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Without YOU, the NSF seal is

nothing more than a good start!

The NSF seal on food service equipment means
that it met all of the material, design, construction and
health related performance requirements of an NSF
standard when it was evaluated. It is the manufac-
turer’s responsibility to continue to produce equip-
ment which bears the NSF seal in conformance with
the standard.

The NSF seal does not, however, guarantee that
the equipment will be properly sized to the job, nor
that it will be installed, operated or maintained
properly.

That’s where you come in with your expertise and
your authority as a professional environmentalist. You
are in a position to demand on-the-spot corrections in
the use and maintenance of the equipment.

We encourage you to review new equipment,
after installation, which bears the NSF seal to deter-
mine if it continues to be in compliance with the stand-
ard. If not, get in touch with NSF for assistance.

To contact NSF, call or write:

1. NSF Western Region 3.NSF Eastern Region
Joseph Dankoff, Manager Robert W. Stevens, Manager
National Sanitation Foundation National Sanitation Foundation
315 West Pine Street, Suite 1 140 E. Butler Avenue
Lodi, California 95240 Chalfont, Pennsylvania 18914
Phone (209) 369-0770 Phone (215) 822-3321

2.NSF Midwestern Region 4.NSF Southern Region
Dominic W. Billie, Manager Robert J. McCormick, Manager
National Sanitation Foundation National Sanitation Foundation
3475 Plymouth Road 3355 Northeast Expressway, Suite 101
Ann Arbor, Michigan 48105 Atlanta, Georgia 30341
Phone (313) 769-8010 Phone (404) 455-1253

National Sanitation Foundation—an independent non
profit, non governmental organization dedicated to
environmental quality. Offices and laboratories:
NSF Building, Ann Arbor, Mich. 48105 (313)-769-8010




PLATE COUNTS
DOWN 86Y%...

Continuous sanitizing with MIKROKLENE® DF
helps reduce process line
bacteria and protect product quality.

The KLENZADE® R&D Field
Test Department proved itin a
comparison test of identical
meat processing lines. Con-
veyor Line 1 was sanitized
continuously during opera-
tions using Mikroklene DF at
25 ppm available iodine. Line 2
was used as a control. Results:
Average plate counton Line 1,
353 persq.in. On Line 2,2523
per sq. in.—a difference of
86% in plate counts when
using Klenzade continuous
sanitizing.

Mikroklene DF sanitizer is
registered with the EPA and
authorized by the USDA and
FDA* for use without a potable
water rinse. It is ideal for con-
tinuous and spot sanitizing of
meat conveying equipment.

KLENZADE DIVISION
Dept. 344
ECONOMICS LABORATORY, INC.
Osborn Building, St. Paul, MN 55102
Telephone: 612/224-4678

The Mikro Master Model 41 pro-
vides simultaneous distribution of
sanitizing solution to multiple
spray clusters with adjustable
sanitizer concentrations. This unit
can proportion from 1 oz. to 4 gal.
per minute depending on propor-
tioner adjustment. For higher
proportioning rates, the Mikro
Master Mode! 23 is recommended.
Its proportioning capacity ranges
from 64 oz. to 70 gal. per minute.

Klenzade's MIKRO MASTER*®
proportioning unit is recom-
mended for use with Mikro-
klene DF. The Mikro Master
unit operates automatically by
the volume of water flowing
through it, like a water meter.
Itprecisely and accurately pro-
portions exact amounts of
sanitizer going to the spray
nozzles. When installed with a
solenoid valve in the water
line, solution flow stops if the
conveyor equipment is down.

Mikroklene DF sanitizer and
the Mikro Master unit work
together to provide effective,
economical sanitizing. We
proved it. Ask your Klenzade
Representative for details, or
call Glenn Weavers, Director
of Sales.

*Atsolution concentrations not exceed-

ing 25 ppm titratable iodine, Mikro-
klene DF is authorized for use as a
sanitizer of food processing equip-
ment surfaces without a potable water
rinse, under the Federal Food Addi-
tive Regulations, 21 CFR §178.1010
(b)(4).
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Survival of Lactobacillus acidophilus in
“gweet Acidophilus Milk"” during Refrigerated Storage'

CHERYL K. YOUNG2 and F. EUGENE NELSON2:3,*

Departments of Nutrition and Food Science and Microbiology
The University of Arizona, Tucson, Arizona 85721

(Received for publication September 14,1977)

ABSTRACT

Samples of three brands of commercial “Sweet Acidophilus Milk”
were obtained directly from the processors and evaluated periodically
for microbial, chemical, and flavor changes during 23-24 days of
storage at 4 + 2 C. Counts of Lactobacillus acidophilus decreased from
2.6 X 108-6.4 X 10 /ml initially to 5.1 X 104-3.1 x 10° /ml at the end of
the study. Several samples dropped below 2 X 10° viable L. acidophilus
before the pull date was reached. Final contaminant counts were 108 -
10® /ml in all samples, but rate of decline of L. acidophilus was not
directly related to growth of contaminants. Titratable acidity and pH
changed very little, and yeast and mold growth was minor. Notable
off-flavors developed in 14-21 days.

Since 1975, “Sweet Acidophilus Milk” has been suc-
cessfully marketed in some areas of the U.S. 9,10). This
product is made by mixing a concentrate of selected
strains of Lactobacillus acidophilus with cold, pas-
teurized milk and storing at 40 F or lower, thereby
avoiding the cooked, high acid flavor of traditional
acidophilus milk. Because at least some strains of L.
acidophilus are capable of intestinal implantation, some
feel that ingestion of large numbers of these organisms in
milk may provide benefits in the control of gastrointes-
tinal disturbances (9,10).

In 1931, Kulp (5) found that in cultured acidophilus
milk the initial count of 5-10 x 108 /ml of L. acidophilus
could be maintained at 5 C for a week if the acidity was
low, but that within 12 days there would be a drastic
die-off, coupled with appreciable growth of contami-
nants. Mikolajcik and Hamdan (7) found little loss in
viability when acidophilus-cultured skim milk was stored
at 5 C for 2 weeks.

Duggan et al. (3) described a method of concentrating
L. acidophilus cells by centrifugation followed by
quick-freezing in eutectic brine. This frozen concentrate
could be stored up to 6 months with good viability, and
could subsequently be added to fresh milk as needed for

1 Journal paper 2782 of the Agriculture Experiment Station.

2 Department of Nutrition and Food Science
3 Department of Microbiology.

therapeutic use.

The level of inoculation in Sweet Acidophilus is 2-4 ,
million organisms/ml (9). Since refrigerator tempera-
tures virtually prevent growth of L. acidophilus and acid
production, the milk will remain sweet (8), and producers
should use L. acidophilus strains which remain viable for
several weeks (9).

The purpose of this study was to follow the survival of
L. acidophilus in three brands of commercial Sweet
Acidophilus milk held at 4C until spoilage occurred.
Growth of contaminants and yeasts and molds was
followed, as well as pH, titratable acidity, and organo-
leptic quality.

MATERIALS AND METHODS
Samples

Half-gallon cartons of three brands of Sweet Acidophilus milk were
obtained directly from the processing plants, packed on ice at <4 C,
and brought to the laboratory refrigerator. In Trial I, all samples
contained 1% milkfat, while Trial II, an additional sample (Brand
A2-1I) was Sweet Acidophilus Vitamin D milk from the same
processor as Brand A 1. The age of milk when collected varied from O to
3 days, as noted in Tables 1 and 2. Initial counts of all samples were
made within 1 day of collection, and samples subsequently were stored
at4 + 2 C for 23-24 days.

Lactobacillus acidophilus enumeration

Duplicate plates were made from each sample every 3-4 days (3-7
days in Brand A2-II). An approximation of Lactobacillus Selection
Medium (6) was made by adding 10 g of sodium acetate and 15 g of
agar per liter of Rogosa SL Broth (Difco Laboratories, Detroit, Mich).
Plates were enclosed in Perflex 62 low gas-transmission plastic bags
(Union Carbide Co., Chicago, Ill) in an initial atmosphere of
approximately 10% CO,:90%N, from pressurized tanks of the two
gases. Incubation was at 37 C for 72 h.

Sterile tubes of litmus milk (Difco) were fortified by adding a sterile
solution of yeast extract (Difco), proteose peptone (Difco), and dextrose
to give a final concentration of 1%, 0.5%, and 0.5%, respectively.
Typical colonies were inoculated into fortified litmus milk and after
72 h at 37 C, tubes were checked for reduction and coagulation. Smears
of litmus milk growth were stained with Newman-Lampert stain (6) or
gram-stained, and examined microscopically for gram-positive short
rods with rounded ends, occurring singly, in paris, or in short chains

@.
Enumeration of contaminants

Duplicate plates were made from each sample every 3-4 days (3-7
days in sample A2-1I) using Plate Count Agar (Difco). Incubation was

at room temperature (25 C) for 72 h. Typical colonies were gram-stained
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and examined microscopically.

Additional tests

Samples were checked about once a week for yeasts and molds, using
Potato Dextrose Agar (Difco) and incubation at room temperature
@25 C) for S days. pH was measured twice a week using a Fisher pH
meter with combination electrode (Fisher Scientific Co., Pittsburgh,
Pa). Titratable acidity was determined twice a week using
0.1 N NaOH titration, in a method described by Goss (4). Taste and
odor were evaluated periodically to determine onset of off-flavors.

RESULTS AND DISCUSSION

Table 1 gives the counts of L. acidophilus for each
brand throughout the 3%>week storage interval. Most
initial populations of L. acidophilus were slightly higher
in Trial II than in Trial I, and the rate of decline was
relatively the same at both sampling periods for each
brand. Counts of Brand A decreased the most rapidly,
particularly during the latter portion of the holding
period.

L. acidophilus colonies were typically pinpoint in size,
and colonies from Brand A were consistently slightly
larger than those of the other two brands. The medium
pH 5.4 +0.2) was very selective for these oganisms, and
no other organism types were isolated. All isolates gave
typical litmus milk reactions and microscopic appear-
ance.

Some packages are imprinted with a legend that the
product contains a minimum of 2x10% viable L.
acidophilus organisms/ml. Brand A was consistently
below this level at the pull date, as was Brand B in Trial
I. Possibly the higher initial numbers found in Trial II
were in recognition of the need for higher initial numbers
to maintain the population at more desirable levels
during holding. Viability was maintained considerably
better in the Sweet Acidophilus milk examined here than
it had been in the cultured acidophilus milk examined by
Kulp (5).

Populations of contaminating bacteria are given in
Table 2. In Brand A, these organisms decreased in
numbers through day 7 and then began to grow
somewhat before the pull date. In samples Al-I and
A2-1I, populations well into the millions were soon
reached. The population of sample A1-II increased very
slowly, based upon counts made at 25C, although a
marked off-flavor developed at 14 days. A count made at
21 days using 4-C plate incubation for 10 days was
1.6 X 107, while the count using 25-C incubation for 2
days was 1.5 X 10%, indicating this sample developed a
population of quite psychrotrophic bacteria, which
unfortunately were not identified. While 25-C plate
incubation can be a very useful procedure in obtaining

TABLE 1. Count (colony-forming units/ml) of Lactobacillus acidophilus and percentage survival during refrigerated storage of Sweet Acidophilus

milk.
Trial I Trial I
Brand A1-I Brand B-1 Brand C-1 Brand Al-II Brand A2-I1 Brand B-11 Brand C-II
Age =0 Age =1 Age =2 Age =2 Age = 3 Age =3 Age =3
RPD“ = 13 RPD =9 RPD = 10 RPD = 11 RPD = 10 RPD =8 RPD =9
Day of Count Sur- Count Sur- Coupt Sur- Count Sur- Count Sur- Count Sur- Count Sur-
study 109  vival®  (10%  vival (0%  vival (105  vival (109  vival (105  vival (100  vieal
Initial 4.1 — 2.6 —_ 3.3 — 3.6 — 4.2 — 6.4 — 5.3 —
3 3.1 76 1.8 69 3.0 91 3.0 83 7.4 116 4.5 85
6 2.1 S1 1.5 58 2.6 79 1.8 50 24 57 4.1 64 4.4 83
10 .79 19 1:3 50 2.2 67 1.0 28 3.2 S0 3.7 70
13 .34 8 1.3 S0 1.9 58 .29 8 .68 16 2.1 33 4.0 75
16 .53 13 1.2 46 14 42
17 .23 6 4.7 73 3.5 66
19 .58 14 .79 30 1.2 36
20 .075 2 .28 7 4.3 67 34 64
23 .S58 14 .55 21 73 22
24 .051 1 .38 9 2.5 39 3.1 58

lAge of milk when obtained from processor (days)
Retail pull date (day of study)
Survival of L. acidophilus from initial count (%)

TABLE 2 Growth of contaminants (colony-forming units/ml) during refrigerated storage of Sweet Acidophilus milk.

Trial I Trial II
Day of Brand A1-I Brand B-I Brand C-1 Brand A1-1I Brand A2-1I Brand B-I1 Brand C-II
study Age1 =0 Age =1 Age =2 Age =2 Age =3 Age =3 Age =3
RPD? = 13 RPD =9 RPD = 10 RPD = 11 RPD = 10 RPD = 8 RPD =9
Initial 290 200 18 1300 90 est. 25 36
4 120 490 41 940 14 33
7 31 > 30,000 1200 230 25 est. 2900 78,000 est.
11 16,000 73,000,000 160,000 710 1,500,000 50,000,000 est.
14 26,000,000 140,000,000 5,000,000 21,000 17,000 48,000,000 120,000,000
17 30,000,000 250,000,000 62,000,000
18 38,000 140,000,000 270,000,000
20 160,000,000 330,000,000 98,000,000
21 150,000 14,000,000 210,000,000 340,000,000
23 320,000,000 550,000,000 420,000,000 est.
24 1,200,000 39,000,000 370,000,000 490,000,000

1Age of milk when obtained from processor (days)

2Retail pull date (day of study)

<
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counts of psychrotrophic organisms relatively quickly,
some organisms apparently can be missed on occasion.

Brands B and C had quite low initial counts of
non-acidophilus organisms, but organisms capable of
quite rapid growth at 4 + 2 C obviously were present and
quickly developed to large populations, being at or well
on the way to 10%/ml by the pull date. Isolates from
typical colonies from both trials were gram-negative rods
in all instances.

On day 18 of Trial I all three samples had detectable
off-flavors. Coagulation and pronounced off-flavors had
occurred by day 23. In Trial II, sample A1-II had a
fruity flavor on day 14, while the other three samples did
not develop off-flavors until day 21. By day 24, protein
destabilization and rancid odors were evident in all
samples except Al-1I, which was fruity in odor and
stormy in appearance.

The Sweet Acidophilus milk tested in this study
apparently deteriorated in a manner typical of plain
pasteurized milk. There was no drastic decrease in L.
acidophilus to correspond with the steep incease in
contaminants after 4 or 7 days, so presumably the
acidophilus organisms are little affected by progressive
spoilage.

Slight yeast growth occurred in Brand C-1. Samples
A1-1I and A2-II contained small numbers of yeasts at
the end of the study, while Brand B-1I had low and
declining yeast counts throughout the storage period.
Molds were not encountered.

The pH of all samples remained essentially unchanged
throughout both trials, and titratable acidity increased
at most by only a few tenths late in the holding period.

The work of Atherton et al. (/) shows that
psychrotrophic bacteria in milk stored at low tempera-
tures do not appreciably change the pH or titratable
acidity, which is verified in the present study. Kulp ®)

also found no change in titratable acidity in 12 days of
cold storage of cultured acidophilus milk.

The data from this experiment show that commercial
Sweet Acidophilus milk can be stored 2-3 weeks in.the
refrigerator before notable flavor defects occur. However,
the count of viable L. acidophilus will have declined
markedly, while the level of spoilage organisms will have
reached a level of 108-108/ml. Further, the level of
inoculation of acidophilus initially influences the final
level of viable organisms, as does the strain of L.
acidophilus used, as shown by the rate of decline in
Brand A compared to Brand C.
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Microflora Isolated from Imported Frozen Lean Beef Pieces '
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ABSTRACT

Forty samples of frozen imported lean beef pieces from six countries
were obtained from two centralized meat processing operations. The
samples were analyzed for total aerobic counts (35, 20, 7 C), yeasts and
molds, fecal streptococci, Staphylococcus aureus, Clostridium per-
Jfringens, total coliforms, fecal coliforms, Escherichia coli, and
Salmonella. Characterization of the microbial flora from 20 of the
samples was also done. Microbial counts were consistently low in all
analyses; no Clostridium perfringens or Salmonella was recovered from
any samples. The microbial flora was predominantly Pseudomonas,
Flavobacterium, Moraxella, Acinetobacter, Corynebacterium, Micro-
coccus, Staphylococcus and Lactobacillus; the remaining isolates
included Alcaligenes, Erwinia, Citrobacter, Klebsiella, Streptococcus,
Bacillus and Arthrobacter.

Considerable work has been done on the microbiology
of retail ground beef (4,6,9,10,12) and the interest in
some form of bacterial standards for this product
continues (3,8). Field et al. (5) reported on sources of
variation at the retail level in the bacteriological
condition of ground beef and concluded that there would
be merit for standards for centrally packaged ground
beef in terms of (a) elapsed time between packaging and
retail sale and (b) temperature considerations. In
centralized processing of ground beef, frozen imported
lean beef pieces are often blended with domestic
trimmings. Recent statistics (1) indicate that in excess of
one billion pounds of manufacturing beef were imported
into the United States in 1976. Much of this product was
used in the manufacture of ground beef, although the
exact amount is not known.

Our study was undertaken to determine the overall
microbiological quality of frozen imported lean beef
pieces and to classify the specific microflora recovered
from our samples.

! Florida Agricultural Experiment Stations Journal Series No. 691.

MATERIALS AND METHODS

Forty samples of imported lean beef pieces were randomly obtained 4

from two centralized meat processing operations in Florida over a
3-month period. Samples were derived from lots of beef imported from
Nicaragua, New Zealand, Costa Rica, El Salvador, Honduras and/or
Guatemala. Frozen samples were obtained immediately after hydro-
flaking (coarse cutting) and kept frozen until just before analysis in the
laboratory.

Methods employed for microbiological analyses were essentially
those in the Bacteriological Analytical Manual for Foods (BAM) with
the exception that a surface plating technique was used for total
aerobic counts (7). Samples were partially thawed for 4-6 h at 5 C just
before analysis. One 25-g subsample was homogenized in 225 g of
sterile phosphate buffer dilution water for 2 min at low speed
(8,000 rpm) in a Waring blendor. Serial dilutions of this homogenate
were used for the following microbiological analyses: total aerobic plate
counts on pre-poured plates of Plate Count agar incubated at 35 C for
48 h, 20 C for 5 days or 7 C for 10 days; yeast and mold counts on Plate
Count agar with added antibiotics at 20 C for 5 days; fecal streptococci
counts on KF-streptococcus agar at 35 C for 48 h; and Clostridium
perfringens on Tryptose Sulfite Cycloserine (TSC) agar with egg yolk
emulsion incubated anaerobically in a GasPakR system at 35 C for
24 h. An MPN procedure using Lauryl Sulfate Tryptose (LST) broth
followed by confirmation in Brillant Green Bile broth (2%) was used to
estimate total coliforms. Confirmation in EC broth at 45.5C
determined fecal coliform populations. Escherichia coli was quantified
from positive EC tubes according to BAM procedures. Staphylococcus
aureus was enumerated with the MPN method using 10% NaCl Tryptic
Soy Broth (T'SB) followed by streaking onto plates of Baird Parker agar
and confirmation of typical colonies with a tube coagulase test.

For Salmonella analyses, a separate 25-g subsample was blended
with 225 ml of sterile lactose broth and the resulting homogenate
transferred to a sterile flask. After incubation at 35 C for 24 h, 1-ml
aliquots of the resulting culture were added to either 10 ml of Selenite
Cystine broth or 10 ml of Tetrathionate broth followed by incubation at
35C for 24h. Selective plating (using Brilliant Green agar,
Salmonella-Shigella agar and Bismuth Sulfite agar) and subsequent
biochemical and preliminary serological identification were also done.
Dehydrated culture media were Difco products except for TSC and
10%NaCl TSB which were formulated from individual components.

Bacterial isolates were taken from total aerobic count plates (35, 20,
or 7C). Individual colonies representing different morphological
properties were selected from spread plates. Such colonies (equal to the
square root of the number of colonies on countable plates) were
transferred to Tryptic Soy agar slants for taxonomic characterization.
A total of 458 isolates were obtained in this manner from 20 of the 40
samples. Standard microbiological techniques were used in the
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identification of bacterial isolates using Bergey's Manual of
Determinative  Bacteriology (2) and the Manual of Clinical
Microbiology (7).

RESULTS AND DISCUSSION

Results of the microbiological analyses are in Tables 1
and 2. There were no apparent differences between the
microbiological counts of the samples as related to
country of origin, although insufficient numbers of
samples were obtained from some of the countries for a
valid statistical comparison. There was little variation in
microbial counts among the 40 samples.

Total aerobic counts of all but four samples at 35 and
20 C were in the range of 103-10* organisms/g. Surface
plating was used in an effort to minimize trauma to
plated cells. Highest total aerobic counts were obtained
at 20 C for all samples while lowest total aerobic counts
occurred at 7 C (Table 1). There was variation in the
yeast and mold counts among the samples but mean
counts were low. Likewise, variability occurred in the
fecal streptococci counts from sample to sample with
overall means being very low.

TABLE 1. Microbiological counts* of imported frozen lean beef pieces®.

OBLINGER AND KENNEDY

Coliform counts were low for all of the samples as
shown in Table 1. The total coliform counts varied
among samples with all but two of 40 samples having
counts in the range of 0-43 organisms/g. The mean fecal
coliform counts and E. coli counts were low for the
samples,with 34 of 40 samples yielding no E. coli. No S.
aureus was recovered from 22 of 40 samples and all but
one sample had counts less than or equal to 9.1 per g.
Neither Salmonella nor C. perfringens was recovered
from any of the samples.

A variety of both gram-positive and gram-negative
organisms was isolated from 20 of the imported lean beef
samples (Table 2). There was little variation in the
predominant flora from sample to sample or from
country to country. As might be expected, the microflora
varied according to the incubation temperature used for
the plates from which they were isolated. For example,
Staphylococcus spp. were recovered from 75% of the
samples at 35-C incubation while none were recovered
from the samples at 7 C. At all temperatures, the most
frequently isolated gram-negative organisms were Pseu-
domonas spp., Flavobacterium spp., Moraxella spp. and

Geometric Arithmetric
Test mean mean Range
Total aerobic 3sC 1.0x 104 2.3x 104 43x10% - 1.1x10%
Plate counts: 20C 1.7x 104 4.1x104 5.6 x10% - 4.7x 10°
7C 2.9x 103 1.3x104 1.0x 10! - 2.8%x10%
Yeast and molds 8.2x 10 3.2x10? 0 - 40x103
Fecal streptococci 9.6 x 10! 2.7 %102 50 - 4.1x10?
Total coliforms 5.8 1.8x 10! 0-41x10?
Fecal coliforms 1.3 14 0 - 3.5x10*
Escherichia coli 1.3 1.3 0 - 3.5x10*
Staphylococcus aureus 2.2 3.1 0 -23x10*
Clostridium perfringens 0 0 —
Salmonella 0 0 —
Iper g of sample.
Forty imported lean beef samples.
TABLE 2. Microbial flora isolated from imported frozen lean beef pieces
35 ()2 20 C2 7 C2 , All temperatures
No. of % of No. of % of No. of % of No. of % of
Isolates Isolates Samples' Isolates Samples Isolates Samples Isolates Samples
Gram-negative:
Pseudomonas spp. 31 70 22 65 33 75 86 95
Flavobacterium spp. 18 55 34 80 19 60 71 95
Moraxella spp. 9 30 18 60 27 50 54 70
Acinetobacter spp. 9 40 S 25 24 S0 38 65
Alcaligenes spp. 3 15 2 10 — = S 25
Erwinia herbicola 1 S 2 10 1 S 4 15
Citrobacter freundii 2 10 —4 — 1 S 3 15
Klebsiella pneumoniae 1 S = — — — 1 S
Gram-positive
Corynebacterium spp. 26 60 29 75 18 50 73 85
Micrococcus spp. 14 S0 21 60 1 S 36 90
Staphylococcus spp. 32 75 11 35 — — 43 85
Lactobacillus spp. S 15 9 30 18 55 32 80
Streptococcus spp. 4 20 2 10 = — 6 25
Bacillus spp. 2 10 1 S 1 S 4 15
Arthrobacter spp. 1 S 1 S — — 2 S

ITwenty imported lean beef samples.
Incubation temperature of aerobic plate counts.
Percentage of samples from which the organism was isolated.
No recovery of this organism.
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Acinetobacter spp., while Corynebacterium spp., Micro-
coccus spp., Staphylococcus spp. and Lactobacillus spp.
were the most frequently isolated gram-positive or-
ganisms. With the exception of Staphylococcus, the
predominant organisms were psychrotrophs commonly
found on refrigerated fresh beef. Species of staphylococci
were found on 85% of the samples and included only one
coagulase-positive isolate. Few members of the Entero-
bacteriaceae family were isolated with Erwinia herbicola
being most often recovered. Four of six streptococci
isolates were Streptococcus faecalis (found on 25% of the
samples).

Processing conditions such as initial microbial quality
of fresh trimmings, method of freezing and duration of
cold storage before export from the six countries were,
unfortunately, not known. Factors such as these would
obviously affect the microbial flora of this product in
terms of both types and numbers present. With this in
mind, our results indicate that the microbiological
quality of the imported lean beef pieces used for ground
beef at two centralized operations was good. The low
total aerobic counts indicate that this product would have
a neglible effect on the initial microbial quality of
ground beef prepared from imported lean and domestic
trimmings because suggested plate count standards for
ground beef approximate 10° per g.
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ABSTRACT

A simple test is described for screening fruit juices, juice
concentrates, or any suspected juice products for the presence of heat
resistant mold. Product in bottles heated at 77 C is plated. The plates
and contents remaining in the bottles are incubated for periods up to 30
days at 30 C. Several plating and liquid media for enumerating heat
resistant mold were investigated.

Mold, of the genus Byssochlamys, with heat resistant
ascospores, has caused spoilage in canned fruits and in
both canned and bottled fruit drinks and juices. It has
been readily isolated from many fruits, including grapes,
cherries (13), apples (12), and strawberries (10). It was
first reported in England in the 1930’s (8) and in the
United States in 1964 (6). Recent outbreaks have also
occurred in Canada, Europe, South America, and
Australia (4).

Byssochlamys is characterized by production of
ascospores contained in an 8-spored ascus. The mold has
been cultured on a variety of media including Czapek
Agar, Potato Agar, Potato Sucrose Agar, Potato
Dextrose Agar, and Orange Serum Agar. Colony
formation is dependent somewhat on the medium used.
Usually they are characterized by buff-colored conidial
structure.

Byssochlamys shows unusual resistance to a number of
influences which are lethal to most fungi. It can grow at
low oxygen tension, hence its ability to grow in cans or
bottles of processed fruit products. Olliver and Smith (8)
noted the spores to survive in absolute alcohol for 30
weeks. Murdock and Hatcher (7) found it to grow at
temperatures as low as 1.7 C. Ito (3) reported 1,000 ppm
chlorine solution was not sufficiently fungicidal to be
effective in normal sanitizing procedures. The ascospores
are also extremely heat resistant. Maunder (6) reported
survival between 30 and 40 min at 86 C in a canned
grape drink. Ascospores with this degree of heat
resistance are capable of surviving the normal processing
temperature for fruits and fruit drinks, with subsequent
germination and growth in the finished product. The

pectolytic enzyme produced by this organism can destroy
the texture of canned fruits (9). s

In recent years there has been an increase in spoilage
in thermally processed fruit juices, fruit drinks, and
drink bases caused by Byssochlamys and other heat
resistant fungi. To minimize this type of spoilage it is
neccessary to screen fruit juices and/or concentrates for
the presence of heat resistant mold. A number of
procedures used by various members of the food industry
appear in the Byssochlamys Seminar Abstracts ().
Splittstoesser et al. (11) described a method for detection
of heat resistant mold in a variety of fruit samples.

The method described herein employs a minimum of
equipment. It is especially adapted for the detection of
small numbers of heat resistant spores in fruit juices
and/or concentrates received at a processing plant.

METHODS

Maunder and Murdock in 1968 (5) developed a method for detection
of heat resistant mold during a survey of a grape processing plant in the
Midwest. A slight modification of the procedure appeared in the
Proceedings of the Byssochlamys Seminar 1969 (1). It consisted briefly
of diluting 25 ml of grape concentrate in an 8-oz. prescription bottle
with an equal volume of 0.05% peptone solution. The sample was then
heat shocked for 20 min at 77 C, cooled, and then incubated at 30 C
with the bottle placed on its side, cap loosened.

This procedure was further modified in our laboratory. It has been
designed specifically for checking fruit concentrates such as grape,
apple, and cherry and juice bases made from these products, for the
presence of heat resistant mold. It consists of the following (Fig. 1): (a)
place 50 g of product in a sterile 8-oz. medicine screw-capped bottle or
a sterile 250-ml tissue culture bottle; () add 50 ml of sterile
water, (c) spore test 30 min at 77 C (start timing when test bottle of
product containing thermometer reaches this temperature); (d) cool
immediately; (¢) distribute 30 to 40 ml among 4 or 5 petri plates?,
add 2% plain agar and mix contents; (A place bottle, containing
remaining product, on its side with cap loosened, and incubate at 30 C;
(g) examine plates and bottles weekly for the presence of mold growth
and discard after 30 days if no growth occurs; and (k) check
outgrowth microsopically, looking for the presence of characteristic
8-spore asci as illustrated in Fig. 2.

Above procedure may be used for single strength products having a
Brix of 35° or less. When product of this type is being screened, use
100-g sample and do not dilute with sterile water.
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Sample
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50 ml sterile ==
distilled water = ‘l_/
Incubate plates and
bottles up to 30
days at 86°F

Water Bath
170°F, 30. min.

/ Pour plate
/ 2% agar

Figure 1. Procedure for detection of heat resistant mold in Sruit juice
concentrates.

Figure 2. Eight-spored asci, one of the differential characteristics of
the genus Byssochlamys (1000x).

RESULTS AND DISCUSSION
Comparison of media

The procedure described herein was developed to be
used in those plants which have little or no microbiologi-
cal equipment or selective media. One of the first items
investigated was a comparison of various plating media
for enumerating heat resistant mold. The media studied
were Potato Dextrose Agar (PDA), Sabouraud Dextrose

1100 X 25 mm petri dishes will prevent possible spillage of product
during mixing process with 2% agar.

2The test organism was from a suspension supplied byJohn Folinazzo of
Continental Can Co., Inc. and had been heat shocked 15 min. at 80 C.

Agar (SDA), Malt Agar (MA), and Orange Serum Agar
(OSA). All of the foregoing contained 2% agar. Also
included was 2% plain agar (PA). Fifty ml of 68° Brix
grape concentrate was diluted with an equal volume of
water in an 8-oz. screw cap bottle. The contents were
sterilized for 10 min in flowing steam, cooled, then
inoculated so as to contain 10 spores of B. Sfulva strain
M-78%/ml. Ten ml of the inoculated product was then
distributed over five petri plates. This was repeated five
times. Five plates were then poured for each test
medium. The results in Table 1 show comparable counts
were obtained in all media.

TABLE 1. Comparison of plating media for enumerating heat
resistant mold?

Total colonies per 5 plates

Media 30 h 36 h 42 h
PDA 60 86 87
SDA 74 87 93
MA 71 104 110
OSA 76 108 109
PA 74 91 93

450 ml of 68° Brix grape concentrate diluted with an equal volume of
water, 10 ml poured over S plates for each test medium. Plates
incubated at 30 C.

The growth of heat resistant mold in a liquid medium
was also investigated. In this test 50 ml of sterile 68° Brix
grape concentrate in an 8-oz. screw cap bottle was
diluted with an equal volume of Potato Dextrose Broth
(PDB), similarly with Sabouraud Broth (SB), and another
with sterile water. The bottles were inoculated to contain
10 spores per ml from the same suspension previously
mentioned. They were then placed on their sides, caps
loosened, and incubated at 30 C. Mold growth in all
bottles appeared to be about the same (Table 2).
However, colony formation took longer in the liquid
media than in the plates. It appears grape concentrate
supplies the necessary growth factors for mold growth and
that selective media are not necessary, i.e., water can be
used as a diluent for grape concentrate in the bottles and

TABLE 2. Growth of heat resistant mold in liquid media®

Daysat 30 C
3 5

Media 2 7
Grape conc. +PDB NG + + 4
Grape conc. +SB NG + + +H
Grape conc. +water NG + + +

NG = No growth; +slight growth (1 or 2 colonies); ++heavy growth (4 or
more colonies).

468° Brix grape concentrate diluted with an equal volume of PDB, SB.
and sterile water.

2% plain agar for the plating medium. Our studies have
also shown that the same arrangement can be used for
checking for the presence of heat resistant mold in apple
and cherry concentrate.

Heat shock

The heat shock of 30 min at 77 C has been designed to
eliminate non-heat resistant fungi, restricting outgrowth
to those organisms which may be able to survive the
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thermal process given the finished product. Molds of this
type are able to survive several hours at this temperature.
Also, Hull (2) reported optimum germination is obtained
by heating the spores for 30 min, at 75 C, which is in the
temperature range specified.

Screen test

Our laboratories have used this procedure since 1972
to screen incoming fruit juice concentrates for presence
of heat resistant mold. Outgrowth usually occurs after 3
to S5 days of incubation, if the product contains 10 or
more spores per gram. However, if concentration of
spores is extremely low it may take as long as a month
before colony formation appeats. By incubating both
plates and bottles there is a greater chance of obtaining
outgrowth. If cultures are still negative after this period
they should be discarded, as no further outgrowth is
likely to occur. The test exhibits fairly good reproduci-
bility. Four different laboratories checking the same
samples of grape base for heat resistant mold reported
positive results after 5 days incubation at 30 C. As with
any other type of microbiological test, aseptic technique
should be used to prevent contamination from other
types of mold such as Penicillium.

B. fulva has been the species most frequently isolated.
However, B. nivea and Paecilomyces have also been
found. Colonies growing on the product medium may
range in color from white to buff brown, with buff color
usually being associated with this organism.
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ABSTRACT

Animal blood globin powder and blood plasma concentrate prepared
from cattle blood, were incorporated, along with modified whey solids,
hydrolyzed cereal solids, butter, cellulose gum and water into heat
processed cheese-like emulsions. Globin protein in the emulsion ranged
from 12.2 to 16.4% while the plasma protein range was from 1.8 to
6.2%. The ingredients were blended while the pH was being raised to
PH 6.8 and the mixtures were processed at 116 C for 15 min. Texture
profile parameters of hardness, springiness and cohesiveness were
evaluated. Increased globin protein concentration decreased springi-
ness and cohesiveness. Hardness apparently was maximal at an
approximate globin/plasma protein ratio of 5:1.

Two important reservoirs of protein which are not fully
used at present are blood from slaughtered animals and
whey from cheese manufacture. While many people in
this country have an aversion to eating foods containing
blood, progress is being made in producing animal
blood protein isolates suitable for incorporation into
foods (5,7,10). Even more progress has been made in
recovering and utilizing cheese whey (8,9) especially in
the forms of whey solids and whey proteins.

A variety of cheese analogs have been investigated
based on hydrolyzed cereal solids, protein and vegetables
fat (3). Use of whey solids in cheese-like products has
been sparsely investigated (Z,11).

The purpose of this research was to produce and
evaluate cheese-like products formulated from animal
blood protein/whey blends.

MATERIALS AND METHODS

Whole beef blood collected during slaughter with salt and citrate to
prevent hemolysis and coagulation was separated into plasma and cell
fractions with a cream separator. Plasma was desalted and
concentrated to 17% protein by circulation through cellulose hollow
fibers (Bio-Rad Laboratories, Richmond, CA).

