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SUMMARY /’/

A bacteriological survey was made of 35 Quartermaster rations
and ration components. This survey indicated that the highest numbers
of zerobes were isolated from cabbage slaw and from meat-vegetable
combinations. ‘

With the exception of carrots and cabhage slaw, coliform
were not found.

Angerobic spore counts were highest on meat and vegetable
combinations. Salmonella were not found on any of the items.

Additional vreliminary work with intentionally contaminated
vegetables suggests that initial numbers of cells may influence the
percentage of survivors on freeze-dried products witnin certain limits
of bacterial species and food types; i.e., Salmonella and Staphylococci
on green bheans.

A method for determining survival of bacteria in the abserice
of food substrate (on nonnutrient surfaces) has been worked out.
Assessment of the lethality of the pre-freezing, the freezing, and the
drying phases of the freeze-dry process has bveen determined. A compari-
son of the results of cells freeze-dried on nonnutrient surfaces and on
vegetables indicates the greatest influence of the food in controlling
survival of bacteria comes into play during the freezing phase.

Reduction in counts for Salmonells oranienburg, Stephylococcus
aureus, Aerobacter aerogenes, Alkaligenes faecalis and Escherichia
coli-B was much greater with fruits than with vegetables.
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I. INTRGDUCTION

- The microbiology of dehydrated foods is not well defined. 1In
the past, too much emphasis has been placed upon quality factors only,
i.e., the meeting of a stendard specification which was related to total
bacterial rumbers. Freeze-dehydration of foods has revived interest in
the assessment of survival of microbes on denydrated foods. The follow-
ing studies were initiated to investigate the degree of contamination by
certain microbial groups. In addition, the effects of the various phases
of freeze-dehydration on survival of bacteria on selected foods are being
studied.

This report covers the preliminary steps taken to achijeve the
foregoing goals.

II. EXPERIMENTAL

A. Total Aerobic Counts

Sampling of dehydrated mixed-food items, such as stews, hashes
or meats with gravy mix, is the most critical part of & tacteriological
survey of these products. Most procedures call for "homogenizing' the
samples in water in some type of mechanical blender. While such prac-
tice works well with single dehydrated foods, errors crop up with mix-
tures of foods, a soup, stew or hasamixture. The components of the
mixtures are usually not in equal proportion. Some may be freeze-dried,
others may be vacuum-dried and some may be air-dried. Furthermore,
particle sizes are not the same, nor is shape. Such diverse character-
istics lead to sampling errors.

In order to reduce sampling errors with mixtures, we dry-
ground the entire sample in a sterile Waring blender. The ground mate-
rial was tumble-mixed and samples of this "powder" --used for preparing
dilutions in the usuel menner for standard examinations.® Exceptions
to this procedure will be lndicated later.

Sterile distilled water was used for the initial dilution; but
as sample became less with greater dilutions, phosphate buffered water
was used.
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Initially, both plate count agar and Trypticase scya agar were
used as pour plate media. However, the results of initial comparisons
on a variety of dehydrated foods indicated no advantage for one over the
other. Subsequently, the plate count agar (PCA) has been used exclu-
sively. This selection was based upon the presence of glucose in the
PCA as being a more readily available energy source fer cells which
were injured or were slow growing.

All plates for total aserobic counts were routinely incubated
at 33 2°C for two days. An exception to the dry-grind pre-sampling
technique used for most samples was made with single food items which
were vacuum- or air-dried. These included dried carrots, diced potatoes,
and dried apricots. For the most part, these foods were too hard or too
tough to grind in the Waring blender. As single item foods, they were
weighed directly into sterile dilution bottles. They were allowed to
stand 30 min., were then vigorously shaken and cther dilutions prepared
from them. These counts were also made using PCA In & pour plate and
by using a 33°C incubation temperature for two dsys.

B. Coliform Counts

A standerd test using a solid medium (violet red bile agar)
was used for all semples and tests. This test was performed by trans-
ferring 1 ml. of an appropriate dilution (in duplicate) to petri dishes.
The medium cooled to 48°C, was then poured into the dish and the medium
and sample quickly mixed. When the agar had solidified, an additional
overlay of 4 ml. of sterile violet red bile agar was given to each plate.

All plates were incubated at 35°C for 24 hr.

