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When you see the Blue Stripe and the
embossed brand on a length of raw milk
hose you know it's genuine TRANS-
FLOW M-34R—the glass-clear, flexible
tubing that provides a combination of
absolute safety, long service life, easy
handling and low cost found in no other
milk hose.

Available in bore sizes from 33" to 47,

TRANSFLOW M-34R is the product of
a unique cooperation between research

Nea’! TRANSFLOW

VACUUM HOSE

Longer lasting, more attractive, easier
to clean and keep clean. The ideal
milking machine companion for TRANS-
FLOW M-34R. Ask your dealer.

scientists and practical, working dairy-
men at the TRANSFLOW Test Farm.
It is manufactured with specially-
developed equipment under extremely
precise Quality Control procedures.

All ingredients used in TRANSFLOW
M-34R Tubing meet FDA (Food and
Drug Administration) requirements.
The hose meets or exceeds all criteria
for raw milk service, including those in
the 3-A Plastics Standard.

In truth, TRANSFLOW’s quality is
unsurpassed.

So . .. be sure it's genvine. ALWAYS

Look for TRANSFLOW’S
‘BLUE STRIPE OF QUALITY"

Bulletin RM-60 gives complete information on
TRANSFLOW M-34R Raw Milk Hose. For your
free copy, write Chamberlain Engineering Corp.,
Akron, Ohio 44309.

Plastics and Synthetics Division

AKRON, OHIO 44309

HANMBERLAIN

engineering corporation
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Media for MYCOLOGY

. . for the isolation, identification and cultivation of pathogenic fungi.

These media are also widely used in phytopathological studies.
Several are neutral in reaction, giving optimum conditions for
growth of a variety of fungi. The following may be prepared as
selective media by the adjustment of reaction, addition of antibiotics

or other agents:

Bacto-Brain Heart Infusion Agar Bacto-Mycological Agar
Bacto-Sabourand Dextrose Agar Bacto-Mycological Broth
Bacto-Sabouraud Maltose Agar Bacto-Corn Meal Agar

Bacto-Littman Oxgall Agar

...... . for sanitary and sterility procedures as well as for general use in

mycological procedures:

Bacto-Sabourand Maltose Broth Bacto-Neurospora Culture Agar
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar
Bacto-Malt Extract Bacto-Mildew Test Medium
Bacto-Malt Agar Bacto-W.L. Nutrient Medium

Bacto-W.L. Differential Medium

CLASSIFICATION . . and nutritional studies of fungi:

Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth

Bacto-Yeast Carbon Base
Bacto-Yeast Nitrogen Base

THE DIFCO MANUAL, NINTH EDITION,

including descriptions of these media and their use, is available on request.

DIFCO LABORATORIES
DETROIT 1, MICHIGAN

Bacto-Corn Meal Agar with Dextrose
Bacto-Bean Pod Agar Bacto-Prune Agar Bacto-Lima Bean Agar

Bacto-Czapek Solution Agar
Bacto-Vitamin Free Yeast Base

Coniplete details on the Ad-
vanced Milk Cryoscope.are
presented in this brochure.
Write today for your copy.

Why is the

ADVANCED MILK CRYOSCOPE

Here are a few user reasomns:
. Firstyin Sales. ‘\,Ye
')

. Most Official & University users.
. Easiest and most Accurate to operate.

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

5. First “Hot-Line” Customer service:
e Collect telephone — user to factory expert
@ Largest stock of parts for same-day shipment
e Only modular design for unplug-&replace
. service
e Largest team of local sales and service
engineers
e Most complete User’s Guides
o First and Most Regional Schools and Work-
shops — continued technician training and
certification
6. Publishers of Milk Cryoscopy News.
7. Only Cryoscope continually improved for per-
formance — not just style. Always follows
Uniform Universal Thermodynamics.

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

Bow N

Q @ the recognized leader in cryoscopy?

43 Kenneth Street

Newton Highlands,

771 & ADVANCED
éi INSTRUMENTS, INc.

/ 617 DEcatur 2-8200

Massachusetts, 02161




Facts for the Sanitarian about

THE MILKING MACHINE
AND ITS RELATIONSHIP

TO MILK QUALITY

VACUUM
CONTROLLERS
OR
REGULATORS

W.T. “Bill’” Pickavance
Sales Engineer and
Sanitation Coordinator
Universal Milking Machine Division

Vacuum Controllers or Regulators are precision
instruments that control the milking vacuum or
the vacuum to which the teat is: exposed. There
is a mistaken notion by many that vacuum con-
trollers or regulators can increase the capacity
of the vacuum pump. Not true!

The purpose of the Vacuum Controller is to
admit air, or to close off admittance of air to
maintain the proper vacuum level recommended
by the machine’s manufacturer. It must be given
proper maintenance and kept clean. Sticky or
worn out vacuum controllers, or those which are
improperly located, are as much a problem as
inadequate vacuum pumps.

The greater the distance air must travel from
the controller to the pump, the greater the friction
the air encounters. Consequently, it takes longer
for the pump to remove air from the system and
create proper milking vacuum. When this happens,
the milking machine is not efficient and is sub-
jecting the dairy herd to possible udder injury
and can affect the quality of the milk.

Universal recognizes the wide variety
of problems faced by the dairyman,
sanitarian and manufacturer. Con-
tinuous testing and product improve-
ment are some of the ways we serve
the total industry. Encouraging better
understanding of mutual problems
through information such as this is
another.

mversal

MILKING MACHINE DIVISION

NATIONAL COOPERATIVES, INC.
ALBERT LEA, MINNESOTA
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high potency, high speed germicide

SANITIZES BEST!

Use RoccalL, the first “quat”
and first in quality and per-
formance, in every step of milk
production and you effectively
control bacteria, slime, fungus
and algae. Highly effective
against both thermoduric and
thermophilic organisms,
RoccaL, in recommended di-
lutions, is virtually odorless,
tasteless, will not injure or cor-
rode metal or rubber equip-
ment, cans, tanks, pipes, etc.

*The choice of the milk in-
dustry for more than 25 years,
RoccaL is a powerful germi-
cide that effectively, quickly
and economically sanitizes
walls, floors, holding tanks,
tank trucks, utensils, machin-
éry, operator’s hands, cows’
teats, flanks and udders, etc.

. yes, you can use it for every
sanitizing need!

In impartial testing of sever-
al types of germicides, RoccaL
achieved lowest bacterial
count, reducing the number
from 912,916 to 143 as an aver-
age in 96 milk cans anulyzed.
Don’t risk losses through im-
proper sanitization. Use
RoccaL for the best sanitizing
job every time.

ROCCAL HAS A HARD WATER
TOLERANCE LEVEL OF 550 ppm
WITHOUT SEQUESTRANTS
when tested by Official Method

/
7 RoccaL pigp TEST umr g
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Send for full data and prices on ROCCAL.
FREE SAMPLE ON REQUEST!

s:ﬁ . : % . 5
.
Subsidiory of Sterling Drug Inc.

90 Park Ave.. New York. N. Y. 10016
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STUDIES WITH A BACTERIOPHAGE INHIBITORY MEDIUM

I. INHIBITION OF PHAGE AND GROWTH OF SINGLE STRAIN
LACTIC STREPTOCOCCI AND LEUCONOSTOC

D. R. Henning, W. E. SanpINE, P. R. ELLIKER AND HELEN A. HAvs

Department of Microbiology,
Oregon State University, Corvallis

(Received for publication March 29, 1965)

SUMMARY

A phage resistant starter culture medium was examined for
its ability to inhibit bacteriophages under several conditions.
The medium also was tested for its ability to support growth
of single strain starter culture organisms and for its effect
on viability of starter bacteria during storage at 2 and —20 C.
When prepared according to manufacturer’s directions, the
medium prevented phage proliferation and eliminated phages
from infected cultures within three transfers. Preparation
of the medium with water of 500 ppm hardness did not affect
its phage-inhibiting properties. Single strains of Streptococcus
lactis, Streptococcus cremoris and Streptococcus diacetilactis
grew well in the medium though there was variation be-
tween strains; Leuconostoc species were not able to grow
well. Storage survival of starter organisms in the phage
resistant medium also revealed considerable variation be-
tween strains; Leuconostoc sp. and S. diacetilactis survived
poorly when stored in the medium, especially at 2 C, while
S. lactis and S. cremoris survived well when held at —20 C.

Bacteriophage infection of lactic streptococcus
starter cultures is one of the most important causes of
insufficient acid production during controlled dairy
termentations. The economic and public health
significance of this is well known and has been dis-
cussed by others (2, 4).

Several approaches toward preventing the con-
sequences of bacteriophage infection during dairy
fermentations have been studied. Exclusion of bac-
teriophage from starter propagation rooms and asep-
tic handling of cultures have led to the development
of special culture-handling equipment (9, 19). Re-
moval of the calcium ion, which is essential for phage
development (14), either by ion exchange or chelation
has been attempted (10, 11, 15). A novel approach
that employs specific antiphage antibodies for neu-
tralization of phages present in culture media has
been used successfully by Erskine (7). Other meth-
ods in commercial use to minimize phage infection
are the rotation of cultures and use of the direct seed
method of inoculation (17). Any of the above ap-
“proaches can be used singly or in combination with
“other methods.

Supported by a grant-in-aid from Marschall Dairy Laboratory,
Inc., Madison, Wisconsin, Technical Paper No. 1974, Oregon
Agricultural Experiment Station, Corvallis.

Recently, a new phage inhibitory medium (PIM)
has been made available to the dairy industry. This
medium, called “Marstar”, has been reported to in-
hibit development of lactic phages through the cal-
cium-sequestering action of phosphate salts. How-
ever, no evaluation of this medium has been pub-
lished and the present work was undertaken with this
in mind. Studies were made on the growth of single
strain lactic streptococci in the PIM. The ability
of the medium to inhibit development of a variety
of phages under different conditions also was tested.

EXPERIMENTAL PROCEDURES

Single strain cultures used were taken from the collection
maintained in the Department of Microbiology at Oregon
State University or isolated from commercial mixed strain
lactic starter cultures by serial dilution plating with lactic
agar (5). Phages employed were taken from the collection
at Oregon State or isolated from cheese whey collected from
commercial plants.

The PIM was prepared according to the manufacturer’s
directions except where otherwise stated; 100 ml were dis-
pensed aseptically into 250-milliliter flasks before inoculation.

Single strain growth.

Single strains of Leuconostoc and lactic streptococci were
cultured for eleven daily transfers in the PIM. Plate counts
were made on lactic agar (5) after each incubation period
of 16 to 18 hr at 21 C. Plates containing Leuconostoc were
incubated at 25 C for 48 hr before counting. Ten per cent
nonfat milk in 100-milliliter amounts sterilized at 121 C for
15 min was used as a medium for comparison.

Fhage inhibition.

Milk cultures were incubated for 18 hr at 21 C and then
inocuated at the 1% rate into PIM and sterile 10% nonfat
milk. The cultures were then infected with known amounts
of homologous phage. Cultures were incubated daily at
21 C for 18 hr and l-milliliter aliquots were then titrated for
plaque-forming units (pfu) per milliter by the overlay method
(1). Microscopic examinations of PIM cultures were made
after the last transfer to establish the presence or absence of
the starter organism.

Culture storage.

The PIM and 10% nonfat milk cultures of two Leuconostoc
strains and three lactic streptococci were frozen or refrigerated
after incubation at 21 C for 20 hr. Samples were plated
periodically to determine the effect that the PIM had upon
survival of the starter organisms. The frozen cultures were

stored at —20 C and the refrigerated cultures were stored
at 2 C.
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TasLE 1. Cross INFECTION PATTERNS BY BACTERIOPHAGES FOR
STRAINS OF LACTIC STREPTOCOCCI ISOLATED FROM DIFFERENT
Branps OF COMMERCIAL MIXED STRAIN StarRTER CULTURES

Single strains®

Phage Alb A2 B1 B2 C1 Cc2 D1 D2 E1l
al® R e e B
a2 + + + = — - = 4
bl +~ = = = = = = = ;
b2 — - -+ — — — = =
cl + = 4= = K - - 4+ +
c2 + ~ o = = 4k — = =k
d1 -+ = = ~ - &+ 4 _
dz + 4+ 4+ = = = = o
el + 4+ 4+ - + + - +  +

“All strains tested were isolated from different commercial
mixed strain cultures. For example, strains Al and A2 are
from different mixed strain cultures supplied by supplier A.
"Species identity of cultures is: Al, A2, Cl and C2 are S.
diacetilactis; B1, B2, D1, D2, and El are S. cremoris.
“Phages are identified by giving them the same numbers as
the homologous host used during their primary isolation.

41 means inhibition on lawn of the single strain by 1 drop
~f sterile phage lysate.

PIM preparation with hard water.

The PIM was prepared with hard water (8) at a level of
500 ppm (29.25 gr per gallon). The control media were
10% nonfat milk and PIM prepared with distilled water.
Three lactic streptococci were grown in the above media
for one transfer and then transferred at the 1% level into
fresh media of the same composition. The cultures were
infected with homologous phage and incubated at 21 C for
18 hr and then the phage titer determined. The following
day a second transfer was made of all cultures and the plate
count and phage titer determined after incubation as before.

REesuLTs

Table 1 shows cross reaction patterns of phages
isolated using a particular host for strains of lactic
streptococci  isolated from different commercial
brands of mixed strain starter cultures. The table
emphasizes one of the reasons why so much repeated
difficulty with bacteriophage inhibition of starter
cultures occurs in the dairy industry. For example,
phage d2 isolated on host D2, obtained by plating
a mixed strain culture supplied by company D, lysed
strains isolated from another mixed strain culture
(D1) from the same company as well as strains iso-
lated from mixed strain cultures from suppliers A, B
and E. Similar cross reaction patterns may be seen
from the rest of the table, and it is evident that many
different brands of starter cultures contain the same

STUDIES WITH A

BACTERIOPHAGE

strains where bacteriophage sensitivity is concerned.
Thus, the need for a simple, effective phage control
medium is emphasized.

Table 2 presents data on growth of single strains )
of lactic streptococci in PIM and nonfat milk. In- -

spection of the data indicates that strains may vary in
their growth response in the two media, some doing
somewhat better in PIM than nonfat milk and others

TasLe 2. PopuraTioNn AcHIEVED IN PIM axp NonraT MILx
By Lactic StrREPTOCOCCI INCUBATED 18 HR AT 21 C FOR THE
NUMBER OF TRANSFERS INDICATED

Average plate count/ml x 107 @

1st 2nd 3rd o=
Organism transfer transfer transfer oR
NFM PIM NFM PIM NFM PIM ~
S. lactis -
27 111° 60 112 4 103 51 —
c2 122 168 56 201 17 158 +
C10 179 325 223 346 251 450 0
7562 57 126 - 133 123 101 147 0
7563 117 32 - 295 470 226 460 +
11454 280 240 249 381 205 410  +
11955a 117 63 97 29 72 28 —
a 61 43 90 47 70 45 0
b 74 67 95 36 97 45 -
S. cremoris
144F 75 148 172 65 76 18 —
W 67 10 82 22 54 28 0
C13 156 146 128 171 161 434 0
9625 94 59 108 33 69 52 0
11602a 30 26 — 50 69 64 -0
18-1 147 12 156 164 51 179 +
27-1 93 38 109 48 84 56 0
Da-1 38 28 52 19 103 17 —
Da-5 131 114 108 78 128 92 0
31-9 44 19 29 11.5 16 11 0
CC-2 88 24 84 45 75 35 -
11E 116 99 131 76 119 165 0
S. diacetilactis
RM1 442 463 328 510 360 390 0
68-1 158 67 113 98 121 50 —
62-3 171 66 98 62 ‘119 49 —
Da-20 76 74 84 58 89 57 0
23-2 120 45 110 49 103 61 0
4R-1 97 87 79 64 94 — 0¢
4R-5 135 132 90 130 93 24 —
3D-1 110 94 91 45 70 48 0
110-3 143 93 84 66 119 76 0
31-2 107 66 161 61 171 57 —
31-8 133 64 172 42 175 59 -
CC-1 145 54 88 50 103 58 0

“ 1 indicates greater than twice as many cells developing in
PIM as compared to NFM after 3 transfers; — indicates less
than half as many, and 0 indicates the cell counts were within
these limits.