After removal of heme from hemoglobin by acidified acetone, the
precipitated globin hydrochloride was collected on a Buchner funnel,
dissolved in water, precipitated at pH 6.8, washed at that pH to remove
residual acetone, redissolved at low pH and spray-dried. The resulting

—'Florida Agricultural Experiment Stations Journal Series No.
9067.

white fluffy powder contained 85% protein (by Kjeldahl), 6% moisture
(vacuum oven) and 8% ash. The blood proteins were mixed with
modified whey solids (ENR-ROrI M, Stauffer Chemical Co.),
hydrolyzed cereal solids MOR-REX ! M, CPC International), and other
ingredients at low blender speed while the pH was adjusted to 6.8 with
12 N NaOH, then high speed blended for 10 min. The emulsions (100 g
were poured into 250-ml beakers, heat processed (116 C, 15 min) in a
pressure cooker to set the structure and to develop color. Compositional
data are in Table 1.

TABLE 1. Formulation and composition of cheese-like emulsions.

Formulation Percent
Globin protein 12.2-17.0
Plasma proteins 2.8-6.2
ENR-RO whey solids 5.0
MOR-REX hydrolyzed cereal solids 8.5
Butter 8.5
Cellulose gum 0.8

Composition of processed products
Protein 14.5-18.1
Fat 5.9- 75
Ash 4.1- 6.7
Moisture 54.7-64.3

The General Foods Texture Profile Analysis (2) was done using the
Instron Universal Testing Instrument Model TM-M, Instron Corp.,
Canton, MA) on replicated 1 cm X 1 cm cylindrical portions of the
finished product. Shama and Sherman (6) have demonstrated a high
correlation between sensory panel scores for the texture parameter
“hardness” of cheese and data from this instrument. The parameters of
springiness and cohesiveness were also considered applicable to this
type of product.

RESULTS AND DISCUSSION

It was apparent from preliminary investigations (4)
that a combination of plasma and globin was necessary
for the formation of cheese-like textures with heating.
Emulsions formulated at high plasma levels in the
absence of globin were extremely tough and rubbery
while emulsions containing globin without plasma
protein were more liquid. Increased levels of hydrolyzed
cereal solids tended to decrease hardness while increased
levels of whey solids decreased springiness and
cohesiveness.

Graduated levels of globin and of plasma proteins

é
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were used with fixed levels of other ingredients. The
effect of the ratio of globin/plasma protein on the texture
of the heat processed products is presented in Fig. 1.
Data presented are the means of duplicate trials. The
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Figure 1. The effect of the globin/plasma protein ratio on the texture

of heat processed emulsions.
A. Effect on hardness; B. Effect on springiness; C. Effect on
cohesiveness.

hardness value reached a maximum at an approximate
globin/plasma ratio of 5:1. Higher levels of globin in the
blend drastically lowered the hardness rating. Springi-
ness and cohesiveness values generally decreased with an

increase in the globin/plasma protein ratio to greater
than 4:1.

The texture of the cheese-like products did not
correlate well to commercial cheese examined in the
laboratory. For example, the processed emulsion
formulated at 5:1 globin/plasma ratio was similar in
hardness to processed cheese while the springiness was
similar to cream cheese. The cohesiveness of this product
was intermediate to processed and cream cheese.
Interactions between globin and plasma protein with
respect to moisture and texture parameters need to be
investigated further before cheese-like characteristics
can be predicted with confidence.
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ABSTRACT

Beef cattle from the University herd were used for these studies;
aging treatments after slaughter were as follows: (a) sides were held at
room temperature (21-23 C), (b) sides were held at 2 C, (c) sides were
kept for 6 h at room temperature and then the round was removed and
placed at 2 C for 18 h (d) sides were held for 3 days at 2 C, then the
excised round was kept for 4 days at 2 C for a total of 1 week of low
temperature aging. After aging by procedures described, steaks were
cut from the round, packaged and stored in a display case at about 5 C.
Similar treatment was given to ground beef prepared from the same
round muscles. Holding an entire side of beef at high temperature for
24h promoted bacterial growth on the surface with subsequent
proliferation on retail cuts. Shortening the aging treatment at high
temperature resulted in reduced bacterial populations on packaged
items. Highest bacterial loads and most rapid spoilage resulted from
excising the muscle after low temperature holding and then continuing
to hold the muscle in the cooler. This treatment was even more
conducive to spoilage than was holding at room temperature for 24 h,
and is not to be recommended.

Trends in the meat industry indicate that consumer
preferences are more closely related to tenderness than to
grade or other attributes of meat such as juiciness and
flavor (7). A usual procedure in the meat processing
industry is to hold meat at low temperature to allow
tenderization to occur. State of contraction of muscle is a
primary factor related to tenderness of beef (4, 8, 9), and
the post-mortem contraction during rigor is more
pronounced in excised muscles than in muscles
remaining attached to the carcass (6). However, Busch et
al. (2) reported improved tenderization of excised
muscles by holding at 16 C instead of at lower
temperatures. Also, since tenderization time varies with
different muscles, aging of beef cuts instead of carcasses
or sides might provide for better control and more rapid
turnover of meat in a centralized system (10). We
previously reported that sides aged at elevated tempera-
ture (7, 15, 21 C) followed by 2-C aging differed little in
tenderness from companion sides aged continuously at
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2 C for 24 or 48 h (11). Also, when aging of beef sides at
low temperature was prolonged to allow for tenderization
equivalent to that at high temperature, spoilage was
more rapid than with high temperature-short time aging
(12).

The general objectives of the present work were to
evaluate effects of high temperature aging of muscles
intact in beef sides and similar excised muscles on
subsequent growth of microorganisms on the meat.
Comparisons were also made with beef aged conven-
tionally at low temperature.

MATERIALS AND METHODS

Twenty-one cattle from the university beef cattle herd were used for
these studies. Slaughtering and preparation of steaks and ground meat
were done at the University Meat Laboratory. Carcasses weighed about
600 Ibs (270 kg) and graded U.S. Choice.

Aging treatments

The animals were assigned randomly to four different aging
treatments. Each side of the same animal received a different
treatment; the four treatments were replicated five times.

Aging was accomplished as follows: (a) holding the sides for 24 h at
room temperature (21-23 C) (b) holding the sides for 24 h at 2 C; (c)
holding the sides for 6 h at room temperature, removing the round and
placing the excised muscle for 18 h in the cooler at 2 C; (d) holding the
side for 3 days in the cooler, removing the round and storing the excised
round for 4 days in the cooler, amounting to 1 week of low temperature
aging. Room temperature storage was in an unrefrigerated walk-in
room.

Preparation of retail cuts

After aging by any of the producers described above, steaks about
l-inch (2.5 cm) thick were cut from the top round, placed in plastic
trays and packaged with 195 MSAD-80 cellophane (E.I. DuPont de
Nemours and Co., Inc., Wilmington, Del.). Ground meat with fat from
the trimmings after boning was also prepared from each round and
packaged in 1-Ib. portions as described for the steaks. The packages of
hamburger and steaks were stored in a display case at 5 C under white
fluorescent light to be analyzed at intervals. The initial quality was
tested by analyzing replicate samples of the retail cuts right after
preparation.

Sampling procedures

Sterile aluminum templates having an area of 2 cm? were used for
sampling the steaks by a wetted swab method similar to that described
by Ayres (). Bacterial counts were then related to surface area. For
detection of Salmonella and Staphylococcus, 10-12 sq inches
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(65-77 cm?) were sampled by swabbing the top surface of the steaks,
transferring the cotton swab into the appropriate broths for culturing.

Ground meat samples were weighed and blended for 2 min with
distilled water. Serial dilutions were made from the homogenate to
obtain bacterial counts per gram.

Five replications were determined per treatment. For each
replication, two steaks and one portion of ground beef were sampled at
each time interval (0, 1,2,5 days).

Bacteriological procedures

The methods employed for bacteriological determinations are
summarized in Table 1. Abbreviations used in the table are: TSA for
trypticase soy agar, BBL (BBL Division of BioQuest, Cockeysville, MD.);
VRB for Violet red bile agar, Difco (Difco Laboratories, Detroit, Mich.);
KF for KF Streptococcus agar (Difco); BGS for Brilliant green agar
(BBL) with 0.08 mg of sodium sulfadiazine per ml; and TSI for Triple
sugar iron agar (Difco).

TABLE 1. Bacteriological procedures

REY, KRAFT, AND PARRISH

multiplication was observed on steaks from meat aged
for 1 week in the cooler. On the fifth day of storage at
5 C, the loads of total aerobes on steaks aged for 1 week
in the cooler reached the highest levels among all
treatments and the meat had a definite off-odor,
indicating the fastest bacteriological spoilage of all the
samples.

Total aerobic counts on ground meat are presented in
Fig. 2. The initial load of total aerobes was 2 to 3 logs
higher on ground meat than on steaks for every aging
treatment. Keeping time of the ground meat was
considerably shorter than that of the steaks. Handling
and equipment can be a great source of contamination
for meat. Preparation of ground meat required more

Quantitative determinations Growth media Plating technique Incubation

Total aerobes TSA Pour plates 15 C, S days

Coliforms VRB Pour plates 37C,24h

Enterococci KF Pour plates 37C,48 h

Qualitative determinations Enrichment Isolation Confirmation

Salmonella CDC Procedure for BGS (3) TSI and agglutination (3)
meats (3)

Coagulase-positive Staphylococcus Procedure of Wilson Procedure of Herman and Tube coagulase test
etal. U3) Morelli (5)

RESULTS AND DISCUSSION handling and contact with equipment than preparation

Numbers of total aerobic bacteria recovered from
steaks are plotted in Fig. 1. The initial load of total
aerobes was rather low on all steaks. The highest initial
contamination was detected on steaks from meat aged at
room temperature for 24 h with slight differences in the
initial loads of total aerobes among steaks from all other
treatments.

During storage at 5 C, numbers of total aerobes on
steaks aged for 24 h at low temperature remained at the
lowest levels of all aging treatments. A very slow rate of
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Figure 1. Total aerobes on steaks from various aging treatments

during storage at 5 C.

of steaks. Also, residual cuts, usually from the surface of
the rounds, were used for preparation of hamburger,
which is similar to commercial practices. The surface of
the rounds was the most exposed to contamination during
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aging. Therefore, selection of the cuts for grinding also
contributed to the increased loads of bacteria observed
on the ground meat. Equipment for grinding was
cleaned between use for different aging treatments.

Results presented in Fig. 1 and 2 demonstrated that
even when the highest initial contamination for both
types of retail cuts was recorded for meat aged at room
temperature for 24 h, bacteriological spoilage progressed
most rapidly on meat held for 1 week in the cooler. In
contrast, the lowest bacterial counts corresponded to
samples from sides held for 24 h in the cooler which
combines the least amount of handling with low-
temperature-short-time holding. Ground meat demon-
strated trends similar to those of steaks for bacterial
growth after different treatment of the rounds.

Coliforms and enterococci were occasionally found and
only in low numbers on steaks from rounds aged at low
temperature, but they were always present after
preparation of steaks from sides aged at room
temperature for 24 h (Fig. 3). Higher aging temperature
was conducive to growth of these indicator bacteria. The
average density of enterococci and coliforms comprised
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Figure 3. Coliforms and enterococci on steaks aged at room
temperature for 24 hours.

about 10% and 20%, respectively, of the total aerobic
flora initially present on these steaks. In general,
whenever present on the steaks, the numbers of
enterococci remained fairly constant while the coliform
density increased during storage at S C. This is similar to
our earlier results with beef held at low temperature (12)
and is typical of growth patterns of the bacteria on
refrigerated meat.

Salmonellae were isolated only from one of the 178
steaks analyzed. The steak yielding salmonellae was

prepared from a side aged at room temperature for
24 h, and had been stored for S days at 5 C. The initial
numbers of coliforms (more than 10,000 per cm? on
steaks from this side were the highest of all the samples
analyzed. There was no attempt to isolate salmonellae
from ground meat. In previous work, salmonellae were
not recovered from ground meat (12).

Coagulase-positive Staphylococcus were recovered
from 16 out of 64 steaks prepared from sides aged at
room temperature for 24 h, from all 16 steaks prepared
from the companion sides which were aged at 2 C for
24 h, and also from 8 of 32 steaks prepared from meat
aged for 1 week in the cooler. All steaks yielding the
organism were prepared on only two different dates. The
steaks prepared then had a high incidence of
coagulase-positive staphylococci during later storage
regardless of animal, slaughtering date, or aging
treatment.

From these observations it was concluded that
contamination with coagulase-positive Staphylococcus
was more closely associated with handling during cutting
and preparation of the steaks than with effect of aging
treatment.

Some advantage was gained by holding the muscle for
6 h instead of 24 h at room temperature; differences were
observed in rate of bacterial growth and total numbers of
organisms (Fig.1). Although only incipient spoilage was
noted for steaks prepared from sides aged at room
temperature for 24 h, it appeared likely that shortening
the aging time to 6 h might result in extending the
keeping time of subsequent packaged cuts by one day.
With ground beef, counts were lower from sides aged for
only 6 h as compared with 24 h at room temperature, but
only for the first 3 or 4 days of display case storage. After
S days, all ground beef from high-temperature aged sides
demonstrated high counts (107 to 10® bacteria per gram)
and onset of spoilage (Fig. 2) as demonstrated by
off-odor. Development of the psychrotrophic flora over
the storage period tended to produce similar counts.

Examination of the bacterial growth curves in Fig. 1
and 2 for storage of retail cuts prepared from muscles
held at 2 C for 1 week indicates that the predominant
types of contaminants with this type of aging
demonstrated more rapid growth than that of organisms
on meat aged at higher temperature and shorter time.
Similar observations were reported for previous work (12)
when carcasses aged at 2 C for 11 days produced retail
cuts that spoiled faster than those from carcasses given
accelerated aging at temperatures between 16 and 22 C.
Evidently a psychrotrophic spoilage flora had already
become established on the beef at low temperature for 7
days before retail cuts were prepared.

Excising the muscle also appeared to produce different
patterns for bacterial growth curves than those for
attached muscle. Removal of the muscle with further
storage in the cooler produced more rapid proliferation
of psychrotrophic aerobes on steaks or in ground meat
than observed when the retail items were prepared from
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intact sides (Fig. 1 and 2). Increased handling and
exposure of cut meat surfaces by removal of the round,
and continued cooler storage, may have provided
conditions conducive to rapid development of low
temperature spoilage organisms on the packaged meat
later stored in the display case at 5 C.
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ABSTRACT

Seven recommended methods for estimation of coliforms, three for
fecal coliforms and four for enterococci were tested on 30 retail
ground beef samples. Lauryl sulfate tryptose broth gave higher coliform
counts than did MacConkey’s broth or brilliant green lactose bile broth
2% in 3-tube Most Probable Number (MPN) methods. With all MPN
broths, coliforms counts were significantly (P <€0.05) higher after 48
than after 24 h of incubation. Presumptive coliform counts were higher
with surface-overlay plating on violet red bile agar than with pour
plating on the same agar or with the MPN broths. However, presence of
Escherichia coli Type 1 was not confirmed as often from the agar
medium as the broths. For estimation of fecal coliforms, counts did not
differ significantly (P <0.05) between EC broth @45.5 C) and brilliant
green lactose bile broth 2% (44 C). Enterococci counts varied
significantly (P €0.05) among the four methods.

The microbial quality of meat products has come
under close scrutiny with the current interest in
microbiological standards. Methods for enumeration of
the indicator organisms (coliforms, fecal coliforms,
Escherichia coli and enterococci) are recommended in
many manuals (/,4,6,7,9). Thus, a quality control
supervisor in the meats industry may be faced with a
choice of methods. Time, space personnel available
for microbiological testing will affect the choice of
methods. For this study, we have chosen recommended
methods for coliform, fecal coliform and enterococcus
enumeration and compared their performance on retail
ground beef samples.

MATERIALS AND METHODS

Sample source and preparation

Thirty packages (about 500 g each) of ground beef were purchased in
20 local retail markets, transported to the laboratory, held at 5 C and
sampled within 24 h after purchase. From each package, 25 gof ground
beef were weighed into a sterile Mason jar containing 225 ml of sterile
Butterfield’s phosphate diluent (9) and blended 2 min for the initial
107* dilution. This initial dilution and serial dilutions to 107® were used
to inoculate the media evaluated. All dilutions were made and pipeted
within 20 min of the initial blending.

Coliform methods
The incubation times and temperature and reference for each
method are shown in Table 1. Briefly, these methods are:

Presumptive coliform (LST). A 3-tube Most Probable Number
(MPN) technique with lauryl sulfate tryptose broth (Baltimore
Biological Laboratory, Cockeysville, Maryland).

Confirmed coliforms (LST-BGLB). Brilliant green lactose bile broth
2% (Difco Laboratories, Detroit, Michigan) was inoculated with a
loopful of broth from positive LST tubes.

LST (APHIS). A 1-tube MPN (one-tube limiting dilution) using the
first presumptive coliform (LST) tube of each dilution.

Coliforms (MAC). A 3-tube MPN technique with MacConkey’s broth
(Difco).

Coliforms (BGLB). A 3-tube MPN technique with brilliant green
lactose bile broth 2%. Inoculum from positive BGLB tubes was
streaked onto Levine’s eosin methylene blue agar (L-EMB, Difco) and
Endo agar (Difco), incubated for 24 h at 35 C and examined for the
presence of typical colonies.

VRB agar pour plates. Violet red bile agar (Difco) pour plates were
inoculated in duplicate; plates were overlaid before incubation.

VRB agar surface-overlay plates. Fifteen to 18 ml of VRB agar was
poured and allowed to dry overnight in sterile Petri dishes. On
duplicate plates, 0.1 ml of inoculum was spread over the surface of the
agar with a sterile glass ““hockey stick.”” The plates remained at room
temperature for 1 h before an overlay was poured.

Fecal coliform methods

Incubation times and temperatures are shown in Table 1. Briefly,
these methods are:

LST-EC. For enumeration of fecal coliforms (LST-EC), tubes of EC
broth (BBL) were inoculated with a loopful of broth from each positive
LST tube. Inocula from EC tubes producing gas were streaked onto
L-EMB and Endo agars. Two typical colonies from each sample were
picked for IMVIC testing.

APHIS-E. coli (LST-EC). Positive LST (APHIS) tubes were used to
inoculate EC broth tubes.

MAC-BGLB. Fecal coliforms (MAC-BGLB) were determined by
inoculating a tube of BGLB and a tube of peptone water (to test for
indole production) from each positive coliform (MAC) tube. BGLB and
peptone water tubes were incubated at 44 + 0.05 C for 24 h. Peptone
water tubes paired with BGLB tubes producing gas were tested for
production of indole with Kovac’s reagent. All remaining tubes were
incubated an additional 24 h. Inocula from positive BGLB tubes were
streaked onto L-EMB and Endo agars. Two typical colonies were
picked for IMViC testing.

IMViC tests. All L-EMB and Endo agar plates were incubated for 24
h at 35 C and examined for dark nucleated colonies with green metallic
sheen and for pink to red colonies with or without green metallic sheen,
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TABLE 1. Media, methods and incubation conditions used to estimate populations of coliforms, fecal coliforms and enterococci in 30 retail samples
of ground beef.
L1 Incubation Incubation
Medium Method time (h) temperature (C)  References
Coliforms '
LST
(Presumptive) 3-tube MPN 24 & 48 35 4,6
LST-BGLB
(Confirmed) 3-tube MPN 24 & 48 35 4,6
LST
(APHIS) 1-tube MPN 24 & 48 35 9
MAC 3-tube MPN 24 & 48 37 6
BGLB 3-tube MPN 24 & 48 37 6
VRB Pour plate 24 35 1
VRB Surface- 24 35 8
overlay plate
Fecal Coliforms
LST-EC 3-tube MPN 24 & 48 45.5 4
LST-EC
(APHIS E. coli) 1-tube MPN 24 & 48 45.5 9
MAC-BGLB +
peptone 3-tube MPN 24 & 48 44 6
Enterococct
AD 3-tube MPN 48 35 4
AD-EVA 3-tube MPN 48 35 1
KF Pour plate 48 35 49
m-Enterococcus Pour plate 48 35 2

ILST = lauryl sulfate tryptose broth, BGLB = brilliant green lactose bile broth 2%, MAC = MacConkey’s broth, VRB = violet red bile agar, EC = EC
broth, AD = azide dextrose broth, EVA = ethyl violet azide broth, KF = streptococcal agar.

respectively.

Typical colonies from L-EMB and Endo agar plates and from VRB
agar surface-overlay and pour plates were picked and streaked onto
plate count agar (PC, Difco) slants, incubated 24h at 35C and
refrigerated for 1 to 4 days until IMVIC testing was begun. Growth
from PC agar slants was used to inoculate LST broth, MR-VP medium
(Difco), Koser citrate medium (BBL) and tryptone broth (Difco).
Colonies were classified according to their biochemical reactions ¢);
IMVIC for E. coli Type I was classified as ++— —, lactose positive.
Enterococcus methods

The incubation time and temperature and references are shown in
Table 1. These methods, briefly summarized, are:

AD. A 3-tube MPN technique with azide dextrose broth BBL).

AD-EVA. A loopful of broth from positive AD tubes was
inoculated into ethyl violet azide broth (BBL) tubes.

KF agar pour plate. Each dilution was plated in duplicate with KF
streptococcal agar (BBL). Pink or red colonies were counted.

m-Enterococcus agar pour plate. Duplicate m-Enterococcus agar
pour plates were inoculated. Pink to maroon colonies were counted.
Statistical analysis

All counts were converted to logarithms (base 10) and treated by
analysis of variance and the mean separation technique of Duncan (3).

RESULTS AND DISCUSSION

Although all the methods we tested are recommended
methods, we found significant (P <0.05) differences
among them. Counts were higher from the VRB agar
surface-overlay and pour plates than from MPN proce-
dures (Table 2). VRB agar surface-overlay or pour plates
give a rapid estimate of the coliform density and may be
the method of choice if only coliform numbers are re-
quired. In our study, means of counts were 0.45 log
higher (P <0.05) from the VRB agar surface-overlay
than from the VRB agar pour plates. That comparison
indicates that some cells might have been stressed by the
temperature 45 C) of the melted VRB agar when the
plates were poured. Ray and Speck (8) reported that with

TABLE 2. Variability of coliform counts (logy) in retail ground beef
determined by various methods.

Method _Incubation 4
Temperature (C) Time (h)  Mean* Range
APHIS coliform 35 24 2.00gh?  1.00-3.00
(LST) 48 2.90c 1.00-5.00
Presumptive 35 24 2.28ef .96-4.18
coliform (LST) 48 3.27b 1.36-4.97
Confirmed coliform 35 24 2.26efg .96-4.18
(LST-BGLB) 48 2.98¢ 1.36-4.97
Coliform (MAC) 37 24 1.8%h 0-3.63
48 2.40de .96-4.36
Coliform 37 24 2.08fgh 61-3.63
(BGLB) 48 2.57d .85-4.63
VRB surface-overlay
plate 35 24 3.97a 2.18-5.61
VRB pour plate 35 24 3.52b 2.18-5.01

IMean of 30 determinations.
?Means followed by different letters are significantly different
(P <0.05) by Duncan's multiple range test (3).

pure cultures VRB agar pour plates tended to under-
estimate coliform counts. Surface plating does eliminate
some stress to cells.

In our study less than 10 % of the colonies isolated from
VRB agar plates were E. coli Type L. A total of only two
colonies from each plate were selected and thus
represented a low percentage of the colonies present.
Hall (7) reported that Proteus species may interfere with
coliform counts either by forming small atypical colonies
or by inhibiting precipitation of bile by coliforms. He
found that those situations resulted in overestimation if
all ved colonies were counted but underestimation of
coliforms if only typical colonies were included.

Comparison of the liquid media used in the coliform
MPN techniques showed that LST broth provided the
highest numbers (Table 2). The presumptive coliform
(LST) counts were significantly higher than confirmed
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coliform (LST-BGLB) counts because many LST tubes
which were negative after 24 but positive after 48 h did
not confirm in BGLB. The confirmed coliform (LST-
BGLB) count was also significantly higher than counts of
either coliforms (MAC) or coliforms (BGLB). The differ-
ence between the 24- and 48-h incubations was significant
(P <0.05) for all liquid media used for the MPN method.

The Animal and Plant Health Inspection Service
(APHIS;9) recommends a 1-tube rather than a 3-tube
MPN technique; results are read after 24 h. That method
saves media but for the samples we tested gave mean
coliform counts that were from 1 to 2 logs lower than the
VRB agar counts (Table 2).

The 3-tube MPN methods for fecal coliforms at 48 h
were not significantly different (Table 3) even though the
inoculum was derived from coliform methods that did
differ significantly (Table 2). Increasing the incubation
time from 24 to 48 h did not significantly increase the
fecal coliform counts except in the APHIS E. coli
(LST-EC) method. However, since only 1 tube per
dilution was used, each positive tube resulted in an
increase of one log while in 3-tube methods single values
had smaller effects. Goepfert (5) also noted that
increasing incubation from 24 to 48 h had only a slight
effect on fecal coliform counts. Although we found a

TABLE 3. Variability of fecal coliform counts (log,o) in retail ground
beef determined by various methods.
Incubation
Method Temperature (C) Time (h) Mean! Range
APHIS E. coli 45.5 24 1.07¢? 0-3.00
(LST-EC) 48 1.37b 0-3.00
Fecal coliform 45.5 24 1.57ab 0-4.18
(LST-EC) 48 1.81a 0-4.18
Fecal coliform 44 24 1.48b 0-3.63
(MAC-BGLB) 48 1.65ab 0-3.63

!Mean of 30 determinations.
?Means followed by different letters are significantly different
(P <0.05) by Duncan’s multiple range test (3).

slight increase in fecal coliform counts after 48 h of
incubation, it is questionable whether incubation for
48 h is necessary, especially for a perishable product such
as ground beef. Time of incubation is less important for
fecal coliforms than for coliforms because the inoculum
is a young culture grown at optimum temperature
(35-37 C) in a medium that is selective for coliforms.

Incubation at 44 or 45.5 C eliminated many of the
non-fecal coliforms; less than 3% of the positive fecal
coliform tubes yielded atypical colonies on either L-EMB
or Endo agar plates. Isolation of E. coli Types I and II
from fecal coliform (LST-EC) were 92% and 4%,
respectively, and from fecal coliform (MAC-BGLB) were
89% and 9%. Goepfert (5) also was usually able to
confirm the presence of E. coli in positive EC broth
tubes.

Of 30 meat samples evaluated in this study, 13 43 %)
would have been considered adulterated under an
arbitrary standard of less than S0 E. coli/g for fresh
meat. Both 1-tube and 3-tube MPN LST-EC methods
would have justified rejection of the 13 samples after 48 h

of incubation. With only 24 h of incubation for the
3-tube MPN technique, 11 samples had more than S0 E.
coli/g. The other fecal coliform method with MAC-
BGLB broth would have rejected 13 samples after 24 h
and 14 after 48 h of incubation.

The enterococcus counts were highly variable; each
method gave results significantly (P <0.05) different
from the others (Table 4). Counts were almost two logs
(base 10) higher for the unconfirmed AD 3-tube MPN

TABLE 4. Enterococci counts (log,) in retail ground beef.

2

Method? Mean Range

AD 3-tube MPN 4.53a3 3.36-5.66
AD-EVA 3-tube MPN 3.18¢ 2.32-4.63
KF agar pour plate 2.69d 0-3.70
m-Enterococcus agar pour plate 3.72b 2.70-5.22

!AD = azide dextrose broth, EVA = ethyl violet azide broth, KF =
KF streptococcal agar.

ZMean of 30 determinations.

3Means followed by different letters are significantly different
(P <0.05) by Duncan’s multiple range test (3).

than for the KF agar pour plates. Azide dextrose broth
was the least inhibitory medium used to determine
enterococci. Confirmation of counts from AD broth in
EVA broth reduced enterococcus estimates by one log.
With the solid media used in this study, further
confirmation is generally not considered necessary (2,4).

Any of the methods we tested should give relative
estimates of contamination levels. The VRB agar
surface-overlay plates gave the highest coliform counts
within 24 h, but this method has some disadvantages.
Surface plating takes longer than pour plating and the
0.1-ml inoculum may be subject to more sampling error
than the 1.0 ml used in pour plating. The time required
for counting VRB agar plates also should be considered;
meat particles make counting difficult. Possible inter-
ference of species other than coliforms may cause over or
underestimation. Suspect colonies can be confirmed in
BGLB broth; however, that step would obviate the
time-saving aspect of this solid media method.

Although the broad range of confidence limits has
caused criticism of the MPN technique, 3-tube MPN
with LST broth should be used whenever regulatory
action is involved. The 48-h incubation period is a major
disadvantage. Reading and recording the pattern of
positive and negative tubes is more rapid than counting
VRB agar plates. Another advantage of LST 3-tube
MPN is that positive tubes can easily be used to inoculate
EC broth to determine fecal coliforms. The 1-tube MPN
method (9) requires only one-third as much media as the
3-tube method; this is an advantage for a broad range of
dilutions.

The EC broth was the best medium for evaluation of
fecal coliforms. The 24-rather than 48-h incubation may
be adequate for EC broth tubes, but further studies
would be required before recommendations could be
made. Methods for enumeration of enterococci also
should be tested further before recommendations could
be made for ground beef.

Y
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ABSTRACT

Fifty-eight species of 21 genera of molds were grown on tomato juice
for 35 days to determine the effect on pH. The molds included members
of the class Phycomycetes and the families Moniliaceae, Dematiaceae,
and Tuberculariaceae. All molds except two raised the pH from the
initial pH 4.1 to a range from 4.9 to greater than 9.0. Thirty-three of
the Fungi Imperfecti (53%) raised the pH to values above 7.0. None of
the Phycomycetes tested raised the pH above 7.0.

Huhtanen et al. (2) observed that Cladosporium sp.
raised the pH of tomato juice from 4.2 to 7.8 in 19 days of
incubation at room temperature and that Clostridium
botulinum grew in association with the mold. The
alkalinizing ability of molds growing in tomatoes or
tomato juice has not been recorded. Such a study is of
value, since the lower limit for the growth of C. botulinum
in foods is reported to be pH 4.7 (5), and in tomatoes, pH
49 .

Mold appears not to have been observed in acid
canned foods associated with outbreaks of botulism.
Meyer and Gunnison (3) obtained growth of C.
botulinum in Bartlett pears which were also inoculated
with a Lactobacillus and a yeast. More recently, a
yeast-like organism, a diplococcus and FEnterobacter
agglomerans were isolated from home-canned tomato
juice which was incriminated in a single case of botulism
(I); however, the observation was not pursued to
determine a possible synergistic effect. The pH of the
juice was 4.2.

The pH of a few jars of molded, canned tomatoes
brought into this laboratory has ranged from 5 to 8.65.
Few molds from these specimens were identified. It would
appear from these observations that molds generally have
an alkalinizing ability when growing in canned tomatoes
or tomato juice, and this study was conducted to test this
observation. The study has further merit because of
questions asked occasionally by the thrifty housewife who
has sought assurance on the use of molded tomatoes
from which the surface growth has been removed.

MATERIALS AND METHODS

The molds were taken from the Food Microbiology collection of the
University of Tennessee. They represent 24 genera and S8 species of the
filamentous fungi. Many had been isolated from foods. The molds were
grown on slants of mycophil agar from which spore inocula were taken
with a moist needle.

Canned tomato juice was tubed in 10-ml volumes in tubes measuring
25 mm outside diameter, capped with plastic overcaps and sterilized at
121 C for 15 min. The pH after sterilization was 4.1. After inoculation
the tubes were incubated at room temperature (22 C) for 35 days. Tubes
were then heated for 20 min in flowing steam to destroy the molds. The
contents were transferred to another container to ensure mixing, and
the pH was measured with a Corning pH meter.

RESULTS AND DISCUSSION

The molds produced the characteristic pellicle on the
surface of the tomato juice. All molds except Nigrospora
and Spicaria raised the pH above the value of the control
tubes (Table 1). The change in pH ranged from only
slight to marked, with some values reaching above 9
following incubation. The pH values may reflect the
relative rates of change rather than the ultimate
attainable values, since the activity of the fungi was
interrupted on the 35th day. Thirty three molds (53 %)
raised the pH to values above 7.0. Several species in the
genera Aspergillus and Penicillium raised the pH to the
range of S to 6, while other species of these genera raised
the pH to values between 8 to 9 and above 9.0. Six
species, including three of Aspergillus, raised the pH
above 9.

The ability to raise the pH is a species attribute. None
of the Phycomycetes raised the pH to a value above 7
(Table 2). Twenty six (56.6%) of the Moniliaceae raised
the pH to values between 7.1 to more than 9. Members of
the genera Aspergillus and Penicillium are found in
several columns of Table 1. Variability in the ability to
alter the pH was found among each of the three families
Moniliaceae, Dematiaceae, and Tuberculariaceae.

Huhtanen et al. (2) showed that alkalinization is not
restricted to the portion of tomato juice immediately
beneath the mat, but the increased pH extends as a
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gradient downward into the tube. Presumably a similar
gradient exists in jars of home-canned tomatoes and
tomato juice. Since nearly all molds appear to have the
ability to raise the pH above the point which permits

TABLE 1. Molds and pH of inoculated tomato juice after 35 days at 22 C.'2

MUNDT

growth of C. botulinum, one can only emphasize the
inherent risk associated with the use of canned tomatoes
or juice from which the surface growth of mold has been
removed. .

pH Range
495.0 5.16.0 6.1.7.0 7.1.8.0 8.1.9.0 Above 9.0

Acrophialophora A. flavus A. candidus Aerospeira A. allahabadii Alternaria
Absidia A. funigatus A. clavatus A. sulfureus A. fisheri A. microviride-citreus
A. oryzae? A. tamari A. parasiticus A. sydowi A. janus A. nidulans
A. wentii Choanephora Cunninghamella A. terreus A. sulfureus A. ochraceus
Syncephalastrum Circinella Epicoccum A. terricola F. lateriticum Cylindrocarpon

M. rouxii P. chrysogenum Gliocladium Ulocladium

P. brevicompactum P. notatum P. commune Helminthosporium

P. lanosum P. restrictum P. oxalicum P. aculeatum

T. koningii P. waksmannii P. steckii P. canadense

Torula sp. Pleichochaeta* P. claviforme

P. decumbens
P. funiculosum
P. granulatum

P. lanosum

P. lapidum

P. solitum

Scopulariopsis
nitial pH 4.1.
ZNo change: Nigrospora, Spicaria.
IAbbreviations: A.- Aspergillus; F. - Fusarium; M. - Mucor; P. - Penicillium; T. - Trichoderma.
“Tentative identification.
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TABLE 2. Increase in pH of tomato juice due to growth of molds.*

Class or family of molds

pH Range Number Phyco- Monilia-  Dematig- Tul;ercular-
mycetes ceae ceae wceae

No change 2 1 1

4.9-5.0 S 2 3 0 0
5.1-6.0 10 3 6 1 0
6.1-7.0 9 1 7 0 1
7.1-8.0 10 0 8 2 0
8.1-9.0 17 0 15 1 1
Above 9.0 6 0 3 2 1
Totals 59 6 43 7 3
Hnitial pH 4.1.
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ABSTRACT

Four methods to detect microbial contamination on food plant
equipment surfaces were compared to determine the accuracy,
precision, cost and time required to do each test. A standard method
for swabbing; a simplified swab test (Millipore Corporation); a
contact-transfer method (Con-Tact-It, Birko Chemical Corporation)
and a direct method using Rodac plates (BBL) were evaluated. The
equipment surfaces were found to be highly contaminated indicating
the necessity for regular microbial testing. Under conditions of the test,
there was good agreement in enumeration of bacteria between the
standard swab test and both the Millipore swab method and the
Con-Tact-It system; the standard swab method and Rodac plates
showed the best precision. The contact methods were by far the
quickest tests to do, and the Con-Tact-It system was the least
expensive.