C. Ansaerobic Spore Counts

Anserobic spore counts were made by heating the initial sample
dilution to 80°C for 10 min., making additional diiutions if necessary,
transferring 1 ml. of each dilution used to duplicate plates, pouring
with anaercbic agar (BBL), and incubating the plates at 35°C in a
Brewver's anaercbic jar.
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Clostridium perfringens would not likely be isolated by this
method because of its general failure to produce spores in a medium
that is not sugar-free. Some additional counts specifically designed
to determine Cl. perfringens are being planned. In these, l-ml. por-
tions of appropriate dilutions will be transferred to petri dishes
poured with sulfite-polymyxin-sulfadiazine agar. Clostridium per-
fringens produces black colonies on this medium.

D. Salmonella

Of several techniques tried in pre-trial determinations, the
following procedure appeared to give more consistent resuvlts, especially
vhere numbers of Salmonella were low.2

An initial 1:10 dilution was made by adding SO gm. of food
material .to 546-ml. of lactose broth. - This mixture was then blended
in a Waring blender. The initial suspension of food sample and lactose
broth was then divided into five 100-ml. samples and trensferred to
sterile bottles. Five 10-ml. samples, five l-ml. samples and five
0.1-ml. samples were also transferred to tubes containing 10 ml. of
sterlle- lactose broth. All tubes and bottles were incubated 24 hr.
at 35°C. ' '

At the end of 24 hr., a loop of materisl from each tube ar
bottle was transferred to tubes.containing 1.0 ml. of seiénite-cystine
broth. These tubes were then incubated for 7 hr. at 35°C. At the end
of the incubation period, each of the tubes was streaked onto brilliant
green agar. The brilliant green plates were also incubated at 35°C for
24 - 48 hr. This is essentially the technique used by the U. S. Public
Health Service. The most probable numbers (MPN) per gram of sample can
be obtained by reference to the procedure in Recammended Methods for
the Microbiological Examination of .oods.t

When sample size was limi ted, the following alternative was
followed: weigh one 10-gm. sample into 100-ml. lactose broth in a bottle .
or flask and also weigh one each of 1.0 gm. and 0.1 gm. into 10 ml. of
lactose broth in screw-capped tubes. Incubate these samples for 24 hr.
at 35°C. After 24 hr., transfer 1.0 ml. of each lactose broth.culture
to 10-ml. portions cf selenite-cystine broth in screw cap tubes and
incubate 24 hr. at 35°C.



Following growth in the enrichment tubes, a loop of each was
streaked onto previously hardened and dried brilliant green agar plates.
The plates were incubated 24 - 48 hr.

*Colonies, which appeared to be Salmonella on the brilliant

green plates, were checked biochemically by streaking the slant and
stabbing the butt of triple suzar iron agar.

E. Studies of Microbial Survival

Studies were initiated to evaluate the lethality of the
freeze-dry process for several species of bacteria on several kinds of
food.

In these first studies, commerclally canned products were used
(No. 10 cans). The cans were opened aseptically and the juices drained.
The food was then soaked in sterile distilled water and this also
drained. A second wash was then given: also with sterile distilled
water. Fruits were given a third washing.

After the product had been washed, sterile water was added
again and after a few minutes of soaking, the appropriate bacterial sus-
pension was added. After addition of the inoculum, the food was turned
often to insure uniform contamination. After 30 min., the food was
drained and plaeced in sterile trays for freezing. Before the foods were
frozen, samples were taken {to determine the initial numters.

The trays of food were then placed on the plates in a RePP
freeze-dehydrator and frozen at a temperature setting which would give
the desired rate of cooling (0 to -50°); i.e., rapid or slow.

Samples were taken after each product was thoroughly frozen
and again after the product was dried.

For study of storage influences on survival, the dried products
were packed into No. 202 cans and either sealed in air or in vacuum (less
than 2 per cent residual air). Parts of each canned product were then
stored at each of three storage temperatures, 100, 70 and 40°F.

1-5



F. Survival Studies with Millipore Membranes

If the effects of a substrate on survivability of bacteria are
to be accurately assessed, adequate controls are necessary. In these
studies, bacteria on millipore membrare filters served as control.

Several experiments were perfoarmed, both with and without ¢
nutrient medium.

One series was decigned to determine the effect of the total
freeze-dry process ou cells frozen on the membranes

A millipore filter pad was wet with 1.5 ml. of sterile dis-
tilled water (in a petri dish). A sterile millipore filter was then
placed on the surface of the pad. When the filter was saturated with
water, 0.05 ml. of a dilution of celis (usually there were at least
four dilutions) was pipetted to the center of the membrane. The drop
was then spread over the surface ¢f the membrane by use of a bent glass
rod (hockey stick). A sufficient numver of membranes were prepared so
that each step to be evaluated was represented by at least three plates
for each dilution used.