"Plate count (average of 2 plates) was 111 x 107 per ml

“Second transfer data.
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doing the reverse. For example, if we arbitrarily call
the development of twice as many cells in PIM an
indication of growth preference by a strain for this
medium, comparisons between species and strains
can be made. Doing this we find three out of nine
S. lactis, two out of 12 S. cremoris and none of 12
S. diacetilactis strains reveal preferences for nonfat
milk. Finally, three out of nine S. cremoris, seven
out of 12 §. lactis and seven out of 12 S. diacetilactis
strains are within the arbitrary limits indicating no
preference for either medium. No lactic streptococci
were found, however, which did not grow reasonably
well in the phage resistant medium, though there was
apparent slight reduction of growth of S. diacetilactis
under these conditions.

Growth of Leuconostoc organisms in PIM and non-
fat milk after one and 11 transfers may be seen in
Table 3. One strain of each of the three species of
lactic streptococci was included for control purposes.
It may be seen that in all cases the Leuconostoc
species grew poorly in PIM relative to the milk.
Leuconostoc citrovorum 91404 was not detectable in
the PIM by plating after the eleventh daily culturing.

Table 4 presents data comparing the ability of
homologous bacteriophages for S. cremoris to repli-
cate in PIM and nonfat milk. The titers of each
phage were markedly reduced after only one trans-
fer in the PIM. Furthermore, after three transfers
in PIM, all evidence of phage as revealed by the
plaquing technique was gone. These data are typi-
cal of three-transfer values obtained on over 20 dif-
ferent lactic phages, including types for all three
species of lactic streptococci. In all cases, microscopic
examination revealed that the single strains were
still present in the infected PIM cultures after three

TasLe 3. GROWTH OF SINGLE STRAINS OF LACTIC
STREPTOCOCCI AND Leuconostoc 1IN PIM axp NoNFAT MILK

Average Plate Count/ml* x 105 after

Strain First transfer Eleventh transfer
PIM NFM  PIM NFM
L. citrovorum LcFg 170 480 0.42 370
L. citrovorum Da-3 110 550 6.6 370
L. citrovorum CAF. 226 340 0.00015 350
L. citrovorum CAL, 6.6 130 6.0027 121
L. citrovorum 91404 24.3 300 0.00000 310
S. lactis E 30,400 29,100 36,500 26,700
S.‘ cremoris 1 10,560 - 13,700 12,000 13,000
S. diaceltilactis 18-16 6,100 14,600 9,600 10,800

“Average from duplicate plates; for convenience, values are
expressed in terms of the same power of ten (10°).

TasLe 4. GrowtH (Pru/ML) oF Homovrocous S. cremoris
BACTERIOPHAGES IN PHAGE REsistTANT MEDIUM (PIM) AND
Noxrar Mitk (NFM) WueEN TESTED AFTER THE
TRANSFERS INDICATED

PFU/ml after 1 transfer

Phage Mol NFM PIM
40 L5 x 10-2 40 x 107 26 x 10°
33 3.5 x 102 60 x 107 50 x 10!

6 33.0 x 10~ 40 x 10° 10 x 10°
10 50 x 10- 10 x 107 40 x 10°
27 9.6 x 10~ 12 x 10° 62 x 10*

PFU/ml after 3 transfers

5 8.0 x 10~ 40 x 10° <10
12 3.8 x 10~ 10 x 10° <10

4 43 x 10~ 25 x 10° <10
15 2.6 x 10~ 50 x 10* <10

“Mol—Multiplicity of infection, the ratio of number of phage
particles to the number of bacteria.

"No plaques on plate receiving 1 ml of infected culture diluted

- 1:10.

transfers. However, this was not the case with all
infected milk cultures; some revealed no cells sur-
viving while others showed the presence of phage
resistant mutants. These mutants never appeared to
be as active as the parent strains.

Results in Table 5 suggest that Leuconostoc sur-
vive better in nonfat milk than in the phage resistant
medium at 2 and —20 C. The same is true for S.
diacetilactis, especially at 2 C. There appeared to
be less difference between the S. lactis and S. cremoris
strains tested under these conditions; however, stor-
age of these organisms in phage resistant medium
at —20 C appeared less detrimental than storage at
2 C. In addition, S. lactis survived somewhat better
than S. cremoris at 2 C in both media. -

Table 6 gives data showing that when water con-
taining 500 ppm of hardness is used, the phage in-
hibiting  properties of the PIM are not impaired.
This table also shows that phage particles can be
eliminated from cultures by transferring host cells
in PIM for several transfers. Also it can be seen from
the plate count data that two of the single strains
tested were reduced to extremely low populations
in nonfat milk as a result of phage activity.

Discussion

The ability of PIM to minimize phage develop-
ment in mixed strain lactic starter cultures and to
remove phage particles from infected cultures has
been confirmed by these studies. Preparation and
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TABLE 5. STORAGE SURVIVAL OF SINGLE STRAIN LACTIC STREPTOCOCCI IN NoxFAT MiLk AND PIM

Average plate ceunt per ml* x 107

Refrigerated Frozen
% 6) (—20 C) i
Organism Medium 1 day 7 days 21 days 1 day 7 days 21 days
L. citrovorum PIM 0.68 0.27 0.65 0.017 3.00 0.10
LcFyg
NFM 3.30 3.10 3.50 2.40 . 240 3.30
L. citrovorum PIM 0.63 1.10 1.21 0.042 0.34 0.21
Da-3
NFM 3.90 5.10 3.90 4.60 3.00 3.02
S. lactis E PIM 330.00 450.00 58.00 340.00 100.00 78.00
NFM 280.00 250.00 14.00 170.00 140.00 78.00
S. cremoris 1 PIM 120.00 95.00 0.20 63.00 91.00 71.00
NFM 150.00 120.00 0.00189 130.00 55.00 63.00
S. diacetilactis PIM 57.00 0.014 0.00159 56.00 46.00 38.00
18-16
NFM 120.00 59.00 0.0107 160.00 140.00 51.90

“Average from duplicate plates; for convenience, values are expressed in terms of the same power of ten (107).

TasLeE 6. NuMBERS OF PHAGEs AND HosT LACTIC STREPTOCOCCI IN NonrFaT MLk (NFM), PHAGE REsisTANT MEDIUM (PIM)
AxD PIM Preparep Wira Harp Warer (HPIM) ArTER THE TRANSFERS INDICATED

pfu/ml x 104

After first transfer

After second transfer

Phage NFM PIM HPIM? NFM PIM HPIM
S. cremoris 5 60,000 <1.000° <1.000° 4,000 <0.010° <1.000°
S. cremoris 15 75,000 <1.000 <1.000° 1,400 <0.010° <1.000°
S. lactis 24 200,000 <1.000° <1.000° 6,000 0.020 <1.000°
Average plate count/ml x 105
After second transfer

Host NFM PIM HPIM
S. cremoris 5 ‘ 430 7,000 6,600
S. cremoris 15 0.001 67,000 44,000
S. lactis 24 0.004 5,200 4,700

"PIM prepared with water at 500 ppm hardness.
"No plaques on plate receiving culture diluted 10-*

“No plaques on plate receiving culture diluted 10-%.

use of PIM in accordance with the manufacturer’s
directions would therefore be expected to provide
added protection for the dairy industry against bac-
teriophage problems.

Results also indicate that growth of single strains
of lactic streptococci in PIM varies considerably be-

tween strains, emphasizing the well-known nutritional
complexity of these bacteria. These differences may
be minimized in mixed strain starter cultures and
studies on this are now in progress and will be re-
ported in the second paper in this series. The some-
what reduced growth of certain strains of S. diaceti-
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lactis in PIM coupled with the inability of any of the
strains of this species tested to grow better in PIM
indicates the medium may cause reduced citrate
fermentation. Further evidence for this comes from
the inability of most strains of the Leuconostoc to
grow well in the PIM. These findings might suggest
that the PIM be limited to use for Cheddar cheese
cultures where development of Leuconostoc sp. is not
essential and growth of S. diacetilactis undersirable
(16, 18). The medium would be useful for Cottage
cheese cultures also, especially if the cheese were
creamed with dressing to enhance the flavor (6, 12,
13). Use of the PIM for buttermilk cultures would
be questionable, and could lead to insufficient or
“green” flavor in the final product.

Since the growth of all single strain cultures in
PIM does not proceed to the same population level
as in nonfat milk, an examination of PIM growth
responses of component strains in commercial mixed
strain starter cultures is needed if these cultures are
to be propagated in PIM. It is reasonable to expect
that mixed strain cultures would not maintain the
same strain balance in PIM as in nonfat milk. In
view of this, it may be worthwhile to prepare new
mixtures of strains that have the same relative growth
abilities in PIM.

From the storage studies, it would appear that
refrigerated or frozen storage of lactic streptococci
in either PIM or nonfat milk may result in significant
loss of viable cells within 3 weeks. The survival
ability in PIM as compared to milk appeared to de-
pend upon the single strain under consideration.
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THE USE OF ANTIMICROBIAL SOAPS AND DETERGENTS FOR
HAND WASHING IN FOOD SERVICE ESTABLISHMENTS

Francis D. CrisLey axp MiLtox . FOTER®

Robert A. Taft Sanitary Engineering Center
U. S. Department of Health, Education, and Welfare, Cincinnati, Ohio

Considerable interest has been generated in the
use of the newer formulations that contain skin san-
itizing agents for hand washing in food processing
and service establishments. In some areas of the
country, the degerming agents have been suggested
so often by public health officials that the use of
antimicrobial soaps has approached the status of a
recommendation. It is the purpose of this paper to
briefly review this situation and some of the prob-
lems involved in choosing between some of the most
common chemical agents that have been suggested
for this purpose.

Sanitization of the skin involves a limiting surface
that Lane and Blank (22) have described generally
as a continuous, relatively smooth layer of dead,
flattened, keratinized cells made somewhat irregu-
lar by various ridges and furrows, by orifices of sweat
glands, and by hair follicles and outgrowths of hair.
The cutaneous glands secrete a film over these cells,
and this film constitutes the absolute limiting bound-
ary between man and his environment. In this film
are included salt, urea, and other substances left
behind by evaporation of sweat; sebum, which covers
all areas except the palms and soles; and a uniform
layer of fat. The cells contain proteins, lipids, and
water. The protein is largely keratin, which is in-
soluble in weak acids, weak alkalies, and salt solu-
tions. If the outer layers of the cells of the epidermis
are brought into equilibrium with a solution that
has a pH to either side of pH 3.70, the isoelectric
point of keratin, swelling of the cells will occur. The
skin reacts more strongly to alkalies than to acids.
Numerous measurements have shown the pH of the
skin to range from 3.5 to 7.0.

Although the relative amounts and kinds of the
substances of the skin may vary among individuals
and from time to time in each individual (as a result
of changes in physiological conditions), the structure
and composition of the skin generally provide a good
environment for bacterial growth. Foci for the estab-
lishment of bacterial flora exist in hair follicles, the

"The contents of this paper are derived from the available
literature and the opinions of the authors and should not be
construed to represent the views of the Public Health Service.
*Present address: Division of Environmental Engineering and
Food Protection, Public Health Service, U. S. Department
of Health, Education, and Welfare, Washington, D. C.

sweat and subaceous glands, and’ the numerous ridges
and furrows. Price (29) has classified the bacteria
found on the human skin into two groups, the tran-
sient and the resident. The transient types are ac-
quired by contact with other persons or objects in
the environment. The resident flora comprise or-
ganisms that have established themselves and live
in dynamic balance as parasites or saprophytes in the
skin.

From the standpoint of sanitation in the food estab-
lishment, the ideal situation would be sterilization
of the skin on the hands of food handlers; however,
it is generally agreed that it is impossible to render
skin sterile without destroying it. Transient bacteria
are readily removed with ordinary soap and water.
The resident organisms, however, are more difficult
to remove; and scrubbing in hand-washing procedures
is a recognition of this fact. In many persons, staphy-
lococci make up a significant part of the resident
flora. Because of the pathogenicity of some staphy-
lococci and their ability to produce enterotoxin, major
stress has been placed on the destruction, removal,
and control of these organisms by hand-washing pro-
cedures. Although there is a paucity of reports on
the efficacy of germicidal agents for hand washing
in food service establishments, much valuable infor-
mation can be gleaned from the voluminous literature
on preoperative or surgical proceédures and, to a
lesser degree, from studies of the control of bacteria
that produce body odor.

Even if surface bacteria are removed, the bac-
terial population is easily re-established by the
emergence of resident organisms from the deeper
structures and the addition of transient types acquired
by continual contact with objects in the external
environment. Price (29) has shown that under normal
conditions the skin flora is fully re-established within
a week after degerming of the skin. For this reason,
the advantages of the deposition of a germicidal
residue on the skin after hand washing to exert a
continuous antibacterial action on the emerging or-
ganisms has been studied. The reliability of data
on the efficacy of chemical agents known to be
strongly retained on the skin surface is questionable
when one moves from the study of operating-room
hand-washing procedures (in which most of the
rigorous testing has been done), through the simple
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control of body odor, to the hands of the food
handler. Optimum control of skin bacteria by anti-
bacterial agents in soaps and hand-washing deter-
gents may depend on continuous use of the anti-
bacterial preparation at work and at home, since
washing with ordinary soap might tend to remove
residual antibacterial agents quickly. Also, the food
handler must usually wash utensils in strong cleansing
detergents at least intermittently during the day,
which causes swelling. of the epidermal layer and
disruption of the film of active agent deposited by
germicidal soaps. To add to these factors, many of
the germicidal agents presently in use are soluble in
soap fats and fat solvents, and much of the germicide
could be lost from the hands by contact with animal
and vegetable oils in foods such as salads, meats, etc.
Since optimal reduction of skin bacteria by some
antibacterial agents has been reported to be based
upon continuous use of the agent for as long as 7
days, these limitations must be considered when
such agents are proposed for food-handling oper-
ations.

Another factor that has not been adequately con-
sidered is the ability of certain transient organisms
to change their status and become more or less
permanent residents. Price (29) has given the term
“colonization” to this mechanism. While many tran-
sient types tend to disappear spontaneously from the
skin, apparently because the conditions are not suit-
ed to their survival or colonization, Price (29) has
reported that colon bacilli placed on the hands do
not so disappear. He found that prolonged presence
of unusual contaminants from wounds, such as Sta-
phylococcus aureus, streptococci, Escherichia coli,
Bacillus pyocyaneous (Pscudomonas aeruginosa), re-
sulted in their colonization on the hands as part of
the resident flora. Price (29) also noted the appear-
ance and persistence for over a year of a nonpatho-
genic Trichophyton on the skin of his hands and
arms, although this organism had not been encoun-
tered previously and was not present in the air of
the laboratory. To what extent the colonization
mechanism may operate in food handlers exposed
to salmonellae in poultry, or to bacteria in abscesses
or other pockets of infection in meat carcasses, has
not been adequately studied, to the author’s knowl-
edge; this perhaps should be considered in the choice
of antibacterial hand-washing compounds.