Equipment used in any food processing operation
plays a major role in control of contamination in final
products. Many small plants have neither the facilities to
conduct chemical and microbiological tests nor any
provisions to have these done routinely. This makes some
form of quality control difficult, and as a result, many
small establishments are blind to the sanitation of their
facility, equipment and subsequent safety of their
product. As an alternative, simplified testing procedures,
that do not require a sophisticated laboratory and highly
qualified personnel, are available for the small food
processor. While these methods may not be definitive,
they are reported to be indicative of plant sanitation
2,3,5,8,9). Our objective was to compare three tests —
Millipore Swab Test Kit, Rodac Procedure of Surface
Sampling and Con-Tact-It System Bacteria Detection
Unit with the standard swabbing procedure (7).

MATERIALS AND METHODS

The deboning table tops, hamburger pattie and steaking line
conveyors of a local meat cutting plant were selected as surfaces for the
work. Locations for each test on the surface were randomized, as were
days and times for sampling. However, samplings were mostly done
during night after washing the equipment or in the morning before
start up. Each test was conducted in duplicated on 20 different
occasions.

Falcon brand swabs (Swube, in a 17 X 100-mm tube) were obtained
from Fisher Scientific Company. The swab test kit for total bacterial
count (Total-Count Sampler) was obtained from Millipore Ltd.,
Mississauga, Ontario, Canada. Rodac plates were the product of BBL
(Division of Becton, Dickinson and Company). The Con-Tact-It System
Bacteria Test Unit was obtained from Birko Chemical Corporation,
Denver, Colorado.

Standard microbiological procedures were followed for enumeration
of microorganisms on equipment surfaces by the swab method (I). A
sterile 4-inch? glass template was used as a guide to swab the area. For
the other procedures, manufacturers’ instructions were followed.
Incubation was at 35 C for 2 days.

RESULTS AND DISCUSSION

The results from the trials are presented as ranges in
Table 1. The counts are high but could be considered
typical of a food operation where there are no provisions
for microbial testing. Table 2 shows the relative
precision of the four testing methods, and correlation
coefficients between the Swab test and each of the
Millipore, Rodac and Con-Tact-It tests. The calculated
values for relative precision, as described by Kramer and
Twigg (6), indicates that the order of precision for the test
methods would be Rodac >Swab > Millipore > Con-
Tact-It. Correlation coefficients between both the
Millipore and Swab test and, the Con-Tact-It system and
Swab method were significant, while the r value
calculated from the results of Rodac plates and the Swab
test was not significant. If the Swab test were considered
to be standard, then these results indicate that, under the
conditions of our trials, the Millipore and Con-Tact-It
tests are more accurate than is the use of Rodac plates. A
possible explanation for the failure of the Rodac results
to agree with those of the Swab test might be in the
population numbers on the equipment surfaces tested.
Very often the Rodac plates were covered by colonies,
which severely diminished their accurate enumeration.
Favero et al. (4) and Baldock (3) also pointed out that
agar contact procedures are quantitative only if the level
of contamination is low. A recent report (7) suggested
that accuracy was lower above 200 colonies per cm? using
the Con-Tact-It procedure.
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TABLE 1. Microbial counts per sq in area from two replicates on food plant equipment surfaces using four methods of testing.
Swab Method Millipore Rodac Con-Tact-it
Test no. (x100) (x100) x10) (x10)
1 250 570 270 540 2.5 6 — —
2 1.5 8.7 0.4 16 6 14 4 72
3 850 1100 180 220 20 37 72 150
4 22 16 0.6 12 1.2 13 8.6 15
S 21 32 04 0.7 9 22 6.7 13
6 400 500 190 220 120 150 83 110
7 150 320 130 160 90 120 45 54
8 170 270 45 130 45 S0 31 34
9 25 35 13 27 20 25 14 20
10 72 95 58 150 45 55 54 94
11 S 20 8.1 12 15 15 5 20
12 16 95 53 65 26 74 70 72
13 1.2 2 0.1 0.5 1.5 7 0 14
14 19 47 11 19 28 33 4 10
15 7 11 1.1 14 4.5 22 17 41
16 2.7 3 1 54 13 21 4.7 5.8
17 25 3.2 04 0.5 15 19 16 23
18 2.2 2.7 1.8 29 0.7 2.7 0 0.4
19 0.5 7 0.2 0.3 0.7 1.2 0.2 2
20 13 23 4.5 19 16 37 13 14

TABLE 2. Correlation coefficient (r) and relative precision'of Swab,
Millipore, Rodac and Con-Tact-It procedures.

9
TABLE 4. Time, in minutes, taken to conduct the Swab, Millipore,
Rodac and Con-Tact-It tests, and the cost of materials per test.

Swab Millipore Rodac Con-Tact-It Test Time Required (min) Const/Test ($)
2 — 0.75% * 0.37 0.81* * Swab 7 0.25
Rp (%) 9.1 15.3 8.6 17.4 Millipore S 2.95
- o = — iati Roda 1.5 0.72
1Relative precision, Rp =sd/Rs where sd standard deviation of Con—’Ic'act—It 15 0161

difference between two duplicates and Rs =range of means of the
duplicates, a smaller value indicates greater precision.

2r Calculated with the swab test as the independent variable.

* * p<0.01

A control experiment in which a laboratory bench top
area was spread with about 100 Pseudomonas aeruginosa
colony forming units per inch? was used to assess the
variability of each testing method. The standard
deviations and coefficients of variability calculated from
this trial (Table 3) show that the Swab test was the least
variable and Con-Tact-It was the most, the order being
Swab > Rodac > Millipore > Con-Tact-It.

TABLE 3. Estimation of microbial populations by the Swab,
Millipore, Rodac and Con-Tact-It procedures on a prepared surface’.

Swab Millipore Rodac Con-Tact-It
550 30 110 S
550 27 126 2
620 18 83 9
820 23 74 1
750 14 124 6
121.9 6.5 238 3.2
CSV2(%)18.5 29.0 23.0 69.8

1Surface swabbed with approximately 100 Pseudomonas aeruginosa
colony forming units per inch?.

:cy = 100 wheres = standard deviation

X CV = coefficient of variability

The time or labor required to do each of the tests in
this study, and cost per test are given in Table 4. As
expected, the Swab test was the most labor-intensive;
Millipore, which follows similar principles, was slightly
faster and easier to do, but considerably more expensive.

1This cost is based on the utilization of all 9 spaces/plate. If less than 9
tests were done at one time, the cost/test would increase $0.09/space
left.

The number of contaminants detected per unit area of
the surface using Con-Tact-It and Rodac procedures
were consistently low, indicating that these methods
recovered fewer contaminants than swabbing methods.
Consequently, agar contact methods should be used only
as quick indicators of bacterial numbers. The Con-Tact-
It system was slightly faster to count as a smaller contact
area was involved. With respect to skill required to carry
out the tests, they could be ranked as follows: Swab >
Millipore > Con-Tact-It > Rodac.

The finding that the meat processing plant under
study consistently showed heavily contaminated food
contact surfaces stresses the need for monitoring the
equipment for sanitation. This will indicate to manage-
ment if sanitation is adequate, and areas that require
attention. Since these plants need only some indication of
relative numbers of contaminants present, they could
adopt a method which is inexpensive and does not
require highly skilled workers or elaborate laboratory
facilities. It was our observation that except for the stan-
dard swab procedure, the methods studied during this
investigation were relatively simple and could be con-
ducted by a technician with little training.
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ABSTRACT

Tissues of purple, green, and white varieties of eggplant, Solanum
melongena, were analyzed for relative activity of phenyl phosphatase,
fructose-1, 6-diphosphatase, glucose-1-phosphatase, glucose-6-
phosphatase, and ATPase. Activities of all phosphatases were highest
in the purple variety and lowest in the white. Relative rates of activity
decreased in the order: ATPase, phenyl phosphatase, fructose-1,
6-diphosphatase, glucose-6-phosphatase, and glucose-1-phosphatase
(only found in the purple variety).

Phosphatases include a broad group of enzymes that
catalyze the hydrolysis of mon-, di-, and triesters of
phosphate bound to sugars, lipids, or nucleic acids.
Another role suggested is related to the onset and
development of senescence (2). Although phosphate
esters and phosphatases play a major role in virtually all
aspects of carbohydrate metabolism in plant tissues, no
information is available on phosphatase activity in
different varieties of eggplants. Eggplants (Solanum
melongena) are not grown extensively in northern
climates because they need a warm growing season of 14
to 16 weeks for good yields (4). Although the purple is the
most popular variety, others differing in size, shape and
color are known. A white variety has been grown in
Europe for many years, but apparently for ornamental
purposes only (6). A green eggplant, grown in India for
several years (12), is now appearing in home gardens in
the southern United States. Pink and black eggplants
have also been cultivated in India (/1).

Constantin et al. (5) compared the processing
properties of purple and green eggplants, but not their
composition. Flick et al. (9) examined proximate

Virginia Polytechnic Institute and State University.

2Southern Regional Research Center.

3One of the facilities of the U.S. Department of Agriculture,
Agricultural Research Service, Southern Region, New Orleans, LA.
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compositions of purple, green, and white eggplants, and
found more fiber in white (22.3 % dry white basis) than in
purple (10.8%) or green (11.9%). Also differences in four
enzyme activities (polyphenoloxidase, lipoxygenase,
alcohol dehydrogenase, and catalase) were reported (5,9)
between the three cultivars. Some of these enzymes have
been correlated with flavor or organoleptic qualities in
fruits and vegetables. The purpose of this research was to
determine whether the three eggplant varieties differed
in phosphatase activities and to correlate the activities
with the fiber differences previously reported. The five
acid phosphatases compared were: phenyl phosphatase,
EC 3.1.3.2 (@-Pase); ATPase, EC 3.6.1.3; fructose-1,
6-diphosphatase, EC 3.1.3.11 (F-1, 6-di-Pase); glucose-1-
phosphatase, EC 3.1.3.10 (G-1-Pase); and glucose-6-
phosphatase, EC 3.1.3.9 (G-6-Pase).

MATERIALS AND METHODS

All eggplants were grown under identical conditions in the same
outdoor plot in Chalmette, La., and were harvested at about the same
stage of maturity (same age of fruit after flowering). The fruit were
stored in a refrigerator at 4 C for 1 to 2 days until used. Peeled fruit
were rapidly cut into 1-cm® pieces and immediately homogenized
(50 g/250 ml cold deionized water) for 1min in a food blender.
Homogenates were centrifuged at 15,000 X g at 5-9 C for 15 min and the
clear supernatant fluids wre decanted into test tubes placed in crushed
ice. Nitrogen contents of tissue extracts for comparing enzyme and
analyses were determined by the macroKjeldahl method. Triplicate
analyses were repeated eight times on 2-4 fruit of each variety. Buffer
salts and reagents were purchased commercially. Acid phosphatase
activity was measured as described in the Worthington Enzyme
Manual (/3). Each cuvette contained 0.1 ml 0.15 M acetate buffer, pH
5.0, 0.05ml 0.01 M substrate (disodium salt of phenyl phosphate,
fructose-1, 6-diP, ATP, glucose-1-P, or glucose-6-P), 0.05 ml 0.01 M
MnCl,, 0.02 ml water, and 0.5 ml eggplant extract (or water in the
blank control). Inorganic phosphorus released was determined by the
Fiske-Subbarow (7) method at 710 nm in a spectrophometer from
specific substrates after 45 min, pH 5.0, room temperature (25-26 C).




|

ACID PHOSPHATASES IN EGGPLANTS 273

RESULTS AND DISCUSSION

Figure 1 shows a photograph of the three varieties of
eggplants used in these experiments. The purple
eggplant is slightly larger and is pear-shaped whereas the
green and white varieties are more round. Figure 2

P W

G

Figure 1. Purple, green, and white eggplants picked at the same
stage of maturity.
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Figure 2. Activities of acid phosphatases in purple, green, and white
eggplants. Conditions as described in text. Substrates: @OP, phenyl
phosphate; F-1 6-P, fructose-1, 6-diphosphate; G-1 Pase, glucose-1-
phosphate; G-6-P, glucose-6-phosphate; and ATPase.

shows the relative activites of the five acid phosphatases
in all three varieties. The release of phosphate from ATP
by ATPase activity appears to be inversely proportional
to the high fiber contents reported earlier (9). In white
eggplants, the ATPase activity was the lowest, whereas
the fiber content was the highest. The opposite was
observed for the purple variety. This suggests that
ATPase activity in eggplants is not primarily associated
with fiber formation. The high ATPase activity in all
three varieties also indicates that the reactions requiring
high energy phosphate are significantly greater than
those involving hydrolysis of hexose mono- and diester
phosphates. ATPase activity in purple eggplants was also
eight times higher than @-Pase. Since @-Phosphate is not
considered as a natural substrate in plants, it is possible
that some of the observed @-Pase activity may be due to
nonspecific esterases, as was reported in peanuts (3).

F-1, 6-diPase (2.4) and G-6-Pase (1.0) activities were
both higher in purple eggplants, with only trace amounts
found in green and white. A small amount of G-1-Pase
was found only in purple eggplants. This phosphatase is
not common in fresh tissue as is G-6-Pase and F-1,
6-diPase. In a study of ungerminated barley grains (10),
G-1-Pase was not present but significant activity was
measured after 4 to 6 days germination (/), suggesting
that G-1-Pase may not be a normal constituent of fresh
seeds and vegetables. Some seeds were present in the
pieces of tissue used to prepare eggplant extracts, but not
enough to affect the measurements of G-1-Pase activity.
G-1-Pase activity is present in the fleshy tissue of purple
eggplants, but not in the other two varieties.
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ABSTRACT

Streptococcus diacetilactis and one of its UV-induced mutants were
individually used to prepare dahi from cow’s and buffaloe’s milk and
reconstituted full-cream dried cow’s milk. Dahi samples were analysed
for titratable and volatile acidities, diacetyl and proteolytic activity.
Each sample was evaluated organoleptically and acceptability of the
product was measured by the 9-point hedonic scale. The dahi prepared
with the mutant scored better in all the types of milk used, as compared
to the parent culture.

Dahi is a fermented milk product consumed by a large
section of the population of the Indian subcontinent. The
role of lactic streptococci in production of acid and flavor
in fermented milk products like dahi is now well
recognized (1,3,7,8). Some workers (2,10,11) have
reported variations in the biochemical performance of
cultures in milk of different species. Earlier studies in
this laboratory (6) have dealt with isolation of mutants of
Streptococcus diacetilactis on citrate agar after exposure
to ultra-violet rays. The present communication reports
on comparison of activity of S. diacetilactis and one of its
UV-induced mutants in different types of milk.

MATERIALS AND METHODS

A strain of S. diacetilactis (S-1) and its UV-induced mutant (PM-1),
which was stable through several hundred sub-cultures for a period of S
years, were used. Reconstituted full-cream dried cow’s milk prepared at
the Experimental Dairy, National Dairy Research Institute, Karnal,
fresh cow’s milk and buffaloe’s milk were steamed for 30 min and
cooled to 30 C. Milk samples were individually inoculated at the 1%
level with 16-h-old cultures and then aseptically poured into dahi
bottles, which were then incubated at 30 C. After 18 h of incubation,
one set of dahi bottles was examined for titratable and volatile acidities,
diacetyl and proteolytic activity. Another set was transferred to the
refrigerator (6 C) for 4 h and then the dahi was graded for appearance,

IN.D.R.I. Publication No. 77-99.
2 Haryana Dairy Development Corporation, Bhiwani, India.

consistency, taste and flavor.

Titratable acidity was determined as percent lactic acid by titrating a
known aliquot of the sample against 0.1 N NaOH, and volatile acidity
was estimated by the method of Hempenius and Liska (4). Diacetyl and
proteolytic activity of the cultures were determined by the methods of
Pack et al. (9) and Hull (5), respectively.

The overall acceptability of dahi samples was measured by the
9-point hedonic scale (9 =Liked extremely; 8 =Liked very much;
7 =Liked moderately; 6 =Liked slightly; S =Neither liked nor disliked;
4 = Disliked slightly; 3 = Disliked moderately; 2 = Disliked very much;
1 =Disliked extremely).

RESULTS AND DISCUSSION

From data in Table 1, it may be seen that the mutant
PM-1 produced greater titratable and volatile acidities,
more diacetyl and greater proteolysis than the parent,
irrespective of the type of milk used. It is also noteworthy
that the mutant in comparison to its parent culture,
exhibited approximately 31, 41, and 109% increases in
total acidity, volatile acidity and diacetyl, respectively.
Further, both cultures produced more acidity in
buffaloe’s milk, more diacetyl and volatile acids in cow’s
milk and greater proteolytic activity in reconstituted full
cream dried cow’s milk. Similar differences had been
reported by Thomas et al. (/) and Dutta et al. (2) for
acid production and proteolytic activity by S. diaceti-
lactis in different types of milk. The greater acidities
(both titratable and volatile) found with the mutant is
quite significant in view of the important role this
organism plays in preparation of fermented milk such as
dahi.

On the basis of organoleptic evaluation (Table 2), dahi
prepared from cow’s milk using the mutant scored
maximum points and was accepted on the hedonic scale
as “Liked moderately” to “very much.” With buffaloe’s
milk dahi, similar ratings were noted and acceptability of
the product was as “Liked slightly” to ‘‘moderately.”

h )
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TABLE 1. Activity of S. diacetilactis (S-1) and its mutant (PM-1) in different types of milk.?

Reconstituted full-cream

Cow's milk Buffaloe's milk dried cow’s milk
Test S-1 PM-1 S-1 PM-1 S-1 PM-1

Titratable acidity 0.70 0.92 0.84 1.05 0.65 0.80,

(Percent lactic)
Volatile acidity 20.3 28.6 16.5 19.0 18.5 24.0

(ml of 0.01 N NaOH/S0

g of curd)
Diacetyl (ppm) 15.0 314 8.5 11.8 12.0 14.9
Proteolytic activity 0.30 0.36 0.27 0.33 0.35 0.39

(mg of tyrosine

liberated/1 g of curd)

aCultures were examined after 18 h of incubation at 30 C. Results represent an average of three trials.

TABLE 2. Score card® for dahi prepared from S. diacetilactis S-1 and its mutant PM-1.

Reconstituted full-cream

Detail of Maximum Cow's milk Buffaloe's milk dried cow’s milk
scoring Points S-1 PM- S-1 PM-1 S-1 PM-1
Appearance 3 2 3 2 3 2 2
Consistency 4 3 3 2 3 2 3
Taste 6 4 S 4 4 3 4
Flavor 7 4 6 4 4 4 4
20 13 17 12 14 11 13

3Excellent =14-17
Very good = 10-13
Good = 8-10

However, dahi prepared with the mutant scored better as
compared to the parent strain in all the three types of
milk used in this investigation.
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ABSTRACT

The electrical impedance of media is altered with chemical changes
brought about by microbial metabolism and growth. Time required to
bring about readily detectable change (detection time — DT) is a
function of the initial levels of microorganisms in the sample. DTs were
compared to Standard Plate Counts for 407 milk samples —
homogenized, low fat, skim and raw. Using the criterion that a sample
of pasteurized milk with a DT of 7 h or less was indicative of a plate
count of 10,000/ml or greater, 323 of 380 samples were correctly
classified. For raw milk, the DT was 10 h to resolve samples into
greater or less than 10,000 organisms per ml. Results of a preliminary
study on estimation of psychrotrophs in pasteurized milk showed that
impedance monitoring at 21 C provided a 22-h screen correctly
classifying 88 % of the samples into categories of more than or less than
1,000 organisms per ml. Better agreement (91%) in a shorter time
(13.7 h) was obtained with a screen for 10,000 organisms. Finally, for
the first 22 samples analyzed, keeping quality data on pasteurized milk
have correlated better with post-pasteurization impedance measure-
ments than with either post-pasteurization total counts or psychro-
trophic counts.

The dairy industry has long been interested in the
bacterial populations found in milk. In addition to the
need to meet State regulatory standards, bacterial
spoilage or line contamination caused by high microbial
concentrations can be very expensive for milk producers,
processing plants, and distributors, since it relates to the
milk’s keeping quality and consumer brand preferences.

Since the effect of spoilage is so important, the dairy
industry would certainly be interested in a rapid method
for determining the microbial population in milk
products. Present microbiological techniques are not
very practical as test results are usually not available
until several days after products have been shipped to
consumers (3,11,13). Plate count tests to determine total
counts of organisms present in milk take 48 h. Methods
for measuring psychrotrophs (organisms able to grow at
refrigeration temperatures), as presently practiced, take
5-10 days. Furthermore, present keeping quality tests,
which try to predict spoilage based on presence of
psychrotrophic organisms, have two severe limitations.
First, spoilage is not always directly related to the

number of organisms present (20). Second, it appears
that psychrotrophs are only part of the milk spoilage
problem. Poor flavor and keeping quality can also be
attributed to the presence of microbial enzymes and
metabolic products (6,17,18,19) from organisms present
before pasteurization even though the organisms
themselves may be killed by pasteurization. Thus,
present methods, although offering some useful informa-
tion, are too slow and often too inaccurate to meet the
needs of milk producers and processors.

An optimal microbiological test would provide
counting and keeping quality estimates within a time
period allowing for effectual corrective measures. This
would enable raw milk to be rejected before accepting
delivery. Line contamination could be detected and
corrected quickly; poor quality final products could be
shifted into other products, thus preventing marginal
products from reaching the consumer and reducing
spoilage costs. In addition, an optimal method should be
easy to use and should cost no more than present
methods. Keeping these objectives in mind, we
investigated impedance techniques, which provide rapid
microbiological results for other food products (10). It
was hoped that development of rapid methods would be
of use to the dairy industry.

The impedance method is based on the observation
that organisms growing in a liquid culture medium
produce chemical changes which alter the electrical
resistance (impedance in an AC circuit) of the solution.
With a sensitive impedance monitor, the impedance
changes caused by the growing organisms can be detected
as the organisms reach the instrument’s threshold. The
time of detection can then be used to roughly estimate the
concentration of organisms initially present in the milk
sample. Furthermore, since impedance measurements
may detect activity not only from organisms present in
the milk but also from enzymes remaining from bacteria
killed by pasteurization, impedance monitoring may
provide a new means of predicting keeping quality. The
results of our work to date are summarized in this paper.
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MATERIALS AND METHODS

A,

Imp e measu ts

The impedance monitoring instrument used in all experiments was
the Bactometer® 32 Microbial Monitoring System (Fig. 1) described
elsewhere (5). The system was operated at 2 KHz, Gain 9 and all data
were displayed via a strip chart recorder. Detection time was defined as
the time required to produce an accelerating impedance change of
0.8%.

B ]

Figure 1. Bactometer' 32 Microbial Monitoring System and strip
chart recorder.

Samples and media were aseptically added to 20-ml vials equipped
with stainless steel electrodes descending from the cap. These vials were
placed in a basket (Fig. 2) with electrical connection to the instrument.
The basket of vials was then put in a standard incubator. Samples
incubated at 21 C were monitored in modules (Fig. 3), containing
sample chambers with electrodes for eight samples, and plugged
directly into the instrument’s incubator section. All samples, whether in
vials or modules, had a corresponding reference of uninoculated
medium.

0 (00 98 )08 TTNE 2700 2008 ,° 790

o e

Figure 2. Vials with vertical stainless steel electrodes in a rack which
can be placed in a standard incubator and connected to the
Bactometer 32 Microbial Monitoring System with an extension

cable.

Figure 3. Disposable module with stainless steel electrodes.

1Trad rk, Bactomatic, Inc.
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The theory relating impedance detection times to initial micro-
organism concentration has been described by Hardy et al. (10) and is
breifly summarized in Fig. 4. The upper half of the figure illustrates
typical bacterial growth curves starting at two different concentrations
(105 and 10° organisms/ml). The horizontal dashed line indicates the
level of organisms where significant impedance changes are detectable.
The lower half of the figure shows the impedance changes resulting
from these two cultures. The response to the smaller initial
concentration occurs later than the response to the larger initial
concentration. In general, as long as the microbial growth rate is
roughly the same from sample to sample, samples with high microbial
numbers produce impedance changes before those with low numbers of
organisms. Thus, for any prescribed concentration of organisms, a
cutoff time can be defined such that an impedance change before the
cutoff time indicates microbial numbers above the prescibed
concentration and an impedance change after the cutoff time indicates
microbial numbers below the prescribed concentration. This method
was applied to impedance-based screens for both total mesophilic
organisms and psychrotrophic organisms.

Microbiological methodology

Figure 5 illustrates a schematic diagram comparing the conventional
method and the impedance method of estimating the number of
organisms per ml of milk. In the conventional method 1 ml of milk was
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Figure 4. Relationship between microorganism growth (top) and
impedance response (bottom) which makes possible the method of
estimating initial microorganism concentration from impedance
response detection times.
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Figure S. Schematic representations of the conventional plate count
and impedance methods for screening a milk sample.

added to 9 ml of phosphate buffer, and 1 ml of this dilution was mixed
with 10-15 ml of Standard Methods Agar to make a pour plate (). For
samples incubated at 32 C (but not at 7 C or 21 C), the standard
method was modified by adding a 3-5ml agar overlay to the pour
plates. This eliminated spreading colonies at the expense of a slight
reduction in surface colonies. Plates were done in duplicate and
incubated under each of the following conditions: 32 C for 48 h (),
21 C for 25 h (16), and 7 C for 10 days (/).

For the impedance method, 10-ml milk samples were added to an
equal amount of trypticase soy broth containing 0.1% yeast extract
(TSBY) in vials containing electrodes; or 1-ml milk samples were added
to an equal amount of TSBY or Standard Methods Broth (SMB) in
modules. The sample containers were connected to the instrument and
monitored at 32 C for comparison with mesophilic organism counts
and keeping quality and at 21 C for comparison with psychrotrophic
counts.

Flavor scoring

Milk flavor was judged according to the method used by Hankin and
Dillman (8), by a panel of four trained milk tasters consisting at any one
time, of at least three persons uninformed asto the identity of the
sample being tasted. A flavor score of 40 was deemed excellent, while
35 or less was considered unsatisfactory. Intertester reliability was high,
with an average standard deviation of less than 0.7 unit. Testing was
done every other day until day 8 and then daily until the sample spoiled.
Samples

For psychrotrophic counts and keeping quality testing, homogenized
milk samples were obtained from local dairies, and plate counts and
impedance monitoring were begun within 6 h of pasteurization. For
total mesophilic organism screening, refrigerated samples of raw, skim,
low fat and homogenized milk were obtained from 24 milk processing
plants across the United States.

RESULTS AND DISCUSSION

Raw milk screen

Figure 6 shows a scattergram of impedance response
detection times graphed against initial microbial
concentration for 27 raw milk samples. Note that the
shorter the detection time, the greater is the initial
concentration. (These data have a correlation coefficient
of —0.8 between detection time and the logarithm of the
initial concentration.) The solid diagonal line on the left
side of the figure is the least squares linear fit to the data
(regression line). The slope of this line indicates that the
doubling time for the total population of microorganisms

DETECTION TIME (HOURS)

Figure 6. Scattergram of impedance response detection times
(averages of duplicate channels) for 27 raw milk samples graphed
against initial microorganism concentration as determined by plate
count at 32 C. The solid line on the left side is the least squares linear fit
to the data. The broken lines on the right side illustrate a scheme by
which samples could be classified as having more than or less than 104
organisms/ml.

in the mixture of raw milk and TSBY during impedance
monitoring is approximately 70 min.

The broken lines on the right side of the figure show a
classification by which these raw milk samples could be
classified as having more or less than 10,000 organisms/
ml. The horizontal dashed line represents the 10,000
organism/ml level. The vertical dashed line at 10 h
represents the cutoff time that best distinguishes samples
containing greater than 10,000 organisms/ml from those
with fewer than 10,000 organisms/ml. Therefore any
sample with detection time before 10 h would be
classified as having over 10,000 organisms/ml and any
sample with detection after 10 h would be classified as
having less than 10,000 organisms/ml. The two broken
lines separate the samples into four quadrants. For
samples in the upper left and lower right quadrants, the
impedance and plate count classifications agree. For these
data, 25 out of 27 samples, or 92.6 %, yielded agreement
between the impedance and plate count classifications.
Samples in the upper right quadrant were classified
above 10,000 organisms/ml by plate count but below
10,000 organisms/ml by the impedance technique (false
negatives). Samples in the lower left quadrant were
classified below 10,000 organisms/ml by plate count but
above 10,000 organisms/ml by impedance (false posi-
tives). Moving the vertical cutoff line forward or
backward in time will reduce false negatives at the
expense of increasing false positives and vice versa.

Because the number of samples is small, this
agreement may be fortuitously high; however, it
compares favorably with the work of Gnan and Luedecke,
who reported 99% agreement between impedance and
plate count classifications for raw milk using similar
methods and a larger number of samples (7).

Total mesophile screen

Figure 7 shows similar scattergrams for various types
of pasteurized milk. Shown with their regression lines are
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Figure 7. Scattergrams of impedance response detection times
(averages of duplicate channels) graphed against initial microorganism
concentration as determined by plate count at 32C for 191
homogenized, 119 low fat, and 70 skim milk samples. The solid lines
are the least squares linear fits to the data.

the data from 191 samples of homogenized milk, 119
samples of low-fat milk and 70 samples of skim milk.
Among these were samples held at refrigeration tempera-
tures from a few hours to as long as 12 days after pasteu-
rization. All of the samples with more than 100,000
organisms/ml were of this latter category.

Although the slopes of the regression lines differ
slightly between homogenized, low fat, and skim milk,
they do not differ significantly. Hence, these data have
been combined and the 380 data points are displayed
together in Fig. 8. The correlation coefficient for these
data is —0.60, indicating a good deal more spread in
these pasteurized milk data than with, for example,
frozen vegetable data, which showed a correlation
coefficient of —0.85. The coefficient of determination
(0.36) indicates that only 36% of the variance of the
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Figure 8. Scattergram of impedance response detection times
(averages of duplicate channels) graphed against initial microorganism
concentration as determined by plate count at 32 C for 380 samples of
pasteurized milk. The dashed lines indicate two-way (left side) and
three-way (right side) classification schemes applied to these data.
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detection time is associated with variability in the log of
the plate count. Nevertheless, the correlation between log
plate count and detection time is significantly different
from zero (p < .001). .
The left side of this figure shows a two-way
classification similar to that shown for raw milk in Fig. 6.
For the pasteurized milk shown here, the best cutoff time
to classify samples as having more than or less than
10,000 organisms/ml is 7 h. On 323 (85%) of the 380
samples the impedance and plate count methods agreed.
There were 4 % false positives and 11% false negatives.
The data points at the 10° organisms/ml level in Fig. 7
and 8 correspond to samples where the plates were too
numerous to count, thus indicating an initial concentra-
tion above 106 organisms/ml. The fact that many of these
very high count samples were not detected until after
10 h indicates one of the necessary precautions needed
with impedance screening. When initial concentrations
of microorganisms exceed the instrument’s threshold

level of 107/ml, the initial accelerating impedance change ,

is lost or obscured by the impedance changes resulting
from the initial thermal equilibration. If the initial
response is missed, a secondary response about 6 h later
is frequently detected. Presumably, concentrations in
excess of 107 organisms/ml would be rare in fresh milk,
and were they to occur, there would be a good chance
that such high-count milk could be caught by inspection
when setting up the samples for testing.

On the right side of Fig. 8 is an example of the
three-way screen. By selecting two cutoff times, one can
have classifications for low, intermediate, and high count
product. For example, in Fig. 8 cutoff times of 7 h and
13h may be used to divide all samples into those
containing greater than 10,000 organisms/ml (with
detection times under 7 h), those containing greater than
1,000 organisms/ml but fewer than 10,000 organisms/ml
(with detection times greater than 7 but under 13 h), and
those containing fewer than 1,000 organisms/ml
(detection times greater than 13 h). The agreement
between impedance and plate count classification is 50,
80 and 32% for samples over 10,000 organisms/ml,
between 10,000 and 1,000 organisms/ml and below 1,000
organisms/ml, respectively. Although the agreement for
each classification is low using this scheme, the chance of
a serious misclassification is surprisingly low. Thus 98%
of all samples are either classified correctly or into the
neighboring category. Bray et al. (4,12) have proposed a
three-way classification scheme where a number of
subsamples of a batch is tested and the batch is rejected
if any one subsample is high count or if a high proportion
of them are intermediate. In this particular illustration,
the screen yields a much higher percentage of
intermediate samples than might normally be expected,
probably because milk samples of various ages and
origins have been included.

The impedance-based screen provides a rough
estimate of total mesophilic count in pasteurized milk
samples within about 7h (or within 13 h if a lower
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organism demarcation level or a three-way screen is
used). Even though this is considerably faster than the
total mesophilic plate count, requiring 48 h of incuba-
tion, it probably is not fast enough to allow a milk
processor to test his milk before shipment. Most milk
processors will have already sent their milk out before 7 h
have elapsed from pasteurization. The value of the 7-h
screen, however, is that potential problems will be
detected almost 2 days earlier, thus saving large
quantities of milk from being processed under less than
ideal conditions.

Psychrotroph screen

The number of psychrotrophic organisms in a milk
sample is a frequently used predictor of the sample’s
keeping quality. The conventional procedure for
psychrotrophic counts requires 10 days of incubation at
7 C. Last year, Oliveria and Parmelee (16) reported that
milk psychrotrophs grow well at 21 C whereas the
mesophiles grow very slowly at this temperature. They
found that incubation at 21 C for 25 h was equivalent to
incubation at 7C for 10 days. Our investigation
utilizing 21 milk samples (some of which were
incubated various periods to provide 74 sets of plates
counted by each method) has supported their findings
(see Fig. 9). These observations suggest that a rapid test
for psychrotrophs at 21 C could be done with impedance

measurements. o
Figure 10 presents a scattergram of detection times for

milk samples incubated at 21 C graphed against
psychrotrophic counts as determined by the conventional
10-day method. The 69 points shown on this scattergram
were obtained from 21 milk samples analyzed after
various periods of refrigeration for some samples to
provide a wider range of psychrotrophic counts.
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Figure 9. Scattergram of psychrotrophic counts obtained Sfrom
incubating plates at 21 C for 25 h graphed against counts obtained
Jfrom the same samples when plates were incubated at 7 C for 10 days.
The solid line represents the locus of points where equal counts are
achieved. The 74 sets of plate counts were obtained from 21 milk
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coefficient is 0.97.
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Figure 10. Scattergram of impedance response detection times
(earliest of duplicate channels) graphed against initial psychrotrophic
count as determined by incubating plates 10 days at 7 C. Impedance
monitoring was performed with SMB in modules at 21 C.

The correlation coefficient for these psychrotrophic
counts is —0.73. One source of spread in these data is the
total population growth rate, which at 21 C (data shown
in Fig. 10) is slower than the mesophilic organisms grown
at 32C (data shown in Fig. 8). The slopes of the
regression lines for these two sets of data indicate a
doubling time of about 2 h for the former and about 1 h
for the latter. This results in a greater variation in
detection time for the same relative variation in growth
rate. In addition, the impedance changes were much
more gradual, leading to less well-determined detection
times.

For classification above or below 1,000 psychrotrophs/
ml, a cutoff time of 21.3h produced the maximum
agreement between the impedance and plate count
classifications (61 out of 69 samples or 88%). For
classification above or below 10,000 psychrotrophs/ml, a
cutoff time of 13.7 h was best (63 out of 69 samples or
91% agreement). A screening test for these higher
concentrations of psychrotrophic organisms may find use

in conjunction with an initial period of preincubation.

Compared with the 10-day conventional test, these
impedance-based screens (14 or 21 h) offer a consider-
able reduction in the time required to get test results.
Shelf life prediction

It is widely assumed that the keeping quality of milk is
influenced by a great number of factors, many bearing
upon milk’s microbial content and the conditions that
impede or further growth of the milk’s endogenous flora.
In spite of our knowledge of the microbiology of milk and
of milk products, keeping quality is difficult to predict on
the basis of laboratory estimates of the microbial content
of freshly pasteurized milk (9).