When all membrane surfaces had been incculated, the plates were
divided into groups and placed in the freeze-dehydrataor. Thermocouples
were placed at random in uninoculated pads for icemperature control. The
following groups were evaluated:

1. Controls - inoculated but not frozen or dried.

2. Frozen - frozen but not dried.

3. Dried - frozen and dried.

Counts of the bacteria on the membranes were made by placing
the membrane on the surface of a previously hardened medium, in a petri
dish. In this manner, the errors of dilution and replating were reduced.

In addition to distilled water, the effects of freezing bac-
teria in the presence of chicken broth and brain-heart infusion were

studied. These tests were handled the same as those using cells in
distilled water.
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A second series of experiments were done to assess the damage
of freezing to cells which were already dry. In these studies, dilution
and inoculation of membrane surfaces were the same as for the previous
studies. However, after the membranes were inoculated, they were placed
in a desiccatar jar, over a desiccant, and allowed to dry for 24 hr. At
the end of this time, they were taken from the desiccator and subjected
to freeze dehydration. Estimates of survivors were made at three stages:

l. Immediately efter inoculation.
2. Immediately after desiccation.
3. Immediately after freezing (two rates of freezing

evaluated).

G. Bacterial Cultures

All inoculations of bacterial suspensions, v .ether into foods
or to ncnnutrient surfaces, were made with 24-hr. cultures. These cul-
tures were transferred daily and were carried on Trypticase soya
extract agar.

Six species of bacteria were used in the studies reported here:

1. Salmonella oranienburg

2. ©Staphylococcus aureus

3. Alkaligenes faecalis

4. Aercbacter aerogenes

S. Escherichia coli-B

6. Paracoloblictrum intermedium
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IITI. RESULTS AND DISCUSSION

Thirty-five Quartermaster rations or ration items were sur-
veyed to determine the degree of bacteriological contamination. Counts
vere made for total aerobic populations, for members of the coliform
group, for total anasercblic spores and for Salmonella sp. The results of
this survey are presented in Table I.

The highest aerobic counts were made on cabbage slaw; shred-
ded cabbage alone carried a population only l/l? that of the slaw. 1In
general, the leafy vegetables were high in numbers compared to cther
items - with the exception of the meat mixtures. Seed and seed-pod
foods appeared to have reasonable numbers of bacteria especially when
calculated to a rehydrated basis.

All fruits were low in total aerobes.

Meat combinations such as stews and hashes were varisble in
numbers. They all tended to have aerobic populations whichk were at a
level around 20,000/gm. Beef hash was the exception to this having a
population of less than l,OOO/gm. The counts on the meat combinations,
viewed against the population found on the vegetable items and the meats
alone, would suggest that the vegetable items in the stews are contrib-
uting the btulk of the micrcbes found in the meat-vegetables mixtures.

Sliced beef with gravy had a reasonable aerobic count from a
standpoint of bacteriological quality; meat balls and gravy, however,
had higher counts.

The degree of contamination due to bacteria initially carried
by the foods and that picked up in handling and from the packuging mete-
rials could not be differentiated.

Only two items were found to carry appreclable numters of coli-
form: cabbage slaw and vacuum canned carrots. Cabbage slaw had 250
coliform/gm and carrots 5,000/gm. The ratio of coliform +o total aer-
obic count in carrots was 1:8.8 and in cabbage slaw was 1:1800. The
counts on all other items were less than 10 cells/gm of food.



TABLE I

BACTERIOLOGICAL SURVEY OF QUARTERMASTER ITEMS
Numbers of Bacterie Per Gram (Dry Weight) of Food

