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A food processor we know had just about given up on
his aluminum bean pots. Accumulated food stains
were uncleanable. Or so he thought until a Pennwalt
representative showed him what Pennwalt pot
cleaners could do. A quick soak and rinse did the job.

Do you have a cleaning problem with plant utensils
and equipment? Chances are Pennwalt has a
cleaning process to solve your problem immediately.
And if we don’t, your Pennwalt representative will put
our chemical research staff to work until we do have
the solution. And no halfway measures about it.

Contact us now. You have nothing to lose but
your stains.

Dairy and Food Dept., Pennwalt Corporation
Three Parkway, Philadelphia, Pa. 19102

D= MENNWALT

CLEANERS & SANITIZERS




 Guess what!
Daisy’s getting
hitched!

a0 ©
TRANSFLOW

S0 what
else is new!

'Q Sooner or later, it seems, nearly every cow is connected
to a long-lasting, non-aging, non-flaking TRANSFLOW product:

TRANSFLOW M-34R MILK TUBING—Clear as glass, flexible as rub-
ber. The “‘Standard” for most time- and work-saving dairy equipment.

TRANSFLOW VACUUM TUBING—Outlasts rubber 5 to 1, yet is priced
lower, in most cases. Clear or black. Sizes, styles to fit all milkers.

TRANSFLOW INFLATIONS AND SHELLS — *See-Through' design
helps you maintain herd health and produce high quality milk faster
and with less effort.

Of course, TRANSFLOW products meet all Food and Drug Administra-
tion requirements as well as all criteria in the 3-A* Plastics Standard.

For complete information about any TRANSFLOW product, see your
‘ dealer or write Norton Plastics and Synthetics Division, P. 0. Box 350,

N Akron, Ohio 44309. ’ ’

. *International Association of Milk, Food and Environmental Sanitarians;

U. S. Public Health Service; The Dairy Industry Committee.

M PLASTICS AND SYNTHETICS DIVISION

FORMERLY U.S. STONEWARE INC. AKRON. OHIO 44509 222
I




Klenzade’s Computer Cost Survey Analysis instantly evaluates
every dairy cleaning job, from pasteurizer circuits to
conveyor chains to transport tankers.

Plant sanitation information is transferred to punch cards
and fed into Klenzade’s computer. All variables involving
detergent concentrations, water hardness, iron content, water
volume and soil conditions are computed according to
programmed standards of sanitation effectiveness. The result
is a computerized printout of cleaning efficiency based
on existing cleaning procedures. It's a printout which tells you
what the precise cost of every cleaning variable should
be for each cleaning function.

The Computer Cost Survey Analysis is a first in dairy
sanitation. So, ask your Klenzade Representative for the full
story. He'll be glad to show you how the Clean Team’s memory
bank can analyze your plant sanitation procedures play by
play. Give him the ball soon.

Join the Clean Team
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ISOLATION OF SALMONELLAE FROM NATURALLY
CONTAMINATED DRIED MILK PRODUCTS

I. INFLUENCE OF SAMPLING PROCEDURE
ON THE ISOLATION OF SALMONELLAE'

BBek Ray®, J. J. Jezeskr’, axp F. F. Busta

Department of Food Science and Industries
University of Minnesota
St. Paul 55101

(Received for publication March 29, 1971)

ABSTRACT

Eight plants that were equipped with several types of
driers and that produced a variety of dried milk products
were surveyed for Salmonella contamination. Each plant
had a history of Salmonella isolations from finished pro-
duct. Sampling included production fractions as well as
tailings and environmentals. Distribution of salmonellae was
not random in fractions of product obtained during a day’s
operation. One-fourth of the 277 samples of the first prod-
uct through the system (animal feed) contained salmonel-
lae; this was a higher frequency than the 5.6% positive
tests observed in 963 samples of other fractions produced
later during daily operation. The incidence of Salmonella
isolations in these food-grade products: also was lower than
that observed in 873 tailings samples (10.5%), in 1125 air
filter samples (23.6%), and in 763 environmental samples
(21.1%). However, plants with Salmonella-positive air filt-
ers or environmentals were able, on occasion, to manufacture
product free of salmonellac. Results of this study indicated
that the first product out of the system during daily opera-
tion provides the best sample for evaluation of product con-
tamination by salmonellae.

The sampling procedure may be an influential
factor in obtaining information about the probable
Salmonella contamination of dried milk products.
In designing an effective procedure, factors such as
type of product, size of the production lot, distri-
bution of contaminant, and level of contamination
within the lot should be considered (3). Salmonella
distribution in contaminated egg product was con-
sidered to be homogeneous. However, salmonellae
in both fish meal and bone meal were reported to be
distributed very unevenly (6). In most non-liquid
food products Salmonella contamination is not homo-
geneous and the level of contamination is usually low.
Thus, a limited number of tests from a large pro-
duction lot provide little assurance that the lot
is not contaminated (7). In the majority of instances,
the number of samples is less than the actual num-

“Scientific Journal Series Paper No. 7559, Minnesota Agri-
cultural Experiment Station, St. Paul.

*Present address: Department of Food Science, North Caro-
lina State University, Raleigh, N. C. 27607.

3Present address: Department of Botany and Microbiology,
Montana State University, Bozeman, Montana 59715.

ber required to verify absence of salmonellae. For
dried milk products, the testing of a statistically se-
lected number of samples representing about 10%
of the units of a lot was recommended for detec-
tion of Salmonella contamination (3). If the distri-
bution of contamination of salmonellae is random,
i. e, if there is an equal chance for contamination to
occur at any stage of the operation, a regular sam-
pling procedure will detect the organisms. However,
if contamination is non-random and limited to a cer-
tain segment of time during the production of a
lot, there is no assurance of obtaining a contaminated
sample unless the influence of time is known (2).

In this work, samples from various dry milk plants
were tested to determine influence of time on con-
tamination of the product, to establish the possible
route of product contamination, and to determine
which of the samples provided the best material to
evaluate for possible presence of salmonellae in the
product as well as in the plant environment.

MATERIALS AND METHODS

Samples

Different types of samples were obtained from dry milk
plants with a history of product contamination with salmonel-
lac. Samples consisting of first product out of the system
(animal feed), portions from the first, middle, and last bag
of food-grade products and tailings from the daily line run
were obtained routinely in quantities of at least 100 g.
Samples of air filter materials from the drier intake and
powder cooler also were obtained regularly. Environmental
samples consisting of dry milk residues and swabs were re-
ceived on selected occasions. The samples were obtained
in polyethylene bags. The product, tailings, and filter ma-
terials were obtained within 2 to 7 days after manufacture,
whereas the environmental samples were received within
24 hr after collection. In most instances, the samples were
pre-enriched within 24 hr after they were received in the
laboratory. During the interval between receiving and test-
ing, the former groups of samples were stored at room
temperature, whereas the environmental samples were stored

at 4 C.

Methods of testing

Different fractions of product samples, including animal
feed, were pre-enriched in one or more media including
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TaBLE 1. Various Salmonella SEROTYPES ISOLATED FROM DRIED MILK PRODUCTS PRODUCED IN DIFFERENT PLANTS.
Plant No. Types of products Types of driers Serotypes isolated
1 Spray dried skim Box sweep S. typhimurium, S. java and
S. blockley, and non-motile S. java *
2 Spray dried skim Box sweep S. anatum
3 Spray dried skim Box sweep S. montevideo
7 Spray dried skim, Box sweep 1
instant Vertical 1 S. oranienberg
8 Spray dried skim, Box sweep 1
whole-milk Box manual 1 S. minnesota, S. kentucky and
buttermilk, mix. Horizontal 1 S. tennessee
9 Spray dried skim Horizontal 2 S. anatum, S. derby, S. falkensee,
S. kentucky, S. seigberg, S. taksony
and S. uzaramo
10 Spray dried skim Box sweep 1 S. cubana and S. newington
11 Various products S. anatum (H.S negative)

0.002% brilliant green water and lactose broth. The other
pre-enrichment media used were peptone solution (0.3%),
sodium pyruvate solution (0.1%), sterile deionized water, or
Ray’s medium composed of tryptone, 3.0 g; Soytone (Difco),
3.0 g; yeast extract (Difco), 3.0 g; casamine acids (Difco),
1.0 g; sodium chloride, 1.0 g; dipotassium phosphate, 2.0 g;
magnesium sulfate, 0.5 g; and water, 1 liter. Pre-enrichment
included incubation of a 100 g sample in 1 liter of medium
(9). Tailings in 100 g amounts were pre-enriched in 1 liter
of lactose broth and the filter materials were pre-enriched in
sterile water (500 ml to 1 liter). The environmental samples
also, depending upon the quantities, were pre-enriched in 100
ml to 1 liter lactose broth (to give a final ratio of 1:10, sample
to broth). Samples were incubated at 35 C for 24 hr during
pre-enrichment, and then 10 ml amounts were enriched in 100
ml tetrathionate broth (with 0.001% brilliant green), plated
(by streaking) on Xylose Lysine Deoxycholate Agar plates
and then biochemically and serologically tested according to
the recommended procedure (4).

For biochemical tests, reactions on triple sugar iron agar
slant, lysine iron agar slant, dulcitol broth, motility medium,
and urea broth were observed. For serological confirmation
a somatic antigen was determined with specific ‘O’ group
Salmonella antisera and a flagellar antigen was determined
by the Spicer-Edwards simplified method (1). All media,
chemicals, and sera used were obtained from Difco labora-
tories.

REsuLTs

Distribution of Salmonella serotypes in contaminated
dry milk plants

A number of different Salmonella serotypes were
isolated from products and environmental samples
obtained from eight plants (Table 1). All the plants
except plant 11 were producing spray dried products
and most plants used box-type or horizontal-type
driers. Both single and multiple serotype contami-
nations were observed in these plants. From samples
in plant 9, as many as seven serotypes were isolated.
Salmonella anatum isolated from plant 11 did not
produce hydrogen sulfide (H:S-negative). Also non-
motile Salmonella java was isolated from plant 1.

Incidence of Salmonella contamination in samples

from dry milk plants

Different product fractions, tailings, filter mater-
ials, and environmental samples from eight milk
drying plants were tested to determine the presence
of salmonellae. About 10% of the products including
tailings samples and about 22% of the environmental
samples including filter materials contained salmonel-
lae (Table 2). 1In all eight plants, environmental
samples showed an incidence of Salmonella contami-
nation (range 11.8 to 76.7%) higher than the prod-
ucts samples (range 0.6 to 27.9%). The products
samples from plant 9 had a relatively lower percent-
age of contamination in comparison to the environ-
mental samples (0.6 vs 35.3%).

Data on the frequencies of Salmonella isolation
from the first product fraction (animal feed), from
the first, middle, and last bags of food grade product,
from tailings, from filter materials (including air
intake and powder coolers), and from environmental
samples obtained at six different plants are presented
in Table 3. A total of 277 samples of animal feed,
and 356, 202, and 405 samples from the first, middle,
and last bags, respectively, were tested. The high-
est incidence of Salmonella isolation was obtained
from the animal feed fraction. About 25% of the
samples tested from this first product fraction were
found to contain salmonellae. In comparison, sal-
monellae could be isolated from only 56% of the
total food-grade products with highest frequency of
isolation observed in the first-bag product and the
lowest in the middle-bag product. Relatively high
percentages of tailings (10.5%), filter materials
(23.6%), and environmental samples (21.1%) were
positive for salmonellae. This high incidence of
salmonellae in the animal feed fraction compared
to the low incidence in the different fractions of
food grade products was observed in samples from
plants 1, 2, 3, and 7. These four plants also had
a high incidence of Salmonella contamination in the

‘/




IsoLATION OF SALMONELLAE

TaBLE 2. FREQUENCY OF Salmonella 1SOLATION IN DIFFERENT
SAMPLES FROM EIGHT DRY MILK PLANTS'

Per cent positive

Products including Environmental samples including

Plant No. tailing samples tilter material

1 18.4 39.6

2 14.0 24.3

3 27.9 76.7

7 7.9 15.3

8 4.4 11.8

9 0.6 35.3

10 10.0 32.8

11 11.1 244
Avg. 10.2 21.9

1A total of 2342 products including tailings samples and 2134
environmental samples including filter materials were test-
ed and salmonellae were isolated from 240 (10.2%) samples
in the former group and from 468 (21.9%) samples in the
latter group.

tailings, filter materials, and environmental samples.

In plants 8 and 9, a low incidence or absence of
product contamination was observed, although a
large number of filter materials and environmental
samples contained salmonellae. In plant 8, salmonel-
lae were isolated from 33 of 544 tailings samples.

The relative frequencies of Salmonella isolations
from various samples from three different driers in
plant 8 are presented in Table 4. In all three driers,
the incidence of Salmonella contamination in the
products samples, including the animal feed, was ex-
tremely low or negligible. In contrast, salmonellae
were isolated from 18 of 202 and 14 of 159 tailings
from driers 2 and 3, respectively. Also, a large
number of air intake filters from all three driers and
the powder cooler filters from drier 3 tested posi-
tive for salmonellae.

Environmental samples consisting of dried mater-
ials and swabs from the milk drying equipment, dust,
and other materials from the roof, various areas in-
side the plant, vacuum cleaner waste, spilled dry
milk, etc. were tested for the presence of salmonellae.

TABLE 3.

:.
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Results of such tests from two plants are presented
in Table 5. About 27% of the samples from plant
1 and about 46% from plant 9 contained salmonellae.
In both plants, the frequency of isolation obtained in
the samples from the equipment surface was lower
than that observed from the plant surroundings.
The incidence of salmonellae was much higher in
the samples from the equipment surface from plant
1 (20.3%) than from plant 9 (4.5%). However, the
relative number of samples from the two sources
in the two plants was different. Note that salmonel-
lae were isolated from 15.3% of the products samples
from plant 1, whereas none of the 136 products
samples from plant 9 tested positive (Table 3).

Discussion

Samples obtained from dry milk plants contami-
nated with salmonellae may contain various Sal-
monella serotypes in product or environmental sam-
ples, and a single sample may be contaminated with
more than one serotype. Some serotypes seemed
to occur more frequently. In the present study, S.
anatum was isolated from three of the eight plants.
Salmonella anatum was one of the five most common
serotypes isolated from contaminated dried milk
products in the United States in 1967 (11).

Non-motile S. java and H:S-negative S. anatum
were isolated from the samples obtained from two
plants.  Biochemical variants of lactose ferment-
ing Salmonella newington have been isolated from
nonfat dry milk (8). Lactose fermenting Salmonella
cubana also was isolated from soybean powder in
this laboratory. Thus, in isolating salmonellae from
contaminated dried milk products, the presence of
possible biochemical variants should be anticipated
and tested for on a regular basis.

The incidence of Salmonella contamination in
dried milk products, even from plants with known
Salmonella problems was generally low. About 10%

DISTRIBUTION OF Solmonella CONTAM NATION IN VARIOUS SAMPLES FROM SIX PLANTS IN

WHICH CONTAMINATION WAS DETECTED.