Some probable reasons for this difficulty stem from
the complexity of those factors leading to poor keeping

]
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quality. The microbial flora of raw milk can influence the
keeping quality of the pasteurized product in at least
four ways: First, the microbial flora can contain
thermoduric psychrotrophic organisms which survive
pasteurization and then go on to cause spoilage even
under the best of storage conditions. It has been
estimated that as few as 10 thermoduric psychrotrophs
in a quart of milk can cause spoilage within a few days
(3). Second, microbial flora can be a source of enzymes
surviving pasteurization and going on to cause
continuing biochemical change. Third, there is some
evidence to show that the microbial flora of raw milk
might influence the rate of growth of organisms either
surviving pasteurization or appearing as post-pasteuriza-
tion contaminants (I8). Presumably, metabolites pro-
duced by the raw milk flora can either augment or inhibit
the post-pasteurization flora. Finally, certain metabolites
in the raw milk, not destroyed by pasteurization,
contribute directly to off-flavors and poor quality.

In addition to these factors are those contributing to
errors in estimating microbial content. The population
that will be seen by microbiological testing will depend
very greatly upon the diluent used, the medium in which
the sample is grown (/4,15,21) and the temperature and
length of time of incubation (2). Add to this the degree to
which psychrotrophs form dense clumps, resistant to
breaking up (21), and it is not surprising to find errors of
up to two orders of magnitude in psychrotroph
estimations.

An investigation of impedance response parameters
(detection time, response strength, etc.) and their
relationship to milk keeping quality has just begun. So
far, 22 milk samples have been analyzed, and these
samples have shown only a 6-day variation in shelf life.
(Shelf life has been defined as the number of days from
pasteurization until an unsatisfactory flavor score [< 35]
occurs.) In Table 1 are shown the mesophilic plate count,
psychrotrophic count, and impedance response detection
times for 10 samples whose shelf lives were the shortest or
the longest of the samples analyzed. The detection times
presented in this table result from incubation at 32C.In
general, these detection times appear to reflect the values
of the shelf life, the second sample being the graphic

TABLE 1. Comparison of shelf life, impedance response detection
time. standard plate count and psychrotrophic count for 10 milk
samples.

Shelf Detect.ion Mescophilic2 Psychrotré)phic
Life time plate count count’
(days) (hours) (cfu/ml) (efu/ml)
9 94 400 2
9 122 7000 0
10 9.6 400 10
10 94 200 100
10 104 200 —
14 11.1 300 10
14 109 400 100
14 115 100
15 114 100 10
1S 103 200 100

1Earliest detection of duplicate vials with TSBY at 32 C.
?Incubation at 32 C for 48 h.
3ncubation at 7 C for 10 days.

exception. The detection times, in fact, seem to correlate
better with the shelf life than do the standard plate count
and psychrotrophic count, at least for these few samples.
Confirmation of this correlation will require the analysis
of a much larger number of samples with a much larger
spread in shelf life duration. These early data, however,
show promise of a 9-14-h impedance-based keeping
quality prediction.
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ABSTRACT

Fresh poultry breasts were dipped in a solution containing either 0,
2.5, 5.0 or 10.0% potassium sorbate for 1 min. Another lot of fresh
poultry breasts was dipped in a suspension of either 10% or 105 cells of
three strains of Salmonella/ml before being dipped in one of the
potassium sorbate solutions. Use of a potassium sorbate dip
significantly reduced the total number of viable bacteria on the poultry
parts when compared to the untreated control parts after 7 days of
storage at 10 C and after 8 days at 6 C. Use of a 10.0% sorbate dip
significantly reduced the total plate count as related to the total plate
count of the control parts after S days of storage at 22 C. Application of
a 10.0% sorbate dip resulted in a significantly lower Salmonella count
than of the untreated parts after 7 days of storage at 10 C and a 5.0% or
greater sorbate dip markedly reduced the growth rate of the Salmonella
at 10 and 22 C when compared to the growth rate of the Salmonella on
control parts.

The short shelf-life of fresh, unfrozen poultry is a
major problem within the poultry industry. Fresh
broilers on the retail shelf normally contain between 10*
and 105 microorganisms per cm? (/1,12) and can only be
stored for 1 or 2 days in a refrigerator at 3-5 C and still
maintain their quality (6).

The incidence of salmonellae on fresh poultry is of
concern to consumers, processors, and public health
officials. In outbreaks of foodborne disease traced to
poultry in 1972-1974 in which a causative agent was
identified, Salmonella was implicated in 44 % of the cases
(4). Mountney (6) stated that the most important group of
bacteria in poultry that can cause human illness is
Salmonella. There have been numerous studies that have
reported on the incidence of salmonellae on fresh poultry
ranging from 2.5% (2) to 34.8% (I). Although fresh
poultry is normally cooked in such a manner that
salmonellae are destroyed, their presence on the raw
meat is a source of contamination for other foods, and
offers the possibility of recontamination of the cooked
product through kitchen equipment and surfaces.

Sorbic acid has been reported to be an effective
antimicrobial agent when applied to poultry as a 7.5%
solution in a 70:20:10 propylene glycol, water and
glycerine mixture at 140 F (9). Kaloyereas et al. (5

reported that ice containing sorbic acid and glycol
diformate was effective in preserving poultry. Perry etsal.
(9) stated that sorbic acid used alone had limited value
due to its low water solubility; use of water-soluble
potassium sorbate can overcome this problem.

Sorbic acid has also been reported to inactivate
Salmonella typhimurium in media, milk and cheese (7,8).
Potassium sorbate has been reported to retard growth of
salmonellae in cooked, uncured sausage (/0). Pre-
liminary studies in this laboratory indicated that
potassium sorbate was effective in inhibiting growth of S.
typhimurium 13311 in laboratory media and on retail
chicken parts.

This investigation was designed to evaluate the
efficiency of a potassium sorbate dip in controlling
growth of the normal flora of freshly processed broiler
parts, thereby extending shelf-life, and in controlling
growth of Salmonella inoculated on the surface of broiler
parts and stored at various temperatures.

MATERIALS AND METHODS

Poultry

Chicken breasts were obtained on the day of processing from a local
slaughterhouse. The breasts had an average weight of 232 g.

Test organisms

Three species of Salmonella (S. typhimurium) 13311, Salmonella
heidelberg 8326, and Salmonella montevideo 8387) were grown
overnight in trypticase soy broth (Difco), mixed in a 1:1:1 ratio, and
were diluted in 3 liters of sterile, 0.005 M phosphate buffer (pH 7.2) to a
final concentration of 105 cells/ml for the large inoculum study, and to
a final concentration of 103 cells/ml for the small inoculum study.

Inoculation of poultry

Freshly processed chicken breasts were inoculated with Salmonella
by dipping them into either the concentrated or diluted suspension of
Salmonella for 1 min. Breasts were then removed and drained for 5 min
on a wire rack.

Chicken breasts used for the total plate count studies were not
inoculated with Salmonella.

Sorbate dip

Both inoculated and uninoculated chicken breasts were dipped for
1 min in S-liters of tap water, 2.5 (wt/vol), 5.0, or 10.0% potassium




sorbate, drained for 10 min, and packaged in sterile, polyethylene
plastic bags.

Sorbate analysis

Ten grams of sample were carefully weighed into a Waring blendor
and blended for S min with 100 ml of 0.5 N KOH and 0.02 g of benzyl
alcohol. A portion of the slurry was centrifuged at 15,000 rpm for
10 min. Ten ml of supernatant fluid were pipetted into a 250-ml
separatory funnel and acidified to a methyl orange end point with
concentrated phosphoric acid. The supernatant fluid was extracted
with 100 ml of chloroform by shaking vigorously for 1 min and then the
chloroform fraction was collected through a sodium filter. The
chloroform was evaporated at 70 C under nitrogen to about 5S ml and
then transferred to a graduated 10-ml centrifuge tube and evaporated
to 0.0Sml. Three ul of concentrate were injected onto a gas
chromatograph. The chromatographic column used was a 1.83 m/
6.4 mm i.d. glass column of 10% SP 1200/1% H, PO, on 80-100 mesh
Chromasorb WAW. The oven temperature was 175 C, injection port
250 C and FID temperature 250 C. The flow rate through the column
was 35 ml of helium per minute. Under these conditions, benzyl alcohol
eluted at 3.4 min and sorbic acid eluted at 5.2 min. Using benzyl
alcohol as an internal standard, the amount of sorbic acid was
determined for each sample. Recovery of sorbate from chicken treated
with the chemical only was 95% or greater.

Storage studies

All samples were stored at 6, 10, or 22 C. Four breasts were analyzed
per variable in the uninocluated study, and six breasts per variable were
analyzed in the Salmonella study.

Organisms were enumerated by adding 100 ml of the sterile 0.005 M
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phosphate buffer (pH 7.2) to the packaged chicken, shaking for 1 min
and diluting further before plating with Standard Plate Count agar
(Difco) for the uninoculated samples or spread plating onto
Salmonella-Shigella agar (S-S, Difco) for Salmonella counts. Total
plate counts were determined after 48 h of incubation at 29 C.
Enumeration of Salmonella was done after 24 h of incubation at 37 C.
Confirmation of typical Salmonella colonies from the S-S agar was
done by picking colonies to Triple Sugar Iron agar (Difco) and Lysine
Iron agar (Difco), and examining for typical reactions after 24 h at
37 C. All counts are reported on a per cm? basis, according to the
method of Goresline and Haugh (3).

RESULTS AND DISCUSSION

Results from determination of sorbic acid in chicken
parts are in Table 1. The 2.5%dip left an average residue
of 0.05% sorbic acid, the 5.0%dip left an average residue
of 0.13% sorbic acid, and the residue from a 10.0% dip
was 0.32%sorbic acid.

TABLE 1. Determination of potassium sorbate (as sorbic acid) from
Jfresh poultry breasts.

% Dip level % Sorbic acid No. samples tested
0 0 3
2.5 0.05 9
5.0 0.13 6
10.0 0.32 9

The data obtained on the effect of a potassium sorbate
dip on the total plate count per cm? of chicken are
presented in Fig. 1, 2, and 3. Use of a potassium sorbate
dip significantly reduced the total number of viable
bacteria per part as related to the control parts after 4 and
8 days of storage at 6 C (Fig. 1). After 4 days at 6 C
objectionable off-ordors were apparent in the control

TIME (DAYS)

Figure 1. Effect of a I-min potassium sorbate dip on growth of the
microflora of freshly-processed chicken breasts stored at 6 C. a,b,c,d —
points at each time interval which have the same letter are not signifi-
cantly different at the 0.05% level by the Duncan New Multiple Range
Test.

parts, and after 8 days slime formation also was evident.
Off-odors were observed after 8 days at 6 C from the
2.5% treated parts, and slight, astringent odors were
noticed from the 5.0% treated parts. The 10.0% parts
exhibited no evidence of spoilage throughout the 8-day
storage period at 6 C.

When breasts were stored at 10 C, sorbate dips
significantly reduced the number of viable bacteria per
cm? when compared to the control count throughout the
storage period (Fig. 2). After 2 days of storage at 10 C.
control parts exhibited a putrid off-odor, the 2.5%
treated parts exhibited a slight odor, while the 5% and
10% treated parts had no off-odor. After S days of
storage slime formation was apparent on the control
parts and the 2.5% treated parts displayed putrid
off-odors. The 5.0% parts had a slight off-odor after S
days of storage, and putrid off-odors after 7 days at 10 C.
The 10% parts showed no signs of deterioration
throughout the storage period.

Breasts receiving a 10% dip had a significantly lower
plate count than the untreated breasts after 96 h at 22 C.
(Fig. 3). The control parts were obviously spoiled after
24 h of incubation, exhibiting both slime formation and
putrid off-odors. The 2.5% parts displayed putrid
off-odors after 24 h and slime after 48 h of storage. The
5.0% treated parts had a slight off-odor after 24 h and
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Figure 2. Effect of a I-min potassium sorbate dip on growth of the
microflora of freshly-processed chicken breasts stored at 10 C. a,b,c,d
— defined in legend for Fig. 1.

were slimy after 96 h of storage at 22 C. The 10.0%
treated parts had off-odors after 48h and slime
formation after 96 h of storage.

Results obtained on the effect of a potassium sorbate
dip on growth of Salmonella on freshly processed poultry
are in Fig. 4, 5, 6 and 7. When the initial Salmonella
count was approximately 3 x 10 cells/cm?, a 5% sorbate
dip significantly reduced the number of viable Sal-
monella per cm? when compared to the control count
after 2 days of storage at 10 C (Fig. 4). When the high
inoculum parts were stored at 22 C, a 5.0% sorbate dip
significantly reduced the number of viable Salmonella as
related to the control count after 24 and 48 h of storage
(Fig. 5). A 10% sorbate dip significantly reduced the
viable Salmonella count as related to the control count
after 5 days of storage at 10 C (Fig. 6) and after 24 h at
22C (Fig. 7). A 5% dip had a Salmonella count
significantly lower than the 2.5% dip counts after 2 days
at 10 C (Fig. 6), and after 72 h at 22 C (Fig. 7). The 10%
dip resulted in Salmonella counts significantly lower
than the 5% dip counts after 7 days of storage at 10C
(Fig. 6), and after 72 h of storage at 22 C (Fig. 7.

The data verify earlier work that sorbates are effective
in controlling growth of spoilage organisms associated
with fresh poultry (4, 7) and that sorbates are inhibitory to
salmonellae (7.8,10). The 5 and 10% dips extended the

TIME (DAYS)

Figure 3. Effect of a I-min potassium sorbate dip on growth of the
microflora of freshly-processed chicken breasts stored at 22 C. a,b,c,d
— defined in legend for Fig. 1.
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Figure 4. Effect of a I-min potassium sorbate dip on growth of
Salmonella on freshly-processed chicken breasts inoculated with
approximately 3% 10> Salmonella/cm?* and stored at I 0C. a,bcd —
defined in legend for Fig. 1.
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Figure S. Effect of a I-min potassium sorbate dip on growth of
Salmonella on freshly-processed chicken breasts inoculated with ap-
proximately 3 X 10° Salmonella/cm? and stored at 22 C. a,b,c,d, —
defined in legend for Fig. 1.
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Figure 6. Effect of a I-min potassium sorbate dip on growth of
Salmonella orn freshly-processed chicken breasts inoculated with
approximately 14 Salmonella/cm? and stored at 10 C. ab,c,d, —
defined in legend for Fig. 1.
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Figure 7. Effect of a I-min potassium sorbate dip on growth of
Salmonella on freshly-processed chicken breasts inoculated with
approximately 14 Salmonella/cm? and stored at 22 C. a,b,c,d, —
defined in legend for Fig. 1.

time before poultry was organoleptically unacceptable
from 4 days for control parts, to over 8 days, at which
time counts were below the level at which the product
becomes organoleptically unacceptable (6). Use of a
potassium sorbate dip on fresh poultry would not only
extend the shelf-life of the product both in the market
and in the refrigerator, but it would also aid in inhibition
of any salmonellae that may be present on the raw meat.
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ABSTRACT

The minimum pH for growth (MPG) in selenite-cystine enrichment
medium was determined for a number of acids. The MPG for lactic,
citric, hydrochloric, aspartic, malic, succinic, pyruvic, and tartaric
acids was 5.80; acetic acid was considerably more inhibitory, giving a
MPG of 6.30-6.40; the MPG’s for fumaric and pyruvic acids were 6.00
and 5.70, respectively. The least inhibitory acid was a-ketoglutaric acid
which gave a MPG lower than or equal to 5.1. Inoculum size had little
or no effect on the MPG.

Selenite as a selective agent for salmonellae was first
used by Guth (3) in a 1% concentration in agar media.
Leifson (5) showed this concentration to be very toxic to
many salmonellae and devised a liquid medium with
0.4% selenite (Leifson’s selenite-F medium). North and
Bartram (6) reported that incorporation of 0.01 % cystine
in the selenite-F medium considerably enhanced
salmonella recovery. This was confirmed by Byrne et al.
@.

Salmonella survival experiments (unpublished) in
Lebanon bologna gave anomalous results in our
laboratory. The Lebanon bologna was inoculated before
fermentation with either Salmonella dublin or Salmon-
ella typhimurium and aliquots were cultured after
fermentation. The original technique for the most
probable number was to add three parts of selenite
enrichment to one part of the fermented bologna, blend,
and remove aliquots representing 100, 10, and 1 g. This
blended material was then diluted 10- or 100-fold to give
0.1- and 0.01-g portions. The diluted portions sometimes
gave positive salmonella results whereas the 100-, 10- and
1-g aliquots gave negative results. It was postulated that
lactic acid inhibited the organisms in the selenite media.
Evaluation of this theory prompted the investigation
reported here.

'Agricultural Research Service, U.S. Department of Agriculture.

MATERIALS AND METHODS

Cultures and media

Selenite Cystine Medium (Difco) in 5-ml amounts in 13 X 150 mm
tubes was used in these studies with incubation at 37 C for 5 days. The
salmonella cultures were laboratory strains of S. typhimurium and S.
dublin and were maintained in Tryptic Soy Broth (TSB). Twenty-hour
TSB cultures were used as inocula. The optical density was
standardized against Tryptic Soy Agar plate counts and the broth
diluted to give the requisite number of cells in 0.1 ml that was added to
the selenite media. The salmonella count of the diluted TSB was deter-
mined by surface plating on Brilliant Green Agar. (BGA).

Acids used

Solutions of 1.0 N lactic, acetic, aspartic, malic, succinic, tartaric,
fumaric, a-ketoglutaric and pyruvic acids were used to adjust the pH
values of the selenite media. The media were made up to 90% of the
final concentrations (10/9x) adjusted to required pH values with the
acids and then made to volume.

Determination of minimum pH for growth (MPG)

The minimum pH for growth (MPG) was defined as the lowest pH of
tubes that showed visual evidence of growth (turbidity and/or selenite
reduction) or that gave cultural evidence of cell proliferation when
plated on BGA. The former was termed visual MPG; the latter was
cultural MPG. All tubes not showing visual growth were plated on
BGA. Adjustments of pH were made to the second decimal point.

RESULTS AND DISCUSSION

The effect of lactic, acetic, citric, and hydrochloric
acids on the growth of S. typhimurium in selenite
medium inoculated with 15, 150, or 1500 cells/ml
indicated that inoculum size was not significant in
causing growth inhibition. Acetic acid inhibited at pH
6.30 while the other acids inhibited at 5.80.

A previous study (4) indicated that S. dublin was less
acid-resistant in TSB than was S. typhimurium. These
organisms were compared for MPG in selenite medium,
with acetic, citric, and hydrochloric acids used to adjust
the pH (Table 1). Acetic acid inhibited both organisms at
pH 6.30, both were inhibited at pH 5.70 with citric acid
while hydrochloric acid inhibited S. dublin at pH 5.50
and S. typhimurium at pH 5.70. Thus, S. dublin was not
more acid resistant in the selenite than was .
typhimurium.

Although acetic acid gave a MPG of 6.30 with both
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organisms, there was some cell proliferation at pH 6.30
and 6.20 but not encugh to show visible evidence of
growth (Table 1). Hydrochloric acid, on the other hand,

allowed no increase in cells at the visual MPG. Citric acid
permitted an increase in cells with S. dublin at the visual
MPG. Incubation for 5 days did not produce visible
evidence of growth in tubes showing cell proliferation.

The effect on MPG of several organic acids is shown in
Table 2. Acetic acid was the most inhibitory. The others
were all similar except a-ketoglutaric acid which was not
inhibitory at the lowest pH tested, 5.10.

Well-fermented Lebanon bologna had a pH of 5.20
when blended with three parts of selenite cystine

HUHTANEN

medium, a pH of 5.90 with five parts of the medium, and

a pH of 6.50 with 10 parts. ,
The observation that the MPG of lactic acid in the ﬁ

selenite medium was 5.80 indicates that this is the source

of the inhibition of salmonellae noted in Lebanon bologna

experiments. Salmonellae are generally quite acid

tolerant (4) with most strains growing well at pH 5.1-5.3;

however, this report indicates that in the presence of

selenite, the acids become much more inhibitory. One

method of insuring against acid-inhibiton would be to

adjust the pH of the selenite medium after blending with

the fermented product to 6.40 to 7.0. Such pH

adjustment is recommended for all foods by the FDA in

its compilation of microbiological methods ().

TABLE 1. Inhibition of S. dublin and S. typhimurium in a selenite medium by acetic, citric, and hydrochloric acids.

S. dublin S. typhimurium
Acetic Citric HCI Acetic Citric HCl
Visible? Cell® Visible Cell Visible Cell Visible Cell Visible Cell Visible Cell

pH growth conc growth conc growth conc growth conc growth cone growth conc
6.50 + + + + 4 + A
6.30 + + + + + - ¢
6.10 0 2400 + + 0 1400 + +
5.90 0 2000 + + 0 200 + +
5.70 0 0 + + 0 0 + +
5.50 0 0 0 1200 + 0 0 0 0 0 0
5.30 0 0 0 0 0 0 0 0 0 0 0 0

Incubation was for S days at 37 C

aTyrbidity and/or selenite reduction.

Determined by surface plating 0.01 ml on BGA. Only those tubes showing no visible evidence of growth were plated. 0 = no colonies. Original cell

concentration was 160/ml for S. dublin and 240/ml for S. typhimurium.

0
TABLE 2. MPG? of organic acids for S. typhimuriumb in selenite medium. q
0.05 N¢ 0.1N
Selenite Tryptic soy Selenite Tryptic soy

Acid Visuald Cultural® Visual Cultural Visual Cultural Visual Cultural

Acetic 6.40 6.40 — — 6.60 6.50 6.00 6.00

Aspartic 5.80 5.80 — — 5.80 5.50 <5.50 <5.50

Malic 5.80 5.80 — — 5.80 5.70 =5.50 <5.50

Succinic 5.80 5.80 — — 5.80 5.80 =5.50 <5.50

Tartaric 5.80 5.70 — — 5.80 5.80 25.50 =5.50

Lactic 5.80 5.80 25.50 25.50 5.80 5.80 6.00 6.00

Fumaric == — — — 6.00 6.00 25.10 25.10
a-Ketoglutaric — — — — 25.10 25.10 z5.10 <5.10

Pyruvic — — — — 5.70 5.70 =5.10 25.10

Citric — — — — 5.80 5.80 <5.50 25.50

apHs adjusted with HCl or NaOH in 10/9 x medium, then made to volume.

bCell concentration was 12/ml.
CFinal concentration of acid.
dBased on turbidity and/or visual selenite reduction.

€Based on presence of colonies in 0.01 ml medium streaked on Brilliant Green Agar.
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ABSTRACT

Top management of 44 chain foodservice firms with a combined total
of 36,875 units answered a questionnaire about quality control
procedures. Most indicated a concern for quality control laboratory
tests but 22 representing firms with more than 350 units showed
greatest concern. Pressures for increased quality control procedures
came primarily from internal staff and then government agencies. It
was felt that use of sanitation procedures would aid in dealing with
customers and government agencies equally. Suppliers’ products were
generally considered reliable. There was widespread use of commercial
laboratories but four times more of the larger firms than smaller firms
had company-operated laboratories. Most felt laboratory tests were
helpful. Advertising of quality control procedures was felt to be
beneficial to the firm’s public image and to employee pride. Top
management considered sanitary instruction of employees and
microbiological testing to be the most useful procedures for the
foodservice industry.

A study of Institutions/Volume Feeding Magazine
and The Nation's Restaurant News left the impression
that quality control procedures, including sanitation
inspection, laboratory testing, sanitation instruction of
employees and similar efforts to produce a wholesome
product was alluded to infrequently. It is generally
accepted, however, that restaurants are a common source
of food poisoning (3), the degree of which is not firmly
established, likely because many persons who experience
a gastrointestinal upset, frequently mild in nature, do not
necessarily associate it with a restaurant meal or it is not
reported to health authorities. On the other hand, some
persons may have a significant intestinal upset caused by
certain newly characterized viruses (6) and mistakenly
assume a restaurant meal to be the cause. In all cases,
only a limited number of gastrointestinal upsets are
reported to public health authorities (Z). In that there
seems some insecurity regarding the foodborne disease
problem, and foodservice firms’ attempts to solve it, a
study was undertaken in the Spring of 1975 in an attempt
to gain some insight into the opinions, practices and
experiences regarding quality control procedures as

/iewed by the executives of chain foodservice firms. What
follows is the result of these studies.

METHODS

Eighty chain foodservice firms were selected from business reference
volumes based on the availability of the names of their corporate
officers (2,5). All firms had units in many states and it was felt their
representatives could provide a variety of management experiences. A
single page questionnaire, constructed in such a manner that the 11
multiple choice questions dealt with broad generalities of quality
control procedures, was sent to the president of the firm or another
administrative officer responsible for the firm’s foodservice division.
Quality control procedures were described in some questions as
laboratory testing, sanitation instruction of employees and sanitation
consultation while other questions referred to quality control or quality
control procedures without elaboration. It was felt that a lengthy and
more detailed questionnaire might result in only a few repsonses.
Several of the questions had spaces for additional comments and such
comments were encouraged. The questionnaire also contained a space
for recording the number of units under the firm’s management and the
number of states in which these units were located. The questionnaire
was accompanied by a letter indicating the purpose of the study and
giving substantial assurances that all data would be in strict confidence
and no data that could be related to any specific firm would ever be
made public. Those who did not respond received at least two follow-up
letters and questionnaires over a period of 3 months. Forty-four
questionnaires were returned representing a spectrum from the smallest
firm (less than 10 units) to a large firm with over 400 units. Only two of
the 36 who did not return the questionnaire sent a specific answer
declining to cooperate. All respondents were assured that the results of
this study would be provided to them.

For the purpose of this report the returned questionnaires were
arbitrarily divided in half into 22 firms with less than 350 units and 22
with more than 350 units, as determined from the questionnaire or
published information (4) (there were none with exactly 350 units), in an
attempt to discover if there were marked differences in those answers
given by the ““smaller”” firms when compared to “larger’’ firms. Of the
original 80 firms selected, 59 % of the smaller firms’ representatives and
24% of the larger firms’ representatives did not return the
questionnaire. Of the 80 firms, 54(67.5%) had less than 350 units. Those
answering the questionnaire represented firms with a total of 36,875
units with gross sales of 8.11 billion dollars in 1974 (6) and represented
a range from soft ice cream units to full-menu, “three meals per day”,
restaurants. The data in Table 1 are presented to give a general idea of
the corporate officers reporting and the size of their firms.
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TABLE 1. Corporate titles of respondents.

Firms by the number of units

Title <S0  51-200 201-500 501-2000 >2000
President 4 6 5 2
Vice President 1 2 2 1
Director of 1 1 2

quality control
Other administrative 4 6 3 4

Officers

RESULTS

The questionnaires reveal that 84% of those respond-
ing had a moderate to substantial concern for quality
control laboratory tests (Table 2). Respondents from
larger firms indicated greater concern for testing
procedures than did those from smaller firms and this
may reflect their present practices since a greater
number of larger firms have company operated
laboratories (Table 7). The remaining data presented
here should, of course, be viewed as those obtained from
a self-selected group.

TABLE 2. Degree of concern in the foodservice industry for quality
control laboratory tests.

Firms
Concern < 350 units > 350 units
Substantial 4 16
Moderate 13 4
Little 4 1
No answer 1 1

In recent years there has been substantial rising
concern for the quality of air, water, and the environment
in general, including foods, drugs and cosmetics.
Seemingly this has produced pressures on the manage-
ment of firms dealing in products that could directly
affect the health of the public. It seemed interesting,
therefore, to find that leading the list of sources of
pressures to increase quality control procedures were the
firm’s internal staff (Table 3) with government agencies
and consumer groups a close second. Customers and
competition seem to have their influence but external
employees and managers, those located outside the
corporate headquarters, have only a small effect.

TABLE 3. Source of pressures for increased quality control pro-
cedures.?

Firms
Source < 350 units > 350 units
Internal staft? 7 16
Government agencies 12 10
Consumer groups 8 11
Customers 6 10
Competitors S 7
External employees and 0 4
managers©
Advertising firms 0 3
No pressures 4 0

aMultiple answers.

OCorporate term meaning staft associated with corporate head-
quarters.

CCorporate term referring to management of individual units.

The question was posed that if in fact a firm did have
comprehensive laboratory, inspection and sanitary
consultation services, how would management view the
value of these services in dealing with a variety of
individuals and agencies? They apparently felt this
would aid most in dealing with customers and
government agencies (Table 4).

TABLE 4. Agencies, organizations, and individuals best dealt with
by laboratory data, sanitary inspection and consultation.?

Information Firms

used for < 350 units > 350 units
Customers 14 14
Government 14 14
Suppliers 7 15
Employees, managers 8 12
Legal 10 10

No answer 0 1

aMultiple answers.

Agencies, at all levels of government, play a significant
role in overseeing sanitation in the foodservice industry.
It was thought the attitudes toward such agencies amdhg
foodservice management should be gently probed. The
question was made very general so that even the Internal
Revenue Service might be included but it was hoped that
the nature of the questionnaire would limit answers to
regulatory agencies involved with enforcement of
sanitary conditions of foodservice establishments. The
answers reflect some ambivalence. A number of
respondents indicated both “harassing” and “very
helpful” without clear differences between larger and
smaller firms (Table 5). The answers do suggest that
government agencies are at times helpful. The type of such
help was not probed, however. It is apparent that there is
also some unhappiness with government agencies,
perhaps not unusual among businessmen or even the
public at large.

TABLE 5. Management attitudes toward government agencies.?

Firms
Attitude < 350 units > 350 units
Harassing 6 9
Troublesome 9 6
Somewhat helpful 7 8
Of little help 4 7
Very helpful S 4
No answer 0 1

aMultiple answers.

When preparing this questionnaire it was thought that
the reliability of supplier’s products would be a
continuing concern of the management of foodservice
firms and that this concern might result in a desire to
monitor these products as part of a quality control
program. Respondents were asked, therefore, to indicate
the reliability of their suppliers’ products and only a
small number indicated such products were sometimes
unreliable (Table 6). What criteria each respondent used
was not probed in this short questionnaire but it is
interesting to note that 66 % of those who rated suppliers’
products as ‘‘sometimes unreliable” had company-
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TABLE 6. Degree of reliability of supplier’s products.

Firms
Reliability < 350 units > 350 units
Relatively reliable 14 14
Reliable 4 3
Sometimes unreliable 2 4
No answer 2 1

operated laboratories.

It seems justified to expect that a foodservice
organization sometimes needs laboratory tests done,
perhaps to determine the quality of a questionable
shipment from a supplier or to resolve a customer’s or
health official’s allegation of food poisoning. It was found
that very few firms had not used some type of laboratory
(Table 7). Clearly commercial laboratories and a firm’s
own laboratory were those used by most of the firms
represented. The number of firms using government
laboratories, those of universities and those of suppliers
was rather limited. The larger firms have their own
quality control laboratories four times more often than
smaller firms. Further, just as many larger firms utilize
commercial laboratories as do smaller firms.

TABLE 7. Laboratory facilities used by the foodservice industry.

Firms

Facilities used < 350 units > 350 units

Firm’s laboratory only 1
Commercial laboratory only 10
Firm’s and commercial laboratories

Firm’s, commercial and university laboratories
Commercial and university laboratories

Firm’s, commercial and suppliers’ laboratories
University or government or suppliers’ laboratories
Firm’s, commercial and government laboratories
None used

No answer

O = = = N = N~ N

NNONON—N

TABLE 8. Degree of satisfuction with results of laboratory testing.

Firms
Satisfaction < 350 units > 350 units
Helpful ) 15 17
Somewhat helpful 3 S
Not helpful 1 0
No answer } 3 0

Once a laboratory has done certain tests, were they
helpful? There seemed little dissatisfaction with the work
done (Table 8). Despite this satisfaction, it was thought
perhaps the foodservice industry might still have some
reservations regarding who should do the laboratory
tests, sanitary inspection and sanitation consultation.
Respondents from larger firms certainly felt these
programs should most often be within the firm while
respondents from smaller firms felt local commercial
organizations might better handle this program and this
attitude reflects their present practices (Table 9). Those
from three of the four smaller firms who chose their own
firm as the likely base for such programs already had such
programs. Answers from the representatives of larger
firms indicate that only a little more than half choosing
this internal organizational approach already had such
programs. Government operated programs are not a very
popular alternative and may reflect the fact that so many
government agencies involved in sanitation programs are
also associated with legal enforcement. In that chain
foodservice firms have many widely dispersed units, a
mobile commercial laboratory and teaching unit might

TABLE 9. Best organizational approach for performing laboratory
tests, sanitary inspection and sanitary consultation services in the food-
service industry.¢

Firms
Organizational approach < 350 units > 350 units
Within firm's own organization 43)P 18(10)°
Local external commercial organization 9 4
Industry-wide organization 4 3
Mobile commercial organization visiting 3 3
each unit
Government organization 1 2
No answer 1 0

dMultiple answers only with firms having >350 units.

Figures in parenthesis are the number of firms answering this
affirmatively that already have such an organization within the
corporate structure.

best fit their needs and there was support for this. The
mobile unit concept has been used by some few firms and
might have seemed more attractive if an additional
question had indicated it might be part of the firm’s
corporate structure.

Quality control programs can be viewed as an expense
with no direct profit to a firm. Some attempt was made
to find, therefore, if management of foodservice firms
thought that advertising the fact that quality control
procedures were performed might have some practical
impact. No one thought such a practice would injure sales
(Table 10) and only a few indicated this practice would
have little effect. Most thought such a practice would be
worthwhile. Representatives of smaller firms seemed
somewhat less convinced that customers would be
affected by advertising quality control procedures.

In a somewhat similar question it was found that
establishment of quality control programs might satisfy a
number of areas of concern starting with customers’
complaints and a concern for “sanitary image” (Table
11). Concerns for government regulations had some
impact but these were not as high on the list as in Table
3. The answers listed in Table 11, however, reflect the
respondents’ interpretation of the entire industry’s
concerns for government regulations rather than just
their own concerns as reflected in Table 3. Consumer

TABLE 10. Impact of well advertised quality control procedures.?

Firms
Impact < 350 units > 350 units
Enhanced public image 13 13
Enhanced employee pride and 12 10
productivity
Increased customer acceptance S 11
Have little effect 4 3
Injure sales 0 0
Not sure 0 1

aMultiple answers.

@

Y




294 HERRMANN AND HERRMANN

groups, despite their attacks on “fast-food” quality, did
not seem of major significance. The variety of additional
answers were not categorized, but most emphasized
“Whatever was good for the firm”.

In an attempt to produce somewhat more specific
answers, the question was asked about those areas the
firms' management felt might be useful in a quality
control program (Table 12). There was little doubt that
sanitation instruction of employees and microbiological
testing would be emphasized, with sanitation consulta-
tion also of some importance. Despite the fact there was
very limited number of choices in this question, virtually
no respondent made use of the space provided to add any
additional quality control procedures. None added
“sanitation inspection,” the most common procedure
used by public health departments.

TABLE 11. Those sources of industry-wide concerns giving rise to
establishment of quality control programs.®

Firms
Sources < 350 units > 350 units
Customers' complaints 11 7
Firm's desire for sanitary 7 7
establishments
Adverse public image 7 6
and loss of sales
Government regulations S 4
Consumer groups 2 S
Employee cooperation 0 3
Suppliers 2 3
Various additional answers 0 6
No answer 0 1

AMultiple answers.

TABLE 12. Quality control procedures deemed the most useful in
the foodservice industrjv.”

Firms
Procedures < 350 units > 350 units
Sanitation instruction for 18 16
employees
Microbiological testing of 12 14

establishments and products
Sanitation consultation 7
Water quality testing 2
Sewage and disposal testing 2
No answer 0

N O 00

Multiple answers.

DISCUSSION

The data from this survey can be faulted in a number
of ways and perhaps could not be called highly scientific
or comprehensive. Certainly the answers were from a
selected group, yet the responses were from a sizable

segment of the chain foodservice industry and suggest
some tendencies. There are some clear distinctions
between large and small firms although many small
firms are indeed not so small. Some are part of an even
larger corporate structure, yet many do not have their
own internal quality control laboratories. Perhaps some
might feel that larger firms are larger because they tend
to emphasize quality control procedures. More likely is
the alternate possibility that the larger firms have the
economic ability to launch such programs. Perhaps also
in having more units they have more problems. It is perti-
nent to add that many smaller firms seemingly continue to
function and apparently are profitable without internal
quality control laboratories. Perhaps this is done by
using external quality control facilities.