Total © Total
Aerobic Aneaerobic
Item Counts Coliform Spore Counts Salmonella
Cocoa beverage 950 < 10 < 10 Neg.
QOrange juice 132 < 10 < 10 Neg.
Fruit cocktail 332 < 10 < 10 Neg.
Green pea soup 167 < 19 <10 Neg.
Apple sauce . 7 <10 < 10 Negz.
Rice 1,850 <10 <10 Neg.
Spinach 3,450 <10 <1 Neg.
Milk, dry 867 <10 <10 Neg.
Peaches 109 <10 <10 Neg.
Cabbage slaw 450, 000 250 S0 Neg.
Cabbage ' ' 26,400 < 10 < 10 Neg.
Sweet Potato 38 < 10 < 10 Neg.
Butterseotch pudding 273 < 10 < 10 Neg.
Grave juice 2,200 < 10 < 10 Neg.
Orange-grapefruit juice 53 < 10 < 10 : Neg.
6 Mo. peas 533 < 10 < 1 Neg.
Green heans 13,400 <10 <10 Neg.
Peas 7,800 < 10 < 10 Neg.
Apricots 860 < 10 < 10 Neg.
Stewed prunes 6500 < 10 < 10 Neg.
Sliced beef and gravy 14,200 < 10 <10 Neg.
Macaroni and cheese 1,250 < 10 <10 Neg.
Meat balls and gravy 91,000 < 10 < 800 Neg.
Corn and lima beans 23,000 < 10 120 Neg.
Chicken stew 22,000 < 10 700 Neg.
Beef stew 25,800 < 10 530 Neg.
Chicken and rice 2,800 < 10 30 Neg.
Beef hash 28C < 10 170 Neg.
Mashed potatoes 193 < 10 < 10 Neg.
Peas; vacuum canned 800 < 10 < 10 Neg.
Cooked beef; vacuum canned 80 < 10 < 10 Neg.
Onicns; sliced, canned €, 000 <10 <10 Neg.
Carrots; vacuum canned 44,000 5,000 < 10 Neg.
Potatoes; diced 1,300 < 10 < 10 Neg.
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A wide range of values was found for anaerobic spores in the
survey. For the most part, the rations were found to contain less than
10 anaerobic spores/gm. However, this low figure mey not be truly in-
dicative of the total anaerobic population especially considering that
Clostridium perfringens does not always sporulate well in laboratory
medium unless it is free of sugar. Such may be the case in foods as
well.

All the ration items shown in Table I were found to be free of
Salmonella. In only one item was a suspect isolated. That isolation was
from sweet potato. One, l-gm. sample gave an isolation, although the
10-gm. and larger samples did not. Subsequent examination of other
samples failed to produce any suspects. Since the single isolation was
found to be serologically and biochemically related to the test strain
in use for food inoculations, the conclusion reached was that the colony
isolated from the sweet potato plate was indeed an accidental introduc-
tion. Because further examinations of the sweet potato have not revealed
Salmonella, we have reported this item to be frez of Salmorella. We are
firmly convinced that it is. '

The effect of initial numbers of bacteria on the per cent or
swrvivors was determined using fruits and vegetables. From the figures
presented in Table II, there is an indication that a six-fold increase
in initial numbers did not affect the per cent of Salmonella cells which
survived the freeze-dry process when corn was used as the substrate.
However, when green beans were used as a substrate, an approximate two-
fold increase in initial numbers resulted in a doubling of the per cent
survivors. The point at which there is a diminishing return for increase
in initial numbers has not yet been determined.

Staphylococcus aureus appeared to exhibit similar character-
istics in relation to substrate, although to a slightly different degree,
Table III.

" The reduction in numbers of two test species by the various
steps of the freeze-dry process is shown by the flgures in Tables IV and
V. Table IV is based on the reduction in numbers of Salmonella oranien-
burg in both fruits and vegetables.

1-10



TABLE II

EFFECT OF INITIAL NUMBERS OF SAIMONELIA ORANIENBURG ON THE PER CENT

WHICH SURVIVE FREEZE-DEHYDRATION IN VEGETABLES
(In 1,000's)

Initial Final %
Count Count Survival
Corn 6507 88T 13.5
107T 10T 9.4
Green Beans 549T 2527 46.0
2087 47.5T 23.0
TABLE III

EFFECT OF INITIAL NUMBERS OF STAPHYLOCOCGUS AUREUS ON THE PER CENT

WHICH SURVIVE FREEZE-DEHYDRATION IN VEGETABLES
(In 1,000's)

Initial Final %
Count Count Survival
Corn 970T 50T 5.2
loor 18T 18.0
Green Beans 121.5T 33T ©o1l.2
500T l60T 32.0
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TABLE IV