The degree to which mechanical cleansing alone
is responsible for removal of skin bacteria is im-
portant (29) in the consideration of hand-washing
procedures and provides a standard by which the
degerming efficiency of antibacterial hand-washing

agents can be measured. Price (29) concluded that

the amount of friction produced at the skin surface
by scrubbing appeared to be the most important

e ———— e

variable factor in dislodging the resident flora. More
firmly imbedded than the transient bacteria that are
only lightly attached to the skin by extraneous grease
or oils, the resident organisms cannot be removed by
soap and water or simple rinsing without the use of
friction. Price (29) showed that rubbing the hands
together was more effective than rinsing, but less
effective than scrubbing with a soft brush. A soft
brush was less efficient than a stiff one. Brushing
the skin without soap reduced the resident tlora more
rapidly than when soap was used, because soap served
as a friction-reducing lubricant for brush bristles.
Soap, however, increased the efficiency of removal
of grease, dirt, and transient bacteria. Price (29) also
found brushing with soap in hard water to be more
effective than in soft water for removing the basic
flora, because hard water precipitated the soap. This
finding naturally leads to the possibility that modern
detergents, which are not so readily precipitated by
hard water, may interfere somewhat with the me-
chanical cleansing process.

An understanding of these complexities of skin
sanitation is needed before an attempt can be made
to discuss some of the major types of antibacterial
agents that are presently being considered for hand
soaps and detergents in food service establishments.
Many of the same agents have been proposed for
use in lotions or creams. This type of application
may be objectionable because of the possibility that
the resident bacteria can multiply in the deeper skin
layers beneath the preparation (24) and also because
of the enhanced possibilities for introduction of the
agent into foods.

THE BISPHENOLS

Essentially diphenols, the bisphenols are compounds
that contain two hydroxyl (OH) groups, only one
of which is neutralized by alkalies in soaps and de-
tergents. The second hydroxyl group on the mole-
cule remains free and is completely active against
bacteria. In this characteristic the bisphenols are
superior to the older phenolics, in which the single
hydroxyl groups are easily inactivated by soaps. Of
the many bisphenols that have been synthesized, two
are most commonly associated with hand soaps. They
are hexachlorophene and bithionol. Both are bac-
teriostatic agents that act by inhibiting the growth
of bacteria rather than by killing the organisms.

Hexachlorophene (also known as G-11, AT-T,
Gamophen, Hexosan, Exofine, Phisohex, Surgicen,
and Surofene’ is 2, 2--Dihydroxy—3, 3, 5, ¥, 6,
6'—hexachlorodiphenylmethane or bis—(3, 5, 6—tri-

chloro-2-hydroxyphenyl) methane (26). Tt is usually

Mention of commercial products does not infer endorsement
by the Public Health Service.
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employed in a concentration of 1 to 3% in liquid or
solid soaps, lotions, or emulsions (26). Some skin
sensitivity reactions have been known to occur in
some individuals (26).

Reduction of skin bacteria has been reported to
be considerably greater by hexachlorophene soaps
than by ordinary soap (14, 24). No significant re-
duction occurs immediately after application of the
agent (14, 24); and, when used as a single scrub,
hexachlorophene soaps are not much more effective
than ordinary soaps (5, 19, 31). Routine use for 5
to 10 days, however, has been reported (2, 4) to re-
sult in a reduction of bacteria as high as 85 to 95%
from the original numbers. Only 4% of the food
handlers regularly washing with hexachlorophene
formulation for a period of over a year harbored
coagulase-positive ~staphylococci, as opposed to a
16% coagulase-positive rate among workers using
hexachlorophene-free soap (7). These findings may
indicate that some residual antibacterial effect may
be present even on individuals who use regular soap
away from work. Shemano and Nickerson (33), using
hexachlorophene labelled with C-14, found that some
of the agent remained on the skin for a considerable
time, although some was lost, especially during the
first day, by washing with ordinary soap and water.
Whether residual agent that remains adsorbed to
the skin is as fully active against bacteria as free
hexachlorophene is not clear. Some loss of the agent
by washing with ordinary soaps between hexachloro-
phene ablutions is commonly accepted (16).

Following degerming with hexachlorophene and
the attainment of a low bacterial level, the normal
count returns about 7 days after the use of the agent
is stopped. This delay, however, may not be solely
due to a residual adsorbed on the skin, since re-
generation times of 1 to 7 days occur after disinfection
by other means (29), depending on the thoroughness
of treatment.

The activity of l'lexachlorophene is greatly reduced
by organic matter such as body fluids, pus, serum,
albumin, milk, etc., and non-ionic detergents and
emulsifying agents (31). Although there is no evi-
dence that hexachlorophene-resistant bacteria develop
as a result of exposure to the agent (31), Price (28)
pointed out that the microbial flora on the hands
of different people vary in susceptibility to the agent
with some individuals harboring a resistant flora.
This finding introduces some uncertainty as to the
reliability of hexachlorophene soaps that is probably
more serious in the operating room than in food

service establishments; nevertheless it must be con-
sidered.

In general, the Gram-positive bacteria are most
susceptible to hexachlorophene, and Gram-negatives
such as E. coli and Salmonella are not greatly affect-
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ed (31). Many Gram-negative types are represented
among the transient species encountered in food by
the food handler. Post and Balzer (27) have reported
that hexachlorophene appeared to have some effect
on the transient as well as the resident bacterial flora
on the hands of four culinary workers. The effect
on the Gram-negative organisms was erratic. The
authors admitted that the results were inconclusive
and in need of further clarification. Furthermore,
the small number of workers studied and the diversity
of their culinary duties suggest that additional studies
should be carried out on a greater number of sub-
jects and more attention given to the type of culinary
operation performed and the extent to which workers’
contracts with dishwater and food influence the re-
duction of bacterial flora by hexachlorophene.

Bithionol (also known as XL-7, Actamer, Lorothio-
dol, and TBP) is termed 2, 2'-thiobis (4, 6-dichloro-
phenol) or bis (2-hydroxy-3, 5-dichlorophenyl) (26).
It is usually employed in concentrations of 1 to 3%
in liquid or solid soap formulations for surgical scrub
or other skin disinfection. Lower concentrations may
be used, one brand containing only 0.4%.

Soap containing 1 to 2% bithionol is reported to be
at least as active as soap with hexachlorophene. It
is also more active against the Gram-positive than the
Gram-negative bacteria (I) and is reported to be
fungistatic (1, 31). After 10 to 12 days of continuous
use, the bacterial load on hands is said to be reduced
by 89 to 97.4% and levels off with no further reduction
(I). It is said to be nonirritating when used in soap.

Bithionol, like hexachlorophene, is claimed to re-
sist removal by soap and water (I). It is said to be
strongly absorbed by animal tissues such as skin and
hair and works best in the acidic range of pH 5.0
to 6.5 (1). Apparently an active residual is main-
tained (I) in the presence of alkali in soaps or de-
tergents, but more study is needed on this aspect
of both bithionol and hexachlorophene.

Tue IopiNE COMPOUNDS

Free Iodine

Elemental iodine is one of the most effective anti-
microbial agents known (31). It is essentially bac-
tericidal, dilutions possessing bacteriostatic and bac-
tericidal action being practically identical (18). Under
a variety of exaggerated test conditions, iodine in the
proper concentrations is uniformly active against a
broad spectrum of pathogenic organisms, including
the tubercle bacillus, pathogenic fungi, viruses, and
even bacterial and fungal spores. Although effective
for antiseptic washes and for irrigation purposes over
a wide pH range (17), the activity of iodine solutions
is markedly enhanced under acid conditions.

Reddish (32) points out that the well-recognized
efficacy of iodine is partly due to the margin of safety
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under which it has been employed. It is used as a
skin antiseptic in hospitals in a concentration of 2%,
although a level of 0.02% in solution is germicidal
within one minute to a variety of pathogenic or-
ganisms, including S. aureus. Tinctures of iodine
have low surface tensions, and the solvent action of
the alcohol dissolves skin oils and facilitates penetra-
tion into the epidermal layer, thus destroying both
the transient and the resident bacterial flora. Aqueous
solutions of iodine have also been used successfully
and possess certain advantages as preoperative skin
disinfectants, and disinfectants for surgical instru-
ments, clinical thermometers, drinking water, and
cating and drinking utensils.

The iodophors are chemical complexes of diatomic
iodine and solubilizing agents or carriers, usually
synthetic nonionic surfactants. A portion of the
iodine becomes firmly bound in the complex and is
unrecoverable, but the remainder is “available” and
is believed to be responsible for the germicidal
activity. The iodophors have been reported to be
effective sanitizers, good disinfectants in vitro, non-
allergenic, relatively nontoxic, and noncorrosive.

The activity of the iodophors is directly related
to the amount of titratable iodine present in solution.
Titratable iodine content is very pertinent in evalu-
ating commercial iodophors (10). Blatt and Maloney
(10) compared three commercial iodophors with
aqueous or alcoholic solutions of elemental iodine on
the basis of equivalent amounts of titratable iodine
and found no significant differences in germicidal
effectiveness. These results indicate that germicidal
activity is contributed solely by titratable iodine, and
any enhancement of germicidal activity is at least
partially due to the wetting action of the detergent
compound. Blatt and Maloney (10) also found that,
once all of the titratable iodine was removed from
the compound and after the compound had been
allowed to stand, no further iodine could be demon-
strated by titration. In the analysis of iodine prepara-
tions, it is pertinent that the amount of titratable
iodine does not always represent the actual amount
of active iodine to be expected under actual con-
ditions of use, because the amount dissociating from
the complex at any time is dependent upon the dis-
sociation constant, which is influenced by pH and
temperature (12). This amount may be only a frac-
tion of the amount recoverable by titration.

Solutions of elemental iodine, phosphoric acid buf-
fered iodine-I. and solutions of certain iodophors
with a low pH (even after the addition of test bac-
teria) are believed to be among the best sanitizing
agents (31). Many of the marketed liquid iodophors
contain phosphoric acid. A cationic iodophor that
possesses an alkaline pH and contains 3.2% elemental

iodine has been recommended for disinfection of the
skin, for operative procedures, and for disinfection
of thermometers and surgical instruments (31). It
has been reported (21) to be responsible for a re-
duction in major postoperative wound infection from
14.8% to 6.8%, although minor infections were not
significantly reduced.

Comparisons have been made of the effectiveness
of free iodine preparations, iodophors, and hexa-
chlorophene.  Goldenberg, et al. (19), by culturing
washings of the insides of surgeons gloves, found that
iodine-detergent surgical scrub was almost three
times as effective after 4 minutes of scrubbing (23.5%
positive cultures) as a 3% hexachlorophene detergent
was after 10 minutes of washing (66.7% positive cul-
ture). Recently, King and Price.(20), employing the
widely used method of Price (29), compared the
degerming activity of solutions of several iodophor
formulations with simple alcoholic and aqueous solu-
tions that have approximately the same iodine con-
tent, and with a scrub with ordinary face soap. Al-
though the iodophors were less effective in reducing
bacteria on the skin than were the iodine solutions,
they were more effective than ordinary soap. A 2-
minute exposure to a tincture of 1% iodine in 70%
ethyl alcohol reduced the bacterial flora to less than
20% of the pre-exposure levels (equivalent to 13
minutes of soap and brush scrubbing). The same
exposure to the most efficient iodophor reduced the
flora to only 54%, equivalent to the efficiency attained
in 4 minutes of scrubbing with white soap and brush,
or to 35 seconds of exposure to 1% iodine in 70%
alcohol. The authors believed that about the only
advantage of an iodophor surgical scrub over one
incorporating tincture of iodine is that the former
is more pleasant and less irritating.

Experimental detergent-iodine cakes containing
about 0.7 to 1.0% available iodine have been pro-
duced and patented (I5), but, to our knowledge, are
not yet available commercially (15). The exact de-
tails of their composition are not known, and an
evaluation should be made when more information
is available.

As skin degerming agents for the surgical scrub,
the iodophors appear to be generally less efficacious
than elemental iodine, but this may be a result of
the paucity of information about the amount of
titratable and dissociated iodine present in the var-
ious compounds under actual conditions of use. The
available information does not reveal the presence
of true residual activity as occurs with hexachloro-
phene. The iodophors are attractive to potential
users because of the claim that detergency and dis-
infection can be accomplished simultaneously with
the same agent.
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TeeE CHLOROCARBANILIDES

TCC is a 3, 4, 4, trichlorocarbanilide (6). Avail-
able information from the manufacturer (6) indicates
bacteriostatic activity against staphylococci in dilu-
tions of 1:5 million to 1:10 million, with some fungis-
tatic action against skin fungi. TCC is used in soaps
in concentrations ranging from 0.5 to 2.0% and is
claimed to be unaffected by either nonionic or anionic
detergent. Data for Gram-positive bacteria only are
included (6). Handwashing tests with TCC were
strictly controlled to eliminate the use of other hand-
washing agents, so no skin retention data are avail-
able.

Bacteriostat CH3479 (Irgasan CF-3) is 3-trifluoro-
methyl 4, 4 dichlorocarbanilide (3). It is used in
concentrations of 1% in deodorant soaps or shampoos
and in detergents in 0.2 to 0.4% for residual bac-
teriostatic effect on cotton fabrics. Although in-
effective against Gram-negative bacteria, it is claim-
ed by the manufacturer (3) to be more effective than
TCC against Gram-positive bacteria.

Although extensive evaluations of TCC and CH3479
are not yet available, these compounds seem to re-
quire their exclusive use by the food handler in order
to be fully effective.

THE QUATERNARY AMMONIUM COMPOUNDS

The quaternary ammonium germicides (“quats”)
are another class of synthetic chemical disinfectants
which are synthesized to form amines in which the
nitrogen in the molecule has a covalence of 5. With
the quats, however, the hydrogen atoms are replaced
by one or more alkyl groups (CHs, C., Hj, ete.),
or a phenyl radical, and one or more alkyl groups
containing Cs to Cis carbon chain lengths (31). The
quats are characterized further by their ability to de-
press greatly the surface tension of water. This
property places them in a class of chemicals fre-
quently described as wetting or surface active agents,
detergents, or diséersing agents. Surface active
agents are grouped further between “anionic” deter-
gent (natural soaps and many synthetic soap sub-
statutes); “non-ionic” detergents (sudsing agents);
and the quats which are “cationic” detergents (sub-
stituted ammonia compounds). Only the quats or
cationics are discussed in this review.

The antimicrobial properties of quats are attributed
to their chemical reactivity and the ease with which
they are adsorbed. Likewise, these properties ac-
count for their occasional failure. The quats are in-
activated by soap, hard waters, lecithin, and other
phospholipids, and are adsorbed by charcoal, ben-
tonite, and agar. They combine readily with pro-

teins and thus are less efficient in the presence of
By 1954, the

serum, milk, and other food soils (30).

quats had been demonstrated to be incompatible
with thirty-six chemical agents, among which were
iodine, lanolin, pine oil, silicates, polyphosphates, and
anionic detergents (23). The number of chemical
agents with which the quaternaries are incompatible
is about equal to the number of agents with which
they are compatible. Thus it is critical that the in-
gredients of a formulation be compatible with the
quaternary used.