Generally, and especially among the top management
of larger foodservice firms, there seems a significant
concern for quality control programs. Many firms have
established quality control organizations and it would
appear that government regulations are not the primary
inducers for establishing these organization. It seerfis
that the primary motivation is customer acceptance.

It is unlikely that specific data can be obtained for the
quality, quantity, expenditures and effectiveness of the
quality control measures in each foodservice firm. The
best that can be said is that top management considers
employee education and microbiological testing the areas
to emphasize in a quality control programs, and believe
such programs are best provided within their own
organization. In addition, almost half of the firms
represented in this survey have laboratories, a tangible
commitment to quality control testing.
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ABSTRACT

At present there is only one guideline for determining what
information should be taught in foodservice sanitation courses. This
basic document is the Food Service Sanitation Manual, including a
model foodservice sanitation ordinance, 1976 revision, by the U.S.
Department of Health, Education and Welfare, Public Health Service,
and Food and Drug Administration. However, this manual is not
written in terms of educational outcome and is not truly based on sound
educational principles. This paper approaches the problem of
prevention of foodborne illness from the educator’s point of view. It
discusses the instructional problem in sanitation, why people must
learn, who the students are, the values and benefits of this educational
program, and what should be taught if the educational outcomes are to
be attained.

What is the instructional problem in sanitation? Why
must people learn, and what will happen if they don’t
learn? Foodborne illness can be caused or potentiated by
a wide range of people associated with the foodservice
business. If foodborne illness is to be prevented, then all
such people must be educated as to their role in
foodborne illness prevention, especially if this waste of
resources in the United States is to be reduced. It has
been demonstrated and reiterated by the Food and Drug
Administration, that it is not cost-effective to prevent
foodborne illness in foodservice through inspection. A
foodborne illness can be caused by a worker in a
foodservice establishment at any moment of the day. It’s
not economically feasible to have inspectors on duty in all
foodservice establishments at all times. There is also the
question of who really is the “best” inspector. The only
cost-effective inspector in the system is the worker who is
performing the duty and who, if he makes a mistake, can
cause foodborne illness. That is the person who must
truly understand and be educated. In addition to having
the knowledge for prevention, all the people associated
with the industry must also want to prevent illness. Since
education includes motivation to learn, it is appropriate
to also keep motivation in the classroom.

It’s also important to recognize that if clean and
sanitary surroundings are not provided in food service

establishments, customers will not be attracted, and
eventually that operation will be so unprofitable, that it
will go out of business. So for the economic viability of
the industry, customers must have knowledge and be
able to prevent foodborne illness.

What will happen if people don’t learn? Customers
will get sick and, statistics tell us, a few will die. There will
be a waste of the personal, financial, and material
resources of the United States. Finally, of course, the
business will cease to exist.

Who are the learners? What is their educational level?
What are the required prerequisites for learning, and
what is the self-motivation needed by these people?
Figure 1 shows the people hazards in the food service
system and the people who needed to be educated. It is
evident that there is a wide range of educational
backgrounds associated with this group of people, and
the educational system must be able to cope with all
levels of understanding as well as provide the motivation
for these people to learn. The first and major persons
who must be taught about sanitation are the customers.
The customers really represent the ultimate quality
control element in the foodservice system. This is the
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Figure 1. People needing education in foodborne illness prevention.
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group who, if satisfied, will return and thereby help the
business to prosper. Anything short of their satisfaction
and the business will cease to exist. Today the average
American is especially perceptive as to quality and
sanitation in food service operations. This group
represents the first educational opportunity and it will be
necessary to teach the American public how to
differentiate between a quality foodservice operation;
one that is safe, where they won’t be given foodborne
illness and one that is run in a hazardous way, one which
they should not patronize. On the left side of the figure is
shown the people who put food into our system, the
grower, producer, and distributor. The regulatory people
of the United States, those at the local, state and
national level, presently exert a reasonable level of control
over these potential sources of foodborne illness. A
special problem does exist though, when a food
organization buys directly from a grower, for example, a
farmer who is growing fruit in the community. The food
organization must be able to ask pertinent questions in
regard to such hazards as pesticides to insure that the
grower is producing safe food. But generally speaking,
the regulatory people also have control over these three
people hazards.

On the other hand, there are the architect and the
builder, who today have no requirement and who are not
truly regulated in their duties in foodborne illness
prevention. The architect and the builder of course have
critical responsibilities. If the facility is not put together
properly, it may be difficult to operate safely. The
municipal water and waste people are relatively
well-regulated through the local governments. But again,
there is need for constant surveillance to ensure that the
system maintains its standards. There is no regulation of
educators, though, and anybody can teach, providing they
can get students to come to their classes. Unless the
educator knows precisely what to teach, there is no
foundation on which to build the educational system to
teach the prevention of foodborne illness. Of course, the
regulators themselves need to be educated. They need to
be educated not only in the structural aspects, but also in
food technology aspects of disease prevention, and
personal and public health aspects.

Finally, there are the members of the food organiza-
tion. At the top, of course, is the owner or chief executive
officer. This person must make policy, set the standards;
otherwise inspection cannot be done because there are no
standards to inspect against. Following the owner come
top management, district managers, unit managers, and
shift supervisors. All of these people must know how to
enforce policy. Then come food workers and the service
workers, followed by the maintenance and pest
controllers. Every member of the food organization must
be taught (a) how to perform his specific duties in such a
way as to prevent foodborne illness, and (b) how to
inspect work to be sure it was done correctly.

THE EDUCATIONAL CYCLE AND ELEMENTS

Figure 2 shows the basic educational cycle. The first
step in education is to determine the objective, which, in
this instance, is prevention of foodborne illness. Next, it
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\%
< | EDUCATE
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FEEDBACK

EVALUATE & TEST

’ INADEQUATE
PERFORMANCE

ELIMINATE PEOPLE
UNHILLING TO LEARN

6_

Figure 2. The basic educational cycle for foodborne illness g

prevention.

is necessary to analyze and determine precisely what the
problems are so that behavioral outcomes can be
determined. It is not effective to educate somebody in an
area that has no payoff. When it is clearly agreed upon
by the educator, regulators, and the industry that these
are the problems that people must be taught to solve,
then the educational program can be designed. When the
program is designed, or at the same time it is being
designed, students can be motivated and attracted. It
may be necessary to write mandatory educational
requirements into the law because as is often true, there
maybe a small group of people who do not voluntarily
want to be educated. The only way to deal with this
problem is through mandatory education. Once designed
the classes established, the people should be educated
and tested for their understanding. Those that test out
properly would then be allowed to go to work, where
on-the-job evaluating could take place. If a person is
motivated but doesn’t learn the material and cannot
perform properly, he would be sent back for additional
education. Those that are not willing or unable to learn,
would have to be eliminated from the foodservice system.
It must be accepted, that not everyone will be motivated
to learn and perform his duties to the degree necessary
for prevention of foodborne illness. Therefore, an
elimination system is essential to the educational cycle.
During the evaluation, the education is evaluated to see
how well those who have passed through the system do in
fact perform, and as necessary the objectives of the
educational program may be modified through a
feed-back channel before the educational cycle repeats.
It is important that this feedback be incorporated in
educational programming because there is always
change occurring in the world, and the educational
system must keep up with it, particularly in the dynamic
area of foodborne illness.

i
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What are instructional objectives? Instructional
objectives are the learning outcomes of thinking skills,
doing skills, attitudes, and so forth. Some of the key
words that are used in describing instructional objectives
are that at the completion of the education, the student
will be able to:

identify know analyze
describe understand synthesize
list apply evaluate
demonstrate use

comprehend think critically

These are not only words that are used to describe
instructional objectives, but they represent important key
words that are used very frequently. These are the words
that management needs to think about when the
educational instructional objectives are being prescribed.

The education system must be of value to all of the
people who will be educated, or the educational system
simply will not be used. Figure 3 is a simple diagram of
the value analysis in the foodservice system. It says that

HOSPITALITY OPERATION SELLS

QUALITY

ATTENTION TO DETAIL

TIMELINESS

CUSTOMERS BUY

Figure 3. Value analysis in food service operations.
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MINIMAL
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INEXPENSIVE

the hospitality of operation sells three things: quality,
attention to detail, and timeliness in the service which is
performed. This is what customers buy. Customers buy
everything from deluxe and expensive services down to
minimal and inexpensive services. Because there is a
tremendous economic spread in our population between
the very rich and the very poor, services must range from
the very expensive all the way down to very inexpensive to
satisfy the need of this wide range of economic
population. Nevertheless, all foodservices have in
common three elements: quality, attention to detail, and
timeliness. If these three elements do not match in value,
what was paid by the customer for the service, the
customer generally will not return. It’s appropriate, then,
that management must prescribe the basic three
elements: (a) the kind of quality it expects to sell; (b) the
attention to detail or quality control intended for their
system; and (c) the timeliness of their service to
customers. This also becomes one of the elements of
learning for top management, i.e. how to set policy in
these three critical areas of business.

The educational system must also lead to satisfaction
on the part of the three major elements of the food
service system — the customer, the foodservice owner or
chief executive officer, and the manager, and workers

within a system. First, the customer must feel satisfied as
to the atmosphere, the service, and the food which is
purchased. He must feel that there was value received for
services performed. On the other hand, the chief
executive officer and owner of a business may feel
differently about what their major satisfaction objectives
are. They normally will want business prosperity. They
would also likely prefer ethical operations. They want
quality food to be served, and timely service, and they
need systems discipline and reward if they are to be
satisfied with a smooth running, effective operation. The
managers and workers, on the other hand, do not have
business prosperity as a prime objective, unless they, of
course, are involved very heavily in participatory
profit-sharing. Generally, these salaried people want
such personal gains as achievement, recognition,
challenging work, responsibility, advancement, security,
and a salary which is commensurate with their technical
competencies.

BASIC ELEMENTS IN FOODSERVICE MANAGEMENT

A systematic approach should always be taken in
specifying management requirements. Figure 4 shows
the basic foodservice management cycle. It begins with

PRODUCTION,

OPEPATION,

SALES AND
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OF FORECASTING AND RECEIPT,
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POLICIES HR'S FINALIZED
[
QUALITY RESEARCH AND CORRELATION AUALITY
ASSURANCE . ANALYSIS OF . OF ACTUAL ' CONTROL
MGM*T ACTION CAUSES OF OPERATION DATA
TO REVISE PERFORMANCE WITH COLLECTION
SUBOPTIMUM VARTAHCES FORECASTED

Figure 4. The food service management cycle.

the establishment of management operating policy. This
is a critical element which must be included in the cycle.
Management must prescribe its quality, its service, its
level of quality control or attention to detail, and the
timeliness which it intends to provide before an operation
is specified. Otherwise the operation has no base on
which to build. Once this is established, management can
forecast and plan, purchase and receive goods, and
prepare and carry out its operation. At the same time
that operations are taking place though, there must be
quality control data collection which is correlated with
the forecasted performance. Variances from the fore-
casted performances may be analyzed, and the quality
assurance function then takes place.

Basic to the stability of the management cycle is
quality control. Quality control is a system of inspection,
analysis and action designed to achieve and maintain a
level of quality and a degree of excellence. The quality
control department does the inspection and analysis. But
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it does not take action. The line organization takes
action. The reason for this system is that if the line
organization is not forced to take action, people rely on
inspectors to do so when the system fails; this is clearly
wrong. Inspection is the process of comparing a product
or service with specifications or standards. Implicit in
this definition is the fact that there must be specifications
and standards. These are properly designated by top
management for the operators. Who are the inspectors?
The inspectors are the government agencies, both local,
state and national, management, the customers, and
most important of all, it is the individual worker himself
doing his job in the work center. The worker is the most
critical inspector of all, and he is the person who
requires the best education.

While quality control is the determination of a
variance with standards, another element, quality
assurance, is necessary if there is to be an improvement
in the system. Quality assurance is the top management
process of reviewing quality control trends, and
prescribing more efficient and effective operating policy.
It results in educating and motivating employees to
follow the modified policy.

In establishing policy, and sanitation, it is also crucial
that the principles of hazard analysis and critical control
points be employed to be sure that inspection efforts and
specifications deal with the actual sanitation hazards.
Hazard analysis and critical control points (HACCP) is a
systems approach to quality assurance that finds all the
possible hazards in producing a food product, specifies
procedures for eliminating the avoidable risks, and sets
acceptable limits for unavoidable risks. HACCP is a
system for prevention and pre-control. Again, the
inspection elements of quality control would see to it that
HACCP was working properly, and that new hazards had
not been introduced to the system. HACCP also
recognizes that the foodservice operation is not a sterile
environment, and could not be a sterile environment for
economical reasons. It is perfectly acceptable to have low
levels of microbiological contaminants because these
will not affect the customer’s health. The alternative of
providing absolutely sterile food in fact, might be very
hazardous to the long range survival of the population. If
the population does not have an antibody system which
can fight and take care of normal low levels of
contamination, the population could become seriously
vulnerable to all forms of disease and illness.
Management has a series of roles that it must play in
quality and quality assurance. These are as follows:
(a) definition of the business and its direction to meet
planned goals and objectives, (b) policy that quality is to
be controlled, (¢) clearly defined standards of quality, (d)
sufficient inspection coverage for proper process control,
(e) correct inspection tools and well-trained inspectors,
() adequate records to show trends in business
operations and quality control, and (g) feedback to the
workers for learning and improvement. The system
which does not improve worker performance through

feedback learning will not be very cost effective.

SANITATION TRAINING REQUIREMENTS

Figure S is a diagram of the elements of a sanitation
quality control program for foodservice establishments.
It identifies the three forms of contamination: micro-
biological, chemical, and material or particulate. It
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Figure S. Elements of a sanitation quality control program for food
service establishments.

shows that there are three indicators that can be used for
sanitation quality; the first being visual, the second being
laboratory tests, and the third, performance trends in
quality control indicators. There are four major elements
that need to be inspected by the industry itself, the
customer, and the government regulators. First, is
management: policy, specifications, goals training,
testing, resources, and morale. If any of these elements
are missing, then the organization is in an unstable
operating condition and prone to quality failure. These
are not rapidly changing indicators, however. They
change slowly and if a business is healthy, that business
will generally stay healthy as long as the same people
remain in management positions.

Another element in the quality control area is that of
the facilities, as shown in Fig. 5. These also are slow to
vary, and if the restaurant is attached to a reliable utility
system, then the facilities should need a minimum of
inspection other than simply saying they have not
changed. In addition, facilities must be constructed
properly when the building is put up, or there will always
be inherent problems in the operation of the foodservice
establishment. On the other hand, there are two elements
in food quality control that are very dynamic and change
essentially minute by minute — they are the workers and
the food handling. The workers’ health and cleanliness
can change with one visit to the bathroom. The food can
be mishandled at any time during the operation of the
foodservice facility. These two elements of sanitation
quality control are the most important. It is also
interesting to note that on the only common inspection
report that exists in the United States today — the
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recommended Food and Drug Administration Inspec-
tion Report — the worker and food preparation receive
minimal coverage, and those elements which are not
identified with the cause of foodborne illness receive a
great deal of attention. This leads to one element in both
education and inspection that quality control must be
concerned with, and that is the actual causes of
problems. Otherwise persons will be educated to solve
problems that are not important, and inspections will be
made to solve problems that are not causing foodborne
illness. The major cause of foodborne illness is
unquestionably bacterial growth reflected in times and
temperatures of food handling in the kitchen. These pro-
blems arise at least 4 h before the time the customer sees
the food, and the only person who can control them is the
worker.

The customer has been identified as one of the
principle inspectors of a foodservice system. If the
customer is to be effective as an inspector, then the
customer needs to be trained in what to look for as
quality indicators. Appendix A lists a series of indicators
which customers should be trained to check for, to
differentiate between well-operated and poorly-operated
foodservice establishments. The first series of indicators
have been titled “Environmental or External,” and these
are the indicators (as shown in the appendix) which the
customer sees before entering the establishment. These
are indicators of management’s and the workers’
attention to detail. They are not related truly to the cause
of the foodborne illness. In the second phase, the
customer enters the restaurant. Again, the indicators are
those of attention to detail, and not of prevention of
foodborne illness. In the third area, that of service, the
customer sees some indirect indicators that the operation
is being run in an attentive way, but are still no clear-cut
indicators that would tell him that the food has been
carefully handled before service. In the fourth step, the
customer consumes the food, and here the customer has
the greatest opportunity to tell whether the food was
properly handled. The foodservice industry has always
known that cold food is served cold, and hot food is
served hot. If customers look for these key indicators,
they are probably among the better indicators (along with
hot or cold plates) that there has been attention to detail
in the preparation of the food. Also, dry, crusty food is an
indication that the food has been held for extended
periods, and could indicate a serious potential problem
due to the growth of microorganisms. In the fifth
area, after eating, the customer gets final proof as to
whether the food was safe or not. If there was not
foodborne illness hours or days after they’ve eaten in the
restaurant, then the customers had a safe meal. This is
certainly a very unsatisfactory indicator of quality.

There are also certain indicators of management
quality as shown in Appendix A. Normally, the customer
will not be aware of these indicators, but management or
regulatory inspectors can look for these. If they are
positive, they are strong signs that the foodservice

establishment is stable, and that there is little chance of
foodborne illness occurring in that establishment.
What are the learning outcomes then, if foodborne

illness is to be prevented in the foodservice industry? .

These are shown in Appendix B. It is actually a pyramid
of learning outcomes, beginning with the simplest and
least complicated for the service and cleaning personnel,
and gradually becoming more complex as the food
worker is educated, and then, at the third level,
management. The service and cleaning personnel have
a few critical indicators that they are not taught today
and that they should be taught. Item 1 identifies the
fact that personnel must know what health symptoms
need to be reported so that they can be excused from
food handling. The regulations require that people who
have illness will not handle food. The worker is the only
one who can really identify this fact to management. It
says that, that is an important fact which needs to be
taught in grade school, and in high school, because of the
large employment of teenagers in the foodservice
industry. The last element for service and cleaning
personnel is, that they know and understand the role of
the sanitarian. The sanitarian is an important quality
control check for the establishment and should be looked
upon as a person who can teach, coach, and counsel the
restaurant operators into even high standards of quality.
Not only must the service worker understand that, but of
course, the food worker and management should know
this too.

The food worker, then, must know everything that the
service worker knows plus all of the elements of the safe
handling of food. From the food worker, then, we arrive
at the level of management which must be able to
prescribe policy in all of the areas that the workers must
be able to perform. Management has a very important
educational need; these are complex subjects to be
discussed in the classroom. It also says that the educator
who teaches management must not only understand
operations, food handling, microbiology and so forth,
but must also understand management policies and
detail, so that he can help them learn how to write a
sanitation safety policy.

SUMMARY

Unquestionably the quality control and educational
system to achieve quality control which has been
described will be expensive, and if there are no benefits
to be derived, the system will never be implemented nor
be effective. There are many benefits, though, to quality
control and management. These include increased
production, lower unit costs, improved employee morale,
better quality, more customers, and fewer inspections
(because the regulatory people can now concentrate their
efforts on foodservice establishments that have low
quality and low quality control). There has been a great
deal said about sanitation certification. One of the best
definitions of what ought to be included in certification
was provided by the Single Services Institute as a result
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of its 1975 sanitation conference on quality control in
foodservice management. The definition that arose from
this meeting is that sanitation certification is official,
documented assurance (given under industry or regu-
latory auspices, or both) that an individual does his
foodservice job proficiently and in full observance of
approved food sanitation standards. As this group would
define certification, and as educators would define
certification, it is measured performance on the job, not
the result of a simple examination in a classroom.

Certification will have different meanings, whether
you’re talking about the service worker, the food worker,
or management. It also will have different meanings
whether you're speaking about one of the suppliers of
food to the foodservice operation, or about the regulator
who is supposed to have knowledge and should be
certified that his is competent to perform an inspection
of the foodservice establishment. In each instance,
certification should only come after verification by an
appropriately trained person that that person can do his
work satisfactorily on the job.

The key to long range quality is self-inspection by the
worker and self-inspection can be effective, when the
customers and the industry are educated in foodservice
quality, and take action to achieve that quality.
Customers must be willing to send food back that does
not meet the quality standards that they expect of a
restaurant. Workers must take their ideas to manage-
ment to ensure that management achieves the standards
that the workers have been trained to expect in a
properly operated foodservice establishment. And,
finally, management must educate workers until they
achieve the standards that management demands in
those workers’ daily performance. The regulatory people
in industry, and government, and customers can certify
that the elements for quality control are present, and are
used through the process of quality assurance. The value
of quality assurance to the foodservice industry is profit,
clear and simple. It is profit through maximum customer
satisfaction and minimum wasted resource. It is time
that industry, regulators, and educators got together and
established common behavioral learning objectives so
that these may become effective in providing the kinds of
people that the food industry needs to provide long range
service to the population of the United States.
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APPENDIX A

CUSTOMER FOOD SERVICE QUALITY INDICATORS
(Rank 1-9) (Will Vary With Economic Status of Customer)

1. Environmental — (External)
a) Personal recommendations from former customers
b) Clean neat outside appearance
¢) Good buildings and grounds maintenance
d) Properly lighted
e) Adequate signs
f) Accessible parking facilities

Entrance

a)
b)
c)
d)

Clean and maintained

No rowdy people (loitering)

Sanitation certification

Reasonable number of other customers of same class
Absence of flies and insects

Odor pleasant

Smoke control of smokers

Light sufficient to prevent tripping and accidents
Place to put belongings

Pleasant greeting

Prompt (or expected promptness) seating
Acceptable waiting area

Honesty in handling reservations and waiting customers
Control of noise from operations and proper traffic
Should have appearance of businesslike efficiency
Proper dress of host/hostess and all other personnel
No loitering of help, as well as no smoking, eating, drinking
and so forth

Comfortable temperature of rooms

No rodents, animals

No apparent employee illness

Service

a)
b)

c)
d)
e
f)
g
h)
i)
)]
k)
)}
m)
n)

0)
p)

Sit at clean table and in clean, comfortable chairs s
Order taken promptly - attentive but not hovering per-
sonalized service
Clean service ware and table cloths
Waitress pleasant and informal
Glass of water, clean, cold and clear
Waitress clean - hands, hair, body, clothes
Food covered and served in sanitary manner
Sanitary control of salt, pepper, sugar, and condiments
Food utensils handled in sanitary manner and well
maintained, such as knives sharp
Comfortable seating - desired personalized space -
decor pleasing
Little children and physically handicapped handled o.k.
in seating
Clean menu
Accurate menu - adequate range of menu items
Refuse containers adequate and clean
Noise level appropriate for style of operation
Enough sound isolation so that conversations can be private

Food

a)
b)
c)
d)
e)

f)
g
h)
i)
)]
k)
)

m)

Meets value image

Portions are according to value
Hot food is hotter than 140 F and cold food cooler than 45 F
Plates are hot or cold

Food and service look pretty - are neat, colorful,

visually appealing

Food texture is as specified and taste has proper flavor notes
Food doneness meets qualifications

Garnish is good

Not swimming in juice, nutrition conservation

No foreign objects in the food

Truth in menu

Nutrition information available

Salt and sugar mildly used

After eating

a)

b)
c)
d)
e)
f)
g

Attention from waitress until departure (refills of coffee,
tea, water)

Dishes bussed in a sanitary manner

Table cleaned properly, rag, servers’ fingers

Check presented promptly

Feeling of satisfaction with food

No indigestion

Kitchen and facilities open for inspection
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h) Bathrooms clean

i)  Good exit path

j) Nofoodborne illness

k) Customer grievance system
) Liability insurance

6. Indicators of management quality
a) Reasonable profit or operating cost
b) Indications of Owner/Manager visits and caring
c) Policies on/and the procedures are effective
Training
Standard HACCP recipes
Cleaning schedule
Specifications for food and supplies
Inventory turnover
Replacement of equipment
Standards for employment
Appearance and health of employees
d) Management people are all trained in sanitation QC/QA
e) Thereis a QA plan for the food service
f) Knowledge of and compliance with state/federal law
g) Workers demonstrate knowledge
h) Proof that Management takes action to keep operation
high quality
i) Thereis a QC information system
j)  Inspections for rodents and insects
k) Maintenance contracts for equipment
) Preventive maintenance system
LEARNING OUTCOMES
FOR
FOODBORNE ILLNESS PREVENTION
IN THE FOODSERVICE INDUSTRY
Cleaning personnel
1. Knows how to clean himself preparatory to work and follows
proper personal hygiene work habits.
2. Can describe how to wash, sanitize and dry a work surface or
piece of equipment with cleaner and sanitizer.
3. Knows how to perform hot water cleaning, sanitization and drying.
4. Knows how to work out concentrations of cleaners and sanitizers
and test for concentration levels.
S. Knows how to judge if a utensil or piece of equipment is sanitary
and safe to use.
6. Knows how to clean facilities and knows what is adequately
clean.
7. Knows how to keep serving utensils and areas clean and sanitized.
8. Can describe ways to prevent cross contamination in the service,
ware and pot washing, and garbage areas.
9. Understands how food can become contaminated with hazardous
chemicals and knows how to deal with pesticides and chemicals.
10. Knows how to dispose of rubbish and garbage properly.
11. Knows the major causes of foodborne illness and can relate this
to their own operation.
12. Understands how chemical poisoning can occur and how it can be
prevented.
13. Knows and understands the role of the sanitarian.
Service personnel
1. Knows how to conduct a hazard analysis and inspect critical
control points in holding and serving food.
2. Can describe personal health symptoms that are cause to stay

out of the food, food utensil, and food storage area.

- Understands and can apply the regulations regarding use of food

served to customers.

. Knows how to measure food temperatures.
. Can describe safe storage methods for foods in the service area.
. Knows the importance of proper operation of food service

equipment and can describe proper operation of the equipment for
which they are responsible.

. Understands the requirements for microbial growth and the

relation of time and temperature for major illness microorganisms.

8. Can differentiate the hazard risk of different foods.

Food handling personnel

1.
2.

w

9.

10.
11.
12.
13.

14.

Can specify how to produce food and keep hands sanitarily safe.
Can describe how to look for rodents and insects and what action
to take.

. Can specify safe food preparation processes.
- Can specify how to inspect incoming food products for

wholesomeness.

. Can describe how to measure process temperatures and prescribe

safe time-temperature procedures.

. Can conduct a Hazard Analysis Critical Control Point Analysis

of food handling and kitchen cleaning.

. Can describe safe storage methods for raw and cooked foods and

food service materials.

. Knows how to set up a Quality Control (QC) system in his/her own

work center.

Knows how to conduct a QC check of his/her own procedures and
measure QC indicators.

Knows what to do in an emergency when a utility has failed.

Can specify how to keep food hot or cold for service.

Can prescribe how to handle leftovers from kitchen operations.
Understands advantages to investigating sources when ordering
for quality and safety.

Can specify how to operate a temporary food service.

Management

1
2.

13.
14.

Can prepare a sanitation creed or policy for the organization.
Understands that some levels of food contamination are unavoid-
able and can prescribe acceptable limits posing no real risk to the
public.

- Knows what is needed for sanitary design of a food facility and

is able to specify design policy.

. Is able to specify policy on purchasing of supplies.
. Can specify and establish a self-inspection system/quality control

system with adequate record keeping and action feedback for
operating components not within control limits.

- Can prescribe accept-reject policy for marginal food products.
. Can perform an accurate hazard analysis and critical control

point inspection of the establishment.

. Can specify a training program policy in sanitation and quali-

fications for certification.

. Can prescribe a personal hygiene policy.
10.
i
12.

Is able to specify a cleaning and sanitizing policy.

Knows the cost-benefits of sanitation.

Can prescribe a policy of reward and punishment for good-bad
employee performance.

Can prescribe emergency operations policy in case of utility failure.
Can prescribe an organizational policy to be followed when notified
that the organization is suspected of being a source of foodborne
illness.

o«
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Within the last 5 years, a rapid interest in the
«Standards Methods” type of manual for water
examination has occurred among professional societies,
governmental organizations and interdisciplinary indus-
trial groups. To illustrate this involvement, the following
groups are among those that are concerned with
standardization of methods:

1. Professional societies
__ American Public Health Association
__ American Water Works Association
— Water Pollution Control Federation
—_ Association of Official Analytical Chemists

2. Governmental organizations
— Environmental Protection Agency
— U.S. Geological Survey
— British Ministry of Health
— Pan American Health Organization
— World Health Organization
— International Standards Organization

4. Interdisciplinary industrial groups
__ National Council of the Paper Industry for Air
and Stream Improvement
__ American Society for Testing and Materials
— American National Standards Institute, Inc.
Undoubtedly confusion will ensue in the near future
over the choice of methods and the relative sensitivity
and specificity of each method for a selected bacterial
indicator. Comparative testing of media and procedures
is in progress in the European community with the hope
of establishing a selection of procedures which will yield
essentially equivalent monitoring data on international
river systems. Agreement on selection of reference media
and procedures has created some difficult problems,
particularly where national pride and status of the
experts are involved.
There is concern not only over proliferation of methods

appearing in all of these Standard Manuals but also for
creation of redefined bacterial indicator systems that
may not have been fully evaluated. One example of this
problem relates to the search for fecal contamination in
water. Some of the “Standard Manuals” are being very
liberal with the use of species names when in truth the
procedures are not refined or selective enough in an
operational test to justify such taxonomic specificity.
Nomenclature for indicators should avoid taxonomic
designation for specific organisms where species
identification does not conform to tests prescribed by
Bergy's manual.

From a legal point of view, data developed from any
new methods and/or from redefined bacterial indicator
systems will be subject to challenge. This is especially
true wherever results from such tests are used in
enforcement actions related to several public laws
recently enacted to protect the water environment for a
variety of uses. The Federal Drinking Water Standards
and the public laws dealing with public water supplies
and quality of sewage effluents specify the use of
procedures as described either in Standard Methods for
Examination of Water and Wastewater or the EPA
Manual, Microbiological Methods for Monitoring the
Environment. Other ‘“‘Standard Manual” concepts
supported by special professional societies or special
interest groups will have to apply for EPA acceptance of
individual tests or resort to a court test for establishment
of their legality in these matters.

Another problem which may soon surface involves
acceptance and certification of laboratories (their
facilities, personnel, methods, etc.) under a new national
certification program directed toward all laboratories
that examine public water supplies. These laboratories
must meet minimum standards of acceptance or be
excluded from participation in the official monitoring of
any public water supplies. Part of the certification
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requirements relate to the use of specific procedures
defined either in Standards Methods or in the EPA
Manual, Microbiological Methods. Attempts to use
methods from other “Standard Manuals” that differ in
methodology from these references will be subject to
challenge.

With these facts in mind, the stage is now set, and
experts involved in several aspects of Microbiological
Standards for Water Use are ready to discuss the

philosophy of quality criteria, and microbiological
standards for waters, including viewpoints from Federal

agencies on the application of Standard Methods to

monitoring and enforcement activities.
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ABSTRACT

This is a discussion of the kinds of microbial standards that apply to
various kinds of water and the circumstances under which the
standards might be used. Standards are universal language. Appro-
priate standards depend upon proper personnel, materials and proce-
dures to be effective. Comments are made on some possible situations
where the concept of standards may restrain good scientific and techni-
cal development. Historically, there is circumstantial evidence enforce-
ment of microbial standards has aided our great advances in water
hygiene.

In first looking at the title of the paper to be presented
for this Seminar, my reaction was that an enumeration
and justification of the various numerical standards that
are used in water quality bacterial monitoring was the
appropriate and obvious approach. A short period of
meditation made it very apparent that it would be dull
and fruitless to attempt to document the many numerical
standards that are prescribed or adhered to for the many
types of waters, the several bacterial tests possible and,
above all, the multiplicity of standards established by
the nations around the world and the States and political
subdivisions within the United States.

Among the waters that need monitoring controls
are: sewage and industrial wastewaters; raw, recycled
and finished water for potable use; recreational water in
streams, lakes, ocean beaches, swimming pools, baths,
etc.; water for medical uses as infusion solutions and
dialysis systems; agricultural water, especially irrigation
supplies and return flows; water for food processing,
preparation and manufacturing; fish and shellfish
rearing waters; and special industrial uses where there
are needs to control organisms that produce slimes or
change the forms of such elements as iron and sulfur to
detrimental end products.

STANDARDS FOR SPECIALIZED USE OF WATER

For each of these specialized uses, standards for viable
bacteria and bacterial products exist or should exist, well
beyond the obvious coliform standard that many people
feel is the only tool of the water control microbiologist.
While coliform standards have been and will continue to

be used as a measure of quality of several kinds of waters,
we must also look to many other bacterial measures of
quality. A few selected examples of number standafds
that have or could have important applications are the
following: () fecal coliforms in wastewater discharges,
bathing waters and farm animal runoff; (b)) the fecal
streptococci, often recommended as an adjunct to
coliform or fecal coliform testing; (¢) total or standard
plate counts, a misnamed, underused, misused and
abused bacteriological tool that provides a great deal of
information when used propetly in controlling water
plant operations, wastewater and swimming pool
disinfection efficiency, food processing waters, and
industrial water applications; (d) modified plate count
tests, done at selected temperatures for psychrotrophs,
thermophiles and other organisms with optima outside of
the 32-35 C range; or at various pH values above and
below the usual 7.0; or at oxygen tensions lower than
ambient; or in selected substrates to indicate specific
enzyme activities such as gelatin degradation, lipid utili-
zation, DNA-ase production, etc.; or modifying the in-
cubation time to enlarge the array of organisms that will
grow; (e) determination of bacterial spore counts for food
industries such as sugar manufacture, canning and
bottling; (f) the Clostridium perfringens counts, not com-
monly used in this country, but fairly well accepted as a
drinking water test in Europe; and (g) enumeration of
levels of Pseudomonas, Aeromonas and Flavobacterium
which are of interest in controlling fish-rearing water, in
medical applications of water, especially the pyrogens of
Pseudomonas, and in swimming waters.

Some additional standards are often discussed as
needed and are in various stages of development. These
include tests for detection of animal viruses of public
health significance and bacteriophages in the fermenta-
tion and food industries; direct detection of pathogenic
bacteria in waters; enumeration of staphylococci and
micrococci which may be significant in swimming water
and in manufacture of such foods as beer; detection of
bacterial endotoxin in drinking water and standards for

Y
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parasites such as Giardia, which is of current concern in
drinking water.

While enumeration of the several kinds of standard
tests in the many uses of water has hopefully introduced
the breadth of the problem that this symposium might
cover, further comments on standards will be limited to
the areas of greatest current concern, drinking water and
water pollution control from a public health standpoint.

STANDARDS FOR WATER — PUBLIC HEALTH VIEW

Bacterial standards for water, initially drinking water
and later wastewater discharges, evolved in the late 19th
century at the community level. Cities assumed primary
responsibility for imposing bacterial testing, in its early
crude forms, and developing allowable limits of viable
organisms. Soon the States assumed an important role in
establishing standards for bacteria and in developing the
appropriate laboratory methods. The professional
societies, the universities and the Public Health Service of
the U.S. Government each made important contribu-
tions.

For the past few years we have been moving to a new
governmental philosophy. From the era of somewhat
uneven provision of health protection services for the
people of the country, we are now attempting to provide
near-zero risk to all people in the hazards from
wastewater and drinking water. The Federal Govern-
ment is establishing standards for bacteria, as well as
several other parameters, in these waters as minimal
standards to be enforced by each of the States.
Establishing higher standards in any particular situation
is the prerogative of the States. Some, because of their
geography, industry, or local needs are establishing or
adopting stricter bacterial standards than mandated
nationally. Examples of this are the enforcement of fecal
coliform standards for municipal wastewater effluents,
stricter fecal coliform or standard plate count standards
than required by EPA for land disposal of wastewater, or
self-imposition of more stringent standards than
required at a metropolitan drinking water utility.

There may be special needs, at the state or local level,
to protect an estuary or beaches, to maintain a sports
fishery or a body contact recreational lake or reservoir.
Standard quality must be viewed then as the minimal
requirement that is deemed essential to reduce the risk of
detrimental effects to a prescribed level. It should allow
for and encourage imposition of more demanding
standards in terms of allowable numbers of organisms,
organisms to be tested for or number or frequency of
tests run.