Number of samples positive for salmonellae/Number of samples tested

Type of samples Plant 1 Plant 2 Plant 3 Plant 7 Plant 8 Plant 9 Total %o
First products 32/96 10/34 15/25 12/56 0/7 0/59 69/277 24.9
(animal feed)
Food grade products
First bag 14/99 9/717 7/25 1/37 1/97 0/21 32/356 9.0
Middle bag 4/94 1/14 0/19 0/18 0/38 0/19 5/202 2.5
: Last bag 9/97 1/45 2/ 24 0/16 5/185 0/38 17/405 4.1
Total 27/290 11/136 9/68 1/71 6/320 0/78 54/963 5.6
Tailings 30/96 13/72 9/25 6/111 33/544 1/25 92/873 10.5
Filters! 83/182 22/65 21/22 10/74 92./649 38/133 266/1125 23.6
Environmentals 23/86 6/50 22/34 60/382 12/129 38/82 161/763 21.1

Filters include both air intake and powder coolers.

e
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TaBrLe 4. DISTRIBUTION OF Salmonella CONTAMINATION IN
SAMPLES FROM THREE DRIERS! IN PLANT 8

Number positive/Number tested

Type of samples Drier 1 Drier 2 Drier 3 Total
First product
(animal feed) 0/0 0/3 0/4 0/7
Food grade products
First bag 0/25 1/30 0/42 1/97
Middle bag 0/7 0/18 0/13 0/38
Last bag 0/41 4/78 1/66 5/185
Tailings 1/183 18/202 14/159 33/544
Filters
Drier intake 19/181 15/175 39/171 73/527
Powder cooler 0/1 0/3 19/118 19/122
Environmentals 12/129

Drier 1: Box type, manual removal of product.
Drier 2: Box type, sweep removal of product.
Drier 3: Horizontal type.

TABLE 5. DISTRIBUTION OF CONTAMINATION OF SALMONELLAE
IN THE ENVIRONMENTAL SAMPLES OBTAINED FROM DRYING
EQUIPMENTS AND FROM PLANTS SURROUNDINGS IN 2 PLANTS!.

PLANT 1 PLANT 9
Number of Number of
samples positive/ samples positive/
Sources Number tested % Number tested %
Equipment 14/64 20.3 1/22 45
Surrounding 9/22 40.1 37/60 63.1
Total 23/86 26.8 38/82 46.3

'About 15.3% of the 386 product samples from plant 1 were
positive for salmonellae. No salmonellae were isolated from
137 products samples from plant 9.

of the total products and tailings samples from eight
plants were positive for salmonellae. A much high-
er incidence of contamination (about 22%) occurred
in the filter materials and environmental samples.
These results were much higher than USDA test
results in 1968 where only 0.22% of the products (ex-
cluding tailings) and about 4.8% of the environmental
samples (including tailings) from 210 plants tested
positive for salmonellae (5). The high percentage of
isolation in this present study could result from
testing samples from only the plants known to pro-
duce products containing salmonellae, and/or could
be a result of testing more than one 100 g portion
of sample from many sources because several pre-
enrichment media were used.

Maximum frequency of Salmonella contamination
among different product fractions from the daily
line runs occurred in the first product (animal feed).
The frequency of Salmonella contamination appear-
ed to be a function of time of operation during the
production run; and thus, the distribution of con-
tamination was not random in products produced
throughout the day’s operation. Statistical sampl-
ing procedures, which depend on randommess of
distribution, therefore probably are of minimal use-
fulness. Also, continuous or batch sampling for a

Ray, ET. AL.

composite sample of a day’s operation will result
in lower recoveries because of dilution of contaminat-
ed products with the uncontaminated portions. The
testing of a statistically selected number of samples
representing about 10% of the units of a lot accord-
ing to recommended procedure (3) thus might not
always detect salmonellae from contaminated pro-
ducts. The first product produced (animal feed)
provided the best sample for detection of salmonel-
lae, and also offered a better indication about the
possible subsequent product contamination. Samples
from the first bag of food grade product could also
be used along with the animal feed to substantiate
potential product contamination because of their
close proximity in the time sequence of production
(consecutive bags).

In the event of non-random distribution where
contamination is limited to a certain segment of the
total processing time, sampling should be done dur-
ing the segment of time of highest possible con-
tamination (2).

Tailings also showed a relatively high incidence
of contamination with salmonellae. These were the
coarse aggregates of powder that were removed
from the product at the sifter. Often tailings con-
tainers were not cleaned and sanitized every day or
even at times when the powder conveying equipment
was cleaned. Also, sweepings and vacuum-cleaner
residues were often discarded into the tailings con-
tainer. Thus, contaminated tailings samples did not
necessarily indicate product contamination. In plant
8, from driers 2 and 3, many tailings samples were
positive but product contamination was very low
(Table 4). Also, in many instances, the presence
of salmonellae could not be demonstrated in products
samples from the same day’s operation where sal-
monellae were found in tailings. However, tail-
ings may be tested to provide a reliable indication of
possible product contamination and the presence of
salmonellae in the plant environment.

Air filter materials testing provided an excellent
measure of the environment contamination in a dry
milk plant. However, contaminated air filters were
not necessarily consistently associated with contami-
nated products. Even when a large number of
filter materials tested positive, only a very few pro-
ducts samples contained salmonellae. In a plant
where the filter materials were consistently negative,
contaminated products were very seldom found.
Positive filters were, however, a danger signal that
salmonellae were present in the plant surroundings.
These results also suggested that air was not the pri-
mary source of product contamination.

Environmental samples from different areas of
the plant and of the equipment indicated the sani-

LY
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tary condition of the plant and sometimes located
the focus of contamination. In general, environmen-
tal samples showed a high incidence of contamina-
tion by salmonellae. Salmonellae often were isolat-
ed from environmental samples even when product
samples consistently showed the absence of salmonel-
lae. Apparently Salmonella problems existed in dry-
ing plants only if there was a gross unsanitary con-
dition somewhere in the plant which later could
serve as a reservoir to introduce the organism into
the drying equipment. A similar hypothesis on the
mode of contamination has been suggested previous-
ly (10). Once introduced, numerous locations were
available where salmonellae could multiply and re-
main to seed the products over a period of time (10).
Our studies in plants producing contaminated pro-
ducts suggested that contamination by salmonellae
was associated with moisture accumulation in the
equipment and subsequent powder deposit. Moist
powder probably provided a substantial opportunity
for growth of organisms. Coarse crusty deposits
eventually ended up, at least in part, in the tailings;
and the shedding of these deposits takes place dur-
ing the early part of the drying operation. Such a
set of circumstances could explain the high inci-
dence of contamination in the first product (ani-
mal feed) and the tailings with a gradual reduction
in incidence as the operation continued.

For successful implementation of Salmonella con-
trol programs in dry milk plants, proper sanitation
is the single most important factor. Occasional test-
ing of air filter materials, environmental samples,
animal feed (first product), and tailings would be
useful to detect product contamination potentials.
To determine possible product contamination, ani-
mal feed (first product) and the first bag from the
human food-grade product should be tested.
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ABSTRACT

An attempt has been made, using a biochemical approach,
to construct safety guidelines for synthesis -and production
of food additives and other chemical commodities with
“least carcinogenic potential.” In general, chemical carci-
nogens exist as or are metabolically activated to reactive
forms able to interact with biologically-important macromole-
cules, a process apparently directly related to carcinogenesis
by chemicals. A working knowledge of the biochemistry of
biologically-foreign compounds is therefore necessary to
understand structure-activity relationships observed in chemi-
cal carcinogenesis, since it appears that carcinogenic activity
can be a consequence of the structure of the chemically-
reactive forms of a carcinogen rather than of the structure
of the parent compound. Consequently, the biochemistry of
foreign compounds, the metabolic activation of various chemi-
cal carcinogens, and the nature of the probable active forms
of these carcinogens has been briefly reviewed. Utilization
of this knowledge by investigators of chemical carcinogenesis
has proved rather helpful in the discovery of new chemical
carcinogens. By eliminating from consideration those chem-
icals with carcinogenic potential, there is no reason why this
knowledge cannot be successfully utilized as an aid in the
discovery of non-carcinogenic chemicals suitable for use as
food additives or other chemical commodities.

In recent years, much attention, most of it neces-
sary and justifiable, has been focused on the possible
carcinogenic hazards associated with the common
use of certain food additives and other chemical com-
modities. The heated controversy that invariably
accompanies and confuses scientific debate over the
safety of chemical commodities has had its origins,
in part, in conflicting values and objectives and in
disparate understandings of the real and potential
hazards often associated with use of biologically for-
eign compounds. The existence of differing view-
points over the potential carcinogenic hazard of
chemicals is understandable since it has been only
slightly more than 30 years since a pure chemical,
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epidemiologically implicated in the human cancer
problem, was proven able to induce a similar cancer
in experimental animals. Indeed, the concept that
chemicals can play an important role in the causation
of human cancer has become so very apparent only
with the impressive progress made in the study of
chemical carcinogenesis in the last decade.

The potential carcinogenic hazard accompanying ,
the use of chemical food additives (12, 47), pesticides
(95), and drugs (94) has been adequately described
as has the importance of safety testing of these chemi-
cals prior to their introduction into the human en-
vironment (11, 101). However, this information does
little to solve the problems of industry in finding
economical means to meet the present minimal safety
standards. It should be noted here that a portion of
industry’s problems in this regard are self-inflicted
by the introduction of chemical commodities that
have no essential value. For example, food additives
that only make a product appear of better quality or
food additives used in lieu of good handling and
manufacturing practices have little, if any, intrinsic
value except in an economic sense. Nevertheless,
many food additives and other chemical commodities
presently in use appear to be rather essential to the
maintenance of existing life styles and, with contin-
uing population growth, may become absolutely es-
sential even to the maintenance of a viable human
community.

The need for comprehensive safety testing of food
additives prior to their utilization in the food of man
has been emphasized previously (11). Tt should be
obvious that arguments for less restrictive food safety
regulations can only have a deleterious effect on real-
izing the goal of providing safe foods for an expand-
ing population. However, one can also sympathize
with industry in its search to avoid the expenditure
of large sums of capital in safety testing potentially
useful food additives only to discover that the com-
pounds often represent potential health hazards. For-
tunately, a number of approaches can be and are
being investigated to find solutions to this probiem
without compromising present food safety standards.
One approach involves development of more refined

T




-l

Pf——

Lower, E1. AL. 395

test systems that can more rapidly and economically
be utilized to reliably assess the carcinogenicity of a
chemical (40). A second approach involves accumu-
lation of knowledge of the biochemistry of foreign
compounds on the premise that this knowledge can
be utilized to predict which chemicals might be
safe for human use and which chemicals might pro-
duce adverse effects.

The present review is intended to serve as an in-
troduction to available knowledge of structure-ac-
tivity relationships observed in chemical carcino-
genesis and to explore how this information might be
utilized to more economically and effectively exploit
potentially useful chemicals by eliminating from
consideration those chemicals with carcinogenic po-
tential.

Basic Aspects oF CHEMICAL CARCINOGENESIS

Pre-, proximate, and ultimate carcinogens

Intensive efforts have been made in the study of
the structure-activity relationships observed in chemi-
cal carcinogenesis. However, early attempts to cor-
relate chemical structure with carcinogenic activity
met with little success because of the seemingly end-
less variety of organic and inorganic structures of
chemicals displaying carcinogenic activity and be-
cause of the tacit assumption that these chemical
agents were carcinogenic per se. Recently, in keep-
ing with the axiomatic concept that carcinogenic
agents induce cancer through interactions with tis-
sue components, a vast body of data has become
available demonstrating the firm covalent binding
of carcinogens (or reactive products therefrom) to
biologically important cellular macromolecules (58,
60, 61). These macromolecular targets such as DNA,
RNA, and protein play key roles in the processing
of information required in maintaining and control-
ling growth and function of cells. A discussion of
possible macromolecular targets critical to initiation
of the carcinogenic process is beyond the scope of
this review and the reader is referred elsewhere for
detailed information on this topic (33, 35, 58, 60,
68, 100).

The interactions between carcinogens and cellular
macromolecules often ‘occur in vivo even when the
administered carcinogen is not itself chemically re-
active. In these instances, metabolic activation to
a chemically reactive form must occur in wvivo.
Chemical carcinogens, like other compounds, are
subject to the enzyme-mediated metabolic processes
of the host. In general, metabolism of these foreign
compounds appears in most instances to lead to for-
mation of polar, more water-soluble, non-carcino-
genic metabolites, and thus constitutes routez of de-

toxication. However, certain metabolic pathways
also may lead to formation of one or more metabo-
lites with carcinogenic activities equal to or, more of-
ten, greater than that of the parent compound.
Products of this metabolic activation are termed
proximate carcinogenic metabolites and the form
of the carcinogen which finally reacts with cellular
constituents to initiate carcinogenesis is termed an
ultimate carcinogenic metabolite.  Precarcinogens
which require metabolic activation to display carcino-
genic activity generally induce tumors distant from
the site of administration and require relatively larg-
er doses. Proximate carcinogenic metabolites, how-
ever, often induce tumors in greater yield, with a
shorter latent period, or both, and often induce
tumors near the site of administration.

In contrast, many carcinogens exist essentially in
their final reactive forms as administered and are
able to participate directly in reactions with target
molecules. These important aspects of chemical car-
cinogenesis are represented diagrammatically in Fig.
1. It is therefore obvious that a working knowledge
of the biochemistry of biologically foreign compounds
is essential to an understanding of structure-activity
relationships in chemical carcinogenesis since it now
appears that carcinogenic activity can be a conse-

CHEMICAL CARGINOGENS
ACTIVE PER SE

CHEMICAL GCARCINOGENS
REQUIRING METABOLIG
ACGTIVATION

R-V
PRECARCINOGEN

HOST
ENZYMES

HoST
ENZYMES R—W

PROXIMATE CARGINOGENIC
METABOLITE(S)

HOST
ENZYMES

R—X R—X
ULTIMATE CARGINOGEN ULTIMATE CARGINOGENIC
METABOLITE(S)

e

R-ALKYLATED OR ARYLATED DNA,RNA OR
PROTEIN

Iy

INITIATION OF GCARGINOGENESIS

Figure 1. Diagrammatic representation of the concept of
ultimate carcinogens and precarcinogens and the need for
metabolic activation of the latter.
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quence of the structure of the ultimate reactive forms
of a carcinogen rather than of the structure of the
parent compound (21).

Metabolic  transformations of biologically foreign
compounds

Enzymes involved and mechanisms by which bio-
logically foreign compounds are metabolized have
been the subject of many excellent reviews (36, 67,
102). Consequently, only a brief summary of the
metabolic processes pertinent to the theme of this
review will be presented.