The literature is replete with studies on the anti-
microbial properties of quats alone and in prepara-
tions formulated for a variety of uses. In vitro they
appear to be equally effective against many Gram-
positive and Gram-negative bacteria, according to
one source (31). Other workers found that quaternary
ammonium compounds were slightly less effective
against the Gram-negative organisms tested (8). Mall-
man (25) summarized these discrepancies, stating, “By
selecting the proper laboratory technic, we can show
that the cationics are either poor or unusually good
disinfectants.”

The most widely used quat is benzalkonium chlor-
ide, which is a mixture of alkyldimethylbenzyl am-
monium chlorides (26) and marketed under a variety
of trade names. It has been widely used in hospitals
for disinfection in surgery, and in sanitizing utensils,
floors, walls, soiled linen, and in other applications.
Since benzalkonium chloride (26) is incompatible
with anionic detergents, such as soap, and the mineral
content of hard waters interferes with the bactericidal
action of the quats (I11), it would not be suitable in
hand-washing procedures for food handlers whose
hands are in constant contact with soaps, detergents,
waters of varying degrees of hardness, and food.

Discussion AND CONCLUSIONS

Because of the paucity of studies on food handlers
per se, it is difficult to make an absolute judgment
of the type of antibacterial agent that ought to be
incorporated into hand-washing agents for use by
food handlers, or whether one should be used at all.
Most of the studies on the efficacy of hand washing
compounds have been directed to the evaluation of
cosmetic applications or hospital procedures. The
standards of efficacy in the former are not sufficiently
critical for adoption in the food-service environment,
and those for the latter may well be too stringent.
At present, the choice of an antibacterial agent for
the food handler must be made without full knowl-
edge of the extent to which food pathogens may
colonize on the skin of the worker, although allow-
ance for such an eventuality should probably be
made.

In the existing literature, the development of an
antibacterial residue on the skin, such as occurs with
the bithionols, is stressed. In itself, the maintenance

o g




ANTIMICROBIAL SOAPS AND IDETERGENTS

of a continuing low level of bacteria on the hands
may not be sufficient evidence for the presence of
an active residue with all agents, since Price (29) has
demonstrated that full establishment of the normal
skin flora after the skin has been thoroughly degermed
may recuire as much as 1 week, regardless of the
method used. Nevertheless, the apparent residual
antibacterial activity of the bithionols requires con-
sideration of this aspect in the study of hand sani-
tizing agents.

The aim of hand sanitation is to prevent the trans-
mission of possible pathogenic organisms from the
hands through food or from food to food via the
hands of the food handler. Since it is obviously
not practicable to depend on the continual and ex-
clusive use of antibacterial hand soaps outside of
working hours, optimal control of skin bacteria dur-
ing the hours in which food is being handled is the
best that can be achieved. The maintenance of an
efficient antibacterial residual on the skin can then
probably be subordinated to other considerations.
The antibacterial agent should not be chosen on the
basis of activity against staphylococci and the Gram-
positive bacteria alone. Food handlers may also
harbor many Gram-negative bacteria of significance,
such as Salmonellae and pathogenic E. coli, as well
as Entamoeba histolytica or other pathogens, either
as transient flora or possibly as established residents
acquired through contact. The control of transient
organisms by a more positive method than simple
removal by soap and water may be desirable, since
transfer from one food to another should be mini-
mized. Also, the consistent use of a broadspectrum
antibacterial agent during the working day would
help to prevent possible colonization on the skin of
bacteria acquired from foods.

If all of these points are considered together, a
good hand-washing agent for food service establish-
ments probably should: (a) kill a wide variety of
possible pathogens (inhibition is not sufficient be-
cause a single viable one transferred to a food may,
under optimal conditions, multiply once the agent
is diluted by the food); (b) b= present, if possible,
in sufficient residual concentration from one ablution
to another to effect control during the day; and (¢)
be non-irritating to skin.

Iodine is the only agent reviewed in this report
that appears to satisfy the above criteria in most
respects. It is bactericidal and active against a
wide variety of both Gram-positive and Gram-nega-
tive bacteria and other organisms. Although Blatt
and Maloney (10) state that skin flora recovers more
rapidly after iodophor treatment than after the appli-
cation of hexachlorophene treatment, this point re-
quires further study, in view of Price’s findings (29)
on regeneration of the bacterial population of the
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skin. Any iodine preparation selected for study
should have a high free-iodine content, whether it
be a solid soap or a detergent-iodine complex. It
should meet all of the general criteria accepted as
necessary for performance of germicidal agents where-
ever sanitation is important (13). Its penetration into
skin and its residual effect during the working day
should be determined, as well as the degree to which
it is removed by contact with food substances. Emol-
lient additives must be incorporated, and their ef-
fect on the germicidal efficiency of the preparation
must be definitely established.

The need continues for simple and more reliable
and reproducible techniques for measuring changes
in the skin flora. Particularly, a method should be
devised for the study of frequent changes in levels
of skin bacteria that occur during the working day
as a result of exposure of the food handler to dif-
ferent foods. Such a method could conceivably shed
light on the extent to which hazardous bacteria may
be transmitted between ablutions as well as the de-
gree to which a sudden contact with heavily con-
taminated food staples may overwhelm the capacity
of a residual bactericide on the skin to control the
spread of these organisms.

From the present consideration of the status and
efficacy of the available hand sanitizing agents, one
may conclude that frequent and thorough use of
ordinary hand soaps, with the aid of a good brush
during the working day, is, for practical purposes,
about as efficient in controlling skin bacteria as the
commonly available germicidal soaps. Practical ex-
perience has shown that the frequency of hand-
washing by food service personnel may be greatly
increased by installing hand washing facilities in the
working area, because of the tendency for personnel
to correct one another’s lapses in hand sanitation as
they occur. This simple expedient tends to greatly
enhance the efficacy of the simple soap and brush
procedure.

A recent study (9) was reported on the efficiency
of bar soaps, without antibacterial additives. The
results show that bar soaps do not transfer bacteria
among individuals in normal use, nor do they support
bacterial growth.

Undoubtedly, some additional benefit will accrue
from the use of residual germicidal soaps if they are
considered as a supplement to, rather than a replace-
ment for, thorough and frequent scrubbing.  While
deposition of residual germicide on the skin may be
real, it may be nullified by the narrow microbial
spectrum  affected, possible neutralization by kitchen
detergents and food constituents, and the tendency of
some germicides to produce sensitivity reactions in
some persons.

The use of formulations containing agents with a
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broad antibacterial spectrum, such as:iodine, presents
attractive pos51b1ht1es which, however, require much
further testing in the food service environment.
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SUMMARY

A preliminary study of the bacteriological comparisons of
hot processed and normally processed hams was made in
cured unsmoked and cured smoked hams. Higher bacterial
counts were found in the hot processed hams. - Staphylococci
were isolated from both hot processed and normally pro-
cessed hams. Coagulase-positive staphylococei were isolated
from one hot processed ham.

Hot processing of pork, which could reduce over-
head costs in the packing industry (6) was bacterio-
logically compared with normal pork processing
methods. In hot processing, carcasses are cut and
hams are pumped with curing pickle immediately
after slaughter. The pumped hams are then placed
in iced pickle to cool and cure.

MATERIALS AND METHODS

Processing.

The hams from 15 hogs were used. The left side of each
carcass was processed in the normal manner, and the right
side was cut prior to cooling. Hot processed hams were cut
and pumped with pickle within one hour after slaughter.
Normally processed carcasses were chilled for 24 to 48 hours
before processing. All hams were artery and stitch pumped
up to 10% increase in weight with the same type 65° pickle
solution. After being pumped, the hot processed hams were
placed in iced pickle and cooled at 3 C. All of the hams
were then cured for 14 days at 3 C. Half of each ham
group was held in the cured, unsmoked state for bacterio-
logical sampling. All hams, unsmoked and smoked, were
frozen and held at —20 C for 18 months prior to bacteriologi-
cal studies.

Sampling.

Composite 25-gram subsurface and deep samples were
aseptically cut from each ham after the surface area had
been sterilized with a hot spatula. The 25-gram samples
were mechanically ground in sterile blenders with 225 ml

~of sterile water.

Bacteriological comparisons.

Four bacteriological comparisons were used to compare the
two processing methods:,

1. Total plate counts were made following standard methods
(1) except the plates were incubated at 37 C for 48 hours.
Appropriate water blanks were used to make dilutions of 1-10,
1-100, 1-1000, and 1-100,000. Duplicate pour plates, nsing

plate count agar®>, were made from each dilution.
(]

!Contribution No. 225, Veterinary Medicine, Kansas Agri-
culture Experiment Station, Kansas State University, Man-
hattan, Kansas.

*Difco Laboratories Inc., Detroit, Michigan.

2. Coliform counts were made in Violet Red Bile Agar?
plates using 1 ml of each of the first three dilutions. All of
the counts were run in duplicate at each dilution.

3. To detect the presence of significant staphylococci, 3 to
5 ml of the 1-10 dilution was initially incubated in nutrient
broth as an enrichment at 37 C for 72 hours. Isolation of
staphylococei was on Mannitol Salt Agar®. Tubes of Bacto-
Brain Heart Infusion® were inoculated from colonies isolated
on Mannitol Salt Agar. Two drops of each 18-hour Bacto-
Brain Heart Infusion culture were incubated with 0.5 ml of
Bacto-Coagulase Plasma®. Tests were run in duplicate using
a 1-3 dilution of fresh rabbit plasma the second time. Mor-
phologically typical gram positive cocci that coagulated plasma
were presumed to be significant staphylococci.

4. To detect organisms of the family Enterobacteriaceae
that normally cause food-borne infections, portions of the
nutrient broth enrichment cultures were streaked on SS
Agar®, Desoxycholate Citrate Agar®* and E. M. B. Agar®.
Further identification of the Enterobacteriaceae was done
using Kligler Iron Agar?, Russell Double Sugar Agar?, Urea
Broth?, and Phenol Red Tartrate Agar?. Identifications were
based on culture -characteristics and gram stain characteristics
(4, 8). Salmonella isolates were to have been identified by
serotyping.

REsuLTs

Average number of bacteria per g is shown in
Table 1. When total counts were compared statisti-
cally by “t” test (9), they were significantly higher
(.05 level) in hot processed hams than in normally
processed hams before the hams were smoked. With
smoked hams, counts were low regardless of pro-
cessing method.

The coliform counts were less than 1 per g by
both processing methods when examined in cured
unsmoked hams and in cured smoked hams.

None of the organisms of the family Enterobac-
teriaceae that normally cause food-borne infections
were isolated from either group of hams.

Staphylococci were isolated from 67% of the hot
processed hams and from 47% of the normally pro-
cessed hams. Coagulase-positive staphylococci were
isolated from one hot processed ham.

Discussion

Even though the freezing process kills about half
the bacteria, and frozen storage causes the number
of bacteria to decrease slowly (5), the relative num-
bers and kinds of bacteria found are significantly
different in the two processing methods. Average
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TasrLe 1. NuMmBER oF BacTERiA IN CURED HaMms as
DerERMINED BY TorAL PraTE CouNt METHODS

(Cured unsmoked hams)

Hot processing
Right side of carcass

Normal processing
Left side of carcass

Sample no. Avg./g Sample no. Avg./g
1L 190 IR 1430
3L 440 3 R 1020
5L 90 5 R 340
7L 160 7R 120
9L 170 9 R 80
11 L 20 11 R 0
13 L 20 13 R 60
15 L 0 15 R 7900

Arithmetic Avg./g 136
Range 0 — 440
Log avg./g 54

Arithmetic Avg./g 1494
Range 0 — 7900
Log avg./g 196

(Cured smoked hams)

Normal processing
Left side of carcass

Hot processing
Right side of carcass

Sample mno. Avg./g Sample no. Avg./g
2 L 10 2 R 0
4 L 0 4 R 5
6 L 20 6 R 0
8 L 0 8 R 0
10 L 0 10 R 0
12 L 5 12 R 0
14 L 5 14 R 5

Arithmetic Avg./g 5.7 Arithmetic Avg./g 14
Range 0 — 20 Range 0 — 5

Log avg./g 3.3 Log avg./g 1.5

number of bacteria found in cured, unsmoked hams
was greater than that found by Deibel (3). He con-
ducted counts immediately after curing and before
smoking and found the interior of hams to possess
very low or undetectable- numbers of bacteria, usual-
ly fewer than 100 per g (3). Bacteria, particularly
staphylococci and lactobacilli, are believed to play
an important role in ham curing in Europe where
an inoculated cover brine and longer curing times are
used (7) and bacterial action is believed to improve
the flavor and color. Even though curing brines
have been found to average one million bacteria per
ml, it is not probable that microorganisms play any
role in the manufacture of modern American ham
(3)-

Low counts in smoked hams of both groups result
from the smoking process, which is partial steriliza-

tion by heat, drying and chemicals from the smoking
process (5).

The low numbers of Enterobacteriaceae were
thought to be due to the nitrite in the curing mixture.
Nitrite, particularly in its unstable form, is bac-
tericidal for Enterobacteriaceae (2).

The high incidence of staphylococci is expected
because of the high salt concentration. Staphylococci
are active in many pickling solutions (5) and have
been found in 80 to 100% of the brines used in Ger-
many (7).

Cutting and injecting curing pickle into hot hams
has greater possibilities for contamination and growth
of microorganisms. Although bacterial counts were
low in both groups after smoking, hot processed hams
had higher counts before smoking, indicating that hot
processing may allow greater growth of potential
pathogens, such as the coagulase-positive staphylo-
cocci which were found. Further studies of hot
processed pork are justified.

ACKNOWLEDGMENT

The authors express appreciation to Dr. D. H. Kropf for
processing the hams and to Dr. G. D. Imes for collecting
samples and assisting in bacteriological analyses.

REFERENCES

Standard Methods
11th ed. New York.

1. American Public Health Association.
for the Examination of Dairy Products.
1960.

2. Buttiaux, R. et ]. Moriamez. Le Compartement des
Germes Tests de Contamination Fecale dans les Saumures de
Viandes. Proceedings of the Second International Symposium
of Food Microbiology. p. 247-262. 1957.

3. Deibel, R. H. and C. R. Niven, Jr. Studies on the
Microflora of Commercial Ham Curing Brines and Their
Significance in Curing. Proceedings of the Second Inter-
national Symposium on Food Microbiology. p. 149-155. 1957.

4. Difco Laboratories. Difco Manual. 9th ed. Difco Lab-
oratories, Detroit, Michigan. 1953.

5. Frazier, W. C. Food Microbiology.
Company, Inc., New York. 1958.

6. Hendrickson, R. Tests Seek to Learn More About Hot
Processed Pork. The National Provisioner. 18:149. 1963.

7. Leistner, L. Microbiology of Ham Curing. Proceedings
of the Twelfth Research Conference. American Meat Institute
Foundation, Chicago, Illinois. Circular No. 61 (July) 17-
23. 1960.

8. Merchant, I. A. and R. A. Packer.
teriology and Virology. 5th ed.
Press, Ames, Iowa. 1956.

9. Snedecor, G. W. Statistical Methods.
Iowa State College Press, Ames, lowa. 1962.

McGraw-Hill Book

Veterinary Bac-
The Iowa State College

5th ed. The




BACTERIOLOGICAL SURVEY OF FILLETING PROCESSES

IN

THE PACIFIC NORTHWEST

Iv.

