Automated cleaning opportunities in meat pro
cessing and marine products processing, and equip
ment cleanability and design criteria will be dis
cussed at Tuesday's session. The following author
ities will speak: Dr. . B. Webb, professor of food 
science, North Carolina State University; Dr. Rafael 
Pedraja, research and development director, Booth 
Fisheries, Division Consolidated Foods Corp; and 

Nlr. Dick B. \Nhitehead, chairman, Committee on 
Sanitary Procedures, International Association of Milk, 
Food and Environmental Sanitarians, a m1it of the 
3-A Sanitary Standards Committees. 

Flavor evaluation and food quality judging will be ~ 
covered on vVednesday. The session features three 
experts : Dr. Amihud Kramer, professor of horticul
ture, University of Maryland; Dr. Loren B. Sjostrom, 
vice president, Arthur D. Little, Inc.; and Dr. E. L. 
Thomas, food science professor, University of Minne
sota. 

An Exposition "first," Food Technology Workshops 
are designed to help food processors solve problems 
arising in their processing operations. The sessions 
are in addition to the Food Forum, announced earlier 
and which novv is in its thiTd year. 

Expo is the larges t food show in the U. S. fea
turing at one time and in one place a total display 
of items useful to the entire food processing operation. 
Expected to attract some 20,000 qualified registrants, 
Expo is held biennially. 

UNIVERSITY OF MARYLAND 
SHORT COURSES 

The schedule of dates for the 1968-69 conference 
season of Dairy Technology short courses and con
ferences at the University of Maryland are as follows: 

24th Annual Dairy Technology Conference, No
vember 13, 1968, Center of Adult Education, Uni
versity of Maryland. 

19th Annual Ice Cream Short Course, January 20-
January 29, 1969, D epartment of Dairy Science, Uni
versity of Maryland. 

19th Annual Ice Cream Conference, January 30, 
1969, Center of Adult Education, University of Mary
land. 

For further information, contact vVendell S. Ar
buckle, D epartment of Dairy Science, University of 
Maryland, College Park, Md. 20742. 

TRAINING PROGRAM 

The Training Program of the National Communi
cable Disease Center would like to announce the head
quarters presentation of course number 3240-G, "Ad
ministration in Communicable Disease Control," in 
Atlanta, Georgia, November 18-22, 1968. The course 
is for persons with administrative responsibility, par
ticularly in the field of enviTonmental health. 

The purpose of the course is to provide immediately 
useful information and practice in administrative 
functions basic to planning, staffing, managing, and 
evaluating local health department programs for the 
environmental control of communicable disease. 

The teaching staff will be drawn from the Na-

, 
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tional Communicable Disease Center, universities, 
health departments , and similar organizations. 

Anyone who wishes to attend or who would like 
more information about this course should write to 
Chief, Teaching Reference Community Unit, Com
munity Services Training Section, Training Program, 
Room 414 Buckhead, National Communicable Dis
ease Center, Atlanta, Georgia 30333. 

SANITARIAN CAREER SERVICE 
BOARD ESTABLISHED 

The Department of Health, Education, and ¥Vel
fare recently established at the Department level a 
Sanitarian Career Service Board. Mr. Darold W. 
Taylor, Sanitarian Director in the Public Health 
Service, was named Chairman of the Board b y Secre
tary Wilbur J. Cohen on June 20, 1968. 

Other members of the Board are as follows : Rich
ard Clapp, Francis J. Goldsmith, John E. LaPlante, 
Jerrold M. Michael, William C. Miller, vVarren V. 
Powell, George E. Prime, Samuel M. Rogers , H arold 
Scott, Patrick A. Thibeau, D ale H. Treusdell, all 
Public Health Service personnel. 

The func tions of this Board will be to determine 
the specialities and grade levels which should be in
cluded in the Career Service; to establish the Career 
development plan for the Career Service; and to ad
minister the plan on a continuing basis. The plan 
vvould provide for all aspects of personnel manage
ment for covered employees, including long-range 
manpower requirements planning, recruitment and 
selection, orientation, counseling and career plan
ning, appraisal of employees for career development 
purposes, placement, training, records and reports, 
and program evaluation. 

OSU DEVELOPS N.EW 
PROGRAM IN PEST 
CONTROL SCIENCE 

An undergraduate program in Pest Control Sci
ence has developed at Oregon State University to 
enhance career opportunities for interested students 
and to help meet a shortage of trained workers in 
pest control services and industries. The program 
will be offered within the general agricultural curric
ulum, according to Dean of Agriculture \Vilbur T. 
Cooney. D eveloped in cooperation with the School 
of Science, the unique program combines work in 
botany and plant pathology, chemistry, entomology, 
zoology, crops, soils and horticulture. Depending 
ti~on the interest of the student and his career hopes, 
the core courses can be supplemented with additional 
specialized preparation in the biological or physical 
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sciences, agricultural economics and business, or in 
the agricultural commodity sciences. Dr. Rob ert L . 
Goulding of the Department of Entomology will be 
the coordinator of the program and adviser to stu
dents who elect to concentrate in the rapidly-expand
ing field. 