Oxidation, reduction, hydrolysis, and synthetic or
conjugation reactions comprise the four general types
of reactions undergone by foreign compounds. The
oxidative metabolism of many of these compounds is
catalyzed by enzymes associated with the endoplasmic
reticulum (microsomal subcellular fraction) of mam-
malian liver. Oxidative reactions carried out by the
hepatic microsomal enzymes require oxygen and
NADPH and can be visualized as hydroxylation reac-
tions (Fig. 2), designed to produce derivatives that
are less lipid-soluble and hence more readily excret-
ed. Thus, this remarkably nonspecific enzyme sys-
tem is involved in the hydroxylation of aliphatic and
aromatic compounds, dealkylation of O-N-, and
S-alkyl compounds, N-hydroxylation of amines, N-
oxidation of tertiary amines, and S-oxidation not to
mention epoxidation, oxidative deamination, and de-

I OXIDATIVE REACTIONS

ALIPHATIG HYDROXYLATION : R-CHz ——>R-CHy-OH
AROMATIG HYDROXYLATION: GHz-CO-NH-GgHg—CHz-GO-NH-CgHg~OH
N-DEALKYLATION : R-NH-GHz—3 [R-NH-GHp-OH] —> R-NHp + GH0
0-DEALKYLATION : R-0-CHz—> [R-0-CHp-OH] —> R-OH + GHn0
S-DEALKYLATION: R-§-CHz —> [R-S-CHp-OH] —> R-SH + GHg0
DEAMINATION: R-CH(NHp)-CHz —> E?-Gg(NHg)-CHﬂ —3> R-CO-CH3 + NH3
SULFOXIDATION: R-S-R'—> [R-SOH-R]T—> R-s0-r’ + H*
N-HYDROXYLATION: R-NH-R"——> R-NOH-R’

N-OXIDATION: (CHz)3N —> [(GHz)sNOH" —= (CHaL,N>0 + H*
OR  HpNCO-CgH N—>[HoN GO-CgHNOH]" —> HNGO-GgH N0 +Ht

IL.REDUGTIVE REACTIONS
AZO REDUGTION: R-N=N-R’—> [R-NH-NH-R] —> R-NHz+ RNHp
NITRO REDUGTION: R-NO2 —> [R-NO> R—gon] —>R-NHp

I, HYDROLYSIS REAGTIONS
ESTER HYDROLYSIS: R-CO-0-R —> R-COOH + HO-R
AMIDE HYDROLYSIS: R-GO-NH-R —> R-COOH + NHp-R
I¥. CONJUGATION REACTIONS

GLUGURONIDE GONJUGATION: R-OH-> R-0-GgHgOg OR R-NHp —> R-NH-GgHy0p
AMINE AGETYLATION: R-NHp—3 R-NH-COCHg
GLYCINE GONJUGATION: R-GOOH —3> R~-GO~NH-GCHp—GOOH
SULFATE GONJUGATION: R-OH —3 R-0-SOgH GoOH
MERCAPTURIG AGID FORMATION: R-NO R-5-CHy~GH-NH, —> R-S-GHy CH-NH
COOH COCH3
R-GLUTATHIONE

Figure 2. Examples of metabolic transformations nbserved
with biologically-foreign chemicals.

sulfuration. In addition, many oxidases and dehydro-
genases present in the mitochondrial and soluble frac-
tions of cellular homogenates are able to carry out

oxidative deaminations, oxidation of alcohols and
aldehydes, and aromatization of alicyclic compounds.
Although able to act on certain foreign compounds,
these latter enzyme systems, designed to utilize en-
dogenous substrates, tend to be relatively more specif-
ic.

Reductive metabolism of foreign compounds in-
cludes reduction of aromatic nitro and azo compounds
with the formation of aromatic.amines. The nitro re-
ductase enzymes are present in the microsomal and
soluble fractions of liver and kidney and require
anaerobic conditions and NADPH. The reaction is
stimulated by flavins and appears to proceed through
the corresponding nitroso and hydroxylamino deriva-
tives (Fig. 2). Likewise, azo reductase catalyzes the
reduction of aromatic azo compounds to the corre-
sponding hydrazo derivative and thence via reductive
scission to two molecules of the respective aromatic
amines.

Foreign compound metabolism by hydrolysis is
restricted to esters and amides giving rise to an
acid and an alcohol or an acid and an amine, respec-
tively. Esterases and amidases involved are present
in blood plasma and soluble fractions of tissue homog-
enates. Several other soluble enzyme systems also
are involved in the conjugation or synthetic reactions
so important in the detoxication and elimination of
foreign compounds.

Conjugation reactions usually involve attachment
of polar moieties to functional groups of suitable
substrates as exemplified by conjugation of phenols,
alcohols, and hydroxylamines, and carboxylic acids
with glucuronic acid. In addition, aromatic amines
and thiols occasionally can be converted into labile
glucuronic acid conjugates. The transferase enzymes
mediating these reactions are found in microsomes
of liver and in other tissues and require as cofactor,
uridine diphospho-glucuronic acid. A more general
pathway for conjugation of many aromatic amines
involves acetylation via the action of aryl amine
transferases utilizing acetyl coenzyme A as cofactor.
A similar mechanism is involved in the formation of
glycine conjugates as the result of reaction between
glycine and coenzyme A derivatives of aromatic car-
boxylic acids.

Another important type of synthetic reaction is the
sulfate conjugation of phenolic and alcoholic com-
pounds. These reactions, carried out by sulfotrans-
ferases in the soluble fraction of mammalian liver,
kidney, and intestinal mucosa, involve the transfer
of sulfate from 3'-phosphoadenosine-5-phosphosul-
fate to a suitable substrate. Other synthetic reactions
of importance include 0 and S methylation by methyl-
transferases, and formation of mercapturic acids
which appears to involve an initial conjugation with
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glutathione followed by conversion to the corres-
ponding cysteine derivative and finally by acetylation
to yield mercapturic acids. Such reactions occur
with certain halogenated arcmatic hydrocarbons and
with certain aromatic nitro compounds.

It is perhaps ironic that certain of the metabolic
pathways designed by Nature to provide a means
of detoxifying and eliminating biologically foreign
compounds have also, as will become apparent, pro-
vided a means of activating chemical precarcinogens
to their chemically reactive ultimate forms. However,
production of cancer by chemicals is generally
characterized in humans and other animals by a long
latent period and the symptomatic disease often does
not manifest itself until after the reproductive life-
span. Thus, Nature may not have been allowed the
opportunity to correct the situation through the
process of natural selection.

Nature of reactions between ultimate carcinogens and
tissue macromolecules

Alkylation or arylation of tissue constituents by
ultimate carcinogenic forms of chemical carcinogens
requires that these forms be chemically reactive. An
impressive array of data accumulated on the im-
portance and nature of attack of ultimate carcino-
genic metabolites on DNA, RNA, and protein has al-
lowed formulation of a basic and unifying concept in
chemical carcinogenesis. Thus, as discussed in two
classical reviews (59, 60), it appears that most, if not
all, chemical carcinogens exist as or are metabolically
activated to electrophilic reactants.

Electrophilic reactants are chemicals in which a
relatively positive atom in the molecule can combine
covalently with relatively negative or electron-rich
gatoms in target nucleophilic reactants. Such reac-
tions proceed through two distinctly different mech-
anisms as shown in Fig. 3. The first reaction mech-
anism is unimolecular and is written as taking place
in two steps, the first of which involves a usually
slow and reversible dissociation of R-X to R+ cation
and X— anion. The second step involves a usually
fast reaction between R+ cation and the nucleophile
Y~ to yield R-Y. In this type of nucleophilic substi-
tution, the rate limiting factor is the dissociation of
R-X which means that the rate of formation of R-Y
will depend on the concentration of R-X and not
on the concentration of the nucleophile, since Y—
is not utilized except in a fast secondary reaction.
Thus, the overall reaction is designated S_1 for sub-
stitution, nucleophilic, unimolecular or first order
(Fig. 3).

In the second mechanism, the reaction proceeds in
a single bimolecular step. Attack of Y= occurs
simultaneously with loss of X~ or in other words
the R-Y bond is formed at the same time that the

Syl REACTION:

USUALLY + _ Y

sLow USUALLY R—Y + X
FAST

Sn2 REACTION:

« N\ _ -
R—Q(+Y —> R—=Y+ X

DEPENDING ON THE IONIC NATURE OF THE REACTANTS,
THE OVERALL REACTION TAKES THE FORM:

R-X +Y —> R-Y + X~
R-X+Y —> R-X"+Y~

R—X'+ Y —= R—Y + X

Figure 3. Diagrammatic representation of unimolecular
(S.1) and bimolecular (SVZ) nucleophilic substitution re-

actions.

R-X bond is broken. This mechanism requires the
reaction rate to depend on concentrations of both
reactants since the rate-limiting step involves col-
lisions between R-X and Y— Thus, the reaction is
designated S 2 for substitution, nucleophilic, bi-
molecular or second order (34).

The reactivity of a given electrophilic reactant,
R-X, in either le or S_\,:Z reactions is determined
in part by the nature of the leaving group, X—. 1In
general, there is a reasonable correlation between
the reactivity of R-X and the acid strength of H-X,
the X groups that correspond to the strongest acids
being the best leaving groups. For example, the
greater ease of breaking a C-OSO:R bond than a
C-OH or C-OR bond in S.2 reactions correlates with
the greater acid strength of H-OSO:R in relation
to H-OH and H-OR. In fact, hydroxyl and alkoxyl
groups generally can be displaced only in a strongly
acid medium such that they exist as —OH:* and
—OHR*.

Steric hindrance also can affect the rates of nucleo-
philic substitution reactions but are substantially more
important in S 2 reactions because of the crowded
transition state involved. In this regard, neighboring
group effects of substituents on the electrophilic
atom, R, can be very important.

The nucleophilicity of Y roughly parallels basicity.
Some nucleophiles observed in vivo include electron-
rich ring nitrogen atoms in nucleic acid bases, sulfur
atoms in sulfhydryl groups of cysteine and methio-
nine in protein, and various phosphate and carboxyl
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Figure 4. a) Examples of carcinogenic aromatic amine
derivatives. b) Proposed metabolic route generally applicable
to the activation of carcinogenic aromatic amine derivatives
as illustrated with the potent hepatocarcinogen, 2-acetylamino-
fluorene (59, 60, 62).

compounds, etc. If more than one nucleophile is
available for reaction, competition for the electro-
philic reactant will result in a mixture of products.
This appears to be precisely the in vivo situation ob-
served with the ultimate electrophilic forms of chemi-
cal carcinogens in that they are observed to react
with a variety of low molecular weight tissue nucleo-
philes and with nucleophilic centers in biologically
important macromolecules.

CrassEs OrF STrRUCTURALLY RELATED CHEMICAL
CARCINOGENS AND THEIR PossiBLE ULTIMATE
CARCINOGENIC FoRMS

Carcinogenic aromatic amines and amides (Figure
4a)

Metabolic activation of carcinogenic aromatic
amines and amides has been the subject of recent
reviews (59, 60, 62). Metabolism of aromatic amines
in vivo includes ring hydroxylation, N-hydroxylation,
conjugation of the ring and N-hydroxyl metabolites,
and acylation of the amine function. Deacylation
and dealkylation also are observed with N-substituted
aromatic amine derivatives. The metabolic route
generally applicable to activation of carcinogenic
aromatic amines and amides appears to involve N-
hydroxylation, and is well illustrated by the potent
hepatocarcinogen, 2-acetylaminofluorene (Fig. 4b).
Thus, N-hydroxy-2-acetylaminofluorene has been dem-
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onstrated to be a proximate carcinogenic metabolite
more active than the parent compound at usual sites
of tumor formation in experimental animals and also
active at sites where the parent compound is ingc-
tive. Similarly, N-hydroxylation has been shown to
with 4-acetylaminobiphenyl, 2-acetylamino-
phenanthrene, 4-acetylaminostilbene, and 1- and 2-
naphthylamine, giving rise to proximate carcinogenic
metabolites. ;

Correspondingly, N-hydroxy-2-acetylaminofluorene
has been demonstrated to interact covalently with
tissue proteins and nucleic acids in vivo in much
greater yield than does the parent compound. How-
ever, failure of N-hydroxy-2-acetylaminofluorene to
react non-enzymatically with nucleic acids or other
tissue nucleophiles (62) to a significant extent in
vitro suggests the need for further metabolic activa-
tion.

occur

A number of studies now indicate that the ulti-
mate carcinogenic and reactive forms of carcino-
genic aromatic amides arise through the in wvivo
esterification of the N-hydroxy derivatives. This is
supported by the finding that the synthetic N-ace-
toxy and N-benzoyloxy esters of 2-acetylaminofluor-
ene both induce a greater incidence of tumors and
with a shorter latent period than N-hydroxy-2-ace-
tylaminofluorene. Accordingly, these reactive esters,
via the arylamidonium or arylcarbonium ions, inter-
act readily in vitro at physiological pH with nucleo-
philic centers in DNA, RNA, and protein and with
certain of their component parts such as deoxyguano-
sine, guanosine, methionine, tryptophan, and cysteine.
The order of reactivities of synthetic esters of N-
hydroxy-2-acetylaminofluorene is —0S0OsH >—-0CO-
CHs, OCOCH:CeHs>—OH and, in general, corre-
lates with the acidity of the acid forms of these leav-
ing groups (62).

Neighboring group effects are apparent in that
the aryl moiety also plays an important role in deter-
mining the chemical reactivity and carcinogenicity
of esters of various N-hydroxy-arylacetamides. For
example, the N-acetoxy esters of 2-acetylaminofluo-
rene, 2-acetylamino-phenanthrene, 4-acetylaminostil-
bene, and 4-acetylaminobiphenyl display different
chemical reactivities with tissue nucleophiles as well
as different carcinogenic activities.

In addition to the aryl moiety and the ester moiety,
the acyl group also appears to govern chemical re-
activity. Thus, in contrast to N-hydroxy-2-acetyla-
minofluorene, N-hydroxy-2-aminofluorene reacts non-
enzymatically with the guanine bases of nucleic
acids in vitro. That the reaction takes place more
efficiently at a pH lower than 6 is probably related,
in part, to the fact that the hydroxyl function, a poor
leaving group, would have a greater tendency to
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Figure 5. a) Examples of carcinogenic aromatic nitro com-
pounds and heterocyclic N-oxides. b) Proposed metabolic
route for the activation of carcinogenic aromatic nitro com-
pounds and heterocyclic N-oxides as illustrated with the
potentially bifunctional carcinogen, 4-nitroquinoline-1-oxide

(30, 89).

exist as —OH:*, a more efficient leaving group, in
an acidic medium.

The most reactive ester of N-hydroxy-2-acetylamino-
fluorene, the N-sulfate ester, now appears to be at
least one of the ultimate reactive and carcinogenic
metabolites of N-hydroxy-2-acetylaminofluorene pro-
duced in vivo (18). Thus, incubation of N-hydroxy-2-
acetylaminofluorene with nucleic acids in a system
compatible with the enzymatic sulfate conjugation
of the N-hydroxy function greatly stimulates the co-
valent interaction of the arylacetamide with nucleic
acids. Furthermore, there is a close correlation of
N-hy d r o x y-2-acetylaminofluorene  sulfotransferase
activity, the enzyme giving rise to the reactive sulfate
ester in vivo, with susceptibility of experimental ani-
mals to hepatocarcinogenesis by N-hydroxy-2-acetyl-
aminofluorene (18).

Similarly, the Carcin()genic tertiary aromatic amine,
N-dimethyl-4-aminoazobenzene, undergoes N-dealky-
lation to N-methyl-4-aminoazobenzene prior to con-
version to the hydroxylamine derivative which can be
activated to a chemically reactive form by esterifica-
tion. As with the esters of N-hydroxy-2-acetylamino-
fluorene, the esters of N-hydroxy-N-methyl-4-amino-
azobenzene appear to react with tissue nucleophiles
via an 111'y1&11]]i(1011il,11]] or arylcarbonium ion.