BACTERIAL COUNTS OF FISH FILLETS AND EQUIPMENT

WayYNE I. TRETSVEN

Bureau of Commercial Fisheries, Technological Laboratory

Seattle, Washington

(Received for publication April 25, 1965)

SUMMARY

Bacterial counts of the incoming fish, of the fillets pro-
duced from them, and of the surfaces of the processing equip-
ment used were determined in 11 filleting plants in Oregon
and Washington. The range in counts was wide. Counts
among incoming fish in summer and winter and among fish
of different quality, however, did not differ significantly.
Washing the fish reduced the counts about 80%. During
filleting, flushing the boards on which the filleting was done
reduced the contamination on the boards by 85% and reduced
the contamination of the fillets by 90%. Because the bacterial
load on the fillets is due primarily to contamination, com-
paring the count on the incoming fish with that on the fillets
produced from them was found to be a good index of sani-
tation during processing.

A bacteriological study was made of the filleting
operations in the commercial plants in the Pacific
Northwest. As in similar studies in other food-pro-
cessing plants (11, 12), methods of sampling were
first studied; the swab method was found to be most
applicable (18). Its limitations were then determined,
and innovations were developed that enhanced its use
(19). A third part of the study involved the bac-
teriological and physical effects of improper pughing
(forking) of the fish (20). The presently reported
fourth part was concerned with in-line sampling of
the products and facilities from the time the fish are
landed until the fillets are packaged in the filleting
plants. The specific objectives of the study were:

1. To determine the bacterial counts of the in-
coming fish, the equipment, and the fillets produced
in the filleting plants in the Pacific Northwest.

2. To evaluate the fillet-processing procedures from
a bacteriological viewpoint.

3. To assist the industry to raise the quality of
fillets by improving filleting conditions based on the
data accumulated.

Bacteria commonly are found in great numbers in the slime
on the surface of fish (5, S, 9, 14) with counts usually between
10° and 16°/cm?® (16), and in the digestive tract (7, 8, 14).
“The surface count may increase to 10° to 10°/cm? during
storage in ice” (16). Although the flesh of sound fish is

considered to be sterile (5, 8, 13, 14), it becomes contaminated
either directly or indirectly during the filleting process (5, 8).
“In plants where the fish were not washed prior to filleting,
there was a direct relation between the bacterial count and
the number of days the fish had been out of water” (3).

As was found in other food-processing plants (11, 12), Cas-
tell (3) showed that washing the incoming products and the
processing equipment is an effective means of reducing con-
tamination.  Also, without washing, there is a very rapid
buildup of contamination. By washing the fish, “It is possible
to reduce the surface load of bacteria by about 90% or more”
(8). By washing the fish before filleting, the bacterial load
on the fillets is reduced from 80 to 99%, which adds from one
to six days to the keeping time of fillets stored at 32 to 33 F
(6). Ninety percent of the bacteria on the fillets was picked
up from the fillet cutting board after the fillet was skinned
(7). Mechanical skinning resulted in lower counts on the
fillets.

Water sprays were found to be superior to immersion of
fish in water for washing (2); also, water sprays were found
to be more effective than were sprays of dilute acid solutions
or alkaline phosphate solutions (17). No advantage was found
in using chlorine-containing solutions for washing fish (8).

Solutions (dips) used for treating fillets were often found
to be an important source of contamination (18).

In 1947 (3) the average fillets left the cutting boards with
1,000,000 bacteria per gram. In 1957 a viable count standard
of 250,000/g was applied to filleted fish in Canada as a
measure of sanitary quality on the assumption that the flesh
of the fish entering the plant was essentially sterile.

PROCEDURE

This study involved 46 intermittent and unscheduled in-line
bacteriological surveys of 11 filleting plants in Oregon and
Washington during 1960 and 1961, 20 during the winter and
26 in the summer. Samples were collected in each plant
at least twice, and 20 to 30 samples were collected each time.
Surface sampling of the incoming fish, processing equipment,
and final fillets were done by the swab technique of Tretsven
(18, 19), and the results are reported as bacterial count per
2 em?  Samples (1 ml) of ice and dip solutions were also
collected aseptically in clean, sterile, screw-capped glass vials.
All of the samples were kept and transported to a laboratory
in an insulated sampling kit that maintained the temperature
between 0 and 5 C. About 30 to 90 minutes elapsed from
the time a sample was collected until it was plated for stand-
ard aerobic plate counts by the technique given (I8). The
logarithmic average of the plate counts was used for com-
parison of the bacterial counts.

Initially, in an attempt to limit variables, cod ( Gadus macro-
cephalus) was selected as the fish to study. However, owing
to the limited amounts of cod caught, the following incoming
fish were also sampled in-the-round and during their pro-
cessing: lingcod (Ophiodon elongatus), rockfishes (Sebastodes
sp.), and Dover sole (Microstomus pacificus). :

The general quality of the incoming fish was classified as
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Figure 1. Range and average bacterial counts on fish, pro-
cessing equipment and fillets found in-line sampling of eleven

filleting plants in Pacific northwest. Broken line, from fish
in ocean (theoretically, no count) to fish in plant.

excellent, fair, or poor. Each classification was based on the
judgment of the technician who collected all of the samples,
and the opinions of the plant personnel doing the filleting.
The appearance, feel, odor, and in some cases, knowledge of
the fishing and storage conditions aboard the vessel were
criteria used in classifying the fish comprising the lot of in-
coming fish. Poor represents a low level, approaching the
borderline of marketable fish for human consumption. Four-
teen of the lots were judged to be excellent; 23 were fair;
8 represent mixed lot of fish of two qualities, fair and poor;
and one lot was poor.

REsuLts

The results of the 46 in-line samplings, including
the range of bacterial counts and the average counts
of each item sampled, are shown in Figure 1.

Bacterial counts on 98 samples of the poorer quality
(fair and poor) incoming unwashed fish varied from
180,000 to 9,500,000/2 cm?® and averaged 640,000/2
cm’, whereas those on 45 samples of excellent quality
fish varied from 12,000 to 3,000,000/2 cm’®; and aver-
aged 470,000/2 cm®.  Counts of the equipment and of
the fillets of the poorer quality fish were quite similar
to those of the excellent quality fish.

Counts of the incoming fish ranged from 39,000
to 9,500,000/2 em? and averaged 590,000/* during the
summer and 180,000 to 9,500,000/2 cm?® during the
winter; with an average of 510,000/2 c¢m?. Similarly,

average counts of the equipment and fillets during
the summer were essentially the same as those during
the winter.

Washing Fish

On 34 direct comparisons involving 142 samples
of unwashed fish, the average bacterial count was
570,000/2 c¢m?; after commercial washing of the fish,
their average count was 120,000/2 cm®, a reduction
of 79% (see Figure 2).

Flushing During the Filleting Process

Eight direct comparisons were made to determine
the value of flushing the filleting boards with water.
The same commercial filleters and similar fish were
used. Before the filleting boards were flushed, the
average bacterial count of the filleting boards was
610,000/2 cm®, and the average of the fillets was
100,000/2 cm®  After about 5 min of continuous
flushing of the filleting boards during filleting, the
bacterial counts of the boards averaged 96,000/2 cm®
and that of the fillets averaged 11,000/2 cm®, an 84
and 89% reduction in counts, respectively, due to
flushing with water (see Figure 3).

Use of Chlorine

In an attempt to further reduce the bacterial counts
of filleting boards and fillets, one plant experimented
with water containing about 5 ppm available chlorine
to flush the filleting boards continuously while they
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Figure 2. Bacterial counts on fish and fillets in 34 in-line

samplings.
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Figure 3. Bacterial counts of filleting boards and fillets,
before flushing and after five minutes continuous flushing of
the filleting boards with water (8 comparisons).

were in use. In this trial, the bacterial counts of the
boards averaged 66,000/2 cm® and of the fillets
60,000/2 cm® when flushed with water; when flushed
with the chlorinated water, the boards had a count
of 20,000/2 cm?, and the fillets a count of 40,000/2
cm?®.

As a result of these findings, this plant installed
in-plant chlorination of the water for their fresh
fish and filleting operations. The water containing
5 ppm available chlorine was used in washing the
fish and in spraying the filleting operation. Before
the change-over, the counts on the fillets averaged
770,000/2 cm?®, about 20 min after the change-over
to the chlorinated water, the bacterial count of the
fillets averaged 48,000/2 cm”®.

Discussion

The operations in the various filleting plants dif-
fered in that some were highly mechanized, whereas
others were largely manual. In general, however,
the same type of facilities was used to process the
variops species. The fish were filleted by hand
in every plant. Most of the species used were kept
and handled separately; however, in a few cases,
two or more species of fish were on the same filleting
line at the same time. In such cases, the filleters
were responsible for keeping the fillets of the various
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species separate. There seemed to be no particular
pattern in which the species were filleted. When
possible, the oldest or most perishable fish were
processed first. Ordinarily there was no attempt to
clean up the equipment between the handling of the
various species; the bacterial counts obtained there-
fore cannot be attributed to any one species.

In most of the plants, the incoming fish were wash-
ed by spraying them with water while they were on
a conveyor or while they were in a revolving drum
that was also used as a descaler. In one plant, the
fish were washed by being conveyed to the filleters
by means of a flume of water. In two of the plants,
the fish were not washed.

The results shown in Figure 2 are similar to find-
ings of other investigators in that there is a wide
range in bacterial counts for each of the items sam-
pled.

The incoming fish tend to affect the counts at the
subsequent filleting stations: for example, higher
counts were obtained at the filleting stations and on
the final fillet when the count on the incoming fish
was high than when it was low.

While counts on the incoming fish varied consider-
ably, the average counts of the fish and items sampled
during the summer were quite similar to those of the
winter. The average counts of the fish judged to be
excellent were also similar to those of poorer quality.

At the beginning of this study, bacterial counts
on some of the fish conveyors were higher than were
the counts on the incoming fish. During this study,
two of the plants installed continuous brushing and
washing devices on the conveyors and thereby re-
duced this source of contamination.

Counts on the gloves of the filleter were higher
than those on the unwashed fish. Undoubtedly this
is due to the fact that the slime in and about the
head adheres to the glove, inasmuch as the filleter
grasps the head at the eyes and gills.

We assumed that there was a progressive build-
up in bacterial load during the day. We found, how-
ever, that the bacterial counts on the filleting boards
increased or decreased within a few minutes after
the filleting of higher- or lower-count fish. Such
changes were noted in the samples regardless of
whether the fillet boards were flushed or were not.
The bacteria on the fillets are primarily due to con-
tact with slime, blood, viscera, etc., on the filleting
board. Owing to the abrasive, scraping, and wiping
actions in processing the fish on the board, the con-
tamination of the fillet with bacteria actually grow-
ing on or within the boards did not significantly af-
fect the bacterial count.

At each of the inside and skinside (flesh) cuts,
the bacterial counts were usually nil, except when
the flesh has been broken (5, 20). Not all the fillets
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were skinned, and a skinning machine was used
occasionally in one plant.

Ice surrounding the incoming fish was found to
vary considerably in appearance and bacterial count.
We attributed this variability to contamination from
the fish. High counts were observed in some in-
stances regardless of whether the ice was treated
with antibiotics or untreated.

Dip solutions were used in some of the plants.
When used, the solutions often were found to be
quite contaminated, having an average count of
350,000/ml; the fillets before being dipped averaged
140,000/2 cm®, and after being dipped, 170,000/2 c¢cm*
(Figure 2).

Processing Index

Early in this study, we noted that the bacterial
counts on the final fillets tended to approach, and
even to exceed, those of the incoming fish. Thus,
the ratio of the count of the incoming fish to the
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Figure 4. Patterm of good operation showing relatively low
count on incoming fish and lower count on final fillet.

count of final fillet is an index of the sanitation dur-
ing the processing as is also the slope of the line con-
necting the count of the incoming fish with that of
the fillets (Figure 4).

Industry Improvements
Most of the plant managers were interested in our
results and asked how they could improve their pro-

cessing. During the study, a number of changes
(some quite costly) were made to improve the
quality:

1. A number of the plants improved their fish-
washing operations. ;

2. Two plants installed devices to clean the fish
and fillet conveyors continuously.

3. Two plants provided means for flushing the
filleting operation with water; and later, one of them
installed in-plant chlorination.

4. Reuse of ice in the plants was discontinued.

Since 1960 and 1961, when the results of our study
were first made available to the 11 plants, more im-
provements have been made by them and also by
other West Coast plants in the United States and
Canada. Practically all of the plants now wash the
incoming fish. Most of them flush the filleting boards
with plain water or chlorinated water while filleting.
About half of the plants have installed in-plant chlor-
ination. Based on the findings of the related study
concerning the effects of pughing fish improperly
(20), the manager of one plant refused to buy any
fish that have been pughed and has eliminated the
practice of pughing fish within that plant.

CONCLUSIONS

Bacterial counts of the surfaces of the fish, equip-
ment, and fillets furnished a good basis for determ-
ining sanitation in 11 filleting plants in Oregon and
Washington.

The average bacterial count of incoming summer-
caught fish was not significantly higher than that of
incoming winter-caught fish. The difference in aver-
age bacterial counts of the fish classified as fair or
poor and those classified as excellent was not signifi-
cant.

Washing the incoming fish reduced the bacterial
count on the fish 79%.

Flushing (washing off) the fish, knife, hands, and
filleting boards as the fish were being filleted reduced
the bacterial counts of the filleting boards 84% and
that of the fillets 89%, compared with counts obtained
before flushing.

Acquainting industry with our findings resulted in
substantial improvements in equipment, processing
methods, and quality of fillets produced.
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UTILIZATION OF DEFOAMERS IN THE DETERGENT INDUSTRY’

S. B. CRECELIUS

Economics Laboratory, Inc., St. Paul, Minnesota

In general, in the chemical field defoamers have
had a wide application for many years. In chemical
processing, the control of foaming has always been
a problem, both in aqueous and non-aqueous sys-
tems. Through the years a number of different
types of defoamers have been developed, one of the
most common and well-known being the silicone
type, such as Dow Antifoam A and others. In addi-
tion to this type, use has been made of various other
chemicals, such as long chain hydrocarbons, long
chain alcohols, fatty acids and phenolic compounds.
Most of these defoamers have found application in
aqueous and non-aqueous systems having to do with
other chemical applications than the detergent in-
dustry.

However, in the detergent and cleaning field we
run into a special situation in the field of defoamers.
For many years, the existence of foam and deter-
géncy were considered synonymous. It was felt that
good cleaning action was always accompanied by

‘Presented at Klenzade’s 25th Educational Seminar, Yosemite
National Park, California, April 6-7, 1964.

foam and was a necessary part of the total operation.
It has now been found that foam, in a number of
mechanical cleaning operations, is actually a decided
detriment to good cleaning practice in that it clogs
lines, reduces the pressure of cleaning, slows down
the proper agitation and mechanical operation of the
cleaning devices, and in general presents a problem
in the total cleaning operation.