ADEQUACY OF TESTING

In discussing standards for bacterial testing we
normally think of the kind and frequency of tests to be
done or the allowable limits of the results. It is easy to
overlook the fact that the test results are no better than
the quality of the sample, the sampler, the laboratory

and its materials and equipment and, obviously, of the
person running the tests. Very important aspects of

microbiological standards for waters are the training of

personnel, quality control of laboratory methods and
materials, standardization of equipment and collection
and transport of samples. In all too many water or
sewage system operations, personnel doing the sampling
or operating the laboratory are in the lowest pay
categories with additional duties in the community.
Adequate funding for the large hardware in the system is
made available, but chipped pipettes, faulty pH meters,
water baths and incubators that do not hold temperature,
autoclaves that are undersized or do not sterilize and
many, many other items not meeting standards are in use.
Laboratories are often inaccessible to small communities
and samples are agitated in the mail or other delivery
systems for days or incubated without cooling in the trunk
of a car. It is important that standards be applied to all
water laboratories, be they publicly or privately operated,
large or small. Recently a committee of the American
Water Works Association under the chairmanship of W.
Ginsburg (4) attempted to gain some insight into
laboratory operations by a questionnaire. The results
indicated a rather deplorable situation. Geldreich, who
visits many of the laboratories in his assignment to
initiate a required program in laboratory certification, an
objective almost synonymous with standardization, has
often related some of the non-standard items he has
observed. In 1975 Geldreich (3) authored a second
edition of an EPA Handbook for Evaluating Water
Bacteriological Laboratories that attempted to establish a
standard basis for laboratory evaluation. In looking at
the glossary I found that the definition for standard to
read:

“A measurement limit set by authority. Having qualities or
attributes required by law and defined by minimum or
maximum limits of acceptability in terms of established
criteria or measurable indices.”

This definition is probably a good legal one; however, my
dictionary provides a number of other definitions which,
I believe, justify my broader use of the term to cover the
many facets that go into making the microbiological
standards meaningful.

It should be added that there also are some excellent
laboratories in many parts of the country that have
imposed appropriate standards on their work. Several
years ago some major strides were taken in improving the
quality of laboratory chemicals and dye materials. If the
proper grade is purchased and handled properly they do
provide consistency among laboratories. More recently,
with some reluctance, the manufacturers of media have
made strides in standardizing their products. Competi-
tion and a broadened market have been conducive to
availability of better quality laboratory equipment for
water microbiology. Maintenance and repair is still a
major problem. Progress has been made in another area,
improvement in filter membranes.

S8
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STANDARDS AND QUALITY

One important aspect of microbial standards for water
is that they provide a common base or language for
relating numbers of organisms to the level of quality that
is desired. This standardized numerical language is
important to the legal people who are responsible for
enforcement of water quality compliance regulations.
They often treat (or mistreat) these numbers as though
they were cast in bronze, probably one of the
occupational hazards of their profession. Since we as
microbiologists, in cooperation with scientists of the
related technical disciplines in water quality, must
supply the criteria upon which standards are set, it is
important that we provide the best of advice. Providing
information for standard setting by best guess, by
consensus or with overly conservative safety margins is
not good science nor will these standards hold up in the
courts. The costs currently involved in water monitoring
are high and there is always someone willing to challenge
the requirements in the courts.

Abel Wolman, a great contributor to water hygiene,
has written some cogent and provocative papers on the
subject of standards. A few comments are worth
repeating because they remind us that establishing
microbial standards must not be our ultimate goal, nor
by themselves will they lead to clean water.

The first quote is from a 1960 paper entitled
“Concepts of Policy in the Formulation of So-Called
Standards of Health and Safety” (9a). Although it was
written on the subject of radiation standards, it could
just as well have been microbial standards.

“From its beginning, society by one means or another,
has surrounded itself with restraints. These have had, for the
most part, empiric origins — moral, ethical, economic, or
spiritual. All the restraints have had the common basis of an
assumed benefit to the particular society establishing them.
As societies became more complex and more sophisticated,
efforts towards both standardization and restraint became
more frequent, more necessary, and presumably less empiric,
although examples of the last are not as numerous as one
might expect.

There are all kinds of standards. Rigid definitions should
preclude the loose application of the term ‘standards’ in dis-
cussions of standards for radiation control. The procedures
often used to establish standards may roughly be classified as:

1. Regularization of techniques of measurement

2. Establishment of limits of concentration or density of

biologic life and physical and chemical constituents

3. Regularization of administrative practice

4. Regularization of legislative fiat

5. Specification of materials.”

Some interesting statements from a paper entitled,
“Bacterial Standards for Natural Waters” (9) follow:

«_.Standardization for all features of natural waters has be-
come one of the major sanitary engineering indoor sports.
Historically, ample support may be summoned for the
thesis that standards of judgement are dangerous, fallacious,
and inappropriate to scientific workers. These warnings range
all the way from the sharp but cogent comment of the late
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Professor Sedgwick, in describing standards of sanitation as
‘devices to save lazy minds the trouble of thinking’, to equally
significant but more refined warnings by Phelps,....”

“Reasons for growth of stream standards

In the intervening decade, however, the search for and the
introduction into law and regulation of stream criteria has
proceeded at a fast pace. Part of the process has been engen-
dered by the literal intimidation of many workers in the field
by the imaginative demands of certain militant organizations.
In other instances, the appeal of the convenient handbook has
been overwhelming. In still others, the subtle attractiveness
of ‘zoning’ has given the necessary fillip to this standardiza-
tion technique. In this pursuit toward the quantitative mil-
lennium for qualitative matters of judgement of a number of
underlying philosophies have found their full play. At the one
end of the spectrum are found the criteria established to pre-
serve original quality and concomitantly, therefore, to avoid
original sin. In this particular philosophy the studied and
judicial comment of the late Professor Whipple that a regula-
tory edict, both in law and in philosophy, should establish the
minimum for safety rather than the maximum of hope, is
ignored. The reemphasis on this dictum was equally cogently
and intelligently set forth by Frost and others, in sharpening
the distinction between standard methods and so-called stan-
dards of judgement.”

“Standards vs. judgement

What can one say about criteria of stream quality, solely
from the standpoint of bacterial content, when one state
alone offers five ways of avoiding original sin, depending on
the economic status of the bather? And what can one say,
furthermore, of the state of affairs in which, as was pointed
out 10 years ago, one state insists that it is unsafe to swim in a
body of fresh water which exceeds 5 coli per 100 ml and an
adjacent state insists with equal fervor that equal safety is
afforded to the swimmer by a bacterial density of 500 times
that amount? What can be said about a regulatory agency’s
desire when it established a standard of bacterial density that
virtually rules out 95% of the available surface streams within
its territorial limits, provided, of course, it rains on occasions
and the agricultural terrain is in part washed into the surface
streams?”’

These statements and problems sound quite current,
but they were presented orally in 1949 and printed a year
later.

Our work in helping to set standards must be based on
the best possible information available, and where it is
not available we must strive to design our data collection
and experiments and our search for better methods to
answer the questions properly. An example of one of
these needs was mentioned earlier, that microbiological
standards should bear a direct relationship to risk to
human health, to fish life, to aesthetics or similar
criteria. We seem to be having difficulty arriving at the
answers. We use two methods for coliform testing, the
multiple tube MPN test and the newer membrane filter
procedures. The tests measure different organisms and
yield different kinds of results, one statistical and the
other closer to a direct enumeration, and it is very difficult
to justify the different standards that may be established
on these tests to the lawyer or judge or to the financial
officer who must pay for laboratory results.
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HISTORICAL ASPECTS

As a student of the history of science, microbiology in
particular, I am often concerned that we in our modern,
sophisticated, complex scientific community forget some
of the sage observations of the recent past. Before
publication of the first edition of Standard Methods of
Water Analysis (2), a committee of the American Public
Health Association was charged with studying means of
extending the standard procedures of an earlier 1897
committee, to all methods involved in the analysis of
water. This committee’s work culminated in the 1905
edition of Standard Methods (I) and a transmittal letter
stated the following:

“The methods of analysis presented in this report as
‘Standard Methods’ are believed to represent the best current
practice of American water analysis, and to be generally
applicable in connection with the ordinary problems of water
purification, sewage disposal and sanitary investigations.
Analysts working on widely different problems manifestly
cannot use methods which are identical and special problems
obviously require the methods best adapted to them; but,
while recognizing these facts, it yet remains true that sound
progress in analytical work will advance in proportion to the
general adoption of methods which are reliable, uniform and
adequate.

It is said by some that standard methods within the field
of applied science tend to stifle investigations and that they
retard true progress. If such standards are used in the proper
spirit, this ought not to be so. The Committee strongly desires
that every effort shall be continued to improve the techniques
of water analysis and especially to compare current methods
with those herein recommended, where different, so that the
results obtained may be still more accurate and reliable than
they are at present.”

This historic move to establish standard laboratory
procedures had a direct bearing on the development of
microbial standards for waters, a process still evolving.

In the area of drinking water two paragraphs from
Prescott et al. (5) are quite appropriate.

“Standards for Potable Water. The information furnished
by quantitative bacteriology regarding the antecedents of a
water is in the nature of circumstantial evidence and required
judicial interpretation. No absolute standards of purity can
be established which rigidly separate the good from the bad.
In this respect the terms ‘test’ and ‘analysis’ so universally
used are in a sense inappropriate. Some scientific problems
are so simple that they can be definitely settled by a test. The
tensile strength of a given steel bar, for example, is a property
which can be determined. In sanitary water examination,
however, the factors involved are so complex, and the evi-
dence necessarily so indirect, that the process of reasoning
much more resembles a doctor’s diagnosis than an engineer-
ing test.

The older experimenters attempted to establish arbitrary
standards, by which the sanitary quality of a water could be
fixed automatically by the number of germs alone. Thus
Miquel (1891) published a table according to which water
with less than 10 bacteria per milliliter was ‘excessively pure’,
with 10 to 100 bacteria ‘very pure’, with 100 to 1,000 bacteria
‘mediocre’, with 10,000 to 100,000 bacteria ‘impure’, and with
over 100,000 bacteria ‘very impure’. Few sanitarians would
care to dispute the appropriateness of the designations
applied to waters of the last two classes, but many bacterio-
logists have placed the standard of purity much higher.**

Sternberg (7), in 1892, proposed numerical criteria as
follows: (a) up to 100 bacteria/ml is good water, (b) up to
S00/ml would be marginal but acceptable and (c) over
1000/ml indicative of sewage contamination. Twenty-two
years later the idea of bacteria/ml was adopted as the first
United States microbiological standard for drinking
water by the Treasury Department (8). It was applicable
to interstate common carriers, but was one of the prece-
dents by which the United States Government, through
EPA, can now impose a minimal microbiological
standard to all of the country.

Microbial standards, by themselves, do not reduce the
disease risk from drinking or body contact waters, but
they do provide the monitoring goals and objectives that
are needed by the engineers and the health officials to
perform their proper roles in the maintenance and
improvement of water systems of all types. The graphic
presentation of the incidence of typhoid in Philadelphia
from the 1880’s to 1945 (6) is a typical portrayal of the
point that the value of establishing standards may often
be overlooked. Without detracting from the tremendous
value to public health of the technological development
and application of water filtration in 1906 and of
chlorination in 1913 in the Philadelphia system, the role
of microbiological testing and the application of
standards underlies the success (Fig. 1). It must be more
than just chance that the 1905 Standards Methods date
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Figure 1. Reduction of typhoid fever in Philadelphia following treat-
ment of the water supply. (from Smillie and Kilbourne, 1962)

and the 1914 Treasury Standards date, previously
mentioned, coincide so well with this decline in typhoid
ascribed to filtration and disinfection. Microbiological
standards must have played some role.
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ABSTRACT

The weakest link in the chain of events leading to production of
reliable microbiological-monitoring data is a poor or indequate sample.
This results primarily from diversity of environmental conditions from
which a sample must be collected. In surface waters, affinity of
microbiological organisms for suspended particles necessitates that
sampling procedures be designed to collect a representative sample of
the water-sediment mixture. The key problem and the challenge to
microbiological monitoring is production of a sterilizable, depth-
integrating sampler that will accommodate the disparity of sediment
distribution as related to variations in depth and cross-section and the
changes in streamflow. Until such a sampler has been designed, tested,
and made readily available, the data produced in microbiological-
monitoring programs involving surface waters can be considered of
questionable accuracy, regardless of the notable advances that are
taking place in the state-of-the-art of analytical procedures.

Today there are about 1,000 properties that are
routinely monitored or measured in the field of water
quality. The analytical coverage includes a tremendous
variety of physical, chemical, and biological variables. Of
importance to this paper are the microbiological
variables, chiefly indicator bacteria, that are monitored
for assessment of water quality.

It is appropriate to define, or at least to restrict, the
meaning of the broadly applied term, “monitoring.”
Cairns (5) defined monitoring as “the regular or
continuous assessment of one or more parameters and
may be used to detect harmful conditions.” His
definition was supported by Ladd (I5). Pickering and
Ficke (2I) referred to monitoring as successive measure-
ments over a period for detecting change, or lack of it.
The U.S. Environmental Protection Agency (31) recog-
nized four types of monitoring: (¢) ambient trend
monitoring, for measuring conditions and trends in
relation to standards and guidelines; (b) source moni-
toring, to locate and measure toxicity of effluents and to
assess compliance of pollution sources; (c) case prepara-
tion monitoring, to gather evidence for enforcement
actions; and (d) research monitoring, to support re-
search activities.

Implicit in these definitions is measurement of some
environmental factor over time. For the purpose of this
paper, “monitoring” is defined as repetitive measure-
ment or sampling for whatever the intended purpose.
Excluded from this definition is the concept of biotic
monitoring, the term applied to a wide variety of
techniques that use the response of organisms to
environmental conditions (18).

NEED FOR STANDARDIZATION

Because of the involvement of many persons
representing many groups and agencies, any program or
venture that involves microbiological monitoring re-
quires standardization so the data obtained from all
areas and sources will be comparable. The necessity for
standardization for both sample collection and sample
analysis is emphasized by enactment of several public
laws, existence of national water-quality networks, and
presence of centralized storage and retieval data
systems.

There currently exists the National Water Data System
(Z6) consisting of all generally available water data
including those collected by both Federal and non-
federal entities (27,28). According to the 1976 Catalog
File of the U. S. Geological Survey’s Office of Water
Data Coordination, 33,408 water-monitoring stations
were operated in the United States during the 10-year
period of 1966-1976. Of these stations, bacteria were
monitored at 12,902 stations by 132 Federal and State
agencies. Principal Federal agencies included the U.S.
Geological Survey with 2,233 stations, Environmental
Protection Agency with 609 stations, U.S. Army Corps of
Engineers with 468 stations, and the U.S. Forest Service
with 264 stations. Currently bacteria are being
monitored at 9,964 stations; 7,531 stations are on surface
waters and 2,433 stations are on ground waters.

Principal national networks involved with the moni-
toring of water quality, including microbiological
quality, are the National Stream-Quality Accounting
Network (NASQAN) (10,20); the Benchmark Network
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(17,20), both operated by the U.S. Geological Survey;
and the National Water-Quality Surveillance System
(NWQSS) (27,28) operated by the Environmental
Protection Agency. NASQAN, presently consisting of 345
stations and an anticipated size of 540 stations, is
designed to provide information on year-to-year varia-
tions in water quantity and quality and to document
changes with time in water quality throughout the
Nation. The Benchmark Network consists of 56
measuring sites in small basins where the hydrology is
relatively unaffected by man and thus is not likely to
change over the years. It is designed to document the
range of ‘‘natural” streamflow and water-quality
conditions and to provide a basis for understanding the
natural forces controlling them.

NWQSS is designed to monitor the progress in the
Nations’s effort to abate water pollution. The approxi-
mately 120 stations of the network are situated in paired
configurations to observe changes in quality of water
passing through municipal-industrial and agricultural-
rural areas. »

The Environmental Protection Agency recently has
proposed a basic water-monitoring program for the
United States (7,26) which includes the three fore-
mentioned networks. The new program will emphasize
those activities that aid (a) development of national trend
assessments, (b) control of toxic substances, (c) waste
treatment facilities process, (d) compliance assurance
within the National Pollutant Discharge Elimination
System, (¢) assessment of non-point source pollution,
() State water-quality management planning, and
(g) State monitoring programs (7).

The national water-quality data systems receive
information from a multitude of individuals and
agencies. Well-known systems include the storage and
retrieval system or STORET of the Environmental
Protection Agency and the water storage and retrieval
system or WATSTORE of the U.S. Geological Survey. In
addition, the National Water Data Exchange, called
NAWDEX, recently has been established under the
auspices of the U.S. Geological Survey. NAWDEX is an
interagency program to assist users of water information
in the identification, location, and acquisition of needed
data (8).

The reasons for standardization need not be dwelled
upon in that it is paramount in the minds of all
individuals involved with the collection and analysis of
water-quality samples. Results of several attempts at
standardization in aquatic microbiology are available.

In 1969, on the recommendation of the Coordinating
Council of the International Hydrological Decade, an
Inter-Agency Panel on Standardization in Hydrology was
established. The most well-known product from the
Inter-Agency Panel was the International Standards of
Drinking Water (32). Despite international attempts at
standardization, the World Meteorological Organization
(33) recently commented, “A lot of work toward
international standardization in hydrology and its related

fields has been carried out already, but much remains to
be done, even for simple basic measurements.”

In 1972, a report entitled, Recommended Methods of
Water Data Acquistion (27) was released by the Federal
Inter-Agency Work Group on Designation of Standards
of Water Data Acquisition. The interagency activity and
the document were endorsed by the Federal Advisory
Committee on Water Data. The manual currently is
being rewritten as the National Handbook for Water
Data Acquistion with extensive review by the non-
federal sector.

Other notable attempts at standardization include
authoritative, widely used 1eferences such as Standard
Methods for the Examination of Water and Wastewater,
published jointly by the American Public Health
Association, the American Water Works Association,
and the Water Pollution Control Federation (1); and the
Book of ASTM Standards. Part 31 Water revised and
published annually by the American Society for Testing

and Materials (2). In addition, several publications by

Federal agencies are in widespread use. The list includes
Methods for Collection and Analysis of Agquatic
Biological and Microbiological Samples (12) by the U.S.
Geological Survey and the Handbook for Evaluating
Water Bacteriological Laboratories (11) by the Environ-
mental Protection Agency. Soon to be released will be
EPA’s Microbiological Methods for Monitoring the
Environment. I. Water and Wastes @).

The most recent, and perhaps most notable, move for
standardization in the United States was the recently
published Water Programs—Guidelines Establishing
Test Procedures for the Analysis of Pollutants—
Amendments (25). It recommends the specific pro-
cedures by which measurements of 115 physical,
chemical, and biological characteristics (including five
for microbiological determinations) of water will be
made. The document was prepared pursuant to section
304(g) of the Federal Water Pollution Control Act
Amendments of 1972 (Public Law 92-500, October 18,
1972).

The standardization of sampling and analytical
techniques is necessary for acquiring the valid and
interrelated data needed for meaningful assessments of
the occurrence, distribution, and fate of water quality
constituents. Although the precision, reproducibility,
and quality control used in doing laboratory analyses is
of a high degree, the reported data are no better than the
confidence that can be placed in the representativeness
of the sampling (9).

Use of adequate microbiological samplers and sam-
pling techniques has not been emphasized in the
technical literature. We are all familiar with the common
statement that appears in methods manuals, “Take a
representative sample.” Undoubtedly, the weakest link
in the chain of events leading to the production of micro-
biological data is an inadequate sample.

The problem is complex and has many pitfalls. This
results primarily from the diversity of environmental
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conditions from which a sample must be collected. A
sampling procedure used in a flowing stream is not
suitable for sampling a well; a sampling procedure used
in lakes and reservoirs is not suitable for sampling a
treated public water supply or industrial and municipal
wastes effluents.

Even if it were technically possible to define or set
minimum standards for collection of a representative
sample from all possible hydrological situations, it is
beyond the constraints of this paper to discuss the many
fine points. Rather, it is the intention to convey some
general guidelines and basic understandings necessary
for developing the proper procedures for the collection of
representative microbiological samples.

MICROBIOLOGICAL SAMPLING

Microbiological sampling can be defined as all the acts
and procedures that must be done before delivery of a
water sample to the analyzing laboratory or all the
methods by which data are generated under field
conditions. This includes site selection, field instrumen-
tation, sample collectors, sample collection, and preser-
vation.

Underlying and paramount to all the approaches to
microbiological sampling is the intended use of the data
after they are acquired. For example, data obtained for
defining quality of a mass of water generally are not
suitable for documenting spatial and temporal varia-
tions. In addition, data collected for documenting trends
in a body of water are usually unsuitable for determining
conformance of waste discharges with pollution control
standards.

The initial step, then, begins with a statement of the
problem or intent. After the objective has been clearly
stated, the data needed to fulfill the objective can be
determined. Determination of the data needs is followed
by a designed approach to include such items as the
number of required samples, sampling locations,
sampling frequency, and sampling techniques. Realisti-
cally, the final step in this orderly process is a
consideration of cost constraints.

When a new water quality station is established, its
general location and the frequency of sample collection is
set by the data needs, type of investigation, purpose of
the study, and anticipated variation in microbiological
characterisitics. Selection of the exact sampling site will
probably depend upon a combination of factors
including accessibility, availability of other information,
and uniformity of water quality at the site. Even though
an individual station is established to meet a specific
need for information, the possibility of placing and
operating it to supply data for other studies should not be
overlooked.

Water samples are collected and analyzed to ascertain
characteristics of a body or mass of water. The sample is
usually only an infinitesimal part of the total volume and,
therefore, is representative of the total mass only to the
degree that uniformity of composition exists within the

total mass. Uniformity of composition can be assumed
for many sources of water including public water
supplies and municipal and industrial wastes effluents.
Methods for sampling of these water are sufficiently
documented by the American Public Health Association
and others (Z), and Greeson et al. (12).

In their natural state, surface waters are subjected to
forces that promote mixing and homogeneity. The fact
that such tendencies exist, however, is not sufficient
cause for assuming that a body of water is so well mixed
that no attention to sampling techniques is required. In
most instances, a body of water may not have uniform
composition because of local conditions.

Customarily, surface waters have been sampled by
filling a container held just beneath the surface of the
body of water. The sample is commonly referred to as a
dip sample or grab sample. If the microbiological
characteristics are homogeneous throughout the cross-
section of a stream, one dip sample taken anywhere in
the cross section will adequately define water quality.

If the microbiological characteristics are not uniform
throughout the cross section, a sample representing the
average composition of the stream must be taken. In
addition, and in further emphasis of this procedure, it is
known that many microbiological constituents are
transported in streams attached to suspended particles.
Jannaseh (I4) found that in the Nile River only
0.02-0.04% of the contained bacteria were truly
planktonic or freeliving. Similar findings were observed
by Wuhrmann (34) who found that only 0.005% of the
bacteria in an experimental artificial stream were
free-living, and when sewage was introduced into the
stream, only 0.9% of the bacteria were free-living.
Bardtke (3) observed that 10-30% of the bacteria were
free-living in the lakes of the Stuttgart region.

A number of the devices constructed and described for
microbiological sampling were reviewed by Rodina (22).
Some samplers have mechanical devices for removing a
stopper at a desired depth and replacing it when the
vessel has filled with water. Other samplers make use of
capillary tubes, which are broken at a desired depth by a
messenger, thus permitting the sample to be drawn into a
sterile collecting device. A microbiological sampler
designed by Niskin (19) consisted of a large metal hinge
fitted with a sterile plastic bag and tube. When the
sampler was tripped by a messenger, the tube opened
aseptically as the hinge flipped open, and the water
sample was drawn in.

Most commercially available microbiological samplers
are based on the original design principle of ZoBell (35)
as modified by Sieburth (23); that is, a sterile collapsed
rubber bulb is lowered to a desired depth and triped with
a messenger. Water is drawn through a tube by the
action of the rubber bulb.

The aforementioned samplers, while innovative in
design, will collect a sample of water from a point at a
predetermined depth. However, a point sample of this
type is a grab sample and will not represent the average
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composition of a stream. The data obtained from such a
sample can be misleading and erroneous as to the true
bacterial density in a body of water.

Theoretically, a sample representing the average
composition of a stream can be obtained by compositing
several depth-integrated samples. Each sample should
be of equal volume and should be collected at transects
of equal flow in the cross-section.

For sampling throughout the vertical profile in
streams, depth-integrating samplers are used. The
simplest depth-integrating sampler may consist only of a
mechanism for holding and submerging the container.
When the container is lowered at a uniform rate, water is
admitted throughout the vertical profile. One such device
is simply a weighted glass bottle that can be lowered by a
nylon rope.

If the person taking the sample could be assured that
the bottle was lowered to the bottom and raised to the
surface at a uniform rate, he would have roughly
approached collection of what is known as a depth-
integrated sample (9).

A true depth-integrated sample, however, is collected
by means of a sampler which integrates discharge as a
function of depth (13,24). The velocity of flow in a
stream, as well as the size and distribution of sediment
particles, vary both vertically and horizontally (6,30).
Depth integration is used to collect a water-sediment
sample that is weighted according to the velocity at each
increment of depth.

One of the best sampling techniques currently
accepted by hydrologists for use in such situations is the
equal-transit rate (ETR) method (Z3). In this method, the
standard suspended-sediment sampler is used to collect a
discharge-weighted sample. Samples are taken at a
number of equally spaced verticals in the cross-section.
The transit rate of the sampler, which is the rate of
movement of the sampler from the water surface to the
streambed and back to the surface, should be the same at
all verticals. Samples collected in each vertical are
composited into a single sample that is representative of
the entire flow in the cross-section. According to Feltz
and Culbertson (9), the composite sample of the
water-sediment mixture collected in this manner is a
representative sample that is velocity- and discharge-
weighted.

Several depth-integrating samplers are in widespread
use in water-quality studies and have been described by
the Subcommittee on Sedimentation (24). However,
paramount problems exist with the use of currently
available depth-integrating samplers for collection of
microbiological samples. First, the samplers cannot be
adequately sterilized and, second, equal-volume samples
collected for centroids of equal flow in a cross section
cannot be composited under aseptic conditions. The
latter problem can be rectified by determining the
density of bacteria in the individual samples and
compositing the results. Though technically acceptable,
the costs and manpower constraints would make this

approach prohibitive or difficult at best.

The key problem and the challenge to microbiological
monitoring is the production of a sterilizable, depth-
integrating sampler designed to accommodate the
disparity of sediment distribution as related to variations
in depth and cross section and to changes in streamflow.
Until such a sampler has been designed, tested, and
made readily available, the data produced in microbio-
logical-monitoring programs involving surface waters
can be considered of questionable accuracy, regardless of
the notable advances that are taking place in the state-of
-the-art of analytical procedures.

CONCLUSIONS

As stated in Standard Methods (1), it is impossible to
give directions for sampling techniques to cover all
conditions which will be encountered, and the choice of
the technique must be left to the sample collector. There
is not now, nor is there ever likely to be, a single method of
sampling which can be used to describe all microbio-
logical aspects of the hydrologic environment. There are
many different approaches to evaluating microbiological
quality and each is dependent on the intended use of the
data after they are collected.

By carefully following a few simple guidelines such as
(@) defining the intended use of data before they are
collected (b) evaluating the hydrologic situation from
which the sample is to be collected (for example,
homogeneity of flow and suspended sediment concentra-
tions), (¢) giving consideration to measurement of
significant properties, and (d) using common sense, it
will be possible to obtain a sample that is truly
representative of the whole.

The state-of-the-art technology is a changing scene, in
that many of the methods that are is use today may
become obsolete tomorrow. In all instances, the quality
of any data is no better than the method and
representativeness of the sample.
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ABSTRACT

This paper discusses characteristics and advantages of standardized
methods for microbiological analysis of water and their use in
enforcement and monitoring programs of the Environmental
Protection Agency. The increasing numbers of other methods-
standardizing organizations are documented. The present standardiza-
tion process is reviewed and recommendations are made for improved
approaches to standardizing methods.

To protect water quality and abate pollution, agencies
responsible for water quality must assess present
conditions, determine effectiveness of control measures,
and plan future actions to improve our environment. In
part, these decisions require sound quantitative and
qualitative data on microbiological indicators and
pathogens. Uniform test procedures are urgently needed
to measure these microorganisms and to provide reliable,
precise and comparable information on water quality.

Because biological sciences are less exact than
chemistry or the physical sciences, it is even more
important that microbiological methods be standardized
and rigidly followed.

NEED FOR STANDARDIZATION

Standardization is necessary to secure uniformity,
assure valid data and provide reference procedures for
methods comparisons. A major advantage is the uniform
application of methods which permits data comparison
among analysts in the same laboratory, in joint field
surveys, between laboratories, and among federal, state
and private agencies. Standardized methods become
more important when data from different sources are
compiled in monitoring networks or are entered in
common data banks such as EPA’s STORET, a
computerized information storage and retrieval system
with capability for data analysis. It is imperative that
standardized methods be used in monitoring and
enforcement programs.

Some workers object to standardized methods on the
grounds that the analyst will be locked in on one method.

They are concerned that research will be stifled and
development of new or improved methods will be
discouraged. This need not happen. Standardization is
not intended to prevent methods research. Modifications
and additions of new methods can be made by building
into the standardization system a mechanism for
periodic review and change. With this mechanism,
standardization can further research on improved
procedures for water analysis by providing a reference
method against which new methods can be compared.

CHARACTERISTICS OF STANDARDIZED METHODS

Standardization should include the uniform applica-
tion of sampling procedures, analytical methodology,
statistical computation and reporting of results. The
selected procedures must be: (a) generally applicable to
varied types of waters and wastewaters; (b) proven by
use in many laboratories or validated in a formal study;
(o) sufficiently accurate, precise, selective and sensitive
for users needs; (d) judged best by the consensus of
experts in aquatic microbiology; and (e) practical, with
consideration for rapidity, cost, ease of use and limited
special training of the analyst.

EPA’S ENFORCEMENT ROLE

As a regulatory agency, EPA plays a leading role in
guiding the states, local authorities and other agencies in
abatement and control of environmental pollution. A
recent example of potentially hazardous water pollution
was the diversion of 100 million gallons per day of raw
sewage into the Ohio River in March, 1977 because toxic
organic chemicals had contaminated the Louisville,
Kentucky waste treatment plant (5). From 1971-1974 a
total of 99 waterborne disease outbreaks affecting 16,950
people were reported in the United States (4). The largest
incident in 1974 was symptomatic giardiasis contacted by
an estimated 4,800 persons in Rome, New York; the
municipal water supply source was reported to be surface
water with chlorination as the only treatment (3. In the
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same year approximately 1,200 cases of acute gastro-
enteritis, later confirmed as shigellosis, occurred in Dade
County, Florida because of a contaminated well source
and a temporary failure in the chlorination of the
community water supply (/4). Such incidents demon-
strate the need for a vigorous monitoring and
enforcement program.

The legislative bases for EPA’s water pollution control
and water supply protection activities are three Acts: the
Federal Pollution Control Act Amendments of 1972; the
Marine Protection, Research, and Sanctuaries Act of
1972; and the Safe Drinking Water Act of 1974. These
Acts direct the Agency to protect and improve the quality
of our water resources and to control pollution by setting,
enforcing and monitoring standards for water supplies,
ambient waters and wastewater discharges.

WATER QUALITY STANDARDS

To facilitate abatement and control of water pollution,
microbiological water quality criteria were established
for different water uses by the Office of Water Planning
and Standards, EPA, in Water Quality Criteria (12) 1968
and revised in 1972 (I3). A second revision, Quality
Criteria for Water (9), is scheduled for publication. These
criteria are summarized in Table 1.

Microbiological water quality standards developed
from these criteria established contaminant limits for
several water uses. The microbiological standards are
summarized in Table 2.

Present EPA enforcement and monitoring activities
are based on these standards. Laboratory and field
analyses are done to determine if the water quality
standards are met and whether the water can be safely

TABLE 1. Water quality criteria*

Microbiological
criteria
_Coliforms/100 ml Reference
Water or wastewater Total Fecal source
Drinking water source 20,000 2,000 A
Recreational water:
Primary contact x 200 B
max 400 B
General Contact x 1,000 B
max 2,000 B
Agricultural water 5,000 1,000 B
Shellfish-raising waters CD,E
Daily x 70 14
10% Daily 230 43

A. Water Quality Criteria 1972. National Academy of Science and
National Academy of Engineers for the Environmental Protection
Agency, Washington, D.C.

B. Water Quality Criteria, 1968. Federal Water Pollution Control
Administration, U.S. Department of Interior, Washington, D.C.

C. Quality Criteria for Water. Office of Water Planning and
Standards, U.S. EPA. Washington, D.C. In press.

D. National Shellfish Sanitation Program Manual Operations. Part 11,
1965. Public Health Service Pubication No., 33, U.S. DHEW.,
Public Health Service, Washington, D.C.

E. 9th National Shellfish Sanitation Workshop, 1975, U.S. DHEW,
Public Health Service, Food and Drug Administration. Shellfish
Sanitation Branch, Washington, D.C.

* From Microbiological Methods for Monitoring the Environment,
Part I. Water and Wastes. Environmental Monitoring and

Support Laboratory — Cincinnati, Ohio (In Preparation).

TABLE 2. Water quality standards®

Microbiological
standards
Coliforms/100 ml Reference
Water or wastewater Total Fecal source
Potable water <4 pLD 93-523
Chlorinated effluents 200-400 PL 92-500
2° Treatment wastes 200-400 40 CFRC Part 133
Selected industrial wastes 200-400 PL 92-500
Leather and tanning 400 40 CFR Part 425
Feed lots 400 40 CFR Part 412
Meat products 400 40 CFR Part 432
Beet sugar 400 40 CFR Part 409
Canned fruits and
vegetables 400 40 CFR Part 407
Textiles 400 40 CFR part 410
Effluents from marine
sanitation devices with
discharges Typel 1000 40 CFR Part 140
and amendments
Type 11 200 40 CFR Part 140

and amendments

8From Microbiological Methods for Monitoring the Environment Part
I. Water and Wastes. Environmental Monitoring and Support
Laboratory — Cincinnati, Ohio (In Preparation).

YPL Public Law

CCFR Code of Federal Regulations

used for a specific intended purpose. If the data indicate
a violation of the standard, some regulatory action is
required. Because far-reaching decisions are based on
these laboratory data, sound, legally-defensible micro-
biological methodologies are required which must be
standardized and include quality control over their use.

STANDARDIZED METHODS IN EPA

In EPA, the Environmental Monitoring and Support
Laboratory (EMSL - Cincinnati) is responsible for
selecting, validating and standardizing analytical
methods and establishing quality control procedures for
water and waste analyses. As a part of this responsibility
EMSL has prepared for publication the first EPA
manual for microbiology, Microbiological Methods for
Monitoring the Environment, Part I, Water and Wastes,
(). This manual provides the basic methods that the
Agency needs to carry out its water quality and pollution
abatement activities. The manual is not a replacement
for, or in competition with, Standard Methods for the
Examination of Water and Wastewater (I). It cites
Standard Methods and EPA’s Handbook for Evaluating
Water Bacteriological Laboratories (7) as valuable
sources of detail and background information.

EPA’s Microbiological Methods for Monitoring the
Environment is a basic reference for monitoring water
and wastes in compliance with applicable water and
effluent standards established by the Agency. The
methods apply to drinking water, ambient waters and
wastewater effluents. The legal authority for the methods
used to analyse effluents in the National Pollution
Discharge Elimination System (NPDES) is established in
the Code of Federal Regulations (CFR) Title 40, Part 136
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8). This publication lists the procedures required for
analysis of pollutants in Section 304 (g) of the Federal
Water Pollution Control Act. (6). Table 3, an excerpt
from Part 136 of the Federal Register, shows the
approved test procedures for bacterial parameters,
referenced to Standard Methods for the Examination of
Water and Wastewater (1) and the methods of the U.S.
Geological Survey (11). The new EPA manual will be
referenced in another column provided in the Table.