Determination of the precise role of the aryl
moiety (82) and the acyl or alkyl moieties as they
govern metabolic activation and the nature of the

ultimate electrophilic reactant will no doubt lead
to meaningful structure-activity relationships in con-
trast to those studies based on comparisons of the
precarcinogenic forms of carcinogenic aromatic
amines and amides (3).

Carcinogenic aromatic nitro and heterocyclic N-oxide
derivatives (Figure 5a)

Carcin()genic aromatic nitro C()mpounds require
metabolic activation to display carcinogenic activity
and in this respect the proximate carcinogenic meta-
bolites bear structural similarities to those of carcino-
genic aromatic amines and amides. Thus, a proxi-
mate carcinogenic metabolite of 4-nitroquinoline-1-
oxide is produced by partial reduction of the nitro
group giving rise to 4—hyd1'0xylaininoquinoline-1-ox—
ide (89) (Fig. 5b). The complete reduction product,
4-aminoquinoline-1-oxide apparently lacks carcino-
genic activity.

Early in vitro studies suggesting a direct reaction of
4-nitroquinoline-1-oxide with DNA (55) are now
known to have been misinterpreted (10). However,
4-hydroxylaminoquinoh'ne-l-oxide reacts in vivo with
nucleic acids (91) and also reacts in vitro at physio-

a
CH CH,—CH
3\ 2 2N\
N-NO CHZ/ N-NO
/ N e
GH3 CHp—GCHy

N-NITROSODIMETHYLAMINE N-NITROSOPIPERIDINE

CH CH3\

3
SN-NO -
e "N-NO
CH3-CHz0-Cxg

N-NITROSO-N-METHYL BENZYLAMINE _ N-NITROSO-N-METHYLURETHANE

R-CH
2>N-No
R=GH{
H
DIALKYLNITROSAMINE R-GH2\N o
ENZYMATIC ,
N-DEALKYLATION R—03g

DIALKYLNITROSAMIDE

R-CHp, SPONTANEOUS
SN-NO , HETEROLYSIS
rR'-cH’ ~R'CHO
SoH
R-CH,
\pN-
N-No
H

MONO-ALKYLNITROSAMINE

[R—cHE—N=N-orﬂ
l'OH:—Ng

R—cﬂs
ALKYL GARBONIUM ION

Figure 6. a) Examples of carcinogenic N-nitrosamines and
N-nitrosamides. b) Proposed metabolic route generally ap-
plicable to the activation of carcinogenic dialkylnitrosamines
and its relationship to the spontaneous heterolysis of carcino-
genic dialkylnitrosamides (24, 25, 53, 54). See text for a
discussion of the special case of aromatic nitrosamine deriva-
tives.
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logical pH with sulfhydryl groups of certain pro-
teins (41) and with nucleic acids (30). As might be
expected, esterification of 4-hydroxylamino-quinoline-
1-oxide gives rise to a more chemically reactive elec-
trophile. Indeed, the synthetic 0,0’-diacetyl ester of
this carcinogenic hydroxylamine derivative is con-
siderably more reactive toward DNA, RNA, and
other tissue nucleophiles (30). As is apparent with
many of the carcinogenic aromatic amines, it is possi-
ble that enzymatic esterification of the hydroxyl-
amine is involved in the in vivo production of an ulti-
mate reactive form of 4-hydroxylaminoquinoline-1-
oxide (60). Because hydroxyl, amino, and hydroxy-
lamino substituted heterocyclic N-oxides can exist as
the N-hydroxyl tautomers (44), esterification of 4-
hydroxylaminoquinoline-1-oxide may lead to a bi-
functional electrophile. The possible formation of
a reactive ester of the ring nitrogen hydroxyl is sim-
ilar to the situation observed with the potent car-
cinogens, 3-hydroxyxanthine and guanine-3-N-oxide
(5, 8).

The 3-N-oxide of xanthine, for example, exists pri-
marily as 3-hydroxyxanthine. The synthetic ester of
this carcinogen, 3-acetoxyxanthine, reacts in wvitro
with tissue nucleophiles (104). The product of the
reaction between 3-acetoxyxanthine and methionine
has been detected in the urine of experimental animals
administered 3-hydroxyxanthine (88) suggesting that
metabolic esterification occurs in vivo. The very ef-
ficient participation of esters of heterocyclic N-oxides
in nucleophilic substitution reactions has been studied
in detail (45) and implies that further studies on the
possible carcinogenicity of other heterocyclic N-
oxides is in order.

Obviously, proximate carcinogenic hydroxylamine
metabolites of carcinogenic aromatic nitro compounds
might arise by the complete reduction of the nitro
group to an amine which might then be N-hydroxyl-
ated. Alternatively, as with 4-nitroquinoline-1-oxide,
the hydroxylamine may be produced by partial re-
duction of the nitro group. This latter route is possi-
bly more important in view of the strong carcinogenic
activity of many aromatic nitro compounds. A rela-
tively new and large class of potent chemical car-
cinogens, the 2-substituted-5-nitrofurans (14, 31, 64)
is being utilized to study this possibility. For ex-
ample, the urinary bladder carcinogen, N-[4-(5-nitro-
2-furyl)-2-thiazolyl] formamide, is rapidly deformy-
lated in vivo, probably to 2-amino-4- (5-nitro-2-furyl)
thiazole, which is an effective in vitro substrate for
nitroreductase enzyme systems. The reduced prod-
uct, probably the corresponding hydroxylamine, re-
acts with nucleic acids at physiological pH (52). In
studies with other 2-substituted-5-nitrofurans (92)
and related compounds (37), the hydroxylamine de-

rivative appears to be the principal product formed
in vitro by nitroreductase systems.

That hydroxylamines appear to be proximate car-
cinogenic metabolites of both carcinogenic aromgtic
amines and nitro compounds suggests a convergent
route of metabolic activation of carcinogenic aromatic
amines and their respective nitro derivatives. This
concept is supported by the similar carcinogenic acti-
vity of 4-nitrobiphenyl and its. sister amine, 4-amino-

biphenyl (19).

Carcinogenic secondary nitrosamines and nitrosamides
(Figure 6a)

A variety of aliphatic, aromatic, and cyclic secon-
dary N-nitrosamines comprise a large class of po-
tent and versatile chemical carcinogens (24, 25, 53,
54). The correlation between carcinogenicity of N-
nitrosamines and their transformation in vivo into
alkylating agents is supported by a considerable vol-
ume of experimental evidence. Metabolic activation
appears to be initiated by the oxidative N-dealky-
lation of the dialkylnitrosamine to the hypothetical
monoalkylnitrosamine. For this to be possible, there
is an apparent requirement for the dialkylnitrosamine
to possess at least one hydrogen atom on the alpha
carbon. This requirement explains, in part, the non-
carcinogenicity of diphenylnitrosamine. The meta-
bolically derived monoalkylnitrosamines, tautomeric
with the corresponding alkyldiazohydroxides, are very
unstable and readily yield alkyl carbonium ions pos-
sibly by virtue of alkylating intermediates such as
diazoalkanes, alkyldiazotates, or alkyldiazonium ions
(24) (Fig. 6b). Recent results suggest that the alkyl
groups are transferred intact to nucleophilic targets
and consequently the diazoalkanes are not probable
candidates for the alkylating intermediate (39, 51).

As a result of metabolic conversion of dialkylni-
trosamines to the corresponding alkyl carbonium ions,
one observes the in wvivo alkylation of nucleophilic
centers in DNA and RNA involving primarily the
N-7 of guanine as well as the N-1 and N-3 of adenine
and the N-1 of cytosine (49, 90). Similarly, alkylation
of proteins occurs by the attack on the sulfhydryl of
cysteine and the N-1 and N-3 positions of histidine
(15).

In contrast to the dialkylnitrosamines requiring
metabolic activation to display carcinogenic activity,
the acylalkylnitrosamines such as N-methylnitrosou-
rea and N-methylnitrosourethane are deacylated by
spontaneous heterolysis and consequently represent
direct-acting carcinogens. While capable of produc-
ing local tumors at the site of administration, these
carcinogens also affect various internal organ systems
in experimental animals. Because the de-acylation
of both N-methylnitrosourea and N-methylnitrosoure-
thane would presumably yield the same monalkyl-
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Figure 7. a) Examples of carcinogenic 1-aryl-3,3-dialkyltria-
zenes. b) Proposed metabolic route generally applicable to
the activation of carcinogenic 1-aryl-3,3-dialkyltriazenes (72,
86).

nitrosamine and therefore the same alkylating inter-
mediate, the different organ specificities observed
with these two carcinogens is probably attributable
to the absorbed and transported forms of the respec-
tive intact acylalkylnitrosamines (26). In summary,
it appears that the ultimate carcinogenic metabolites
of both the alkylnitrosamines and alkylnitrosamides
are represented by the corresponding alkyl carbo-
nium ions. However, an exception is observed with
the aromatic nitrosamines and nitrosamides. Al-
though N-nitroso-N-methylcyclohexylamine and N-
nitroso-N-methylaniline display similar degrees of
carcinogenic activity (38), the latter compound is ap-
parently not converted to a methylating agent in vivo.
However, metabolic dealkylation of N-nitroso-N-
methylaniline or the spontaneous heterolysis of N-
nitroso-N-phenylurea would give rise to a monoaryl-
nitrosamine, tautomeric with the aryldiazohydroxide.
Indeed, N-nitroso-N-phenylurea decomposes with
production of the phenyl diazonium ion (69) which
is possibly the ultimate electrophilic form of this car-
cinogen.

In leaving this subject, it is noteworthy that cer-
tain secondary amines are able to react under in vivo
conditions with inorganic nitrite to form the corre-
sponding nitrosamine derivatives, the rate of nitrosa-
tion increasing as the basicity of thé amine decreas-
es. For example, nitrite and methylbenzylamine
are not carcinogenic. However, addition of both of
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these compounds to the diet of experimental animals
has led to the formation of tumors, presumably due
to the in vivo formation of the carcinogenic N-nitroso-
N-methyl benzylamine (79). It seems possible, there-
fore, that certain secondary amines for which an in
vivo reaction with nitrite is possible and for which
the corresponding nitrosamines are carcinogenic, will
prove to be undesirable dietary constituents (50).
Further studies in this area are certainly warranted
with the recent observations (63) that human liver
tissue is able to efficiently activate carcinogenic N-
nitrosamines with the resultant alkylation of cellular
nucleic acids, indirect evidence that emphasizes the
potential hazard to humans.

Carcinogenic 1-aryl-3,3-dialkyltriazenes (Figure 7a)

The metabolic activation of the carcinogenic 1-
aryl-3,3-dialkyltriazenes is very similar to that ob-
served with the carcinogenic N-nitrosamines. Aryl-
dialkyltriazenes are oxidatively N-dealkylated in vitro
to form arylmonoalkyltriazenes as proximate carcino-
genic metabolites (70, 72, 86). The arylmonoalkyltri-
azenes tested appear to be stronger carcinogens than
the parent compounds and produce local tumors at
the site of administration.

Arylmonoalkyltriazenes are known to be efficient
alkylating agents and readily rearrange to the free
arylamine and an alkylating intermediate, possibly
the alkydiazohydroxide. In many instances, the aryl-
monoalkyltriazene appears to be sufficiently stable
to allow it to leave the organ in which it was formed
and disseminate throughout the body of the host to
affect other organs (84, 86).

Administration of aryldialkyltriazenes to experi-
mental animals results in the in vivo alkylation of tis-
sue nucleic acids (87). As might be anticipated, the
arylmonoalkyltriazenes react in vitro with DNA, RNA,
and guanosine giving rise to 7-alkylguanine adducts
(71). Based on these results, the mechanism of carci-
nogenesis by aryldialkyltriazenes has been formulated
(72) as depicted in Fig. 7b.

Carcinogenic hydrazo, azo, and azoxyalkanes (Figure
Sa)

Carcinogenesis by hydrazo-, azo-, and azoxyalkanes
can be discussed under one heading since they ap-
pear to have interrelated pathways of metabolic ac-
tivation (46, 70). This is suggested by the similar pat-
terns of carcinogenesis of hydrazo-, azo-, and azoxy-
derivatives containing a given alkyl residue. For ex-
ample, 1,2-dimethylhydrazine, azoxymethane, and
methylazoxymethanol display nearly identical organ
specificity in the production of malignant lesions in
experimental animals (70). On the other hand, the
three ethyl derivatives, hydrazo-, azo-, and azoxy-
ethane induce similar patterns of malignancies but
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Figure 8. a) Examples of carcinogenic hydrazo-, azo-, and
azoxyalkanes. b) Proposed metabolic route generally applica-
ble to the interrelationships and activation of carcinogenic
hydrazo-, azo-, and azoxyalkanes (70).

differing completely from those induced by the
methyl analogs. Such data suggest a common re-
active intermediate with a given alkyl series of these
carcinogens.

Hydrazoalkanes are known to be easily oxidized
to the corresponding azoalkanes, the transformation
being catalyzed by trace amounts of heavy metals.
Alkylazoalkanes and alkylazoxyalkanes undergo oxi-
dative N-dealkylation (103) to alkylating intermedi-
ates, possibly alkyldiimines, alkyldiimine oxides, or
alkyldiazohych'oxides. Indeed, azoxyalkanes have
been postulated as an intermediate in the oxidative
dealkylation of azoalkanes, affording an explanation
for the similar carcinogenicities of related alkylazoal-
kanes and alkylazoxyalkanes (103). It is of interest
that methylazoxymethanol, a proximate carcinogenic
metabolite of cycasin (56), is also identical to the
transient alphahydroxylated form of azoxymethane
produced during oxidative N-dealkylation. ~ Meth-
ylazoxymethanol is easily hydrolyzed to formaldehyde
and an alkylating intermediate, possibly methyldi-
imine oxide, which is tautomeric with methyldiazo-
hydroxide (Fig. 8b). As a consequence, meth-
ylazoxymethan()l has been observed to methylate
nucleic acids in vitro (56) and in vivo (66, 83).

Arylolkyl derivatives of hydrazo-, azo-, and azoxy-
compounds fail to display carcinogenic activity sug-
gesting that both organic residues must be alkyl groups
with available alpha hydrogens. For symmetrically
substituted hydrazoalkanes, the carcinogenic activity
appears to decrease with increasing size of the alkyl
residues. However, unsymmetrical hydrazines such
as 1-methyl-2-benzylhydrazine display pronounced
arcinogenic activity. 1,1-Dialkylhydrazines are vir-
tually non-carcinogenic, suggesting that the hydrazo
structure is necessary for activity (70). Correspond-
ingly, 1,1-dialkylhydrazines have no in vivo alkylat-
ing capabilities (48).

Carcinogenic direct alkylating substances (Figure 9).

A variety of diverse types of chemical carcinogens
do not require metabolic activation but rather ap-
pear to exist essentially in their ultimate reactive
form. Such compounds are often locally acting car-
cinogens and participate in nucleophilic substitution
reactions with tissue constituents.