In early attempts to solve these foaming problems
by conventional means, it was soon found that de-
foamers, such as the silicone type, were inadequate
for detergent additives. Although they were ade-
quate as defoamers, they were found to plate out or
absorb on the surfaces to be cleaned, causing those
surfaces to be much more difficult to wet and actual-
ly deterring the detergent action. Products such as
long chain hydrocarbons often used as defoamers in
some applications and also had the effect of intro-
ducing gross soil which interfered with rather than
helped the total cleaning operation. It was obvious
then, that some other type of defoaming mechanism
had to be developed to meet this special situation
found in detergency. It was through this need that




292

the present detergent defoamers were actually devel-

oped.

TypEs FoayM ENCOUNTERED

Foam in the cleaning operation can come from a
number of sources—the first and most obvious source,
of course, is the detergent itself. Detergents, such
as ABS or the commonly known heavy duty anionic
detergents used most widely in the laundry and hand
liquid cleaning operations and known chemically
as alkyl benzene sulfonate, give considerable foam
when used in almost any cleaning operation. Like-
wise do the sulfated alcohols, such as sodium lauryl
sulfate, the alkylolamids, and most of the less well-
known anionic detergents. Consequently, it was
soon learned that these high-foaming anionic de-
tergents could not be used to any great advantage
in mechanical cleaning. They do not find their way
into these types formulations where mechanical clean-
ing is used, except in the laundry industry. Soap
also gives considerable foam when used in moderately
soft water. When used in hard water, soap loses its
foaming action; but on the other hand, it also loses
considerably part of its detergency in that it is in-
activated and precipitated out as a hard water or
calcium soap scum.

The nonionic type of detergents may be divided
into three main classes. The first class is the alkyl
aryl poly ether type, such as the well-known Rohn
& Haas Triton X-100, or Igepal CO-730. These are
considered to be high to medium foamers. The
second class, introduced largely by Wyandotte as
the Pluronics, are block polymers of ethylene and
propylene oxide. These products can be considered
to be low foamers or non-foaming type of detergents,
but do not defoam. The third class of nonionic ma-
terials is not only non-foaming but actually are de-
foamers. These are also block polymer-type materials
similar to the Pluronics, but have a further modifi-
cation which gives them their defoaming properties.
It is these materials which we intend to discuss to-

day.

To date, we have found no way of controlling or
defoaming the foam caused by the highly-active
anionic-type detergents, or even the high foaming
nonionic-type detergents. Hence, the only course of
action here is to not use this type, when formulating
a detergent for a non-foaming of operation.

Foanm From Soms

One source of foam in detergent cleaning comes
from the soil itself. The greatest source of soil which
causes foam is the protein content of the soil. This
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foam is agitated and increased as it is broken down
through hydrolysis and oxidation of this soil in the
cleaning process itself. Another source of foam is
from the hydrolysis of fats, or rather the saponifica-

tion of fats, in caustic cleaning. It forms soap, which

in turn foams if the water is soft or has been con-
ditioned by polyphosphate builders. This, however,
is not nearly as great a source of foam as it was
originally thought and is much less a problem than
that of the protein. A third source of foam is the
carbohydrates, which do contribute somewhat to the
foam properties of a Cleaning situation; However,
they are also much less of a problem than the protein
materials.

It can readily be seen then that in any kind of
food cleaning operation, such as in the dairy and food
processing industry, we are readily confronted with
foam problems. This is due primarily to: (a) we
do have highly developed mechanical cleaning in
these fields with our automated and in-place clean-
ing systems; and (b) we have in existence the pro-
teins, carbohydrates and fats which cause our greatest
foam conditions.

Hence, the control of foam in this industry is quite
important. It is equally and likewise important in
the control of foam in the food service or dishwash-
ing industry, where all the necessary components
also exist. It is'important in an animal cage washing
industry. It is also important in the beverage and
brewery industry, where protein, fats, and carbohy-
drates are a large component of the food soil which
we are necessarily trying to clean.

The defoamer is usually from 1% to 3% of the total
solids of the detergent formulation. Not only does
this defoamer act as a detergent by the usual addi-
tion of wetting, emulsifying, and free rinsing pro-
perties, but in addition controls the foam produced
by the food soils present. This, in turn, contributes
to the increase in wash pressure and prevents the
blocking of lines and pumps by foam and allows the
cleaning operation to become much more efficient.

DxscriprioNn OF DEFOAMERS

Defoamers of the type discussed here are of the
nonionic-type synthetic detergent. They vary in
their chemical structure, but may be characterized
in general as being of quite high molecular weight.
These defoamers are rather new—they are presently
in the stage of being processed for patent applica-
tions, so that their definite chemical structure cannot
be divulged at this time. However, we may discuss
some of their physical structure and behavior under
different conditions of use.

One characteristic of these defoamers is that their
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defoaming ability is definitely tied to the wash solu-
tion temperature in which they are used. In general,
the defoaming action will not take place in cold
water. As a matter of fact, these defoamers, when
used in cold water or even in water around or slightly
above room temperature, actually become foamers
and foam somewhat in the same manner as the higher
foam nonionic detergents discussed above. Hence,
the use of defoamers in general must take place at
temperatures ranging from around 110 to 180 F.
Temperatures below 110 F result, in general, in much
less defoaming action and at lower degrees you get
no defoaming at all. Defoaming action increases up
to about 140 F where it begins to level off, and there
is very little increase in defoaming action between
140 F to 180 F, beyond which there is no increase
at all.
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centration of detergent.

There is some difference in the defoaming action
of certain detergents with different structures. This
is shown in Figure 1. We studied three different
types of non-ionic defoamers at different temperatures,
and plotted the wash pressure achieved versus the
temperature of the wash solution in which it was
accomplished.

It will be noted that all of the defoamers perform
in a similar manner, at higher temperatures, while
down in lower temperatures, between 90 F and 110 F,
one of these defoamers gives considerably more
action than the other two. This is a typical means
which we use to evaluate the performance efficiency
of a defoamer in a cleaning operation. The other
requirement, of course, is that the defoamer also
has good surface active properties.

Future ImProvEMENTS WHICH Wourp BE DESIRABLE

What, then, are some of the ways in which we
would like to improve these detergent defoamers
which we now have.

1. We would like, if possible, to be able to de-
velop a defoamer which we could add to an anionic
or high foaming type of detergent and get good re-
sults of the low surface tension extremely high activ-
ity per concentration of this anionic and still reduce
the foam of that anionic to a point where it could
be used in mechanical cleaning. So far, we have
been unsuccessful in finding or developing a de-
foamer of this type.

2. We would like to be able to find a defoamer
which would work at low temperatures (room tem-
perature and below) and still give us a maximum
of defoaming capacity. This, however, is not of as
great importance as the first point, since most clean-
ing is done at fairly high temperatures.

3. We would like to develop an efficient defoamer
which would be stable on highly caustic type of
cleaners, and retain its defoaming efficiency. We
have been successful to some degree in this extent
and have some experimental defoamers in use, which
appear to have much more caustic stability than the
original ones which we have used.

4. We would like to develop a defoamer which
could be used in the presence of chlorine and would
be stable under these conditions. So far, we have
been unable to do this, in liquid, since chlorine at-
tacks the surfactant in liquid media about as readily
as it will attack the food soil or micro-organisms in
the wash solution. Hence, no liquid that we have
ever put together with a defoamer has ever been
successful in the presence of chlorine. We have,
however, devised a method of putting these surfact-
ants in solid materials, in the presence of available
chlorine by a process which we call encapsulation.
Here we éncapsulate the surfactant in a separate pre-
paration so that it does not come directly in contact
with the chlorine bearing material and hence, it is
quite stable for a long shelf life in a cleaning powder.

So far, we do not have the answer to these prob-
lems, although we hope to find it in the future.




294

THE GREAT AMERICAN DREAM'

EarL L. Burz

Dean of Agriculture
Purdue University
West Lafayette, Indiana

The American economic and political system has
brought living standards for all our people un-
paralleled in any other country on the face of the
earth. One need only go abroad for a short time
to any part of the globe to see convincing proof that
this is true.

With only 7 percent of the world’s population, we
have three-fifths of the world’s automobiles, half of
the world’s electric power production, over half of the
world’s telephones, two-fifths of the world’s steel pro-
duction capacity, a proportion of our young people
in high schools and colleges that far out-strips any
other nation, 98 percent of our farms electrified,
radios, TV’s, refrigerators, deep freezes commonplace
in nearly all of our homes, new home construction
passing the one million mark again this year for the
16th straight year, every community busy with con-
struction of new schools, new churches, and new
business buildings, a food production and processing
industry so efficient that our growing population
is one of the best fed on earth, and yet we have suffi-
cient food surpluses for substantial distribution over-
seas.

Truly this is convincing evidence that “The Great
American Dream” of yesterday is constantly translated
into better living today.

The economic growth of our nation over the past
couple of decades has been truly phenomenal. Our
economy has doubled in size in less than 20 years.
Reliable predictions are that it will double again in
the next 20 years. Real income per person in America
has increased by about 50 percent in the last 20 years.
Indications are that- this likewise will increase more
than 50 percent in the next 20 years. This is a
phenomenal rate of increase in the economic well-
being of our nation.

If you think for a moment that our people aren’t
50 percent better off, on the average, than they were
20 years ago, just drive 100 miles down any road in
your home state and look at the new homes, new
factories, new schools, new highways, families with
two automobiles, TV antennas on the roof, larger
share of youngsters in college, new churches going
up all over the place, vast amounts of money spent for

'Reprinted from Activities Report, Volume 16, a publication
of Research and Development Associates, Inc., U. S. Army
Natick Laboratories, Natick, Mass.

vacations and recreation, and a score of other evi-
dences of economic well-being.  Economic growth
of this magnitude can be accomplished only on the
solid foundation of research and innovation.

Surely there is nothing second-rate about a nation
that can produce such a record, while at the same
time it has also tooled up the world’s most powerful
defense machine. There is no need for us to alibi
among the community of nations for anything wse
do or don’t do. We so far outdistance our adver-
saries in terms of living standards and opportunity for
everyone that any honest comparison is ridiculous.
The same is true of our total national strength. It’s
high time we begin to act like the strong, responsible,
and proud nation we always have been. We must
stop rushing for the aspirin bottle every time some
half-pint dictator chooses to sneeze. The highway
to national destruction is strewn with appeasers and
apologists. No one really respects a nation that pays
off to the blackmailer. The international bandits that
rule one-third of today’s world understand only the
language of firmness and strength. And that is the
very language the United States is equipped to talk,
if we only have the national courage to speak up.
It’s high time we do so.

A GreaTr Future Lies AHEAD

America is on the threshold of its most challenging
and most prosperous decade. There is real opportu-
nity ahead for anybody who has imagination enough
to participate in the Great American Dream.

This is the age of science and technology, based
on research. The frontiers of the mind have re-
placed the frontiers of geography. A thrilling ex-
perience awaits every citizen in this great land who
has the capacity and the imagination to “dream con-
structively.”

The scientific and technological advances we will
experience in the next decade will be unparalleled in
American agriculture and industry.

The geographic frontier in America is gone. No
longer can a young man “Go West” and stake out his
claim. But the scientific frontier in America is barely
scratched. -And the scientific frontier has no effective
limit. It is limited only by the mind and the imagina-
tion of man. Its horizons are vertical, not horizontal.

Organized and imaginative research is the vehicle
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which will push the scientific frontier beyond limits
we scarcely dare dream of today. It follows logical-
ly, therefore, that if we can keep our economy free
and preserve an environment in which individual
producers and scientists are free to dream a little
about new techniques and new ideas, and to enjoy
the fruits of their dreams, we shall experience phe-
nomenal progress in the next generation. It is to this
noble purpose that you who sit before me dedicate
your energies.

This is a thrilling time to be permitted to live in
this great land we call America. Yours is a wonderful
opportunity to occupy a front-row seat for the scienti-
fic advances occurring in our colleges and univer-
sities, in our research foundations and laboratories,
and in our business and financial institutions.

LETS LOOK AT AGRICULTURE

Consider with me for a moment our total agricul-
tural plant in this country, which affords an excellent
illustration of an industry in the very middle of a
far-reaching scientific and technological revolution.

Changes which have occurred in production and
marketing during the past decade have been phenom-
enal. Still greater changes lie ahead.

American agriculture is now feeding our growing
population on science and technology. Today the
average farm worker in the United States produces
enough food and fiber for himself and 30 others. A
generation ago, in 1930, he produced enough for
himself and only 9 others. A century previously, in
1830, one farm worker produced enough for himself
and 3 others.

Indeed, the productivity of the American farm
worker is so high that our problem in America is to
learn how to live with plenty, rather than to struggle
along with abortive attempts to restrict farm output
the way we've been doing.

It is not necessary to travel very far among the
world’s food deficit nations to realize what a blessing
we have in our American food surpluses. If one must
choose between the problem of too much food and
the problem of not enough food, T'll always choose
the problem of too much. It’s a blessed problem.

Our modern scientific agriculture, based on re-
search and technology, is so efficient that we now
feed and clothe our entire population with only 7
percent of our labor force on farms. The first claim
of any society upon its total production resources is
to get enough food to keep the population alive. This
is true in primitive societies, in semi-developed so-
cieties, and in highly developed societies. We do
this so efficiently in this country that over nine-tenths
of our population is available to produce the wide

variety of goods and services that make up the Ameri-
can standard of living.

By way of contrasts, Russian agriculture is so in-
efficient and so primitive that some 45 percent of
their workers are required to produce enough food
to keep the population going at a subsistence level.
As a consequence, there just isn’t enough manpower
(or womanpower) left to produce things to make
life very pleasant in that country. So long as our
output per worker in agriculture remains five times
above theirs, there can be little doubt concerning the
ultimate outcome of the struggle between our two
systems.

It would be possible to fill these pages with specific
illustrations, from dozens of vocational areas in this
country, of research that has returned its cost an
hundredfold. But our interest is in the future. Let’s
dream a little about that.

RESEARCH—GATEWAY TO THE FUTURE

It is sometimes said that this is the age of science
and technology, based on research. From another
point of view, it can be effectively argued that we
are not yet in the age of science and technology.
Rather, we merely stand on the threshold of this new
age.

The important scientific discoveries which we take
for granted today are really so recent, viewed against
the long backdrop of the history of man, that they
occurred only yesterday.

A simple illustration will prove the point. This is
the age of speed, ranging from high-powered motor-
boats on our lakes to 18,000-mile-per-hour satellites
soaring around the earth. Man has always tried to
travel fast, but through nearly all of the 6,000 years
of his recorded history on this earth he could travel
no faster than a horse could carry him. This was
about 30 miles an hour. This was top speed in
Samson’s day, in Caesar’s day, as well as on the night
Paul Revere rode from the North Church to Concord.
It was not until the 1830’s, with the invention of the
locomotive, that man freed himself from the speed
limitations of the horse. On that dat= he pierced the
“oat barrier.” How long ago was that?

Let’s condense the 6,000 years of the written his-
tory of man into the 40-year productive span of an
ordinary lifetime. Just ten months ago the locomotive
was born.

About 1890 the first automobile appeared on the
scene. This increased our rate of travel up to per-
haps 40 miles per hour. This was six months ago.

In 1903 the Wright Brothers had their first air-
plane flight. They achieved a speed of 60 miles per
hour. This was four and one-half months ago.
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In 1948 the DC-6 was a pretty fast means of trans-
portation, going up to as high as 280 miles per hour.
This was four weeks ago.

In 1956 Air Force fliers pierced the sonic barrier.
This was really travelling. This was two weeks ago.