TABLE 3. List of Approved Test Procedures®

References
(Page Nos.)
Parameter and units Method 14th Ed PT.31 USGS
standard 1976  Methods
Methods ASTM
Coliform (Fecal), Number MPN;b 922
per 100 ml MF 937 45
Coliform (Fecal), in pre- MPN;b 922
sence of chlorine, num- MF¢ 928,937
ber per 100 ml
Coliform (Total), num-  MPN;P 916
ber per 100 ml MF 928 35
Coliform (Total), in pre-  MPN;P 916
sence of chlorine, num- MF 933
ber per 100 ml Enrichment
Fecal Streptococci, num-  MPN; 943
ber per 100 ml MF 944 50

Plate Count 947

aFederal Register, Vol. 41, 232-40 CFR 136, December 1, 1976

bThe 5-tube dulution MPN is used.

CSince the membrane filter technique usually yields low and variable
recovery from chlorinated wastewaters, the MPN methods will be
required to resolve any controversies.

The amendment mechanism also provides procedures
for approval of alternate methods. National approval for

Organization

test methods is obtained by application to EMSL -
Cincinnati. Case by case approval is obtained by :
application through the EPA Regional Offices. G’)\

The procedures in the EPA manual also apply to
potable water. For compliance with the National
Primary Drinking Water Standards in the Safe
Drinking Water Act (10), monitoring data must be
provided by approved laboratories. A national certifica- -
tion program is being developed in which the EPA
Regional Offices or the States will certify water supply
laboratories at the State and local level, using specific
minimal criteria. If not certified, the utility must obtain
analyses from another certified laboratory. Further,
maximum contaminant levels are set for 17 parameters.
These must be met or notice must be made of public
hazard. The certification criteria and the National
Interim Primary Drinking Water Regulations will
require use of the methods described in the EPA
methods manual and in Standard Methods.

Py

METHODS-STANDARDIZING ORGANIZATIONS

The increasing activity in standards-setting and
methods-standardizing organizations is evidenced by the
significant number of methods manuals and guides for
the microbiological analysis of water that have been
produced in recent years. The following organizations "
and their publications are examples of methods .
standardization or proposed standardization for water
analyses:

Publication

Government Agencies:

U.S. Environmental Protection Agency,

Environmental Monitoring and Support Laboratory, EPA,
Cincinnati, OH

U.S. Geological Survey, Office

Department of the Interior,

Reston, VA

States:

Kansas State Dept of Health and Environment
Office of Laboratories and Research

Topeka, KA

Minnesota State Health Dept.

Division of Environmental Health
Minneapolis, MN

Florida State Board of Health

Bureau of Sanitary Engineering

Division of Water Supply

Jacksonville, FL

Industries:

National Council of the Paper
Industry for Air and Stream Improvement, Inc.
New York, NY

Gelman Instrument Company
Ann Arbor, MI

Millipore Corporation
Bedford, MA

Microbiological Methods for Monitoring the Environment Part I,
Water and Wastes

Methods for Collection and Analysis of Aquatic Biological and
Microbiological Samples

Procedure Protocols for the Bacteriological Examination of Water

Water Bacteriology Laboratory Protocol

Manual of Practice on Sampling, Reports and Procedures for the
Bacteriological Examination of Water

A Guide to the Conduct of Indicator Organism Tests Used to Study
the Sanitary Quality of Effluents and Receiving Waters ‘h.

Basic Membrane Filter (MF) Procedure, in Gelman Membrane Filters

(MF) for Water Testing, and Suspended Solids Testing
Microbiological Analysis of Water
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Professional Societies:

American Water Works Assn.
Water Pollution Control Federation
Washington, D.C.

The American Public health Assn.
Washington, D.C.

. American Public Health Assn.

Producer/User Organization:

American Society for Testing and Materials
Philadelphia, PA

Foreign Countries:

Department of Health and Social Security, Ministry of Housing and
Local Government

London, England

Inland Waters Directorate, Scientific Operations Division,

Canada Centre for Inland Waters

Burlington, Ontario

International Organizations:

World Health Organization

Regional Office for Europe

Copenhagen, Denmark

International Organization for Standardization
Budapest, Hungary

Academia*

Department of Environment Sciences,
Rutgers University
New Brunswick, NJ
Department of Microbiology
University of Maryland

. University Park Press
Baltimore, MD

Standard Methods for the Examination of Water and Wastewater,
14th Edition

Recommended Procedures for the Examination of Sea Water and
Shellfish, 4th Edition

Annual Book of ASTM Standards, Part 31 Water

The Bacteriological Examination of Water Supplies

Methods for Microbiological Analysis of Waters, Wastewaters and
Sediments

Draft: Manual on Analysis for Water Pollution Control

Draft: Water Quality; Microbiological Methods

Pollution Microbiology, A Laboratory manual

Marine and Estuartine Microbiology Laboratory Manual

* Examples of methods in specialized areas of aquatic microbiology
where proposed methods are needed but have not yet been
standardized.

The proliferation of microbiological methods manuals
indicates an increasing need for the standardization of
methods to achieve valid data comparisons in the single
laboratory, between laboratories and among agencies,
States and countries. A good example of this need is the
organization of health and environmental scientists from
many European countries with contiguous borders or
sharing the same river and coastlines to discuss methodo-
logy and prepare manuals. The Pan American Health
Organization conducts studies and exchanges informa-
tion on methodology among North, Central and South
American countries.

The recent rapid production of microbiological
methods manuals is not necessarily detrimental, or
without reason. It is generally a response to specific
agency, industrial and other user needs for standard
methods to measure pollution and conduct enforcement
activities to clean up the environment.

PRESENT STANDARDIZATION PROCESS

. Methods standardization currently begins in the single
laboratory where a method is developed to satisfy a
specific analytical need. The microbiologist prepares a
written description of the method, evaluates the method

with a variety of samples, summarizes the supporting
data and submits them to a methods-standardization
group for consideration. The standardization group may
be an industry, government agency, professional society,
or interdiscliplinary organization.

The formal acceptance by the standardization group
usually includes the following steps:

1. The written method and supporting data are
accepted for consideration as a candidate method study.

2. A preliminary study is done in more than one
laboratory.

3. After preliminary testing, the method is considered
by a review group, usually a committee of recognized
experts responsible for approval. The method is accepted
or rejected. Sometimes the acceptance process is simply
by edict or informal agreement among committee
members. Ideally the approval should be by vote and
consensus action by the committee.

4. At this point the method is usually assigned a
“tentative” or ‘‘provisional’ status.

S. The method advances to “standard” or accepted”
status after an appropriate period of use and evaluation
by a wider range of laboratories.

6. The method is presented to the scientific commu-
nity by publication in a technical journal or methods
manual.

7. Usually some provision is made for modificaton or
change.
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RECOMMENDATIONS

This review of current practices in methods standardi-
zation prompts the following recommendations for
improvements:

Methods development

Improved methods or modifications of methods must
be tested, documented and made available to other users
for evaluation. The widespread use of an analytical
method supports its reliability whereas use of unknown
or private techniques, based on recent research or
personnel preference, weakens the validity of the test
results and forces the analyst to defend his methodology.

The analyst or laboratory that develops a method must
clearly define the species or group of organisms that are
detected, isolated and enumerated. Morphological,
biochemical and ‘serological identification should be
included in the definition. The developer should specify
exact test conditions, types of samples to which the
method applies, and any limitations of the procedure.

Development of a method should include performance
characteristics such as specificity, selectivity, sensitivity,
counting range, precision and accuracy. Specificity is the
ability of a method to recover a bacterial parameter as
identified by a selective or differential characteristic and
verified by additional tests. A procedure is judged
specific if the recovered microorganisms verify as the
desired test organism, and the “other microorganisms”’
and false positives do not verify when picked and tested.
The acceptable level of specificity for a method cannot be
set absolutely, but must be established for standard
procedures or for new parameters by comparisons with
the accepted methods. Selectivity is the ability of a
method to encourage growth of the desired organism
while inhibiting or reducing the numbers of other
organisms by some arbitrary degree, compared with
growth and recovery on non-selective media. Sensitivity is
the ability of a method to detect small differences in
numbers for the bacterial parameter measured. This
detection ability varies with the concentrations of
microorganisms in the sample; sensitivity is reduced with
each increase in dilution.

The counting range indicates the minimum and
maximum numbers of colonies that can be counted
reliably on a membrane, pour plate or spread plate. The
counting range is related to the sample volume,
selectivity of the medium, and the crowding effect that
may result from high bacterial densities.

Precision and accuracy should be determined by the
method developer. Precision is a measure of reproduci-
bility, the deviation among multiple measurements of a
single quantity; it requires that adequate replicate
analyses be done. Accuracy is a measure of correctness,
the closeness of observed values to a known true density.
The magnitude of the difference between the results by
the test method and the true value provides the systematic
error or bias. One approach to determining accuracy is to
add the test organism to natural waters that are relatively

free of that organism and compare the recovery by the
proposed procedure to that from a rich, nonselective
medium. The seeded sample may be treated to simulate
environmental stress, for example by holding under
selected environmental conditions at a given temperature
for a specified time before analysis. Counts must be
based on colony verification.

Methods standardization

The method selected by the standardization group
must be the best available procedure, based on
established acceptance criteria. Workers are reluctant to
part with traditional or favorite methods and to adopt
new techniques without convincing proof of improved
results in their geographical areas.

Collaborative studies and methods comparisons
should include the testing of various types of water and
wastewater from different geographical areas by several
participating laboratories. Seasonal effects should be
taken into account, such as temperature, pH, turbidity

and chlorine residual should be noted and correlated. A P

detailed test protocol must be conscientiously followed by
the participating laboratories.

Such methods comparisons must include acceptable
measures of precision, accuracy and comparative
recovery, utilizing verified counts to determine the best
method. Statistical evaluations must be done by
commonly accepted procedures on the collaborative test
data and the results should be published. Such studies
are in progress or planned by the members of the
Microbiology Subcommittee on Water, D19:24,
American Society for Testing and Materials, as
part of their standardization activities.

Standardization must be based on true consensus as a
result of full committee action in which diverse opinions
are aired and reconciled into a group decision. The
committee should include members within and outside
the government with expertise in the parameters under
consideration. The members must participate actively in
group discussions and decisions. There are dangers in
committee action; methods may be accepted because
they are proposed by the most influential committee
members rather than because they are based on group
experience and judgement.

Role of professional microbiology societies

Above the laboratory level where the methods are
developed and applied, and in addition to the evaluation
activities of the methods standardizing groups, profess-
jonal societies should be involved in methods standardi-
zation. They can provide a forum for reporting methods
development and comparison studies, liaison among the
methods standardization groups, and guidance in the
methods standardizing process.
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Trouble Shooting A Mastitis Problem

SIDNEY H. BEALE

Michigan Milk Producers Association

24270 W. Seven Mile Road, Detroit, Michigan 48219

(Received for publication August 17, 1977)

ABSTRACT

Mastitis is a very costly problem causing the
farmer financial loss because of: milk lost
through decreased production, discarded
milk, medicine cost, animals culled from the
herd, and veterinarian fees. Mastitis is a
luxury the farmer cannot afford, yet there are
many that feel it is something they must live
with. There are three areas of concern when
confronted with a mastitis problem: (a)
management of the herd, (b) adequate milking
system, properly installed, and (c) sub-clinical
or infectious mastitis. To be successful in
correcting a mastitis problem requires use of
all resources. A team approach is used and the
team consists of the dairy plant fieldman and
laboratory, milking machine serviceman, area
extension dairy specialist, veterinarian and the
farmer who desires to correct the problem.
Every person on this team has an important
part to play in solving the problem. The result
of solving the problem is a financial gain for
the farmer.

Mastitis can be a very troublesome
problem, causing financial loss due
to decreased milk production, dis-
carded milk, treatment costs, and
loss of cattle from the herd. Mastitis
is a luxury the farmer cannot afford,
yet very often rather than admit
there is a problem it is given the
hush-hush treatment.

How do we recognize that a farmer
has a mastitis problem in his herd? If
the farmer is conscientious he will
withhold milk from cows with clini-
cal mastitis and his quality record
will not reveal there is a problem if it
is clinical mastitis. However, sub-
clinical mastitis will be detected by
the routine testing of milk for somatic
cell count, as required by the
Interstate Milk Shippers Code. The
legal limit for somatic cells under the
code is 1,500,000 cells/ml of milk.
This number is totally unrealistic
from the economic stand-point; we

feel that any producer that has a
commingled milk sample from his
farm bulk tank that exceeds 300,000
cells/ml has a definite mastitis
problem and he should look for the
cause of the cell count.

FINDING THE PROBLEM

What approach do we use to seek
out the cause of the problem? For
the most part, mastitis is manage-
ment oriented; therefore it is ex-
tremely important to visit the dairy-
man at milking time. We like to plan
our visit so there are at least 30 min
to check over the basic components
of the milking system and discuss
our observations with the herd
owner.

What do we check? What are we
looking for? First we evaluate the
vacuum supply pump to see if it is
adequate for the work load it has
been assigned. If it is of adequate
size, then we check the actual
out-put of the pump to verify the
volume of air it can move. This is
done by using a flow-meter placed
directly on the intake of the pump.
Be sure all fittings are tight and all
hose connections have proper
clamps. If it is a belt-driven pump be
sure belts are in good condition and
tightened properly.

Next we check the vacuum con-
trollers to be sure they are working
and that there is adequate controller
capacity. The controller capacity
should at least equal pump capacity,
but better yet, exceed pump capaci-
ty. There are several different types
of controllers available; some need
field engineering to operate success-
fully.

After checking pump and con-

troller capacity we check the pulsator
vacuum supply line for proper size
and installation. The pulsator vac-
uum supply line should be at least1%4
inches in diameter for up to four
units, 1% inches in diameter for five
to seven units, 2 inches in diameter
for eight to ten units, and 3 inches in
diameter for more than 10 units. It is
very important to have the pulsator
vacuum supply line looped to 2
distribution tank or a header line
and if a header line is used it should
have twice as much capacity as the
pulsator vacuum supply line. Also
the pulsator vacuum supply line
should be used for pulsators only.
Weigh jars, vacuum operated doors,
etc. should be on a separate line.
After we have done this we check
the pulsators to be sure they aré
working properly. Many dairymen
fail to keep pulsators in good
condition. We have found pulsators
that have been in use for as long as 3
years without any service. Pulsators
need regular service; the diaphram
and rubber parts need changing and
cleaning on a routine basis. Short air
tubes are inspected for defects such
as cracks and cuts that let air into
the system. Check milk inlets for
damage; many times units have been
dropped or kicked by a cow and the
tip is bent, restricting milk flow. If
any damage is here it must be fixed.

OBSERVE MILKING PRACTICES

The next step is to spend at least
one milking time with the dairyman.
During the complete milking you
should be able to detect any weak-
ness in the milking procedure.

Is the udder preparation ade-
quate? Massage adequate for stimu-
lation and let-down should be at
least 20 sec with an additional delay
of 60 sec before the milker unit is
attached. Just before the milker is
attached we sanitize the teat end
with alcohol and collect a sample of
milk from each teat in a sterile
sample bag. These samples are iced
and transported to the central
laboratory for testing. They are
tested for Streptococcus agalactiae




using a special medium, TKT/FC;
Staphylococcus aureus, using telurite
glycine agar; and somatic cells, using
the Wisconsin Mastitis Test.

The milker cluster should be
positioned so teats are perpendicular
to the udder at all times; this can be
done with a mechanical attachment
that is designed to keep the proper
alignment.

Timing of milker unit take-off is
very important. Over-milking must
be avoided, if teat ends are to stay
healthy. Most dairymen over-milk
their cows either as a result of trying

CONTROLLING MASTITIS

to operate too many units or doing
other chores while milking.

INTERESTED PERSONS MEET

When we have completed our
observation and received test results
on individual cow samples, we are
ready for a group meeting with the
farmer, veterinarian, extension
dairyman, and milking machine
serviceman. Each of these men play
an important role in a successful
program.

Cows that carry S. agalactiae in-
fection are treated, sampled two
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weeks later, and any infection is
treated again; on the third culture
cows that still are infected are culled
from the herd. ¥

Using this approach we have been
able to keep the mastitis in the herd
under control and increase milk
production as much as 40 %. Milking
time calls are a must in a good
quality assistance program.
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One Milk Price
Seen As Grade B
Is Phased Out

Grade B milk producers are
switching to Grade A milk pro-
duction in increasing numbers.
This will increase Grade A milk
surpluses—and lower Grade A
prices, says Truman Graf, Univer-
sity of Wisconsin-Madison agricul-
tural economist, in a recently re-
leased study.

Graf feels that national or inter-
regional federal milk marketing
orders will be needed to cope with
the differences in milk prices in
different regions.

“There will eventually be only
one farm price for Grade A milk
as Grade B milk production de-
clines—and eventually disappears.
Grade B milk production dropped
12 percent during the past decade
in the U.S. and declined by 22
percent in Wisconsin. Just over a
third of Wisconsin’s milk is pres-
ently produced as Grade B milk.

“Many small dairy farmers and
dairy plants probably won’t survive
the switch to all Grade A milk
production,” Graf says.

The Chicago Regional federal

milk marketing order used less
than one-third of the 1976 milk
produced for Class I fluid pur-
poses. If the 6.9 billion pounds of
Grade B milk produced in Wis-
consin last year had been convert-
ed to Grade A milk, Graf says,

the average blend prices would
have declined by 11 cents per
hundredweight (cwt.).

Gross income per producer
would have declined by an average
of $617, and the Class I utiliza-
tion rate would have fallen to 19
percent.

“Most Grade B conversion to
Grade A is occurring in the upper
Midwest where Grade B milk sup-
plies are heavily concentrated.
Class I utilization rates and the
Grade A blend prices are already
relatively low in this area. More
Grade A milk production in these
areas will further lower the Class I
utilization rates—and Grade A
blend prices,” Graf explains.

“With blend prices already low
in the upper Midwest region, dairy
farmers just won’t accept the fur-
ther declines in Grade A prices
that will result from Grade B milk
conversion. Extremely chaotic mar-
keting conditions could result as
milk from the upper Midwest
either moves—or threatens to
move—into other regions to bol-
ster blend prices,” Graf warns.

Graf sees the need for federal
milk marketing order mergers and
broader based pooling-pricing pro-
cedures to stabilize interorder
blend prices and preserve orderly
milk marketing.

The problems caused by Grade
B conversion in the upper Mid-
west won’t be just a regional
problem. Milk can easily be

moved long distances, and the
surpluses can be exported to other
regions where Grade A milk prices
are higher.

Producers are switching from
Grade B to Grade A milk produc-
tion because of increasing Grade
A-Grade B price differentials, lar-
ger dairy herds, and larger dairy
plants.

The national difference between
Grade A and Grade B milk prices
increased by 16 cents per cwt.
during the past decade. Graf ex-
pects increases in these different-
ials, which average 48 cents per
cwt. in Wisconsin last year, while
the sanitary standards between the
two grades of milk decrease.

Farmers battling to lower pro-
duction costs per cwt. are increas-
ing the size of their dairy herds.
Herd size increased 25 percent in
Wisconsin and 42 percent nation-
ally during the past seven years.
This herd size increase encourages
producers to switch to Grade A
production to get the higher
Grade A prices, Graf says.

Dairy plants too are increasing
in size—and declining in numbers.
While output per manufacturing
plant has almost tripled nationally
during the last 25 years, the num-
ber of plants has declined by
almost two-thirds.

Larger plants are encouraging
dairy farmers to convert from us-
ing cans to using bulk milk tanks,

(Con't. on page 323)
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One name,
two greatideas .
for hetter sanitation:

ransflow raw mi
olesomeness a
product. That's because Transflow tub-
ing is specially designed for the rigid ’
sanitation requirements of the dairy
industry.
Transflow tubing cleans quickly and
thoroughly. Its inner bore — smoother
than rubber tubing and stainless steel
pipe — leaves no place for butterfat
or milkstone to accumulate. And be-
cause Transflow tubing is clear, you can
| see that it's clean and residue-free. ﬁ
Insist on genuine Transflow M-34R tub-
ing, which complies with FDA and 3-A
standards. Just look for its distinctive
blue strip.

Transflow® paneling

The Transflow paneling system is fast
gaining a reputation as the premier
wall and ceiling covering for dairy

operations.
The system — panels, moldings and
connectors — installs easily with no

special tools. Transflow panels are built
tough to withstand repeated cleaning,
yet stay bright and new-looking for
years. They inhibit mold growth, require
little maintenance, and never need
painting. Like Transflow tubing, Trans-
flow paneling meets FDA and 3-A
- standards. !
| Don’t accept substitutes — choose
Transflow paneling for your operation. |
i When Transflow paneling goes up,
maintenance goes down.

‘ 33132 Transflow Hot-Line: Want more information on Transflow tubing
= 2 4 or paneling? Call us toll-free and we’ll give
1-800-321-9634 you the whole story. Ohio call collect 216-

633-3224.

PLASTICS AND SYNTHETILS OIVISION

PO BOX 350 AKRON. OKIO 44309 TEL: [2I6] 633-3224
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for plants can reduce costs if they
can use only one form of delivery.
More than nine out of 10 Wiscon-
sin dairy farmers now have bulk
milk tanks; Grade B producers
with tanks can meet Grade A
standards at little or no additional
expense. Larger plants are also
encouraging farmers to switch
from Grade B to Grade A—costs
can be further reduced with only
one Grade of milk.

“As a result, Grade B producers
are faced with a choice—either
convert to Grade A milk, or face
losing a market for their Grade B
milk,” Graf adds.

The increasing conversion to
Grade A milk production will par-
adoxically add more Grade A milk
to the market at the same time
the demand for Grade A fluid
milk is declining—and the volume
of milk used to manufacture dairy
products is increasing. Grade B
conversion isn’t needed to satisfy
fluid needs. Instead, Grade A
milk is being used to manufacture
dairy products because it’s under-
utilized for fluid purposes, Graf
says.

“During the past decade, the
volume of milk in the U.S. util-
ized for fluid purposes dropped by
almost 4 billion pounds while the
volume of milk used in manufac-
turing dairy products increased by
almost 7 billion pounds. This will
be recognized in farm milk pricing
as conversion to Grade A contin-
ues,” Graf adds.

Almost half of all dairy farms
in the U.S. had fewer than 20
dairy cows in 1973, and many
small Grade B milk producers
may not be able to afford to con-
vert to Grade A. If Grade B
conversion leads to dairy plants
that accept only Grade A milk,
Graf says, it could mean the end
of dairying for many farmers.

Complete conversion to Grade A
milk could also force small unre-
gulated manufacturing dairy plants
out of business. They would have
to pay Grade A prices to get milk
for manufacturing purposes, but

they can’t afford to pay these
higher prices unless they are able
to develop ““fluid outlets.”

Plants that can’t develop fluid
outlets might not survive because
farmers selling to these plants
would be dissatisfied with the low-
er prices they receive. Neighboring
farmers selling milk to plants with
fluid outlets would receive high
milk prices.

“Dairy farmers will eventually
receive one price for milk. But the
changes that lead up to this single
price will bring many other prob-
lems. Dairy farmers should be
thinking about the adjustments
they’re going to have to make
when Grade B milk no longer
exists,” Graf concludes.

Copies of Graf's study can be
obtained from the UW-Madison
Department of Agricultural Eco-
nomics, 316 Agriculture Hall,
Madison WI 53706.

Coming Events

May 1-4, 1978. ADVANCE
FOOD SANITATION WORK-
SHOP. Minneapolis, MN. Contact:
Environmental Management Assn.,
1701 Drew St., Clearwater, FL

3351S.
May 7-12, 1978 SCHOOL OF
ENVIRONMENTAL SANITA-

TION MANAGEMENT. Univer-
sity of Illinois, Champaign, IL.
Contact: Environmental Manage-
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ment Assn., 1701 Drew St.,
water, FL 33515.

May 9-11, 1978. 33rd ANNUAL
PURDUE INDUSTRIAL WASTE
CONFERENCE. Stewart Center,
Purdue University, West Lafayette,
IN. Contact: J. E. Etzel, Purdue
Industrial Waste Conference, Civil
Engineering Bldg., Purdue Univer-
sity, West Lafayette, IN 47907.

June 4-7, 1978. 1978 ANNUAL
MEETING OF THE INSTITUTE
OF FOOD TECHNOLOGISTS,
Dallas, Texas. Contact: Dan Weber,
Director of Convention Services,
IFT, 221 N. LaSalle St., Chicago, IL
60601.

July 17-21, 1978. ADVANCES
IN FOOD AND APPLIED MI-
CROBIOLOGY. Massachusetts In-
stitute of Technology, Cambridge,
MA. Contact: Director of Summer
Session, Rm. E19-356, Massachu-
setts Institute of Technology, Cam-
bridge, MA 02139.

Clear-

July 24-28, 1978. FOOD PRO-
CESSORS BASIC MICROBIO-
LOGY SHORT COURSE. Cruess
Hall, University of California,
Davis. Contact: Dr. Robert J.
Price, Food Science and Tech.
Dept., University of California,

Davis, CA 95616.

June 25-28, 1978. CANADIAN
INSTITUTE OF FOOD SCIENCE
AND TECHNOLOGY 2Ist AN-
NUAL CONFERENCE, Edmonton,
Alberta. Contact: P. Jelen, Dept. of
Food Science, University of Alberta,
Edmonton, Alta. T6G 2N2.

Consistently accurate!

A complete line of Babcock testers—8 to 36
w 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.

‘Garver

milk and cream testing equ:pment

tionary or removable tray.
Write today for full details!

THE GARVER MANUFACTURING CO. |
Dept. FP, UNION CITY, IND. £

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-
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eThe new Model H-104 Double-Wall Tray-

former from R. A. Pearson Co. produces

strong, heavy boxes with double-side walls
and double-end walls. This new large
frame trayformer turns out boxes to con-
tain 80 to 120 Ibs, of fresh meat . . . and,
at the other end of the scale, produces
small, strong boxes for items such as fresh

FY
cherries. The H-104 has a capacity of up
to 25 trays per minute. For complete
information write: R. A. Pearson Co., W.
8120 Sunset Highway, Rt. 4, Box 65,
Spokane, WA 99204.

eAn economical line of translucent poly-
propylene connectors, valves and adaptors,
called Prop-A-Fit, is now available from
Thermoplastic Scientifics, Inc., Warren, NI,
developers of patented BEV-A-LINER lined
tubing. Range of fittings includes T,
“y''. elbow and 4-way connectors as well
as straight, reducer and *‘quick-disconnect”
unions, check valves and Dura-Clamp flow
valves. Prop-A-Fit connectors increase ver-
satility and speed of set-up in laboratory
and industrial tubing systems. Recommend-
ed for use with flexible tubing from 1/8”

eThe Bell-Mark Corporation has recently
introduced to the manufacturers and users
of high speed packaging equipment, a
revolutionary new concept for coding, dat-
ing, price marking and printing. The new
UC-200-2 EP-M was designed for use in
conjunction with any high speed, intermit-
tant or constant motion, overwrap, form,
fill and seal, bag making machine or
slitter. It delivers registered imprints on
any material web at speeds up to 350
imprints per minute. The UC-200-2 EP-M
has its own variable speed motor, so mno
assistance from the parent machine is
necessary. This means it will work well on
very thin films, on wax covered films and
sensitive packaging machines too. It also
utilizes Bell-Mark’s patented 150-2 cart-
ridge ink system. That means prints are
dry instantly on any surface and all ink
mess is completely eliminated. Bolt on
bracket kits are available for packaging
machines manufactured by Sig, Hayssen,
FMC, Cloud, Bartelt, Packaging Machine
and Sheldahl. There are a number of
installations now in the candy, bakery,
seafood and frozen food industries.

Product Potpourri

to 5/8” ID, fitting ends are serrated and
tapered to provide a tight grip on several
different tubing sizes. Reusable and auto-
clavable, Prop-A-Fit connectors have excel-
lent chemical and temperature resistance.
They meet USP XIX. Class VI criteria,
National Formulary, Vol. 14, standards,
FDA standards for food and beverage
industries and are accepted by USDA for
use in meat and poultry processes. For free
literature, write Thermoplastic Scientifics,
Inc., 57 Stirling Road, Warren, NJ 07060.

oSani-Matic offers its Ultraviolet Water
Purification System as the finest, most
acceptable system money can buy for con-
trolled water quality and purity. Effective
against bacteria, viruses, protozoans and
spores, Sani-Matic water purification units
are available from 2 GPM laboratory units
to 200 GPM models. For volume applica-
tions higher than 200 GPM, two or more
Sani-Matic purifiers may be manifolded
together. There are no moving parts in the
purification units. No special tools or train-
ing are required for installation. In-place-

'Quick-Connecttm stainless steel klamps
permit fast, dependable connections in 1”7
to 6" sanitary process tubing systems.
Available in type 304 or 316 stainless,
these easily assembled or disassembled
klamps and fittings can be installed in new
systems or adapted to existing systems with
welded, flanged or threaded bevel seat
components. Lightweight and heavy-duty
models feature a jewel-like finish, comply
with 3-A and U.S.P.H. standards and are
adjustable without tools. Quick-Connect

i
klamps are also available for industrial
applications in a variety of polishes to
meet process requirements. Contact: Super-
ior Stainless, Inc., P.O. Box 622, Delavan
WI 5311S.

cleaning systems can be adapted to the
Sani-Matic water purifiers, especially where
water/solutions tend to coat quartz liners.
30,000 gallons of water can be purified for
as little as a few cents depending upon
local electricity rates. Sani-Matic units op-
erate on common 110 volts-to 60 Hz
power. Standard purifiers are manufactured
with all water contact surfaces of stainless
steel. For complete information write or
call: The Schlueter Company, P.O. Box
548, Janesville, WI 53545 (608) 756-1266.

¢
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oThe HYL-80 Pressure Chamber Light is a
unit specially designed to transmit light
across a wall/barrier through a small open-
ing (17 pipe thread) in pressure vessels,
chambers, autoclaves, etc., illuminating
difficult, confined, hazardous gas or fire
areas without encroachment on inside
space. [Easy accessibility —permits bulb
changing without opening the vessel or
entering the room or area. The lighting
system exposed to the process can be
completely gas sterilized. Also, the light
can be used in fluid flow piping since the
light pipe does not protrude into the
chamber or pipe. The HYL-80 is recom-
mended by the manufacturer for lighting
sterile rooms, silos, fermenting tanks, filt-
ers, holding tanks, sterilizers and filtration
systems. For a free catalog write: Catalog
No. HYL-80, J. M. Canty Assoc., Dept. 29,
117 Cornwall Ave., Tonawanda, NY 14150.

eAccessory thremocouple probes are now
available from Transmation, Inc., for ex-
tending the temperature-measuring versati-
lity of a plant’s hand-held digital tempera-
ture indicators. A universal handle assem-
bly, 12” long plus 36” flexible armored
cable, connects the indicator Model 1060
or 1061 to a choice of four types of
plug-in probes: 1) a needle probe for
highly sensitive measurement of semi-fluid
or fluid temperatures; 2) a bare wire probe
for general use with liquids, ovens, furn-
aces, etc; 3) a filament probe for determin-
ing surface temperatures with extreme sen-
sitivity and fast response; and 4) a bow
type probe for fast, accurate sensing of

temperatures at convex surfaces. Contact:
Transmation, Inc., 977 Mt. Read Blvd,
Rochester, N.Y. 14606.

eAutomatic Controls & Systems, Inc., has
acquired exlusive U.S. marketing rights for
the new energy, money saving Hoval Re-
covery Unit. The HR unit is designed for
easy installation on any building that ex-
hausts heated or cooled air. Efficiencies are
55% to 90% heat recovery and 55% to 70%
cooling recovery. To achieve these remark-
able percentages while keeping the product
cost and its operation cost low the unit
features a unique lightweight, air cross
flow exchanger element and a diversity of
unit sizes. Additional savings may be real-
ized because simple installation require-
ments allow building maintenance crews to
easily and quickly install the units them-
selves. Units may be installed over existing
ventillation openings. This system is used
to advantage in factories, warehouses,
stores, production bays, machine shops,
laundaries, dye works, garages, bowling
alleys and other sports building-any build-
ing that exhausts heated or cooled air.
Descriptive literature and technical data
available from Automated Controls & Sys-
tems, Inc., 500 East Higgins Road, Elk
Grove, IL 60007.

eChromatography adsorbents, accessories
and biochemical kits for today’s chroma-
tography procedures are described and il-
lustrated in new 36-page catalog. Often-
asked questions about ICN aluminas and
silicas are answered. Various chromatogra-
phic techniques are reviewed, from open
(dry) column and thin-layer to high pres-
sure and high performance liquid chroma-
tography. Affinity (Liquid Exclusion) chro-
matography for analytical and preparative
LC is also discussed. Applicable adsor-
bents, their specifications and prices are
included. TLC and column chromatography
accessories, plus biochemical kits are cata-
logued and priced. Bulk applications for
aluminas and silicas in batch processing
are reviewed. And a handy list of available
reference abstracts are listed. This catalog
is available from ICN Pharmaceuticals,
Inc., 26201 Miles Road, Cleveland, Ohio
44128.

°®Aqua-Purometer II ph/L-Ip, a new pro-
cess-fluid pH system, designed to consist-
ently provide control and alarm action
when preset limits are reached, was an-
nounced by McNab, Inc. According to
McNab, the Aqua-Purometer II has an
exclusive L-1p fitting which allows the pH
probe to be quickly inserted into, or
removed from, the process stream without
plant shutdown. The solid state, integrated
circuit, 3-range indicator AP II system is
useful in a wide variety of acid and base
concentrations commonly encountered on
manufacturing lines. For information con-
tact McNab, Inc., 20 North MacQuesten
Parkway, Mt. Vernon, NY 10550.
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e Shipping and storage tanks built of tough,
thick polyethylene to take the roughest use
and abuse are now available from United
Utensils Co., Inc. When empty, the tanks
are designed for nesting inside each other,
thereby saving floor space. When full, a
special high-strength cover enables the
tanks to be stacked. Floor clearance per-
mits forklift entry from all four sides. For
additional information contact: R. Malkin,
United Utensils Co., Inc., Yennicock Ave.,
Port Washington, NY 11050.

°A line of improved swivel joints is being
marketed by L. C. Thomsen and Sons. The
joints assure smooth, flawless, leakproof
filling operations when transferring product
from one container to another in food,
beverage and chemical plants. Made of
sanitary, polished stainless steel construc-
tion, the joints have ultra smooth inside
and outside surfaces. They are easy to
disassemble for cleaning, and have 100%
CIP capability. The swivel joints have
teflon bearing surfaces for smooth action.
They are available with Acme thread,
clamp or butt weld ends for welding into
existing assemblies. For more information
contact: L. C. Thomsen and Sons, Inc.,
1303 Forty Third St., Kenosha, WI 53140.

oTri-Cell H.E.P.A. Filters are now available
from Tri-Dim Filter Corporation. Each
filter is constructed from one continuous
sheet of highly efficient glass microfiber
paper in four different DOP efficiencies . .
95%, 99.97%, 99.99% and 99.999%, with a
single corrugated aluminum separator
placed between each pleated sheet of me-
dia to prevent squeezing together. This
allows the largest possible filtering surface.
Tri-Cell H.E.P.A. filters will withstand
temperatures up to 250°F (custom ordered
may be increased to 800°F) and 100% RH.
Tri-Cell filtering applications are many and
diverse depending on the contamination
control required such as factory, office and
hospital air systems, as well as assembly
areas including aerospace, microelectronics,
research laboratories, food and beverage
processing plants and pharmaceutical pack-
aging systems. For information write: Tri-
Dim Filter Corp., P.O. Box 437, 85 Waga-
raw Rd., Hawthorne, NJ 07506.
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Applied Laboratory Methods

Committee Objectives:

To review the efficacy of microbiological and chemical
methods for the examination of milk, food, water and other
environmental samples, conduct comparative and collaborative
studies to determine the precision and accuracy of new
and/or modified methods and make recommendations for the
use of such methods which have a relationship to standards
of public health significance. Publish results of studies in the
Journal of Food Protection.