The program will be started this fall . Details are 
available on request from Dr. Goulding, Department 
of Entomology, OSU, Corvallis, 97330. 
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DIRECTOR OF PUBLIC HEALTH 

Responsible for administering a comprehensive city-county 
public health program encompassing air pollution control, 
food, milk, housing and environmental sanitation, out
patient clinic, laboratory facilities, rabies control and 
vital statistics. Salary range $12,720 to $16,200. Apply 
Personnel Department, City Hall, 830 Boonville, Spring
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FOR SALE 

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

Consistently accurate! 
A complete line of Babcock testers-8 to 36 
bottle capacity-in electric, hand aJJd hand
electric models. Adva nced features inc lude 
the most accurate speed indicator known, 
variable speed control and thermostatic heat 
control. Gerb er test models also avai lable. 

Babcock Test Bottle Shaker. Ova te move
ment completely int egrates ac id with 
milk or crea m, assures uniform testing, 
saves time. May be loaded while in motion. , 
Made in 24 and 36 bottle mode ls with sta- ' 
tionary or removable tray. 

Write today for full d eta il s! 
THE GARVER MANUFACTURING CO. 

Dept. JM , UNION CITY, IND. 
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Application for Membe1·ship 

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

Box 437, Shelbyville, Indiana 46176 

Name _________ ____________________ _____________ ___________ -------- ________ ----- Date _____ --------
Please Print 

Address -------- --------- -- ----------- - --------------------------------------- [] Renewal 
_ ------------ - - _______________________________________ Zip Code _ __ __ ___ _ __ __ _ [] New 

Business Affiliation _ ____ __ _ ___ __ ____ __ ________ __ ______ ________ __ ____ __ _______ 0 Re-instatement 

Annual Dues $10.00 [] Check ,r::J Cash 

(Membership Includes Subscription to Journal of Milk & Food Tec hnology.) 

Please Prin t 

Recommended by -------------------- - ------------------------------------------

Shelbyvi lie, Ind. 
Box 437 Subscription Orde1· 

JOURNAL OF MILK & FOOD TECHNOLOGY 

(Monthly Publication) 

Name --------------------------------- ----------------------------------------- Date ------- ------
Please Print - --

Adlress ___ -- - ·- ____________________________________________ -------- _______ - --- ,r::J New 

[] Renewal 

Educational Institution & Public Libraries 
(Annually) $8.00 [] Check 0 Cash 

Individual Non-Member Subscription (Annually) $10.00 
Government Agencies, Commercial Organizations 

(Please Print) 

I.A.M.F.E.S. & J.M.F.T. 
Box 437, Shelbyville, Ind. Change of Address 

FROM 
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Box 437, Shelbyville, Ind. Order for 3A Starulm·ds 

Name _____________________________ - ------- _____ ------------- ------------------- Date 
Please Print 

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

( ) Complete Set @ $4.50 = -------- ( ) Complete set bound (durable cover) @ $6.00 
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5 Year Service on Standards as Published = $3.50 additional 

Order for Reprints of A1·ticles 

I Amt. --------- ____ _ _ _ Title ______ ____________________ ___ _______ _______________ _ 

I Schedule of prices for rep rints F.O. B. Shelbyville, Indiana 
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The History 
of Difco 

Quality Control • • • 

and what it means to you today 

Difco was developed by producing better products through 

control of quality. Now there is a history of more than 

seventy years of dedication to accuracy and dependability, 

specialized equipment, exacting materials control. 

It's a history of a unique kind of control. Difco tests 

each ingredient before it is accepted for use. 

Testing throughout preparation assures compatibility. 

"'fhe finished product is then tested for dependable 

performance under the conditions for which the product 

is intended. Result? Perfectly standardized products 

that give reproducible results every time. 

What does it mean to you? 

Assured reliability. Savings in time and money. 

Dependable microbiological results in your laboratory. 

DIFCO 
Difco Laboratories Detroit 48201 USA 
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! Look at it this way ... 

We did. 

This is our new Sur'ge Jet-Fio*inf lation. It's a totally 
new concept in inflations to give you faster and 
safer cow milking . 

Hold it up to the light and look down the bore. 
Smooth .. . smooth all the way thro ugh . No 
"shoulders," no sudden narrowing. 

Milk flows straight through the new Jet-Flo in
flation smoothly and quickly. No damming up or 
whirlpooling . No backflooding to cause vacuum 
fluctuation on the teat. 

The Surge Jet-Flo is built to keep its shape 
longer. It 's stronger, it offers much greater pro
tection against pin holes and cracking. It's a totally 
new formulation .. . another new dimension in bet
ter cow milking from Surge, the people who take 
dairying seriously ... like you. 

Your Surge dealer has spec ial t ransparent Jet
Flo inflations to let you see the faster milk flow 
... the gentle massaging action of new Surge Jet
Flo inflations. Fill in the coupon or contact your 
dealer for a Jet-Flo demonstration on your cows. 

• Patent appl ied for. 
~-------------------------------------1 

(suRci j 
I 

NAME 

ADDRESS 

STATE (OR PROVINCE) 

Please have my local Surge dealer 
give me a " See-through" demonstra
tion of the new Jet-Flo inflations. 
Mail to : Babson Bros. Co. 
2100 S. York Rd ., Oak Brook, Ill. 60521 

TOWN 

ZI P 

-------------------------------------~ 
BABSON BROS. CO., OAK BROOK, ILL. • BABSON BROS. CO. (C:anada) LTD., REXDALE, ONT. 
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