In 1958 Sputnik was launched, and Explorers I
and II began circling around the earth at the phe-
nomenal speed of 18,000 miles per hour. This was
one week ago.

The most recent shot into space a couple of months
ago occurred since we entered this room.

If you were to plot these rates of speed on a graph,
the line would continue near the bottom for many
centuries, rising slowly near the right edge, and in
the last little while rising very rapidly. The line
would be going up as a geometric progression. It
would resemble the rate of bacterial growth under
favorable circumstances. Or as somebody has said,
the latter stages of that curve would look like the
national debt.

In any event, a curve of this character would be
convincing evidence that we are just entering the age
of science. We are just beginning to scratch the
scientific frontier.

Our GrowTH POTENTIAL Is GREAT

In the short span of ten years, our population has
increased by about 25 million to the current figure
of 191 million persons. By 1980, it is estimated that
the number will be over 230 million. And equally
significant, it is estimated that by 1980 the national
economy will have about doubled in size, and that
per capita real income will be around 50 percent
higher than at present. Such a rise will bring about
a substantial increase in the demand for all kinds
of goods and services, including many kinds that we
don’t even dream of today. That branch of Ameri-
can industry and commerce that keeps up with the
march of progress through research will capture more
than its pro rata share of this growing market. Our
greatest error—during the past 20 years—has been
in so frequently underestimating our growth potential.

There is a growing area for service and expansion
ahead for an industry like yours, which accepts the
responsibility for its own welfare and its own future,
rather than sitting back and waiting for somebody
else to do the job for it. You will play a central
role during the next decade in this unfolding drama
we call The American Dream.

Our FREE ENTERPRISE SYSTEM WORKS

Our economic system of free enterprise is under
constant attack, from within as well as from with-
out. There are many well-meaning people among
us who would turn increasingly to government for

security guarantees of one kind or another and junk
the economic system which has made us great.

We must cultivate within our society an environ-
ment in which individual producers and scientists are
free to experiment with new techniques and new
ideas and to enjoy the fruits of their labors. We
shall experience phenomenal progress in the gener-
ation ahead if we can preserve our system of free
prices and free enterprise.

There are too many people in America today who
do not really believe in free enterprise but who still
believe they can look to Washington for price sup-
ports, price regulations, price ceilings, and so on.
We must get the point across to every citizen of our
country that the incentives under free prices make
our economy great and make it strong, and make it
productive.

America’s greatest danger today is our general in-
difference to the organized attempts to limit output
per worker, per factory, and per farm. Indeed, most
of us belong to gr()u'ps which subscribe in one way or
another to the strangling philosophy of limited out-
put. One of the remarkable phenomena of our age
is that America continues to grow in total production
and standard of living, in spite of widespread or-
ganized attempts to prevent it. Most of us remain
indifferent to those abominable practices round about
us.

What we all seem to be doing in America today
is somehow trying to get more golden eggs out of the
goose that lays the golden eggs. Different groups
approach the goose ditferently. Some groups say,
“T'll squeeze the goose, and more eggs will come out
somehow or other.” Some people in government
say, “Tll eat the goose and lay the eggs myself.”
But there are some of us in America—and I would
like to count you among that group—who believe that
the way to get more golden eggs over a period of
years is to feed the goose, put a little fat on its back,
pour a little pxofit back into it; and put a little in-
vestment back into it; let it eat an egg itself once in
a while, let it enjoy some of the fruits of its own
production efforts.

That's the system that made America the great,
strong, prosperous nation it is. That’s the only sys-
tem that will keep it that way. Good government
must help promote that kind of system.

Our potential production capacity in America is so
great that we can never be destroyed from without,
unless we first disintegrate and deteriorate from with-
in.

Free MeEx witH Vision Wi Do THE JoB Best

We must be careful not to lose at home the very
freedoms we struggle abroad to preserve. The whole
American system and the whole American way of

T 1
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life are predicated upon the recognition of the dig-
nity and the freedom of the individual.

In recent years, a great many sectors of American
agriculture and industry have fallen under govern-
mental controls and restrictions. In the case of agri-
culture, these controls have followed in the wake of
price supports at uneconomic levels.

When a commodity gets itself into the fix of pro-
ducing for the government rather than producing
for a growing market, it almost inevitably finds a
ceiling placed on opportunity.

Government production and marketing controls are
essentially backward looking—not forward looking.
They are based on history—not opportunity. Under
these circumstances, producers with above average
managerial capacity and ambition are severely limit-
ed in what they can do. They suffer, consumers suf-
fer, and all America suffers.

The future of practically all of our business, in-
dustry and commerce is closely tied in with increased
efficiency of production, processing and distribution,
through which we can reach an evergrowing circle
of consumers in the market place, here and abroad.
Private enterprise must exercise the initiative in get-
ting this job done.

We must strive ever to preserve a proper relation-
ship between industry and government. We must al-
ways keep private enterprise the senior partner, and
government the junior partner. It would be easy to
reverse this relationship. There are many who would
change it. We must be ever vigilant that indus-
try assumes the responsibilities put upon it by our
private enterprise system. Otherwise, government
will become the senior partner. This is inherent in
the very nature of government.

We must constantly remind ourselves that the ad-
vances of science can be applied most effectively by
individual managers in a free industry, unhampered
by a excessive governmental regulation and restriction.

We must keep before us always the concept that
the fruits of our toil are produced to be consumed
in useful outlets and not diverted into purposeless
storage or uneconomic uses through politically-inspir-
ed governmental price and income support programs.

We must all work together to preserve an atmo-
sphere in which freedom of choice remains one of th=
basic pillars of our economic system. Under such
a system, individual producers and individual pro-
cessors can grow and prosper as far as their ambition
and their ability will take them. The right to succeed
will be open to everyone. Conversely, the right to
fail will also be present.

In our free society, the right to succeed carries
with it the right to fail. If, through legislative action
of one kind or another, we remové the right to fail,
we ultimately will also remove the right to succeed
beyond mediocrity. Men of vision and ambition
do not want that. They know their future is most
secure in an environment which guarantee freedom
to choose, freedom to experiment, freedom to become
more efficient, freedom to seek and develop new
markets, freedom to dream and freedom to enjoy
economic rewards if their dreams are successful.

One of the great challenges facing all of us is to
see that our economy is not dominated by govern-
ment—that government helps us rather than displaces
private enterprise. We can do this only if we are
willing to throw our influence on the side of keeping
government the servant of all of us—mot our master.
We must keep government at our sides—not on our
backs.

Our economic system of individual initiative, pri-
vate property, competitive pricing, and of profits
works for us. It has enabled us in profit-seeking
America, most nearly of all the nations of the world,
to achieve the communist goal—Plenty for Everyone
in a Classless Society.

The system is worth preserving.
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DEHART AND SHEURING
HONORED AT GEORGIA MEETING

The Georgia Society of Registered Professional
Sanitarians enjoyed a very informative and interest-
ing program at its Annual Meeting at Jekyll Island
on August 12 and 13. Outstanding speakers presented
papers on such subjects as the professional status of
sanitarians, public relations and the technique of
making environmental health surveys. There were
also interesting discussion panels on outdoor recrea-
tion development and on inter-professional relation-
ships and communications.

At the Awards Banquet, featured by an address by
Governor Carl Sanders of Georgia, two awards of
merit were made. Garnett H. DeHart, Chief of the
Food Control Section in the Georgia Department
of Health was nominated Sanitarian of the Year.
Garnett, who began his public career in Georgia 1944,
has been successively county sanitarian and regional
sanitarian at Macon and food technologist and assist-
ant chief on the state staff before assuming his pres-
ent position as section chief in 1965. Throughout
his career he has manifested enthusiastic devotion to
public health and constantly has worked for high
levels in sanitation in the state. He has also been
active in securing professional recognition for sani-
tarians and was highly instrumental in the passage
and implementation of the Georgia registration law.

Garnett H. DeHart, (left) receives Sanitarian of the Year
award consisting of a certificate and a $100.00 check from
Phillip Campbell, Georgia Commissioner of Agriculture.

Garnett is considered to be an outstanding recipient
of the Sanitarian of the Year Award.

In turn Garnett had the honor to present a special
award to Dr. John J. Sheuring, Dairy Science De-
partment, University of Georgia. In nominating
John Sheuring for the award it was pointed out that
he was one of the earliest advocates for establishment
of a professional rank for persons engaged in the
field of sanitation. Through his connection with the
university programs in better milk and food quality,
John recognized the need for professional training

R s
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Left to right, C. M. Graham, Jr., President, Georgia Society of Registered Professional Sanitarians, Governor Carl Sand-
ers of Georgia, Eucle George, incoming President, Phillip Campbell, Georgia Commissioner of Agriculture.
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Dr. John J. Sheuring receives award from Garnett H.
DeHart.

and a status of professional recognition for all sani-
tarians and worked untiringly to that end.

One of his first steps was participation in the
founding of a state affiliate of the International,
Milk, Food and Environmental Sanitarians Associa-
tion in 1952. John has donated a great deal of his
time and energy not only to state affiliate activities
but also to the national organization which he very
capably served as president in 1961.

Largely as a result of the efforts of the state group
and of John’s activities as secretary, the Sanitarian
Registration Act became a fact in 1957. John has
continued to serve as secretary of the Georgia Society
of Registered Professional Sanitarians since its in-
ception. The Special Award given him at the 1965
annual meeting is considered a fitting recognition of
his long-time interest in sanitation and his dedicated
efforts on behalf of the professional sanitarian.

*Photos courtesy of Mr. Marion Kelley.

NEWS AND EVENTS

J. C. FLAKE NEW SECRETARY
OF NATIONAL MASTITIS COUNCIL

The National Mastitis Council announces the ap-
pointment of Dr. J. C. Flake of the Evaporated Milk
Association as secretary of the Council. Dr. Flake
will assume the administrative duties of Executive
Secretary, a position formerly held by George W.
Willits.

In addition to the appointment of Dr. Flake, the
Executive Committee of the National Mastitis Coun-
cil at its last meeting decided to maintain the head-
quarters office of the Council at 118 West First Street,
Hinsdale, Illinois.

Plans for the next annual meeting of the National
Mastitis Council were discussed and it was decided
that the theme of the meeting will be, “Mastitis, What
Can We Do About It?” A program is being de-
veloped that will explore the role of all agricultural
workers in helping farmers control or prevent the
ravages of this most costly disease of dairy cattle.

The annual meeting will be held February 3 and
4, 1966 at the O’Hare-Sahara Inn, Chicago, Illinois.

SHORT COURSE IN CHEESE MAKING
AT WISCONSIN UNIVERSITY

A special four-week Winter Dairy Course in Cheese
Making will be offered by the University of Wiscon-
sin department of dairy and food industries. The
course will run from Oct. 25 through Nov. 19.

Subjects to be featured in the lecture portion of
the course will include principles of cheese making,
milk composition and testing, dairy arithmetic, dairy
mechanics, dairy bacteriology, starter management,
dairy sanitation, and laws and regulations covering
cheese. Special laboratory sessions will cover starter
making and testing, analysis of milk and cheese, and
grading of cheese. Students will be able to gain
experience in the manufacture of many varieties of
domestic and foreign type cheese using the Uni-
versity’s dairy processing facilities. Cottage and
other soft type cheese will also be made.

Further details on the short course may be obtained
from H. E. Calbert, Chairman, Department of Dairy
and Food Industries, University of Wisconsin, Madi-
son, Wis., 53706.

DATES CHANGED FOR RESEARCH AND
DEVELOPMENT ASSOCIATES MEETING

The Board of Directors of the Research and De-
velopment Associates, Inc. have changed the dates
of the fall Military-Industry Conference to be held
at the U. S. Army Natick Laboratories, Natick, Mass.,
to October 26-27, 1965, with a general theme of
“Food Preservation and Packaging Techniques.”

Registration information may be obtained by con-
tacting Harlan J. Wills, Lt. Col., AUS-Ret'd., Execu-
tive Secretary, Research and Development Associates,
Inc., U. S. Army Natick Laboratories, Natick, Mass.
01762.

o
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Sanitarians from intermountain states at Colorado State University Food Conference.

FOOD TRAINING CONFERENCE AT
COLORADO STATE UNIVERSITY

The first annual Food and Health Conference was
held at Colorado State University at Fort Collins on
July 20-22, 1965. Sponsored by the USPHS Division
of Environmental Engineering and Food Protection,
the conference was presented by the CSU Depart-
ment of Microbiology.

The primary objective of the conference was to
provide training for public health personnel whose
work requires inspection of various aspects of vend-
ing machine operation, ice cream manufacture and
vending, and frozen food plants. Participants rep-
resented departments from the intermountain states.

Subjects covered and the discussion leaders were:
Psychrophilic Growth of Bacteria, N. A. Sinclair;
Bacterial Growth Responses to Temperature, Carl
A. Frey; The Ice Industry, Dispensing and Bacteria,
S. M. Morrison; Food Service and Application of
Automation, Burritt Tomlinson; Time-Temperature

Effects on the Behavior of Microorganisms in Foods,
Robert Angelotti; Problems in Food Vending, Dudley
Leonard; Sandwich Vending, C. A. Frey; Frozen Pre-
cooked Foods, M. T. Bartram; Vending of Food and
Beverages, W. F. Bower; and a panel on Vending
Machine Operation and Sanitation lead by D. E.
Hartley, S. H. Hopper and Frank Peabody.

The program was prepared under the direction
of Dr. S. M. Morrison, Professor of Microbiology at
C.S.U.

REPORT ON PESTICIDE RESIDUES IN FOODS'

The report of a study conducted by the National
Academy of Sciences-National Research Council on
the question of pesticide residues in foods has been
submitted to the Secretary of Agriculture and the
Secretary of Health, Education, and Welfare.

The study dealt with the “no residue” and “zero
tolerance” concepts as they relate to pesticide regis-

w®a
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tration, the setting of residue tolerances, the en-
forcement provisions of the Food, Drug, and Cos-
metic Act relating to residues in food, and the recom-
mendations of the Federal and State agancies con-
cerning pesticide uses. The study was conducted
by the National Academy under contract with the
two Departments. The two departments are cur-
rently reviewing recommendations of the report.

Eleven recommendations were made in the report.
They are:

1. The concepts of “no residue” and “zero toler-
ance” as employed in the registration and regulation
of pesticides are scientifically and administratively
untenable and should be abandoned.

2. A pesticide should be registered on the basis
of either “negligible residue” or “permissible residue”,
depending on whether its use results in the intake
of a negligible or permissible fraction of the maxi-
mum acceptable daily intake as determined by ap-
propriate safety studies.

3. Where the use of a pesticide may reasonably
be expected to result in a residue in or on food,

- registration by the U. S. Department of Agriculture

should not be granted unless (a) it is established
that the residue is a negligible residue or (b) such
residue is not more than a permissible residue estab-
lished by FDA.

4. When a pesticide is registered on a negligible-
residue basis, the negligible-residue figure should be
published, as well as an analytical method for de-
termining whether or not a food contains a residue
in excess of the negligible residue. Both the amount
and the analytical method should have the con-
currence of FDA and be controlling for its enforce-
ment purposes.

5. FDA’s regulations on permissible residues should
include a published description of the analytical
methods used for enforcement purposes and should
not be changed without notice and opportunity for
comment by interested parties.

6. If a pesticide is known to be too hazardous for
a particular use, registration for such use should be
refused.

7. Because of the importance that pesticides play
in the production of our food supply and the many
nonfood uses necessary for protecting the health and
economy of the nation, it would seem appropriate
that the registration of pesticides should continue to
be the responsibility of the U. S. Department of Agri-
culture.