Committee Members

William L. Arledge, Dairymen, Inc., 605 Portland Building,
200 West Broadway, Louisville, KY 40202.

Harold Bengsch, Division of Public Health and Welfare,
City of Springfield, 830 Boonville Ave., Springfield, MO
65802.

G. Blankenagel, Dept. of Food Science, University of
Saskatchewan, Saskatoon, Canada S7N OWO.

A. Richard Brazis, Ph.D., Laboratory Quality Assurance
Branch, FDA, Department of Health, Education, and Welfare,
1090 Tusculum Ave., Cincinnati, OH 45226, Committee
Chairman.

Edwin H. Connell, Florida Dept. of Agriculture & Consumer
Services, Division of Dairy Industry, Central Laboratory, 500
N.W. 3rd St., Winter Haven, FL 33880.

Dr. Earl W. Cook, Quality Control Laboratory Division,
1205 Industrial Highway, Southampton, PA 18966.

Vernon R. Cupps, City of Saint Louis, Milk Control
Section, Division of Health, 1220 Carr Lane Ave., R. 112, St.
Louis, MO 63104.

Berry E. Gay, Jr., State Dept. of Health, Division of
Laboratories, 134 N. 9th St., Springfield, IL 62701.

Roy E. Ginn, Dairy Quality Control Institute, Inc., 2535 N.
Rice St., St. Paul, MN 55113.

Clair Gothard, Director, Laboratory Division, City of Hous-
ton Health Dept., 1115 North MacGregor, Houston, TX
77001.

Committee :

C. N. Huhtanen, Eastern Utilization Research and Develop-
ment Division, USDA, Philadelphia, PA. Subcommittee Chair-
man.

James J. Jezeski, Ph.D., H. B. Fuller Company Monarch
Chemicals Division, 3900 Jackson Street, N.E., Minneapolis,
MN 55421.

Oliver W. Kaufmann, Ph.D., DHEW, FDA, Cincinnati Train-
ing Facility, 550 Main Street, Cincinnati, OH 45202.

Wesley N. Kelley, State Chemical Laboratory, State of
South Dakota, The Chemistry Bldg., State University Cam-
pus, Vermillion, SD.

W. S. LaGrange, lowa State University of Science and
Technology, Cooperative Extension Service, Ames, A 50011.

R. T. Marshall, College of Agriculture, University of
Missouri, Columbia, MO 65201.

Vernal S. Packard, Ph.D., Dept. of Food Science &
Nutrition, University of Minnesota, St. Paul, MN 55108.

Donald Pusch, The Pillsbury Co., 311 Second St., Southyg
east, Minneapolis, . MN.

H. E. Randolph, Ph.D., Dept. of Animal Science, Texas
A&M, College Station, TX 77843.

James A. Rolloff, AMPI, North Centrai Region, P.O. Box
455, New Ulm, MN 56073.

Arnold Salinger, Bureau of Laboratories, State Department
of Health, Baltimore, MD 21218.

Ernest L. Shipe, Jr., Knoxville Branch Laboratory, Tennes-
see Dept. of Public Health, Knoxville, TN 37902.

E. L. Sing, Moseley Laboratories, Inc., 3862 E. Washington
St., Indianapolis, IN 46201.

Maurice Weber, Director, New Jersey Dairy Laboratories,
P.O. Box 748, 222-226 Easton Avenue, New Brunswick, NJ
08903.

H. Michael Wehr, Ph.D., State Dept. of Agriculture,
Agriculture Building, Salem, OR 97310. Subcommittee Chair-
man.

Kenneth W. Whaley, State of Tennessee, Department of
Public Health, Nashville, TN 37219.

Journal Management Committee

Committee Objectives

(1) Make a continuing review and evaluation of the
mechanical makeup of the Journal of Food Protection. Make
recommendations for changes as appropriate. (2) Evaluate the
needs of the membership and their desires about Journal
content. Make recommendations as to how these needs
could be better satisfied. (3) In case of dispute over publica-
tion of a paper, the Committee will provide the editor with
recommendations as to the suitability of the paper for
publication in the Journal.

Committee Members

Ralston B. Read, Chairman, Division of Microbiology, Food
and Drug Administration, 200 “C"" Street, S.W., Washington,
D.C. 20204.

Al N. Myhr, Vice Chairman, Department of Food Sciences,
University of Guelph, Ontario, Canda N1G 2W1.

Dr. C. K. Johns, 2284 Braeside Ave., Ottawa 8, Ontario,
Canada.

Elmer H. Marth, Department of Food and Industries,
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53704.

Brian McCarthy, Product Manager, Animal Health, West-
Agro Chemical, Inc., P.O. Box 1294, 1900 West 47th Place,
Suite 324, Westwood, Kansas 66205.

Orlowe M. Osten, Minnesota Department of Agriculture,
Dairy Industries Division, 530 State Office Building, St. Paul,
Minn. 55155.

Paul J. Pace, Chief Bacteriologist, Bureau of Laboratories,
Milwaukee, Wisconsin 53202.

Mr. Donald Raffel, Wisconsin Department of Agriculture,
4702 University Avenue, Madison, Wisconsin 53705.

Mr. Robert L. Sanders, HFF-415, Food and Drug Adminis-
tration, 200 ““C'* Street, S.W., Washington, D.C. 20204.
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Committee on Communicable Diseases

Committee Objectives:

To prepare and revise manuals on procedures to investi-
gate foodborne- and waterborne-diseases outbreaks, including
step-by-step investigative procedures, investigational forms,
and a listing of foodborne diseases of contemporary import-

ance.
To study problems related to those diseases communicable

to man through the consumption of foods, including milk
and milk products, meat poultry, and shellfish, and to
recommend specific measures that can be taken by the
sanitarian to control such diseases.

Committee Members

Dr. Frank L. Bryan, Chairman, Chief, Foodborne Disease
Training, Instructional Services Div., Bureau of Training,
Center for Disease Control, Atlanta, GA 30333.

Herbert W. Anderson, Environmental Epidemiologist, Div.
of Epidemiology, Seattle-King County Health Dept., 1510
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Dr. Robert K. Anderson, Professor, School of Public

Health, University of Minnesota, St. Paul, MN 55101.

K. J. Baker, Division of Food Services, Food and Drug
Administration, BF 224, 200 ““C" St., S.W. Washington,
D.C. 20204.
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Dearborn St., Chicago, IL 60610.
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Rockville, MD. 20852.

Dr. E. C. Todd, Food Reseach Laboratory, Health Protec-
tion Branch, Health and Welfare, Canada, Ottawa, Ontario
K1A OL2 Canada.

Journal Foodservice Food Protection Committee

Committee Objectives:

To explore newsworthy situations and events in the
foodservice industry and to make recommendations as to the
publication of appropriate articles in the Journal of Food
Protection; providing practical information and insight into
areas of concern to the foodservice industry.

Committee Members:

C. Dee Clingman, Chairman, NIFl, 120 S. Riverside Plaza,
Chicago, IL 60606.

K. J. Baker, FDA, 200 C. St. S.W., Washington, D.C.
20204.

Ruth S. Dickie, University of Wisconsin, Madison, WI
53706.

Dorothy Ellis, George Brown College, Toronto, Ontario,
M5T 2T9 Canada.
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Chicago, IL 60603.
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Earl Helmreich, Ohio Dept. of Health, Columbus, OH
43216.

Fred Mitchell, Minnesota Dept. of Health, Minneapolis, MN
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Dr. Oscar Snyder, University of Minnesota, St. Paul, MN
55108.

Baking Industry Sanitary Standards Committee

Committee Objectives

To participate in the revising and updating of the BISSC
standards, by serving as public health representatives on task
committees assigned to present drafts of revision to the
general BISSC committee and serve as consultants to
industry groups regarding the public heaith aspects of
equipment, design, construction and installation.

Committee Members

Martyn A. Ronge, Chairman (lll. Assoc.) Harold Wainess &
Assoc., 464 Central Ave., Northfield, Ill. 60093.
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Tom Rolfes, Director of Sanitation (N.Y. Assoc) Continen-
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Sanitary Procedures Committee

Committee Objectives:

To participate jointly with the Sanitary Standards Sub-com-
mittee of the Dairy Industry Committee and the Milk and
Food Branch, U.S. Public Health Service, in the formulation
of 3-A Sanitary Standards for dairy equipment. Specifically
the functions of this committee are: (1) to receive, consider,
and comment on proposed sanitation standards for dairy
equipment submitted by the Dairy Standards Sub-committee;
(2) to bring to the attention of the Sanitary. Standards
Sub-committee items of dairy industry equipment and methods
for which formulation of sanitary standards appear desirable;
and (3) to cooperate with the Dairy industry Committee, the
U.S. Public Health Service, and health officials in attaining
universal acceptance of the sanitary standards upon which
mutual agreement has been reached.

Committee Members
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and Bottling Plants, Bureau of Env. Sanitation, South
Carolina Dept., of Health and Env. Control, 2600 Bull St.,
Columbia, SC 29201.

Joe E. Edmondson, University of Missouri, Food Science
and Nutrition, 1-74 Agriculture Bldg. Columbia, MO 65201.

Carl Kroppman, Division of Dairy Industry, Florida Dept. of
Agriculture and Consumer Services, Tallahasse, FL 32304.

Food Equipment Sanitary Standards Committee

Committee objectives

(1) To Cooperate with other interested health organizations
and related industries in the formulation of sanitary standards
and educational materials for the fabrication, installation, and
operation of food equipment and food vending machines. (2)
To aid the food and vending industry in improving the
design, construction and installation of food equipment so
that it will lead to easy cleaning and proper functioning when
it is placed into service. (3) To cooperate with the food
industry in the preparation of standards or guidelines which
public health agencies will accept, thereby securing uniformity
in the manufacture and nationwide acceptance of such
equipment. (4) To present to the IAMFES membership those

standards and educational materials which the Committee
recommends be endorsed by the Association.

Committee Members

Karl K. Jones, Chairman. Environmental Health Officer,
Purdue University, Student Hospital, West Lafayette, IN
47907.

David J. Hodgson, Chief, Div. of Food Service Sanitation,
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Harold Wainess, Harold Wainess & Associates, 464 Central
Ave., Northfield, IL 60093.

Professional and Educational Development

Committee Objectives:

(1) To development plans to devise methods whereby the
Sanitarian can more fully gain recognition as a professional
worker in public health, and (2) to recommend standards of

education, training and experience designed to establish
desirable professional qualifications to the end that the title
Sanitarian will denote adequate preparation for professional

work and attainment. (members on next page)
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R. L. Richter, Chairman. Dept. of Animal Science, Texas
A&M University, College Station, TX 77843.
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Association Affairs

AFFILIATES OF

International Assn. of Milk, Food and Environmental Sanitarians

ALBERTA ASSOCIATION OF MILK, FOOD
AND ENVIRONMENTAL SANITARIANS

Pres., F. M. Brinklund --- Edmonton

Pres. Elect, D. Thomson Edmonton

Past Pres., N. P. Tiwari --- Edmonton

Sec’y., E. J. Bittner, 3412-108 St., Edmonton, Al-
berta, Canada T6J 2V4

Treas., J. E. Hoskins, Wetoka Health Unit 5007-51
Ave., Wetaskiwin, Alberta, Canada T9A 2G1

Directors:

J. R. Elliot Stettler
W. D. Charles ---- Edmonton
M. Bjorgan ---- Sherwood Park
G. Winker Edmonton
L. A. Zahara Calgary

ARIZONA ASSOCIATION OF MILK, FOOD
AND ENVIRONMENTAL SANITARIANS
Pres., George H. Parker ------------zeemeemuenen Phoenix
Sec’y., Jerry Williams, 7536 West Acome Dr.,
Peoria, Ariz. 85346
CALIFORNIA ASSOCIATION OF DAIRY AND
MILK SANITARIANS

Pres., Wayne E. Baragry --------------c---noox Riverside
First Vice Pres., Manuel N. Abeyta -- San Francisco
Second Vice Pres., Morris L. Holt -------------- Tulare
Sec’y.-Treas., Richard Tate

Past Pres., Richard L. Ayers -------------------m- Tulare

CONNECTICUT ASSOCIATION OF
DAIRY AND FOOD SANITARIANS, INC.

Pres., Donald Shields --- Guilford

Vice-Pres., John Redys - Hartford

Secretary, Paul Gotthelf ---- Fitchville

Treasurer, Walter F. Dillman, Dept. of Agr., State
Office Bldg., Hartford, CT 06115

Asst. Treas., Matthew Meyers --------------- Meriden

Board of Governors:
Philip Vozzola Granby
Edward Pedersen ---------------=-mmmeomeoaeee Sharon
Lester Hankin Hamden
Ted Blakely Wethersfield
Robert Rynecki --- Plantsville
Louis Palumbo Hamden

--- New Haven
-- Waterbury

J. Gordon Hanna
Anthony F. Verlezza

George Van Wormer ---- Simsbury
Henry Lech Bristol
Benjamin Cosenza ---- Storrs
Jack Clark --------- Millerton, N.Y.
I Enfield

Wethersfield

Paul Neil New Britain
Kenneth Flanagan, Past Pres. ------------- Hamden

FLORIDA ASSOCIATION OF MILK, FOOD
AND ENVIRONMENTAL SANITARIANS
Pres., Tom B. Hart ---- Fort Myers
Pres. Elect, Joe Hayes --
Sec’y.-Treas., Ron Richter, 203 Dairy Science

Bldg., Univ. of Florida, Gainsville, FL 32601
Past Pres., Jay Boosinger ----------------- Tallahassee

Jacksonville
May Ann Ash
Carl Kroppman ---- Jacksonville
Doris Marchetti --- Lakeland
Margaret Reis Orlando

IDAHO ENVIRONMENTAL
HEALTH ASSOCIATION

Pres., Stephan E. Bastian --- --- Preston

Vice-Pres., Harold R. Hyer --- Boise

Sec'y.-Treas., Jack Palmer, Bingham Co. Health
Unit, Box 829, Blackfoot, ID 83221

ASSOCIATED ILLINOIS MILK, FOOD AND
ENVIRONMENTAL SANITARIANS

Pres., Lewis Schultz --- Springfield

Pres.-Elect, Norman Eisenstein -- Chicago

First Vice-Pres., Howard Ferriera -- - Rockford

Second Vice-Pres., Ray Moldenhauer -- Springfield

Sec'y.-Treas., Robert Coe, 206 Boulder Hill Pass,
Aurora, IL 60538

Sergeant-at-Arms, Robert Grossman ------- Chicago
Auditors:
Guenther Lindholm ---------sseeeeeeee Melrose Park
Carl Ziesemer Evanston

INDIANA ASSOCIATION OF
SANITARIANS, INC.

Pres., David McSwane ---- Indianapolis

Pres.-Elect, Helene Ulhman ------------------nnnx Gary

Vice-Pres., Kevin Burk --- Bloomington

Secretary, Steven Creech, Monroe County Health
Dept., 211 E. 6th St., Bloomington, IN 47401

Treasurer, Mark Fry, Room 1721 City-County Bldg.,
Indianapolis, IN 46204

Fast Pres., Richard Lopez ----

Int’l. Representative, Helene Uhlman

Int’l. Vice-Rep., Mark Fry ------------m----

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

Pres., Don Larson ---------==-=scmmmeemev Cedar Rapids
Pres.-Elect, Dr. Wm. S. LaGrange -------------- Ames
First Vice-Pres., Charles Griffith ---- Des Moines
Second Vice-Pres., Clarence Jellings -------- Clinton

Sec'’y.-Treas., H. E. Hansen, State Health Dept.,
Robert Lucas Bldg., Des Moines, |A 50319
Advisor, Earl 0. Wright -----------=ncmmmmmmmeeeee Ames
Faculty Advisor, Dr. Wm. S. LaGrange ------- Ames
Immediate Past Pres., Carl Webster ----- Cedar Falls

KANSAS ASSOCIATION OF

SANITARIANS
Pres., J. A. Rogers -------m-semommmomeee Dearing
First Vice-Pres., Warren Griffin --- ---- Salina
Second Vice-Pres., William Spaniol -- Wichita

Past Pres., James Pyles -----------e-eeeemeeeees Topeka

Sec’y.-Treas., David A. Blevins, 414 W. Vine,
Junction City, KS 66441

Section Directors:
Larry Starr, Dairy
Galen Hulsing, General -----
John Moshier, Food Serve. ----

--- Concordia
Manhattan
--- Wichita

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

Pres., Barry Kinslow Louisville
Past Pres., Harry Marsh ---- - Lexington
Pres.-Elect, Tommy Coomes - -- Louisville
Vice-Pres., Leon Townsend Frankfort
Sec’y.-Treas., Dale Marcum, Milk Control Branch,
Frankfort, KY
Directors:
Max Weaver Western
Cheryl Canonge

William McCormick - Midwestern
Bland Dorris ---- - Midwestern
David Adams -- - Midwestern
Gene Morrell N. Central
Terrance Haley . Central
Marvin Fornash . Central
James Harrill . Central
Ellen Cook . Central
Dr. B. E. Langlois ------------me-ommemeean N. Central
Bill Anderson S. Central
Steve McDaniel -------------semmmmmanaaaas S. Central
Berford Turner Eastern
J. B. Bowman Eastern
JoAnn Needham ---------memmmmmmmmmemee Eastern
Morrell Raleigh Eastern

MICHIGAN ENVIRONMENTAL HEALTH
ASSOCIATION

Pres., James Akers -----------
Past Pres., Richard Hunter -- Big Rapids
Pres.-Elect, Thomas Vogel ---- --- lonia
Secretary, James Szejda, Ottawa County Health

4D964|:>1t_}, 414 Washington St., Grand Haven, M|

---- Kalamazoo

Treasurer, Michael Vanden Heuvel ------- Muskegon
Directors: ;
Charles R. Newell ----------ccceeemmme Durand
Oscar B. Boyea Pontiac

James P. Robertson ---------- ----- Grand Blanc
K. Durwood Zank ------- - Charlotte
Michael D. Farnsworth --- Monroe

Thomas Vogel lonia
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MINNESOTA SANITARIANS
ASSOCIATION
Pres., Peter Patrick St. Paul
Vice Pres., James A. Rolloff - --- New Ulm

Sec’y.-Treas., Roy E. Ginn, Dairy Quality Control
Institute, Inc., 2353 North Rice St., St. Paul, MN
55113

Directors:
Douglas Belanger ---- Minneapolis
Don Berg Minneaspolis

Fergus Falls

Arnold Ellingson
i ---- St. Paul

Hugh Munns St. Paul
Vernal S. Packard, Jr. --------eeeeeeeeeaes St. Paul
Donald C. Pusch --
Charles B. Schneider -
Leonard J. Waldock
Edmond Zottola

MISSISSIPPI ASSOCIATION OF
SANITARIANS, INC.

Pres., Charlie Crews

Pres.-Elect, Charles Howard

First Vice-Pres., Clinton Van Devender

Second Vice-Pres., Homer Smith

Past Pres., Jimmy Wooten

Senior Past Pres., A. R. Russell

Sec’y.-Treas., Paul M. Rankin, P.0. Box 1700,
Jackson, MS 39205

MISSOURI ASSOCIATION OF MILK AND
FOOD SANITARIANS

Pres., Chester Edwards ----------------- St. Joseph
First Vice-Pres., Joe Edmondson ---------- Columbia
Second Vice-Pres., James Gifford --- Jefferson City
Past Pres., James Jameson ---------------- Marshfield

Sec'’y.-Treas., Erwin P. Gadd, Bureau of Communi-
ty Sanitation, Missouri Div. of Health, Box 570,
Jefferson City, MO 65101

NATIONAL ASSOCIATION OF
DAIRY FIELDMEN

Pres., Sidney H. Beale ---------------------- Mason, Ml
First Vice-Pres., Walt Suntken -------- Davenport, |A
Sec. Vice-Pres., Philip J. Hermsen Sleepy Hollow
IL
Sec.-Treas., Earl Brancel, Dir. of Procurement,
Wis. Dairies, Rt. 3, Baraboo, WI 53913
Directors:
Gerald R. Shick ---- Pittsburg, PA
Edward Kaeder --- Stillwater, MN

NEW YORK ASSOCIATION OF MILK AND
FOOD SANITARIANS

Pres., Albert J. Lahr ---- ---- Geneva
Pres. Elect, William K. Jordan --- Ithaca
Past Pres., William Y. Perez -- Albany

Sec’y.-Treas., R. P. March, 124 Stocking Hall, Cor-
nell University, Ithaca, NY 14853

Board Members:
Charlotte W. Hinz ---
Howard |. Cobb
Alfred R. Place

ONTARIO MILK & FOOD
SANITARIANS ASSOCIATION
Pres., Bruce Zeiler --- Portland
Vice-Pres., Jim Black -- Salem
Sec’y.-Treas., Floyd Bodyfelt, Wiegand Hall 240,
Dept. of Food Science and Technology, Oregon
State University, Corvallis, OR 97331

Directors:
Les Todd Portland
elmer Morgan Coos Bay
Wendy Jones Portland
Paul Malstrom Eugene
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ONTARIO MILK AND FOOD SANITARIANS,
EASTERN BRANCH

Pres., Grant Cameron
First Vice-Pres., Rheal Meilleur
Second Vice-Pres., Dr. Wayne Modler
Secretary, Bruce Rutledge
Treasurer, Henry Martin
Directors:

Ed Haines

Lorenzo Richer

OREGON ASSOCIATION OF MILK AND
FOOD SANITARIANS

Pres., Bruce Zeiler ----------------emceeemeee
Vice-Pres., Jim Black
Sec'y.-Treas., Floyd Bodyfelt, Wiegand Hall 240,
Dept. of Food Science and Technology, Ore-
gon State University, Corvallis, OR 97331
Directors:

Les Todd Portland
Elmer Morgan --- Coos Bay
Wendy Jones --- Portland
Paul Malstrom Eugene

PENNSYLVANIA SANITARIANS
ASSOCIATION

Pres., Raymond Ackerman

Pres. Elect, Elwood Hench

Vice-Pres., Alfred Gottfried

Sec’y.-Treas., William Killough

Association Advisers: Stephen Spencer, Sidney
Barnard, George H. Watrous, George W. Fouse

Executive Committee: Association Officers and ap-
pointed representatives of regional associations

RHODE ISLAND DAIRY AND FOOD
SANITARIANS

Pres., Richard Chambers ----------=------- Providence
Sec’y., Maury Dunbar -------------- Foster, R.1. 02825
Treas., Vincent Mattera, R. |. Dept. of Health, 2843

South County Trail, East Greenwich, R.l. 02818

SOUTH DAKOTA ENVIRONMENTAL
HEALTH ASSOCIATIO
Pres., Michael J. Baker ---- Pierre
Pres. Elect, David Micklos ---- ---- Pierre
Sec’y.-Treas., Thomas H. Goninion, 309 Federal
Building, Aberdeen, S.D. 57401

Directors:
Arnold M. Brown -----------=ecsmmmmmmnnaae Brookings
Edward P. Michalewicz -------------=----- Brookings

TEXAS ASSOCIATION OF MILK, FOOD AND
ENVIRONMENTAL PROTECTION

Pres., Clair S. Gothard ------=--===-===--zzzuen Houston

Pres. Elect, Dr. C. W. Dill -- College Station

Vice-Pres., Joseph G. Klinger ---------------- Houston

Sec’y.-Treas., Dr. Ranzell Nickelson I, Room 354,
Bizzell Hall, Texas A&M University, College Sta-
tion, Texas 77843

Archivist, Janet Greenwood ---------=--===- LaMarque
Executive Board member from membership at
large, Dell Madkins -----------=-==--msnmeomee Houston

NORTH TEXAS ASSOCIATION OF MILK,
FOOD AND ENVIRONMENTAL SANITARIANS
Pres., Robert Adams -----------=--==s=smmemmannn Tioga
Vice-Pres., Joe Mashburn ----------------- Richardson
Sec’y.-Treas., Brenda B. Dawson, 10834 Stone

Canyon Rd. #2417, Dallas, Texas 75230

VIRGINIA ASSOCIATION OF
SANITARIANS AND DAIRY FIELDMEN

Pres., Lyle C. Morgan -------------=--meeeemen Bedford
First Vice-Pres., Richard Smith
Second Vice-Pres., J. Gwyn Hampton -------- Galax

Sec’y.-Treas., Marshall R. Cooper, 116 Reservoir
St., Harrisburg, VA 22801

Int’l. Representative, A. N. Smith ----------- Flint Hill

Membership Chairman, Vance Yeary

WASHINGTON MILK SANITARIAN’'S

ASSOCIATION
Pres., Charles Meach -----------------=-o-mmo- Olympia
Pres. Elect, Stanley Harriman
Past Pres., Bill Brewer -----------=--=-------oomo Seattle

Sec'y.-Treas., Lloyd Luedecke, NW 312 True St.,
Pullman, WA 99163

WISCONSIN ASSOCIATION OF MILK AND
FOOD SANITARIANS
Pres., Harlin Fiene ------------------------ Prairie du Sac
Pres.-Elect, Norman Kirschbaum ------------ Madison
First Vice-Pres., Dr. John Gerberich - Eau Claire
Second Vice-Pres., Boyd Cuff ----------- Whitewater
Sec’y.-Treas., Don Raffel, 4702 University Ave.,
Madison, WI 53705
Past Pres., Leonard Rudie -------------------- Appleton

WISCONSIN STUDENT AFFILIATE

Pres., Mark Kuba --------eeemmmmmmcocccaeeee Eau Claire

Vice-Pres., Terry Brandenberg - - Eau Claire

Treas., Marge Uebele ---- Eau Claire

Sec’y., Linda Rott, 4567 Summit Ave., Eau Claire,
WI 54701

Notice to Affiliate Representatives

Check to make sure the names in your affiliate
listing are current. If they are not, please send the
proper names to: Journal of Food Protection, P.O.
Box 701, Ames, IA 50010.

Affiliate Meetings

Arizona Association of Milk, Food
and Environmental Sanitarians,
June 10, 1978, Prescott, AZ. Joint
with NEHA & NSPS affiliates.

California Association of Dairy and
Milk Sanitarians, November 7-9,
1978 at Griswolds in Claremont,
CA.

Connecticut Association of Dairy
and Food Sanitarians. January 25,
1979%

Associated Illinois Milk, Food and
Environmental Sanitarians. De-
cember 4, 1978% Blue Moon
Restaurant, Elgin, IL. “Our New
Environment”

Kansas Association of Sanitarians.
August 13-17, 1978. Kansas City,
MO (in conjunction with IAMFES
Annual Meeting).

Minnesota Sanitarians Association.
September 14-15, 1978, Sheraton
Inn Northwest, Minneapolis, MN

Missouri Association of Milk and
Food Sanitarians. August 13-17,
1978. Kansas City, MO (in con-
junction with IAMFES Annual
Meeting)

New York Association of Milk and?
Food Sanitarians. September 20-
22, 1978. Stevensville Country
Club, Swan Lake, NY

Oregon Association of Milk and
Food Sanitarians. December S,
1978.* Salem Oregon

South Dakota Environmental Health
Association. May 17-19, 1978.
Brookings, SD, Holiday Inn

*tentative

CLASSIFIED AD

For Sale

Single Service milk sample tubes. For further information and a catalogue
please write, Dairy Technology, Inc., P.O. Box 101, Eugene, Oregon 97401.

Index to Advertisers

Babson Bros. Co. ----==msmsmcmmmmmmmmnaans
Garver Manufacturing -------------===---
Haynes Manufacturing -----------=-------
Klenzade ------=-=====m=mmmmmmmcmcmcmmcaee
National Sanitation Foundation --------

Norton Plastics ----------=-snmrmcecmocnana-
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THE ONLY Approved
ANITARY METHOD OF APPLYING
A U. S. P. LUBRICANT
TO DAIRY & FOOD

PROCESSING EQUIPMENT

Mist-like
< ; HAYNES-SPRA
U.S.P. LIQUID PETROLATUM SPRAY s bo st br boscatr

U.S.P. UNITED STATES PHARMACEUTICAL STANDARDS

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY
NEUTRAL. WILL NOT TURN RANCID — CONTAMINATE OR
TAINT WHEN IN CONTACT WITH FOOD PRODUCTS.

SANITARY—PURE
ODORLESS —TASTELESS
NON-TOXIC

The Wodew HAYNES - SPRAY Wethod of Lubnication
Couborums with the Witk Ondinaxce aud Code
Recowmended by the U. S. Public Health Sewice

The Haynes-Spray eliminates the danger of contamination which is
possible by old fashioned lubricating methods. Spreading lubricants
by the use of the finger method may entirely destroy previous
bactericidal treatment of equipment.

moxe 612 2. cms e caron—— THE HAYNES MANUFACTURING CO.
SHIPPING WEIGHT—7 LBS. 4180 Lorain Ave. « Cleveland, Ohio 44113

HAYNES-SPRAY INGREDIENTS ARE APPROVED ADDITIVES AND CAN BE SAFELY
USED AS A LUBRICANT FOR FOOD PROCESSING EQUIPMENT WHEN USED IN
COMPLIANCE WITH EXISTING FOOD ADDITIVES REGULATIONS.

SANITARY VALVES
HOMOGENIZER PISTONS — RINGS
SANITARY SEALS & PARTS
CAPPER SLIDES & PARTS

POSITIVE PUMP PARIS

GLASS & PAPER FILLING
MACHINE PARTS

and for ALL OTHER SANITARY
MACHINE PARTS which are
cleaned daily.

HAYNES SNAPTITE GASKETS

MOLDED TO
PRECISION STANDARDS *

““FORM-FIT"” WIDE FLANGE
HUGS STANDARD BEVEL
SEAT FITTINGS

DURABLE
GLOSSY SURFACE

) LOW COST...RE-USABLE

) LEAK-PREVENTING
NEOPRENE GASKET for Sanitary Fittings

Ghicck these SNAPTITE Aduantages

Time-saving, easy to assemble
Self-centering

No sticking to fittings
Eliminate line blocks

Help overcome line vibrations
Long life, use over and over

DESIGNED TO
SNAP INTO
FITTINGS

Tight joints, no leaks, no shrinkage
Sanitary, unaffected by heat or fats
Non-porous, no seams or crevices
Odorless, polished surfaces, easily cleaned
Withstand sterilization

Available for 17, 147, 27, 2%” and 3” fittings.
Packed 100 to the box. Order through your dairy supply house.

E HAYNES MANUFACTURING CO.
Avenue ¢ Cleveland 13, Ohio

HAYNES

SELF-CENTERING

SNAPTITE
Gaskels

*MADE FROM
SIZES 1 - 114"

sy« TEFLON®
"The Sephisticated Gasket”
THE IDEAL UNION SEAL FOR

BOTH VACUUM AND
PRESSURE LINES

Gasket Color. . .
slightly off- white

SNAP-TITE self-centering gaskets of TEFLON are designed for all
standard bevel seat sanitary fittings. They SNAP into place provid-
ing self-alignment and ease of assembly and disassembly.

HAYNES SNAP-TITES of TEFLON are unaffected by cleaning solu-
tions, steam and solvents. They will not embrittle at temperatures
as low as minus 200° F. and are impervious to heat up to 500° F.

FOR A FITTING GASKET THAT WILL OUT-PERFORM ALL OTHERS...

Speciby . . . HAYNES SNAP-TITES of TEFLON

© TEFLON ACCEPTED SAFE FOR USE ON FOOD & PROCESSING
EQUIPMENT BY U. S. FOOD AND DRUG ADMINISTRATION

* Gaskets made of DuPont TEFLON ® TFE-FLUOROCARBON RESINS

THE HAYNES MANUFACTURING COMPANY

4180 LORAIN AVENUE o CLEVELAND, OHIO 44113

_—vf"‘*‘
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SPRAY anbp TUBE

All Lubri-Film
approved additives and can be

ingredients are

safely utilized as a lubricant for
food processing equipment when
used in compliance with existing

food additive regulations.

waunes

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD
PROCESSING AND PACKAGING EQUIPMENT

For Use in Dairies — Ice Cream Plants — Breweries —

Beverage Plants — Bakeries — Canneries — Packing Plants

SANITARY « NON TOXIC o ODORLESS o TASTELESS

SPRAY — PACKED 6 — 16 OZ. CANS PER CARTON
TUBES — PACKED 12 — 4 OZ, TUBES PER CARTON

HAYNES MANUFACTURING CO.
CLEVELAND, OHIO 44113
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Make Your

Cows Worth More,

Dr. Allan Bringe
Professor, Dairy Science
University of Wisconsin
Madison, Wisconsin

Efficient production of clean,
natural-tasting milk which
will be in demand by con-
sumers. should be every
dairyman's goal. The milk-
ing operation and care of
your herd should have the
highest priority because a
full harvest of quality milk
will mean more income to
you. Dairymen can take ad-
vantage of current knowl-
edge and technology to
B achieve this goal, and make
better use of their time while earning more profit.

DHI Production Records

These tools are essential for measurement of produc-
tion to make feeding. breeding. and culling decisions.
Use records to detect and correct weaknesses in herd

management. You won't know which cows are worth

more unless production is measured. |deally, your
milking equipment should have provisions for obtain-
ing DHI milk weights and samples.

Identify Cows With Hidden (Sub-Clinical) Mastitis
The invisible loss of milk for each infected quarter is
more than a thousand pounds per year. You need
some routine method of identifying infected cows early
—before you can see clinical mastitis. Each cow can be
monitored for mammary infection by:

1. Somatic cell report in DHI programs.

2. California mastitis test.

3. Bacteriological culturing.

Once infected cows are identified, you and your
veterinarian can make management decisions regard-
ing proper handling and treatment. When cows be-
come infected with sub-clinical mastitis you should also
play the role of a detective to determine the cause and
correct the situation that caused the new infection.
Mastitis can be kept under control with the following
measures:

1. A strict sanitation program.

2. Proper installation, maintenance, and use
of milking equipment.

3. Using recommended proceduresincluding teat
dipping.

4. Proper treatment of infected quarters. (Select
antibiotics for treatment of infected quarters
bas&)ed on previous culturing and sensitivity test-
ing.

5. Culling.

]

b i

): ’ : '!!
LU flh W,

Dairymen attempting to control mastitis by treatment
alone will always be in trouble.

Routine Milking Machine Service

You are milking 1977 model cows, bred for high milk
production. That means your milking equipment needs
to be up to 1977 operating standards. Just because
your milking machine starts running when you hit the
switch, doesn't mean that it's operating properly
Schedule your equipment for routine service by acom-
petent milking machine serviceman. Make sure that
pulsation, vacuum control, vacuum pump. inflations,
and other essential parts are functioning correctly.
Don't guess. Check equipment performance when all
units are milking the highest producing cows. Re-
member, your milking equipment operates more hours
than any other piece of farm equipment. and it's the
only equipment that operates on living tissue

Provide The Environment For Healthy Calves
Proper environment, care and attention is essential to
raising healthy calves. Poor calf care allows scours
and pneumonia to pre-cull many genetic assets from
your herd and its future productivity. Genetically supe-
rior calves, raised in a healthy manner, give the dairy-
man an opportunity to cull more selectively and elimi-
nate mastitis problem cows.

This. in turn, helps prevent the spread of pathogenic
organisms throughout the herd.

Managed Milking Procedure

Plan the best sequence for proper cow milking. Even
the best milking system cannot achieve maximum
production and avoid udder irritations unless proper
milking procedures are followed. The milker's attitude
and desire to consistently milk properly is essential.
Handle cows gently so they associate milking with a
pleasant experience. The preparation and stimulation
of the udder is important to saving milking time, obtain-
ing more milk, and reducing teat and udder irritation.
Attention to the important routine of sequencing stimu-
lation, time of machine attachment, and proper ma-
chine removal will pay big dividends. The challenge is
to control procedures so they are properly performed
when milking each cow in the herd, regardless of her
characteristics. This can be accomplished equally well
in a stanchion barn or fully automated milking parlor.
The rewards will be better use of your time. better
herd health and more profit. You can make your cows
worth more!!
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Qak Brook, lllinois 60521.

VVe make your cows worth more.