A number of alkylsulfates and sulfonoxyalkanes
have displayed carcinogenic activity and the ability
to alkylate cellular macromolecules. Examples of
these carcinogens are shown in Fig. 9a with dashed
lines indicating which bonds are cleaved in the alky-
lation reactions. Thus, methyl methanesulfonate (13)
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and dimethylsulfate (23, 27) bring about the in vivo
methylation of nucleic acids (49, 90). Similarly, pro-
panesultone, a potent carcinogen (22), reacts by het-
erolysis to introduce the propyl sulphonic acid func-
tion into target nucleophiles (65). The carcinogeni-
city of some of these compounds has been difficult
to assess because of the rapidity with which they
decompose in an aqueous medium. Consequently,
it is believed that the very reactive alkylating agents
may not escape reaction with water and extracellular
materials before gaining access to critical cellular sites.
For example, dimethyl sulfate, a methylating agent
commonly used in organic syntheses, is inactive as a
carcinogen when administered to experimental ani-
mals orally or intravenously (23). However, dimethyl
sulfate has shown distinct carcinogenic activity when
administered by inhalation, and has been associated
with cancer of the lung in humans receiving industrial
exposure (27). Likewise, a number of mustard de-
rivatives with alkylating capabilities have displayed
carcinogenic activity (Fig. 9b). Reactions of the
bis (2-chloroethyl) amine derivatives with nucleic
acids in vitro and in vivo have been studied in detail
(7, 78). In reactions with DNA, the bifunctional na-
ture of these compounds allows a dual alkylation with
the subsequent formation of cross-linked DNA
strands. Generally, these compounds require multi-
ple large doses at local tissue sites to reveal their
carcinogenicity. Again, the high chemical reactivity
(73) of these agents with water and low molecular
weight nucleophiles may explain, in part, why these
cm‘cinogens often are not strongly c_arcinogenic. An
exception is noted with uracil mustard which appears
to be a potent lung carcinogen in the mouse (1). Fur-
thermore, there is little doubt that certain of these
fagents represent a hazard for humans, as illustrated
by the high incidence of cancer of the lung and upper
respiratory tract in workmen receiving industrial ex-
posure to bis(2-chloroethyl) sulfide (99).

Finally, a number of strained ring compounds, in-
cluding certain lactones, ethyleneimines, and epox-
ides, have shown alkylating as well as carcinogenic ac-
tivity (20, 96). For example, the carcinogen, -pro-
piolactone (Fig. 9c), introduces a carboxyethyl
moiety into tissue nucleophiles both in vitro and in
vivo (6). A number of studies correlating the car-
cinogenicity of these strain ring compounds with
alkylating . capability (43) and with their molecular
structures (97, 98) are presently available. The pos-
sible importance of epoxides in carcinogenesis has
recently been discussed (80).

PrepicTiON OF CHEMICAL CARCINOGENICITY

Determination of the carcinogenicity of a chemical
by present bioassay methods is complicated by a

number of variables such as species, sex, age, hor-
monal status, and dietary factors, etc. In tests of
the structurally-related members within the classes of
chemical carcinogens, these factors remain as impor-
tant variables. However, as we have seen, there is
an abundance of evidence suggesting that the ulti-
mate carcinogenic forms of chemical carcinogens
are electrophilic reactants (alkyl and aryl carbonium
ions, arylamidonium ions, etc.) with proximate car-
cinogenic metabolites of precarcinogens being those
metabolites more readily giving rise to the ultimate
electrophilic forms. Consequently, lack of or differ-
ing carcinogenic activities of closely related chemi-
cals must now be recognized as also being related
to one or more of a number of factors including dif-
ferent rates of absorption and excretion, different
rates of distribution and intercellular and intracellular
transport, different specificities for both activating
and detoxifying enzyme systems, different chemical
reactivities and stabilities of the ultimate reactive
forms, and different affinities of the ultimate forms
for the target nucleophiles critical to initiation of car-
cinogenesis.

Existence of these variables has severely hamper-
ed development of useful structure-activity relation-
ships in chemical carcinogenesis and it is likely that
structural correlations can be and have often been
inadvertently made with the variables associated
with carcinogenesis rather than with carcinogenesis
itself. For example, it has long been recognized that
2-naphthylamine is more strongly carcinogenic than
I-naphthylamine. This has recently been related to
quantitative differences in their in vivo conversion to
proximate N-hydroxyarylamines (76). It is interest-
ing then that I-naphthylhydroxylamine appears to
be a stronger carcinogen, dose for dose, than 2-naph-
thylhydroxylamine (4). To explain the differing car-
cinogenic potencies of the two hydroxylamine de-
rivatives, consideration must again be given to the
many variables listed above. It is obvious that the
more metabolic intermediates between a precarcino-
gen and its ultimate carcinogenic metabolites, the
more complicated will be the problem of construct-
ing useful structure-activity relationships. The abili-
ty to predict with any degree of assuredness the car-
cinogenicity (or non-carcinogenicity) of a chemical
will require a detailed knowledge of how structural
features determine rates of absorption, excretion,
metabolic activation and detoxication, and the abili-
ty of ultimate reactive forms to participate in nu-
cleophilic substitution reactions with biologically im-
portant nucleophiles. Unfortunately, this knowledge
is rather limited at present, as illustrated by studies
with the carcinogenic 9 substituted-5-nitrofuran de-

rivatives, The carcinogenicity and organ specifimty
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of these carcinogens varies markedly when seem-
ingly minor alterations are made in their molecular
structures, a fact which has led to the conclusion
that it is virtually impossible, on the basis of struc-
tural considerations, to predict which of these com-
pounds will and which will not prove to be carcin-
ogenic (32).

Nevertheless, knowledge of the biochemistry of
foreign compounds and presently available informa-
tion on the nature of ultimate carcinogenic forms of
chemical carcinogens does allow judgments to be
made regarding the carcinogenic potential of many
types of chemicals. This is borne out by past re-
sults in testing chemicals for carcinogenic activity.
For example, the fact that nearly one of every four
chemicals tested in experimental animals is judged
to be carcinogenic is related, in part, to a bias in
testing “compounds likely to be carcinogenic” (85).
Correcting for this bias, it has been estimated that
possibly one out of six chemicals tested will display
carcinogenic activity. These results point out the
feasibility of predicting, if not those chemicals defi-
nitely carcinogenic, at least those chemicals with
carcinogenic potential. Thus, while it is not possible
at present to predict the carcinogenicity of individual
2-substituted-5-nitrofurans, it is safe to say that there
is a rather strong likelihood that a given 2-substitut-
ed-5-nitrofuran will prove to be carcinogenic. Such
a judgment is of perhaps more than passing interest
to industrial concerns considering the commercial
exploitation of such compounds. Again, looking to
past results, one can appreciate how this approach
has been and might have been utilized.

Industrial chemicals

The discovery that occupational exposure to 2-
naphthylamine led to production of bladder cancer
in workmen of certain chemical industries and that
2-naphthylamine was able to induce similar malig-
nancies in experimental animals was followed by the
discovery, aided in 'part by obvious structural simi-
larities, of a number of carcinogenic aromatic amines.
2-naphthylamine moiety should have ever received
The warnings that were sounded about the possible
hazards associated with the industrial use of aromat-
ic amines such as benzidine (Fig. 10) unfortunate-
ly went unheeded for many years (42).

Pharmaceuticals

Likewise, N,N-bis(2-chloroethyl)-2-naphthylamine
has induced bladder cancer in a number of poly-
cythemia patients treated with this drug (42). In ret-
rospect, it seems rather amazing that a drug con-
taining both the potentially carcinogenic bis(2-chloro-
ethyl)amine moiety and the potentially carcinogenic
serious consideration as a drug for treatment of hu-
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Figure 10. Examples of carcinogenic chemical commodi-
ties used by man.

man disease.

As another example, the in vivo alkylation of nu-
cleic acids by the anti-neoplastic agent, 4(5)-(3,3-
dimethyl-1-triazeno )imidazole-5(4)-carboxamide, and
its obvious structural resemblance to carcinogen-
ic 1l-aryl-3,3-dimethyltriazenes (Fig. 7) were pri-
mary considerations leading to the discovery that this
drug displayed potent carcinogenic activity in experi-
mental animals (87). Another anti-neoplastic agent,
N-isopropyl-e- (2-methylhydrazino ) p-toluamide-HC 1,
has also displayed strong carcinogenic activity (46).
As with other carcinogenic unsymmetrical hydrazines
(Fig. 8), this compound is subject to metabolic N-
dealkylation with the apparent formation of an alkyl-
ating intermediate (103). A number of other anti-neo-
plastic agents based on the sulfonoxyalkane or bis(2-
chloroethyl) amine moieties also are carcinogenic. The
fact that many chemicals used in the chemotherapy of
human malignancies are also able to produce cancer-
ous lesions brings out a point important to the theme
of this review. Namely, in some instances, the de-
sired biological activity of a chemical may depend on
the same structural characteristics responsible for car-
cinogenic activity. This appears to be true with cer-
tain anti-neoplastic alkylating agents which are de-
signed to alkylate tissue constituents with the goal of
inducing cellular death. 1In the palliative therapy of
terminal cancer patients, the cautious use of poten-
tially carcinogenic drugs might be justifiable. In
contrast, chemical commodities such as food addi-
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tives are not administered to humans on an indivi-
dual basis and the use of potentially carcinogenic
chemicals for such purposes is in no instance justi-
fiable, particularly in view of the large scale human
exposure to such agents.

Food additives

A variety of azo dyes previously and presently
used to color foodstuffs have displayed carcinogenic
activity for the liver, bladder, or lymphoid system of
experimental animals (42, 47). _For example, 1-2, 5
dimethoxyphenylazo ) -2-naphthol (Citrus Red No. 2)
(Fig. 10), used in the artificial coloration of oranges,
has elicited tumors of the urinary bladder in rats and
mice (16). As might be anticipated, such azo dyes
can act as substrates for azo reductase systems and
undergo reductive scission to the two corresponding
aromatic amines. Thus, with Citrus Red No. 2, the
initial products would be 2, 5-dimethoxyaniline and 1-
amino-2-naphthol. In experimental animals adminis-
tered Citrus Red No. 2, the latter metabolite has
been found present in the urine as the sulfate conju-
gate, a urinary metabolite also present after admini-
stration of I-naphthylamine (75). Whereas ring-hy-
droxylated metabolites of carcinogenic aromatic
amines often represent detoxified forms of the par-
ent carcinogen, this may not always be true. Indeed,
a possible candidate for a proximate carcinogenic
form of 2-naphthylamine appears to be a metabolite
in which ortho-ring hydroxylation and N-hydroxyla-
tion mechanisms have both participated (93). In ad-
dition, disubstituted anilines have been observed to
display weak to moderate carcinogenic activity in ex-
perimental animals (3). It is also commonly noted
that ortho methyl or methoxy substituted derivatives
of carcinogenic aromatic amines often retain potent
carcinogenic activity. These metabolic and structur-
al considerations suggest that certain of the azo dye
food colorings are in need of reevaluation and it is
not surprising that they have been the subject of re-
cent criticism (42).

Metabolic and structural considerations can be
and have been important in the evaluation of certain
artificial sweeteners. For example, the artificial
sweetener, p-phenetylurea (Dulcin) (Fig. 10), was
restricted from commercial use with the finding that
it was able to induce tumors of the bladder and liver
in rats. The wisdom of this regulatory action can
now be appreciated. Dulcin is a close structural
analog of p-acetophenetidin (Phenacetin) (Fig. 10),
a chemical which has found common use as an anal-
gesic drug. Although Phenacetin has apparently fail-
ed to display carcinogenic activity in experimental
animals, the ability of this drug to produce renal
damage has been known for some time and warning
labels are required on analgesic preparations con-

taining this compound. It is of great interest, then,
that recent epidemiological studies have demonstrat-
ed a very high incidence of cancer of the kidney and
bladder in humans chronically ingesting phenacetin-
containing analgesic preparations (2). It is perhaps
very fortunate that there has been no need for epi-
demiological studies to determine the possible car-
cinogenicity of Dulcin in humans. The chronic in-
gestion of artificial sweeteners by a large segment
of the population obviously requires that these food
additives receive comprehensive safety evaluations.

As a more recent example, metabolic and structural
considerations have proved important in the evalua-
tion of the cyclamates, chemicals which also have
found use as artificial sweetening agents. While
the recent restriction of cyclamates by the Secretary
of Health, Education, and Welfare (28) was based
solely on the finding that cyclamates were carcino-
genic for the urinary bladder of experimental animals
(9, 74), other research findings also were important.
The discovery that humans and other animals were
able to metabolically convert cyclamates to the more
toxic cyclohexylamine was a signal to many investi-
gators that further studies on the safety of cyclamates
were warranted. That cyclohexylamine may be con-
verted in vivo to N-hydroxycyclohexylamine (29) sug-
gests a pathway for the metabolism of the cyclamates
that parallels that observed for the metabolic activa-
tion of aromatic amines displaying carcinogenic ac-
tivity for the urinary bladder (76). The metabolic
transformations observed with the cyclamates indi-
cate the need for a chronic feeding study in which
the urinary bladder of the test animals would be
examined most carefully. Studies in which this was
done (28, 74)) have repeatedly demonstrated the
carcinogenicity of the cyclamates whereas studies in
which the urinary bladders were not examined his-
tologically (77) are, for all intents and purposes,
meaningless.

It seems apparent that attempts to produce non-
carcinogenic artificial sweeteners by exploitation of
various amine derivatives have met with little suc-
cess. In view of the prominent position of aromatic
amine derivatives in the classes of chemical carcino-
gens, it would seem advisable to avoid such chemicals
in the search for new food additives. It should be
added, parenthetically, that aside from safety evalu-
ations, there is also an obvious need to evaluate the
efficacy of new food additives before they are in-
troduced into common use. With artificial food col-
oring agents, their efficacy in allowing the produc-
tion of foods that are pleasing to the eye is easily
determined, although the so-called “demand” for
such esthetically pleasing foods is probably expli-
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cable, in part, as a consumer response to “success-
ful” advertising.

The situation is quite different, however, with the
artificial sweeteners which have been widely pro-
moted as a useful component of diet foods. Recent
studies suggest that cyclamates stimulate the appe-
tite of experimental animals, causing a greater gain
in weight and more efficient utilization of food (17).
Indeed, a 1969 report from the Food and Drug Ad-
ministration, published just prior to the confused
debate over restriction of cyclamates, stated that
“none of the few controlled studies reported to date
have established a useful role for nonnutritive sweet-
eners as weight-reducing aids except under the most
carefully controlled conditions” (81). While further
studies will be required to determine whether or not
artificial sweeteners have any useful role in diet
foods, artificial sweeteners would be of definite value
to those people who, for medical reasons, must re-
strict their intake of sugar. In this regard, reports
that an amino acid dipeptide may be useful as an
artiticial sweetener are very exciting (57). The search
for new food additives should certainly continue but,
in many instances, perhaps this search should con-
tinue along avenues different from those used in the
past and with motivations different from those used
in the past.

CONCLUSIONS

The need for determining potential hazards associ-
ated with use of biologically-foreign chemical com-
modities has long been recognized. With food addi-
tives, the individual has little control over the num-
ber or amount of these substances he consumes. In-
deed, food additives may be consumed almost daily
over much of the life-span of the individual and the
amount consumed, which is extremely difficult to
regulate, may vary considerably from individual to
individual. Consequently, the possibility of long-
term hazards such as .carcinogenesis is a very impor-
tant consideration (11). Fortunately, most chemical
commodities are subjected to chronic toxicity tests
in experimental animals in an attempt to spare the
human population unnecessary exposure to potential
chemical carcinogens. This is of utmost importance
in view of the numerous examples of chemical car-
cinogens which by one means or another have man-
aged to escape detection prior to their introduction
into the human environment.