; 8. The publication of a reasonable schedule for an

orderly transition from the present procedure is
necessary, and its duration should be decided by
mutual agreement between the Department of Agri-
culture and the Department of Health, Education,
and Welfare.

9. Programs should be developed for continuing
centralized leadership, free and prompt exchange of
information, training activities, and interlaboratory
evaluation. A manual of operating instructions for
residue methods should be produced by the U. S.
Department of Agriculture and the Department of
Health, Education, and Welfare and continuously re-
vised according to changing usage, food habits, and
new pesticides and mixtures.

10. A formal program for education in residue
analysis is urgently needed and the Departments of
Agriculture and Health, Education, and Welfare, and
any other agencies concerned should cooperatively
sponsor this program with suitable training centers.

11. There should be an expanded research program
on the persistence of pesticides in the total environ-
ment, and on the toxicology, pharmacology, and bio-
chemistry of pesticides that would improve the reli-
ability and precision of animal studies and their
relevance to man.

Single copies of the report are available from the
Office of Information, U. S. Department of Agricul-
ture, Washington, D.C. 20250, and from the Press
Office of the U. S. Department of Health, Edu-
cation, and Welfare, Washington, D. C. 20201.

From FDA Report on Enforcement and Compliance, July,
1965.

MARYLAND UNIVERSITY SETS
WINTER CONFERENCE SCHEDULE

Dates for the 1965-66 Dairy Technology Short
Courses and Conferences at the University of Mary-
land at College Park have been announced. The
meetings scheduled are as follows: 21st Annual Dairy
Technology Conference, November 10, 1965; Ice
Cream Short Course, January 24-February 3, 1966;
Ice Cream Conference, February 3, 1966.

Details of the programs and other information will
be made available later by Professor W. S. Arbuckle,
Department of Dairy Science, University of Mary-
land.

PUBLIC HEALTH SERVICE
ANNOUNCES TWO SHORT COURSES

The Public Health Service will present a 2-week
course, Laboratory Analysis of Milk and Milk Prod-
ucts, November 8-19, 1965, at the Robert A. Taft
Sanitary Engineering Center, Cincinnati, for pro-
fessional personnel in responsible positions in State,
municipal and other laboratories engaged in milk
analysis and dairy products examination. In lectures,
demonstrations, and laboratory sessions, the trainee
learns to select and perform the laboratory tests used




302 NEws AND EVENTS

in measuring the quality of milk supplies and to
interpret their results. -

A one-week course, Institutional Sanitary Food
Service, will be presented November 29-December 3,
1965, also at the Robert A. Taft Sanitary Engineering
Center for supervisory sanitarians, dietitians and key
administrators responsible for food service operations
in institutions, with special emphasis on schools and
hospitals. ~Lectures and workshop sessions will en-
able the trainee to understand and apply the funda-
mental principles of conducting an efficient institu-
tional food sanitation program.

These courses will be conducted by personnel of the
Division of Environmental Engineering and Food
Protection. Detailed information about the course
is given in the new Training Program Bulletin of
Courses which is available on request. Applications
for enrollment or requests for information should be
addressed to the Director, Training Program, Robert
A. Taft Sanitary Engineering Center, 4676 Columbia
Parkway, Cincinnati, Ohio 45226. No tuition or
registration fee is required.

DIVERSEY NAMES NEW DAIRY HEAD

The Diversey Corporation has announced the ap-
pointment of Maynard E. David as the firm’s market
manager for the dairy industry. David stepped into
his new post here July 15, coming from Oklahoma
City, Okla.,, where he had served as Diversey’s
territory representative since 1961.

David attended Centenary College, Shreveport,
La., and has taken courses in dairy marketing and
business management at Kansas State and Kansas
Universities, respectively. Before joining Diversey
four and a half years ago, he was co-owner and man-
ager of Boyle’s Dairy in Topeka, Kan.

The Diversey Corporation is a manufacturer of
proprietary chemical detergents, including sanitation
products and equipment for the food processing and
food service industries, as well as cleaning and sur-
face treatment compounds for the metal finishing
industry.

TRAINING COURSE IN MILK TECHNOLOGY
FOR SANITARIANS

The University of Massachusetts recently received
a training grant from the United States Department
of Health, Education, and Welfare to conduct a five
day in-service training course in milk technology
November 15 to 19, 1965. The University will con-
duct the course cooperatively with Region I of the
Federal Agency in which the new Pasteurized Milk
Ordinance will be presented and discussed together
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with the basic elements of modern day milk sanitation
requirements.

Training grants providing fees, training materials,
group meals, and lodging are available to qualified
persons engaged in milk regulatory work in the New
England area. A limited number of applicants from
the commercial dairy industry will be accepted at a
tuition cost of $79, to include fees, training materials,
group meals and lodging.

For further information write to Dr. D. J. Hankin-
son, Department of Food Science and Technology,
University of Massachusetts, Amherst, Mass. 01003.

CATALOG DESCRIBES KLEEN-KING
PLANT WASH EQUIPMENT

A sixteen-page catalog available from Britt-Tech
Corp. of Britt, Iowa, shows a complete line of high-
pressure wash equipment for food processing and
bottling plant cleaning and maintenance.

Seven basic models of the Kleen-King line of
“Liquid Brush” wash machines are described. Speci-
fic job applications such as cleaning plant interiors
and cleaning and sanitizing equipment are outlined
in the new catalog.

Units include those that use cold water, hot water,
or both, in either portable or barrel-mounted models.
All Kleen-King machines have an exclusive deter-
gent-proportioning device which allows longer oper-
ation without replacing the detergent.
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FISKE CRYOSCOPE Mark Three -

THE ORIGINAL MILK CRYOSCOPE

The first Fiske Cryoscope was built in 1952 for
the essential control of water content in milk, and is the
instrument around which the official procedures are written.

FISKE MILK CRYOSCOPE

@
Unitized construction (no extra plug-ins required)!
@ Ease of operation . . . single knob program
control and direct reading dial.
@® Uniform test method.
@ Integral pre-chill bath enhances repeatability.

@® Thermo flow cooling completely self
contained . .. No water hose connections.

@® Solid state measuring system.
® Water content control to %2 of 1%.

The Fiske Cryoscope has never been
duplicated!

)
! FISKE
| MILK CRYOSCOPE

Distributed worldwide.

Fast, direct factory l E
service at all times.

FISKE ASSOCIATES,
l BETNEL, CONNECTIEUT

Write Dept. H for details and prices.

' ~ FISKE ASSOCIATES,INC.
BETHEL, CONNECTICUT

Creators of
Precision Electronic Devices




NATIONAL SYMPOSIUM ON
ANIMAL WASTE
MANAGEMENT

A National Symposium on Ani-
mal Waste Management is sche-
duled for May 5-6, 1966, at the
Kellogg Center for Continuing
Education, Michigan State Uni-
versity, East Lansing, Michigan.
The program will be interdiscip-
linary and the Committee with
representatives from each co oper-
ating Society is now soliciting tech-
nical papers. Readers of Journal
of Milk and Food Technology who
have material or who know of ma-
terial which should be presented
at this Symposium are invited to
forward by November 15, 1965,
an abstract, in six copies and in
300 words or less to Dr. E. Paul
Taiganides, Program Committee
Chairman, Agricultural Engineer-
ing Department, The Ohio State
University, Columbus, Ohio 43210,
USA.

The subject matter of the papers
to be submitted may relate to the
engineering, agronomic, social, bio-
logical, economic, health, produc-
tion, or any other aspects of the
problem of farm waste handling,
treatment and disposal. The Sym-
posium is sponsored by the Ameri-
can Society of Agricultural Engin-
eers, the Cooperative State Re-
search Service, the North Central
Region Technical Committee 69
on Farm Animal Waste Disposal,
the Continuing Education Service
of Michigan State University and
in cooperation with the U. S. Pub-
lic Health Service, American So-
ciety of Animal Science, Poultry
Science Association, the American
Society of Civil Engineers and the
American Society for Microbiology.

NEws AND EVENTS

TAKE A GUESS

How much is it costing you
to lubricate with drip pots?

More, probably, than you imagine. Look at it this way
—right off, you have the cost of extra labor to keep
each of the individual lubrication points supplied with
lubricant.

And what if someone forgets to fill the drip pots?
Inadequate conveyor lubricating can burn out motors,
cause excessive wear to chain channels and wear rails.
This could mean costly replacement, not to mention
downtime losses.

Find out how little it costs to protect your plant by
installing a Cowles central lubricating system—and how
much you can save each month with precision-controlled
lubrication. Ask your Cowles representative about a
30-day trial in your plant.

| am interested in knowing more about Cowles
Central Lubricating System.

NAME
Please send descrip-
tive literature TITLE
| D Have representative COMPANY
call
| aminterested in a 30- ADDRESS
day trial installation cITY STATE ZIP

Chemical

Company

CLEVELAND, OHIO 44120

{
|
|




® When
little
things
| mean
1 a lot

Simply whirl tab closed, unfold to open.

Because they mean a lot to you, they mean a lot to us. That's
why S/P maintains 16 distribution centers, offers more than
30,000 items. For example—sterile, ready-to-use, polyethylene

\
|
| scientific Whirl-Pak Bags with pull-tab closures. They hold liquid, solid or
| products granular samples safely and conveniently, discard after use.
‘ They can mean a lot in your laboratory.
S/P Whirl-Pak Bags

| GENERAL OFFICES: No. Dimensions Each Pkg. of 500
| 1210 LEON PLACE B1205-6X TVYa x 3 3¢ $15.00

EXANSTON, ILLROIS B1205-18X 9" x 4" 4 20.00°

Send for your free copy of the S/P 1965 catalog of
plastics and disposables.

SPECIAL JOURNAL BINDER AV AILABLE

;| Keep each volume of your Journal of Milk

and Food Technology intact in this new es-
pecially designed binder.

$3.75

POSTPAID

‘HAS INDEX SLOT ON BACK EDGE — BINDER MADE OF BLACK PLASTIC.
EASILY INSERTED AS PUBLISHED.

IAMFES, Inc., P.O. Box 437, Shelbyville, Ind.

JOURNALS




CLASSIFIED ADS

POSITION AVAILABLE

SANITARIAN — Immediate opening available in City
Health Department, with Bachlor’s Degree, starting salary
is $6600, plus car allowance and liberal fringe benefits.
Write to: E. Cornfield, M.D., Director of Health, City Hall,

Bristol, Connecticut.

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.

Mf at
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PY/Z/aaAY
YOU TOO, can use less

ACID

WHEN YOU ARE ON A

MONARCH
CLEANING PROGRAM

FIND OUT WHY:
“There’s nothing left on
equipment but SHINE!’

) Ask your supplier or write

T\ SEP-KO CHEMICALS, INC.

(Formerly Monarch Chemicals, Inc.)

SEP-KO CHEMICALS, INC.
Cooksville, Ontario, Canada

Consistently accurate!

A complete line of Babcock testers—8 to 36
bottle capacity—in electric, hand and hand-
electric models. Advanced features include
the most accurate speed indicator known,
variable speed control and thermostatic heat
control. Gerber test models also available.

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

Write today for full details!

THE GARVER MANUFACTURING CO. |
Dept. JM, UNION CITY, IND.

& One of the
world’s
most

remarkahle
fahrics ‘}:

isin \ 4
KenpALL

i
NON-GAUZE =

MILK
FILTERS

KENDALL scientists made history when
they invented this unique non-woven
fabric. Its superior strength and den-
sity make it ideal for filtering milk.

KENDALL non-gauze Milk Filters are
uniform throughout, with no thick
spots to clog — no weak spots to tear.
They're just as efficient as any gauze
faced filters and cost up to 25% less.

They help you control milk quality, cut
down on costly rejections, and receive
a regular supply of cleaner milk. Tell the
dairymen you know about them soon.

_KenpALL

THE KENDALL COMPANY

FIBER PRODUCTS DIVISION
WALPOLE. MASSACHUSETTS

Makers of KENDALL Calf Scours Tablets,
KENDALL Triple-Action Udder Cream,
and SANI-GUIDE Pipeline inserts.

i
3
4%
i




NOTICE

Attractive Membership Lapel Button Combination
Tie Tac and Lapel Pin and Decals

NOW AVAILABLE

Convolution — Blue . . . . Circle & Bar . . . . Field — Blue
Letter “S” — White . . . . Lettering — Blue

No. ... 3 1/4" Decals @ 25c each—$..........
No. ... Lapel Buttons @ $1.00 each—$..........
No.. ... Combination Tie Tac &

Lapel Pin —$2.00—=%$_..._____.

International Association of
Milk, Food and Environmental
Sanitarian, Inc.

Box 437, Shelbyville, Indiana

ACTUAL SIZE

Procedure for

The Investigation
of

Foodborne Disease

Outbreaks

‘ Recommended by
INTERNATIONAL ASSOCIATION OF MILK, FOOD AND
ENVIRONMENTAL SANITARIANS, INC.

COPIES OBTAINABLE FROM

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

Prices: Single Copies, 50 cents each: 100 or more copies, 35 cents each.
25-100 copies, 45 cents each. Please do not send stamps.

Notice: Limited number in Spanish translation at 50 cents each.
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Application for Membership
INTERNATIONAL ASSOCIATION OF MILK, FOOD & ENVIRONMENTAL

SANITARIANS, INC.
Box 437, Shelbyville, Indiana

I ——— Sttt b Date .sowwsomcom— oo
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(Membership Includes Subscription to Journal of Milk & Food Technology.)
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A N Subscription Order

JOURNAL OF MILK & FOOD TECHNOLOGY
(Month!ly Publication)
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(Please Print)
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Announcing.. the first...the only

major break-through in
frozen starter concentrates!

It stands alone! FARGO® — the only
frozen, superconcentrated culture for
directly inoculating buttermilk, sour
cream, and cheese.

Each FARGO® culture contains bil-
lions of viable organisms, in properly
balanced proportions, to assure abso-
lute uniformity. This unique process
eliminates mother cultures, and bulk
starters . . . assures quality flavor and
aroma . . . increases curd yield.

FARGO® js fool proof, too! No spe-

MANUFACTURED BY

dairytechnics

OF KALAMAZOO, MICHIGAN
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cial handling — no new techniques to
teach or learn. Available in two series:
#200 for cottage cheese and butter-
milk; #300 for sour cream and but-
termilk — FARGO® comes in two,
6 ounce and 30 ounce, sizes.

The coupon opposite will bring you
FARGO® FACTS, a complete, de-
tailed report on the money and labor
saving advantages of this revolutionary
new frozen starter concentrate. Send
for your FARGO® FACTS today.

DAIRYTECHNICS
2200 Glendening St. Kalamazoo, Michigan Area Code 616 349-7692

DAIRYTECHNICS
2200 Glendening Street
Kalamazoo, Michigan

Please rush me your FARGO Fact File
for direct vat inoculation in making cot-
tage cheese, buttermilk and sour cream.

NAME

ADDRESS

CITY

STATE

Attach this coupon to your letterhead.




They All Add Up To
Truly Clean Milking System

EVERY TIME!!

BABSON BROS. CO.
SURGE

2100 S. York Road, Oak Brook, Ill. 60523

@© Babson Bros. Co. 1965

SURGE and ELECTROBRAIN are Babson Bros. Co. trademarks.

g
[ 4

=