From an industrial point of view, however, early
detection  of potential chemical carcinogens would
also seem most desirable as a means of avoiding a
possibly wasted expenditure of capital in further
research - and development. Furthermore, it would
seem even more desirable to be able to predict those

chemicals with carcinogenic potential so that they
might be eliminated from consideration as a possible
chemical commodities.

It should be apparent that, at present, metabo}ic
and structural considerations cannot be used as proof
of the carcinogenicity (or non-carcinogenicity) of a
chemical. While the present review is necessarily
not a comprehensive treatment of this subject, an at-
tempt has been made in the above examples, to
demonstrate that such considerations can often pro-
vide important clues in the safety evaluation of chem-
icals. Metabolic studies can often be utilized as an
aid in the design of chronic toxicity tests in experi-
mental animals and can often be utilized to support
the interpretation of results from such tests. In this
sense, metabolic and structural considerations might
serve as a useful adjuvant in the commercial exploita-
tion of chemicals.

In addition, metabolic and structural considerations
also might prove important in making judgments re-
garding the potential carcinogenicity of chemicals.
Utilization of this approach by investigators of chemi-
cal carcinogenesis has been rather successful in the
discovery of new chemical carcinogens. There is
no reason why this approach cannot be successfully
utilized to help discover non-carcinogenic chemicals.
Thus, avoidance of attempts to exploit chemicals
structurally-related or metabolically related to known
carcinogens and their proximate forms would seem
indicated. Numerous recent examples point out the
feasibility of this approach.

Finally, elucidation of metabolic pathways general-
ly applicable to activation of individual classes of
chemical carcinogens may permit prediction of the
carcinogenicity of foreign molecules from measures
of their in vivo and in vitro conversion to chemically-
reactive electrophiles.

Production of chemical commodities would ideally
begin with exploitation of chemicals with proven
efficacy in meeting some essential use. With this
honest starting point, subjection of the chemical to
comprehensive safety evaluations would hopefully,
in addition to preventing human exposure to potent-
fally carcinogenic chemicals, allow detection of po-
tentially hazardous chemical commodities before they
become tirmly entrenched in existing life styles and
before they become the economic basis for the exist-
ence of large industries. As with many of the other
serious problems facing modern man, solutions to
problems of safety and adequately feeding a growing
human population will require knowledge from di-
verse disciplines. It is likely that continued research
in the mechanisms of chemical carcinogenesis will
provide knowledge needed for a more efficient ex-
ploitation of safe and useful chemical commodities.
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If the present review has stimulated interest in this
approach, it will have served its purpose.
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ABSTRACT

A technique was developed to isolate the bacteria associated
with the cheese skipper, Piophila casei (L) Diptera, and to
study their influence on oviposition. No bacteria were isolated
from the alimentary tract of newly emerged female flies.
However, 41 isolates were obtained both from the alimentary
tract and from tubes inoculated by 3 day-old flies. The 41
isolates were grouped according to their morphological and
physiological characteristics and separately offered on inocu-
lated ham to 50 adult female cheese skippers using five ham
treatments per group. Flies deposited eggs on the untreated
cured ham sample in all trials, with the exception of one
group of isolates. Flies deposited numerous eggs on the
sterilized inoculated sample. This isolate was then identified
through a series of biochemical tests as Proteus vulgaris.
Repeated trials using a known culture of P. vulgaris as the
test inoculum yielded identical results.

Two other species, Proteus mirabilis and Proteus morganii,
also were exposed to 50 flies using identical ham treatments.
Although flies showed some tendency to deposit eggs on
sterile ham inoculated with these species of Proteus, neither
produced conditions more favorable than the cured ham itself.

Seven genera of bacteria, isolated in predominant numbers
from the cured ham also were offered to the cheese skipper
using the five ham treatments. (Although four of these
genera produced proteolytic enzymes, flies always deposited
eggs on the untreated cured ham sample.)

Production of a high quality country ham requires
aging at a temperature of 21 C with a relative hu-
midity of 65%. According to Christian (5), these con-
ditions produce a ham with no mold, a minimum
amount of shrinkage, and most important, a uniform
product throughout the year. Because of the tem-
perature and relative humidity requirements for ag-
ing, combined with the fact that aging may take
place in a building not designed to eliminate insects,
the cured ham is the host of a number of insect
pests. Piophila casei or “The Cheese Skipper,” is now
considered the principal insect species that attacks
cured meat.

Control of P. casei has been shown to be difficult.
Fulton (9), Gerhardt and Lindgren (10), and Kelly
and Graham (17), have investigated the usefulness of
certain wrapping materials in prevention of insect
infestation. From their work, it appears that neither
kraft paper bags, certain dips or other wrappers, nor
polycarbonate film were effective when high popu-
lations of P. casei were present.

Since the early 1940’s chemical fumigants have
proven to be the best method for control of P. casei.
However, a number of these chemicals have been
removed from the market because they leave high
residues in certain food products (9, I8, 20). Kelly
and Graham (17) discovered that fumigation of cured
hams with methyl bromide resulted in bromide resi-
due levels far above the Food and Drug Administra-
tion (FDA) tolerance levels (125 ppm) in meat
products.

Although the symbiotes of the cheese skipper have
not been studied in detail, a number of investigators
have shown relationships to exist between other in-
sects and microorganisms (1, 13, 18, 19, 21). Micro-
organisms are also important in the digestive system
of many insects and probably aid the enzyme system
of insects to produce materials required for their
nutritional well being (2, 5, 8, 11, 13).

Since a widely varying microbial flora is known
to exist on dry cured ham (12, 15), and since bacteria
do play an important role in the hatching, growth, and
development of many insects (14, 21, 23), the bacteria
associated with P. casei and their influence on ovi-
position were investigated.

PRELIMINARY PROCEDURES AND RESULTS

A preliminary study was undertaken to validate the reports
of early workers (9, 22). They noted that the cheese skipper
was very temperamental about where it laid its eggs, and that
cured meat was preferred over fresh meat as an oviposition
site.

Fifty adult skippers were selected at random from the rear-
ing cage and released in an experimental cage. Two ham
samples, one fresh and one cured, were blended in separate
blendors at 345¢ rpm for 5 min, after which a 50-g sample
of each was taken. The two 50-g samples were then exposed
to the 50 flies for a period of 2 hr, during which time ob-
servations on oviposition were made. Following the 2-hr
time interval, the samples were removed and examined micro-
scopically for eggs. This study was repeated four times using
the same flies. In all four trials, flies deposited eggs only
on the cured ham samples during the 2-hr exposure period.

EXPERIMENTAL PHOCEDURE

Isolation of bacteria associated with the cheese skipper
The bacteria associated with the cheese skipper were isolat-
ed in three separate phases. The first phase was to isolate the
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bacteria from the three main parts of the alimentary tract,
the foregut, midgut, and hindgut of the newly emerged female.
Fifteen pupae were selected and placed in separate, sterile
petri dishes. Immediately upon emergence from the pupa,
each imago was sexed and all males discarded. The first four
females to emerge were used for the isolation procedure which
was conducted in the following manner: flies were temporarily
exposed to refrigeration (0-5 C) to facilitate handling; then,
using a dissecting microscope and sterile insect dissecting
equipment, each fly was opened ventrally through the abdo-
men and thorax. Sterile Ringer’s solution was applied to the
tissue to prevent drying. After removing the surrounding
tissue, the alimentary tract was exposed. The entire tract was
removed, opened, and its contents streaked on four sterile
Tryptone Glucose Extract agar (TGEA) (Difco) (7) agar
plates. This procedure was repeated on all four flies, yield-
ing a total of 16 plates. The TGE plates were then incubated
at 37 C for 48 hr.

The second phase of the isolation procedure was executed
in the same manner as phase one, with the exception of the
following: the four female flies in this phase were selected
at random from the rearing cage, and had been exposed to
feed, water, and male flies, and were approximately 3 days
old. The 16 TGE plates obtained in this phase were also
incubated at 37 C for 48 hr.

In phase three, 50 flies were selected at random from the
rearing cage and released into the experimental cage. Twelve
tubes of chopped meat medium, four each of 6 ml chopped
meat medium plus 6.5% salt; 6 ml chopped meat; and 6 ml
chopped meat plus 5% glucose, were selected for this phase
of the experiment. Two tubes of each were exposed to the
50 flies. Within 7 hr, flies were observed in all tubes. After
10 hr, all tubes were assumed inoculated. The six tubes
were removed and incubated at 37 C for 24 hr. Following
the incubation period, 3 ml aliquots of each of the inoculated
tubes plus a 3 ml control tube of each were exposed to 50
additional flies. After 6 hr, all tubes were removed and the
following mixed cultures prepared: (a) chopped meat (6.5%
salt) inoculated on chopped meat (6.5% salt), (b) chopped
meat medium inoculated on chopped meat (6.5% salt), (c)
chopped meat medium inoculated on chopped meat medium,
and (d) chopped meat (6.5% salt) inoculated on chopped meat
medium. After incubation of the four mixed cultures, 3 ml
aliquots of each of the cultures were again exposed to the
flies for 6 hr, after which time duplicates of tubes C and D
were used for the isolation procedure,

Separation, grouping, and tentative identification of bacteria

Colonies were picked from all streaked plates, according
to their morphological characteristics, and restreaked on sterile
TGE plates. After 24 hr incubation, isolates were again picked
and a gram stain of each was made. Colonies were again
restreaked to obtain isolated colonies. This procedure was
repeated to assure purification of isolates. Each isolate was
then transferred to two brain heart infusion agar (Difco) slants
to be held for further use. A total of 24 isolates was ob-
tained from the previously described procedure. All isolates
were grouped and some tentative identifications were made
using the procedure of Cowan and Steel (6).

Separation, grouping, and tentative identification of the
bacteria from phase three were conducted using the pro-
cedure of Cato et al. (4). Duplicates of the two inoculated
tubes were streaked on egg yolk plates (EYP) and blood
agar plates (BAP). One set was incubated aerobically and
the other anaerobically. Brain heart infusion agar—roll
streak (BHIA-RS) tubes also were made from each tube.
BHIA-RS and aerobic plates were incubated at 37 C until
growth was apparent. Anaerobic plates were incubated at

37 C for 48 hr.

Using a dissecting microscope, all plates and streaks were
examined and colony types picked. When necessary, some
colonies were restreaked to obtain isolated colonies.

Thirteen single colonies were isolated from the aerobic
plates and four from the anaerobic plates. Colonies from
the anaerobic plates were then transferred to aerobic EYP
and BAP to test for obligate anaerobes. Since the four anae-
robic colonies also grew aerobically, all 17 single colonies
were transferred to chopped meat broth and brain heart in-
fusion agar slants to be held for further use.

Use of isolated bacteria to induce oviposition

The 15 groups of isolates from phases two and three were
used in this technique. Since it has been noted by earlier
workers that the cheese skipper prefers cured ham to fresh
ham as a place for oviposition, it was believed that certain
bacteria may play an important role in inducing oviposition.

Each group of isolates, in duplicate, were exposed to 50
flies using five 50-g samples treated under different conditions:
(a) cured ham control (CHC)—aged 8 months, (b) cured ham
autoclaved (CHA)—15 min at 121 C and 15 Ib. pressure, (c)
fresh ham inoculated then incubated (FHII)—36 hr at 37 C,
(d) fresh ham incubated (FHI)—36 hr at 37 C, and (e) fresh
ham autoclaved, inoculated then incubated (FHAI)—36 hr at
37 C.

Treated hams were exposed to 50 flies at room temperature
for 2 hr and then examined microscopically for eggs. Ident-
ification of isolates inducing oviposition was conducted using
the procedure of Cowan and Steel (6).

Following the identification procedure, pure cultures of
Proteus morganii and Proteus mirabilis were obtained from
Midwest Culture Service. Three replicates of each culture
including Proteus vulgaris, were exposed to the ham skippers
by inoculating ham treatments as previously described. In
addition, seven pure cultures one each of the genera Bacillus,
Micrococcus, Streptococcus, Paracolabactrum, and Pseudo-
monas and two species of Staphylococcus isolated from the
cured ham by Graham (12) also were exposed in replicates
to 50 flies. Ham samples were treated in the same manner
as described in the previous experimental procedure.

ReEsurLts Axp DiscussioN

No growth was obtained on any of the TGE plates
streaked from the alimentary tract of the newly
emerged female flies in phase one, which is in agree-
ment with the work of Greenburg (13) who noted
that the adult blowfly emerging from the pupal
stage was free of bacteria. Greenburg attributed
this to the fact that as the larvae approaches the
pupal stage it stops feeding and its gut gradually
contracts. Clusters of the bacteria remain sequester-
ed in folds and crypts of the digestive tract, but these
clusters are eliminated when the fly molts within its
pupal case. In the fly larva the integument that is
shed extends into the foregut and hindgut. The
emerging fly, as it squirms free, leaves all or nearly
all the bacteria behind in the pupal case. Elimination
of bacteria at adulthood may be widespread among
the diptera.

Phase two of the experiment, in which gravid fe-
males were used, yielded a total of 24 isolates. These
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TABLE 1. FLY RESPONSE' TO 15 GROUPS OF ISOLATES USING FIVE HAM TREATMENTS -
Group Tested 1 2 3 4 5 6 7 S 9 10 11 12 13 14 15
Trial 1 2 1 2 1 2 1 2 1 2 12 1 2 1 2 1 2 1 2 1 2 1 2 12 1 2 1 2
Treatments 10° 10° !
A _ CH o & + & 4‘; = & % _J_ + ” L & o 0 kel 50 -3 o ﬂi_ + 0 5() Rl £l = i3 E-3 o
B-CHA O O 0O 0O 0 O 0 O 0 O 0O 00000 0 6O0O0 0 0 0 0 000 0 0 0
C-FHIIO O 0 0 O O O O O O 0O 000060 0 0O0OO0C O0O 0O 6 0 00 0 0 0 0
D-FHI 0 0 0 0 0 0 O 0 0 O o0 0000 0 0O0O0O O0 0 0 0 000 0 0
E - FHAIO 0 0 O O O 0 O 0 O o0 0000 0 000 0 0 + -~ 0 0 0 0 0 0

‘eggs deposited

"10-50 eggs after 2 hr

0 - no eggs after 2 hr

= _ 100-200 eggs after 2 hr

+ - eggs too numerous to count after 2 hr

CH - cured ham aged 8 months

CHA - cured ham autoclaved

FHII - fresh ham inoculated and incubated

FHI - fresh ham incubated

FHAI - fresh ham autoclaved, inoculated, and incubated

TABLE 2. IDENTIFICATION OF BACTERIA" INDUCING OVIPOSITION OF Piophila casei
Morphological and physiological properties
7 ~
Cell Colony :? é {3 E. ”;:E Py § a E‘:
Isolate morphology morphology = &) - = = - =) c O] Tdentification
ASC Short Grayish + AG — i — + - ; Proteus
gram- rod spreader vulgaris
1SC Short Grayish + AG — — + - -+ = G Proteus
| Group gram- rod spreader vulgaris
#12 ESC Short Grayish + AG — — + — + — + Proteus
‘ gram- rod spreader vulgaris
i DSCf Short Grayish + AG = — + — i — -+ Proteus
gram- rod spreader vulgaris

‘ “Cowan and Steel (6)
TSI- triple sugar iron

‘ V-P - Voges Proskauer
OD - ornithin decarboxylase
AG - acid and gas

isolates were all gram-egative rods and grew aerob-
ically on sterile TGE plates. All 24 isolates were
grouped according to their morphological and physio-
logical characteristics, and some tentative identifica-
tions were made. Ten isolates were tentatively ident-
ified as Enterobacter aerogenes and one as Escher-
1, ichia coli. No identification of the remaining 13 iso-
lates was made.

Phase three of the isolation procedure was arrang-
ed to give the flies an opportunity to inoculate three
\ different tubes of chopped meat medium. Subjecting

flies to this type of trial gave an opportunity to ob-
\ tain bacteria associated, both externally and inter-
1 nally, with the cheese skipper. Following assumed
\ inoculation, the first 8 tubes were incubated at 37 C

for 24 hr, after which 3 ml aliquots of each inoculated
\ tube plus a control tube of each were again exposed
‘ to 50 additional flies. After 6 hr exposure, flies had
\ deposited eggs in the inoculated chopped meat med-

jum and the inoculated chopped meat (6.5% salt)
medium and chopped meat mixed with chopped
meat (5% glucose) medium or any of the control
tubes. From duplicates of the inoculated tubes in
which eggs were deposited, four mixed cultures were
made. After incubation of the four mixed cultures,
3 ml aliquots of each were again exposed to 50 ad-
ditional flies. These flies deposited eggs in chopped
meat medium plus 6.5% salt mixed with chopped meat
medium and chopped meat mixed with chopped
meat medium. From duplicates of these tubes, isola-
tion procedures began.

A total of 13 aerobic and four facultative isolates
were cultured from the inoculated tubes in this phase.
All 17 isolates were grouped according to their mor-
phological and physiological characteristics and ten-
tative identification of these groups was made. Group
10 containing one single colony was identified as
Staphylococcus aureus, group 11 containing seven

:
(‘/
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TasLe 3. FLY RESPONSE' TO THREE TRIALS OF FIVE HAM
TREATMENTS USING Proteus vulgaris
Trial 1 2 3

Treatments

A - CH * 20-50" 0
B - CHA 0 0 0
C - FHII 20-50 0 0
D - FHI 0 0 0
E - FHAI =+ + iy

*eggs deposited

*20-50 eggs after 2 hr

0 - no eggs after 2 hr

* - 100-200 eggs after 2 hr

+ - eggs too numerous to count after 2 hr

CH - cured ham aged 8 months

CHA - cured ham autoclaved

FHII - fresh ham inoculated and incubated

FHI - fresh ham incubated

FHAI - fresh ham autoclaved, inoculated and incubated

single colonies as Streptococcus faecalis, and group 12
containing four single colonies as a Proteus species.
The remaining five single colonies composed groups
13, 14, 15, and no identification was made.
Fly response to 15 groups of isolates

The isolates from phases two and three were group-
ed according to their morphological and physiological
characteristics to yield 15 groups. Each group of
isolates was then separately exposed for 2 hr to 50
flies using the five ham treatments previously de-
scribed. Table 1 presents the response of the flies
to each group of isolates. During the 2-hr exposure
period, flies always deposited eggs on the untreated
cured ham, with the exception of trials one and two
of group 12. In these trials, flies deposited numerous
eggs on treatment E and very few eggs on treatment
A. The isolates used in this trial were obtained in
phase three of the isolation procedure and had been
tentatively identified as a Proteus species.
Identification of bacteria inducing oviposition

Table 2 presents the morphological and physio-
logical properties of the four isolates in group 12 up-
on which identification is based. All isolates were
gram-negative rods, 0.5 to 2.0 u in length, occurring
singly or in pairs with some chains. Agar colonies
were grayish spreaders that produced hydrogen sul-
fide on TSI and rapid liquefaction. Acid and gas
were produced from glucose, but no acid or gas
from lactose or mannitol. They were all positive on
urease and produced indole, and were negative on
Voges-Proskauer and ornithine decarboxylase media.
Final identification of all four isolates was Proteus
vulgaris.
Fly response to three trials of Proteus vulgaris.

Following identification of the isolates in group 12,
three replications were conducted using P. vulgaris

as the test organism. Table 3 shows that within 2
hr flies had deposited numerous eggs on treatment E
in all three trials. In trial one, a few eggs were
found on treatment C which also was inoculated
with the test organism. A few eggs also were found
on treatment A of trials one and two. This gave a
total of five trials using P. vulgaris as the test orga-
nism, and each trial produced very similar results.
Since P. vulgaris produces a putrefactive odor and is
commonly isolated from putrid meat, infusions, and
abscesses, (3), and since Steinhaus (24) noted that
the simplest type of relationship between insects and
microorganisms is the use of microorganisms or their
by-product as food, the results from the five trials
are not surprising.

Fly response to P. vulgaris, P. morganii, and P. mira-
bilis

TaBLE 4. FLY RESPONSE' TO HAM TREATMENTS INOCULATED
wrtH F. vulgaris, P. morganii, axp P. mirabilis

Trial 1 2 3 i 2 3 1 2 5
Test organism E{ é ::‘ 3: ;‘3 Té Qg ‘S
N N N 3 = H N N
a o el o o ~ e &

Treatments
A - CH 0o = 0 e ® * # =0
B - CHA 0o 0 0 0o 0 0 0o 0 O
C - FHII 0O 0 0 0O 0 0 o 0 O
D - FHI 0 0 O 0 0 O 0o 0 0
£ - FHAI + + + ¥ 0o * * 4 ®

‘eggs deposited

0 - no eggs after 2 hr

® - 100-200 eggs after 2 hr

+ - eggs too numerous to count after 2 hr

CH - cured ham aged 8 months

CHA - cured ham autoclaved

FHII -fresh ham inoculated and incubated

FHI - fresh ham incubated

FHAI - fresh ham autoclaved. inoculated and incubated

Proteus morganii and P. mirabilis also were tested
in three trials. Proteus vulgaris was again offered
to the flies in three trials. Table 4 shows that flies
had a greater tendency to deposit eggs on P. mirabilis
than on P. morganii; however, in all trials using these
bacteria, flies continued to deposit eggs on all cured
ham samples. Neither bacterium produced condi-
tions that were more favorable than the cured ham
except in trial three using P. mirabilis. Proteus vul-
garis continued to produce conditions more favorable
than the cured ham in all three trials.

Eight trials using P. vulgaris as the test organism
all produced evidence that flies were attracted to
sterilized fresh ham that was inoculated with this
bacterium. However, in only one trial flies deposited
eggs on the unsterilized fresh ham which had been
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TABLE 5. FLY RESPONSE' TO SEVEN GENERA OF BACTERIA ISOLATED FROM CURED HAM

Trial 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Test organism < < $ g 3 § .i § g g 3 32 g §
Treatments
A - CH L + 20-30¢ # + * + + 20-50" 4 + + + ®
B - CHA 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C - FHII 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D - FHI 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E - FHAI 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*eggs deposited

220 - 50 eggs after 2 hr

°20-30 eggs after 2 hr

0 - no eggs after 2 hr

% - 100-200 eggs after 2 hr

+ - eggs too numerous to count after 2 hr
CH - cured ham aged 8 months

CHA - cured ham autoclaved

FHII - fresh ham inoculated and incubated
FHI - fresh ham incubated

FHAI - fresh ham autoclaved, inoculated and incubated

inoculated with the Proteus sp. This was trial one
presented in Table 3, which shows only a few eggs
deposited on sample C. From these results, it is
postulated that bacteria already present on the fresh
ham may have inhibited growth of P. wvulgaris and
that once the treatment was sterilized, as in treat-
ment E, all bacteria were eliminated with the excep-
tion of the inoculum, which allowed faster growth
and no competition from other bacteria.

Fly response to seven genera of bacteria isolated
from cured ham

Since Hunt (15) found the largest percentage of
proteolytic bacteria on hams aged from 4 to 18
months, it was thought that certain proteolytic bac-
teria found on the cured ham may be producing
conditions which influence oviposition. Seven genera
of bacteria, one proteolytic species of Bacillus, a
Micrococcus, two species of Staphylococcus, a Strep-
tococcus sp., a proteolytic Paracolobactrum, and a
proteolytic species of Pseudomonas, isolated from cur-
ed ham by Graham (I12), were used in the final ex-
periment. Table 5 shows fly response to two trials
of each of these bacteria. In all trials, flies deposited
eggs only on the cured ham samples.

Although organisms of the genus Proteus have not
been isolated in predominant numbers from either
fresh or cured meat products, Jensen (16) and Graham
(12) have reported their presence in relatively low
numbers. Although Proteus is a spoilage organism,
the relative numbers of Proteus required to cause
spoilage are not known. The P. vulgaris isolated in
this work was obtained from tubes inoculated by the
mature flies and not from the cured ham. Thus, it

is possible that the fly itself is the carrier of the
Proteus species. It also seems likely that once the
fly has infested cured ham, the rapid growth and
proteinaceous odor produced by Proteus continues to
attract P. casei, either to feed or oviposit. A large
number of insect larvae requires the action of micro-
organisms for their nutritive requirements. Thus,
the chemicals inducing oviposition may be corre-
lated with a source of subsistence for the larvae that
emerge from the eggs oviposited by the female.

The major impact of these experiments is that
microbial symbiotes may, as shown in this work,
influence insect oviposition. The metabolic products
of these symbiotes (P. vulgaris) may be nutritionally
important for the normal growth and development
of P. casei. Therefore, altering the insects’ environ-
ment in such a way as to destroy its symbiotes pre-
sents a possible method of biological control of P.
casei. This also would provide an extra margin of
safety by eliminating the hazard of pesticide residues
in cured hams.

REFERENCES

1. Atkin, E. E., and A. Bacot. 1917. The relation be-
tween hatching of the eggs and the development of the larvae
of Stegomyia fasciata. Parasitol. 9:482.

2. Bogdanow, E. A. 1906. Development of the larvae
of the flesh fly (Calliphora vomitomia) in sterile medium.
Arch. Anat. Physiol. 113:97.

3. Breed, R. S., E. G. D. Murray, and N. R. Smith. 1957.
Bergey’s manual of determinative bacteriology. 7th ed., The
Williams and Wilkins Co., Baltimore, Maryland.

4. Cato, E. P., C. S. Cummins, L. V. Holdeman, J. L.
Johnson, W. E. C. Moore, R. M. Smibert, and L. DS. Smith.
1969. Outline of clinical methods in anaerobic bacteriology.




R S

?;

Jones, ET. AL. 415

The Anaerobic Laboratory, Virginia Polytechnic Institute.

5. Christian, J. A. 1962. Country ham boom in North
Carolina. Nat. Provisioner 14:10.

6. Cowan, S. T., and K. ]J. Steel.
identification of medical bacteria.
Press, Cambridge, England.

7. Difco Laboratories Incorporated. 1953. Difco manual
of dehydrated culture media and reagents for microbiological
and clinical laboratory procedures. 9th ed., Difco Labora-
tories, Incorporated, Detroit, Michigan.

8. Friend, W. G., E. H. Salkeld, and I. L. Stevenson. 1959.
Nutrition of onion maggots, larvae of Hylemya antiqua
(Meig.), with reference to other members of the genus
Hylemya. Ann. N. Y. Acad. Sci. 77:384.

1966. Manual for the
Cambridge University

9. Fulton, B. B. 1953. The cheese skipper. North
Carolina Agr. Exp. Sta. Bul. 103.
10. Gerhardt, P. D., and D. L. Lindgren. 1954. Pene-

tration of various packaging films by common stored product
insects. J. Econ. Entomol. 47:282.

11. Glaser, R. W. 1924, Microorganisms in the nutri-
tion of Diptra. Amer. J. Trop. Med. 4:85.

12. Graham, P. P. 1970. The bacterial flora of pre-
frozen dry cured ham and its relationship to quality. Ph.D.
dissertation, North Carolina State University, Raleigh.

13. Greenburg, B. 1965. Flies and disease.
Amer. 213:92.

Scientific

14. Hagen, K. S. 1966. Dependence of the olive fly Dacus
oleaec on symbioses with Pseudomonas savastoni for utiliza-
tion of the olive. Nature 209:423.

15. Hunt, W. E. 1939. Qualities of hams and rapidity
of aging as affected by curing and aging conditions and proc-
esses. Md. Agr. Exp. Sta. Bull. 428:31.

16. Jensen, L. B. 1954. Microbiology of meats. 3rd ed.,
The Garrard Press, Champaign, Illinois.

17. Kelly, R. F., and P. P. Graham. 1968.
tion in country hams without pesticides.
27:142.

18. Kraybill, H. F. 1966. Pesticide residues in mam-
malian tissue, problems, incidences, and controls. Proc. 19th
Ann. Recip. Meat Conf., Chicago, Illinois. 9:190.

19. Mansour, K. 1934. The intracellular microorganisms
of some Bostrychid beetles. Quart, J. Microscop. Sci. 77:
243.

20. Pfeifer, C. C. 1945.
Med. Ass. 128:266.

21. Rozeboom, L. E. 1934.
the hatching of mosquito eggs. Amer. J. Hyg. 20:496.

22. Simmons, P. 1927. The cheese skipper as a pest
in cured meats. U.S.D.A. Dept. Bul. 1453:1.

23. Steinhaus, E. A. 1949. Intra and extracellular micro-
biota of healthy insects. Principals of Insect Pathol. Mec-
Graw-Hill Book Company, Inc., New York 1:83.

Pest preven-
J. Anim. Sci.

Boric acid ointment. J. Amer.

The effect of bacteria on

SUPPLEMENT NO. 1 TC THE E-3-A
SANITARY STANDARDS FOR INSTRUMENT FITTINGS AND
CONNECTIONS USED ON LIQUID EGG PRODUCTS EQUIPMENT

Serial #E-0902

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
United States Department of Agriculture
Institute of American Poultry Industries
Dairy and Food Industries Supply Association

This supplement incorporates the following fittings into this standard:

E-3-A
Drawing No.

Page No.

3A9 Temperature sen-

sor well (short) for

liquid egg and liquid 10 3A-101-11
egg product storage

tanks

3A10 Temperature sen-

sor well (long) for

liquid egg and liquid 11 3A-101-12

egg product storage
tanks

Note: The temperature sensor portions of the
above wells are longer than those of the 3A7 and
3A8 thermometer wells. Other dimensions are
different.

This supplement is etfective October 28, 1971.
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LIQUID EGG AND LIQUID EGG 3A STANDARD
PRODUCTS STORAGE TANKS INSTRUMENT
Note: The temperature sensor portion FITTINGS & CONNECTIONS
of this well is longer than that 3A-101-12
of 3A8 Termometer Well. Other
dimensions are different.
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3A9 TEMPERATURE SENSOR WELL (SHORT) FOR
LIQUID EGG AND LIQUID EGG
PRODUCTS STORAGE TANKS
Note: The temperature sensor portion
of this well is longer than that
of 3A7 Thermometer Well. Other
dimensions are different.
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SUPPLEMENT NO. 2

3-A SANITARY STANDARDS FOR FITTINGS USED ON MILK AND
MILK PRODUCTS EQUIPMENT AND USED ON SANITARY LINES,
CONDUCTING MILK AND MILK PRODUCTS, REVISED

Serial #0812

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
The Dairy Industry Committee

This supplement adds the criteria for boot-seal type valves to Section E. SPECIAL CONSIDERATIONS
of the “3-A Sanitary Standards for Fittings Used on Milk and Milk Products Equipment and Used on Sani-
tary Lines Conducting Milk and Milk Products, Revised, Serial #0809.” (Reference 3-A Drawings No. 3A-

100-33, No. 3A-100-34 and No. 3A-100-35).

These valves shall comply with the applicable pro-
visions of this standard and the following:

E.7.1
The valve assembly shall consist of a boot seal,
poppet, helix pin, knob, cap, and body. The boot
seal shall separate the product from the working
assembly. The valve shall not have a stuffing box.

E.7.2
All product contact surfaces and surfaces which
may become product contact surfaces if the boot
seal fails in service shall be readily accessible for
cleaning and inspection.

E7.3
The valve shall be of such design as to be self-
draining in its installed position. The bodies of
boot seal valves shall be permanently marked to
show the self-draining angle, when the valve is
placed in service and an arrow to indicate direction
of product flow.

E.7.4
In the section of the poppet that is covered by the

boot seal, there shall be three 3/32 inch holes for
detection of leakage. One shall be in the bottom
end of the poppet and two 180° apart in the side-
wall.

E.7.5
Rubber and rubber-like materials may be used for
boot seals and in sealing applications.

E.7.6
Plastic materials may be used for poppets, boot
seals, and in sealing applications.

E.7.7

All parts of the valve shall be readily demountable.
Add the following to the list of drawings in sub-
section F.1 of this standard:

3A Drawing

Fitting name Page Number Number
27 3A-100-33

Boot seal-type valve 28 3A-100-34
29 3A-100-35

This supplement is effective November 25, 1971.
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3-A SANITARY STANDARDS

3-A STANDARD

SANITARY FITTINGS

3A-100-33

BOOT SEAL VALVE
Exploded View

BOOT SEAL

%é-HELIX PIN

@




® v .

@
Note No. 1:
The internal design shown is CAP Note No. 2: The valve body is to be
intended to demonstrate gen- marked with a 1line (S) to
eral principles only, and is KNOB show the self draining angle
not intended to limit in- when the valve is placed in
dividual ingenuity. The service, and an arrow to in-
design used shall conform dicate the direction of
with the general sanitary product flow.

requirements set forth
in this standard and
specific require-

.ments for boot-seal
type valves.

HELIX PIN

3
POPPET Q

</ﬁ>

BOOT SEAL

@ BODY
=)
g /_‘MOUNTING INSTRUCTION LINES
2 \ FOR SELF DRAINING ANGLE
5 X
I \
z
z
% TLET
w INLET QUTLET
<
o
LINE VALVE 3
CLOSED LEAK DETECTOR HOLES 35 DIA.
BOOT SEAL VALVE
Note No. 3: The connections may be threaded or be of a design to be used with non-threaded
sanitary connections (flanged, clamp type, etc.) or may have plain ends for
3-A STANDARD use in welded sanitary pipelines. Threaded connections shall conform to
connections on the drawings for other threaded fittings included in this
SANITARY FITTINGS standard. This would include the dimensions and form of the connection
and the threads, and the inside diameter. Center-to-face dimensions may
" 3A-100-34 vary with valves made by different manufacturers.
N
~H
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DIRECTION
OF PRODUCT FLOW

GRAVITY VALVE

3-A STANDARD

SANITARY FITTINGS

3A-100-35

BOOT SEAL VALVE
Body Styles
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/DIRECTION

OF PRODUCT FLOW

LINE VALVE
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DIRECTION
OF PRODUCT FLOW

ANGLE VALVE
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3-A SANITARY STANDARDS

AMENDMENT TO E-3-A SANITARY STANDARDS
FOR THERMOMETER FITTINGS AND CONNECTIONS
USED ON EGG PRODUCTS EQUIPMENT

Serial #E-0901

Formulated by
International Association of Milk, Food and Environmental Sanitarians
United States Public Health Service
United States Department of Agriculture
Institute of American Poultry Industries
Dairy and Food Industries Supply Association

The “E-3-A Sanitary Standards for Thermometer Fittings and Connections Used on Egg Products Equip-
ment, Serial #E-0900” are amended as indicated below.

1. The title is changed to “E-3-A Sanitary Stan-
dards for Instrument Fittings and Connections
Used on Liquid Egg and Liquid Egg Products
Equipment, Serial #E-09007.

The word “instrument” shall be substituted for

1o

“thermometer” wherever it appears in the text
of the standard and on the drawings except
where it designates a thermometer or a fitting
for a thermometer.

This amendment is effective October 28, 1971.

NEWS & EVENTS

MILK INDUSTRY A HEALTHY
INVALID - DRINC CHIEF

“Don’t listen to those people who are always cry-
ing wolf about the dairy industry”, said Dr. Richard
Farrar in an address to the Chicago Dairy Technolo-
gy Society, “if the dairy industry is an invalid then
its the healthiest invalid I have ever seen.” Dr. Far-
rar is Executive Vice President of Dairy Research,
Inc., better known as “DRINC”, a non-profit farmer-
supported corporation organized to sponsor research
into new uses for dairy products.

“Dairy Research, Tne. was not organized to save
the dairy industry”, Dr. Farrar went on, “because it
does not need saving. However we are dedicated to
expanding the industry’s horizon’s”. DRINC is ap-
proaching individual food companies to find out
what research on new products that could use based
ingredients is under way, according to Dr. Farrar.
After review, DRINC will offer to subsidize up to
50% of the market research and, if that proves fa-
vorable, 50% of the product development costs.

Final marketing costs are the responsibility of the
individual company. All patents belong to the final
marketing organization. However, any company par-
ticipating in a DRINC project agrees to pay Dairy
Research, Inc. twice DRINC’s investment in the pro-

ject out of sales profits. Don’t expect instant re-

sults”, Dr. Farar said, “because research is like a
crop. It has to be planted, nurtured, fertilized and
finally harvested. However, you can be sure that the
major food companies in the United States readily
recognize the superiority of dairy products”.

The Chicago Dairy Technology Society includes
members from local dairies and dairy-allied compan-
ies. The society meets on the second Tuesday of
every month at the Furniture Mart, 666 Lake Shore
Drive, Chicago.

USDA AWARDS 6 RESEARCH
AGREEMENTS

Six research agreements have been signed with
public or private agencies for studies on specific
agricultural subjects, the U. S. Department of Agri-
culture reports. The agreements, funded by USDA’s
Agricultural Research Service, will provide data for
a broad, continuing program designed to improve
the efficiency of agricultural production and market-
ing, and protect consumers and the environment.

The agreements signed include:

A l-year, $23,778 contract with H. B. Maynard
and Company, Inc., Pittsburgh, Pa., to evaluate
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production costs of selected items on menus in 10
“coffee shop”-type restaurants to learn what improve-
ments are needed and can be made.

A l-year, $30, 054 contract with A. T. Kearney and
Company, Inc., Chicago, IIl, to study advanced
mechanized grocery warehouse operations and in-
corporate all present techniques into a proposed pro-
totype warehouse for 1980.

A 2-year, $25,000 contract with the Kansas Agri-
cultural Experiment Station, Manhattan, to deter-
mine the effect of composition and form of various
dry blended feeds containing dried cheese whey as
a pre-starter for calves. New ways to make bene-
ficial use of this source of protein and to reduce
pollution are continually being sought by USDA.

A 2 1/2-year, $111,667 contract to Oklahoma State
University, Stillwater, to develop a pilot-plant scale
peanut blanching process in which moldy peanuts
can be removed by electronic sorters.

Improved insect control in mushroom houses and
better ways to prevent serious fly larvae damage
to mushrooms will be studied under a 3-year, $74,968
grant awarded to the Pennsylvania Agricultural Ex-
periment Station, University Park.

A $10,800, 1-year contract with Germiree Life Re-
search Center, Fort Lauderdale, Fla., for health-relat-
ed research in cigarette tobaccos.

NEW EXECUTIVE
VICE-PRESIDENT FOR DFISA

John H. Vogt, former executive administrator of
Lions International, has joined Dairy and Food In-
dustries Supply Assn. as Executive Vice-President.
On July 26, he took over staff responsibilities for the
400-member organization of food equippers and sup-
pliers at the Washington, D.C. headquarters.

Mr. Vogt, who had been asociated with The In-
ternational Assn. of Lions Clubs since 1957, had
complete responsibility for the business operations of
the worldwide organization. During his administra-
tion of Lions, membership grew from 530,000 to near-
ly 1,000,000 members, and clubs multiplied from
13,000 to 25,000.

An expert in convention planning, Mr. Vogt an-
nually organized the Lions for the largest service club
association convention in the world. More than
30,000 attended the week-long event that included
forums, \vorksh(‘)ps, training seminars, business ses-
sions and social events.

i The 52-year-old executive is a gifted publicist, hav-
ing worked extensively with all types of media in his
promotion responsibilities. He was in charge of the
Lions monthly magazine, distributed in 17 countries

in 10 languages.

Previous to Lions, Mr. Vogt was afiliated with
Ford Motor Co., Chicago, for six years in various
management positions, ultimately assistant to the gen-
eral manager. He was also associated with Continen-
tal Can Co., Chicago, as senior industrial engineer
and National Pressure Cooker Co., Eau Claire, Wisc.,
as chief standards engineer.

WISCONSIN MASTITIS TEST

*SENSITIVE—Test pinpoints early stages of
infection or abnormality.

*SIMPLE—No technical training required.
One needs only to follow directions.

*PRACTICAL—Detects abnormality in bulk
milk or bucket samples. Can be used
either in milk house or laboratory.

*RAPID—Test can be run in a few minutes
(Rack holds 10 tubes).

*ACCURATE—Gives reproducible results

with high degree of accuracy.

WMT standardized reagent, plastic test
tubes, calibrated metal caps, measuring
squares, nozzle gauges, racks, and field kits.

Z. D. ROUNDY

725 South 600 West, Orem, Utah 84057
Phone: Area 801, 225-2707
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THE ONLY Approved
| SANITARY METHOD OF APPLYING
A U. S. P. LUBRICANT

T0 DAIRY & FOOD
PROCESSING EQUIPMENT

ll S.P. LIQUID PETRUI.ATUM SP

U.S.P. UNITED STATES PHARMACEUTICAL STANDARDS

HAYNES-SPRAY
RAY  ohoutd be used to bubnicate:

SANITARY VALVES

CONTAINS NO ANIMAL OR VEGETABLE FATS. ABSOLUTELY HOMOGENIZER PISTONS — RINGS
NEUTRAL. WILL NOT TURN RANCID — CONTAMINATE OR SANITARY SEALS & PARVS

TAINT WHEN IN CONTACT WITH FOOD PRODUCTS.
SANITARY - PURE

ODORLESS—TASTELESS

CAPPER SLIDES & PARTS
POSITIVE PUMP PARIS

GLASS & PAPER FILLING
MACHINE PARTS

and for ALL OTHER SANITARY
MACHINE PARTS which are
cleaned daily.

The odenw HAYNES-SPRAY ethod of Lubnication

Conbouns with the Witk

Ondinauce and Code

Recommended by the U. S. Public Health Serwice

The Haynes-Spray eliminates the danger of contamination which is

possible by old fashioned lubricatin
by the use of the finger method

g methods. Spreading lubricants
may entirely destroy previous

bactericidal treatment of equipment.

PACKED 6-12 oz. CANS PER CARTON

THE HAYNES MANUFA

4180 LORAIN AVENUE .

SHIPPING WEIGHT—7 LBS.

CTURING COMPANY

CLEVELAND, OHIO 44113

HAYNES SNAPTITE GASKETS

““FORM-FIT" WIDE FLANGE
HUGS STANDARD BEVEL
SEAT FITTINGS

MOLDED TO
PRECISION STANDARDS

&

DURABLE
GLOSSY SURFACE

) LOW COST...RE-USABLE

) LEAK-PREVENTING
NEOPRENE GASKET for Sanitary Fittings

Gheck these SNAPTITE Advantages

Tight joints, no leaks, no shrinkage Time-saving, easy to assemble
Self-centering

No sticking to fittings
Eliminate line blocks

Odorless, polished surfaces, easily cleaned Help overcome line vibrations

DESIGNED TO
SNAP INTO
FITTINGS

Sanitary, unaffected by heat or fats

Non-porous, no seams or crevices

Withstand sterilization Long life, use over and over
Available for 17, 14", 2%, 2%” and 3” fittings.
Packed 100 to the box. Order through your dairy supply house.
THE HAYNES MANUFACTURING CO.
4180 Lorain Avenue ¢ Cleveland 13, Ohio

SELF-CENTERING

$NAPT|‘TE®

SIZES 1" -1'%"
21 . 213" - 3"

THE ID

Gasket Color. «
slightly off-white

- Gaskels

*MADE FROM

TEFLON®

" The Sophisticated Gasket”

EAL UNION SEAL FOR

BOTH VACUUM AND

PRESSURE LINES

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 wi

Il 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

CLEVELAND, OHIO 44113

A HEAVY DUTY SANITARY LUBRICANT

PRODUCT & PROCESS

./4uat'/a£/e in £ofé
SPRAY AnD TUBE

All Lubri-Film ingredients are

approved additives and can be
safely utilized as a lubricant for
food processing equipment when
used in compliance with existing
food additive regulations.

ESPECIALLY DEVELOPED FOR LUBRICATION OF FOOD
PROCESSING AND PACKAGING EQUIPMENT
For Use in Dairies — Ice Cream Plants — Breweries —
Beverage Plants — Bakeries — Canneries — Packing Plants

SANITARY « NON TOXIC « ODORLESS o TASTELESS

SPRAY — PACKED 6 — 16 OZ. CANS PER CARTON
TUBES — PACKED 12 — 4 OZ. TUBES PER CARTON

THE HAYNES MANUFACTURING CO.
CLEVELAND, OHIO 44113




Atomated

SURGE PREP-STALL ey A

The first mass produced Automated Prep-Stall was SLIDE
MECHANISM

recently introduced by Babson Bros. Co. Dairymen
say it's like having a third hand. Depending upon
the present system, it can increase milking effi-
ciency in individual stall parlors by as much as 30
per cent.

The Automated Surge Prep-Stall is not a cow
washer. While it does clean and sanitize, its prime
purpose is to stimulate the udder so the cow is
ready to be milked when she enters the milking stall.

Automatic prepping contributes to greater milk-
ing efficiency in several ways:

First, it automatically performs the job of cow
prepping in a uniform and approved manner.

Second, it cleans and sanitizes the udder.

Third, it shortens the time each cow spends in
the milking stall and increases parlor efficiency.

Fourth, it frees the operator to devote more time
to better cow milking. ,

For more specific information on the Automated
Surge Prep-Stall and other dairy equipment innova-
tions write BABSON BROS. CO.

. 5
SURGE...the accent is on YOU
(SURGE),

y 4
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BABSON BROS. CO., OAK BROOK, ILLINOIS
BABSON BROS. CO., (Canada) LTD., PORT CREDIT, ONTARIO