DESTRUCTION OF SALMONELIA QRANIENBURG DURING THE FREEZE-DRYING
- — P —————— .
PROCESS OF FRUITS AND VEGETABLES

Average Range Average Range

Average Reductiorn Reduction Reduction Reduction
Total Range in &t End of at End of at End of at End of
Sub- Reduction Total Freeze Freeze Drying Drying
strate (%) Reduction Cycle () _Cycle Cycle (%) _Cycle
Corn 89 86-81 S2 4700 37 32-40
Green
Beans 68 55-77 2¢ 20-36 - 44 20-70
Peas a1 78-85 3 24-40 49 45-58
PFears 96 95-989 79 60-82 19 15-23
Pesches 99 9%-99.9 96 S¢-99 3 1.8-5
TABIE V

mwwmwnmm-mum
PROCESS (F FRUTTS AND VEGETABLES

Average Range Average Range

Averege Reduction Reduction Reduction Reduction
Total Range in at End of at End of at End of at End of
Bub- Beduction Total Fresze Froeze Drying - Drying
strete __ (§)  Beduction Cycle (§) _Cycle  Cycle ($) _Cyole
Corn ) 3-89 47 335-52 48 40-51
Green
Boans 85 79-89 49 38-59 36 30-41
Pass 51 42-68L 39 28-51 12 10-14
Penrs 69 51-79 2¢ 19-32 45 36-57
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The total reduction of numbers, for the cumulative process of
freeze-drying, appeared to be greater when the cells were on green heans.
The effect on corn and peas is about equal. Greatest total reduction
occurred, however, when frults were used as the test food.

When corn was used as substrate, nearly 50 per cent of the re-
duction occurred during the freezing cycle. With green beans, about 35
per cent of the reduction occurred during the freezing cycle. Freezing
accounted for 80 per cent of the total reduction when pears were the sub-
strate and Sal. oranienburg the test species. The reduction was even
higher on peaches.

Although the total reduction of S. aureus appeared to be
greater on corn than did Sal. cranienburg, the fraction that could be
attributed to the freezing cycle was less: 49 per cent for S. sureus
compared to 59 per cent for Sal. oranienburz. Total reduction of
8. sureus on green beans was also less than for Ssl. oranienburg; how-
ever, the portion of the kill caused by freezing was greater (58 per
cent ). '

The destruction of S. aureus on peas was decidedly less than

Sal. cranienburg on the same substrate (81 per cent for Sal. oraaienburg
and 51 per cent for S. aureus).

Pears vere also found to offer a greater margin for survival
for S. aureus than they did for Sal. oranienburg; only 34 per cent of
the total reduction was accounted for by freezing.

Addit? onal figures for survival (or reduction) of other bac-
terial species are presented in Table VI. The organlsms presented here
are gram-negative rods and their abllity to survive the total freeze-dry
process closely appraxizates that of Sal. oranienburg.

To date, only one series of nitrogen-packed foods has been
examined; but the indications are that rapid decline in populations
occur under nitrogen, and especially so at 70°F and 100°F.

The data in Table VII indicate that survival on nonnutrient
surfaces may not be greatly different than survival in most vegetables.
There is also an indication that the greatest influence of the food in
controlling survival of bacteria cames into play during the freezing
phase.

[“w A b e o i) o
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TABRLE VI
DESTRUCTION QF THREE SPECIES OF BACTERIA IURING !
THE FREEZE-IRYING OF FOODS
Reduction of Reduction of Reduction of
Bubstrate Aercbacter serogenes Escherichia coli Alkaligenes faecalis
Corn as4 - 69%
Oreen Beans 3¢ a1g 8c$
Teas 49 83¢ 97%
Pears " peg 99. 08 99%
TABIE VII

sumvu.arw WWWWAWM
WHER FROZEN ARD DRIED O NOMNUTRIENT SURFACES

Bacterium
Semgle Sl gragiebug 5 Awes
Frosen to -10°F 834 as$
Frosen to -50°F 67% 409
Dried (from zen) 1¢ 208

The ": -eeze-dssth” 18 mich more pronocunced with the fruits
than with vegetables. This, however, would be expected in that acidity
of substrate is known to accelarate death during freeting and cold stor-
age.

AS & gulds to use in futwrs vark, far determining the amount

of inoculam vhen & ocertain renge of swvivars is desired, the average
survivars far all test strains on all vegetables vere prepared. This is
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presentsd in Fig. 1, and is intended as & general guide only; i.e., when

drying conditions are similar to those used in these studies:
1. Food froten to -50°F.
2. A chambter pressure of 1Q, or less.

5. A chelf temperature not to exceed 120°F.
IV. FUTURE WORK -

Four foods, peas, pears, corn and green beans, have been in-
oculated, dried and stored at 40, 70 and 1O00°F under nitrogen and air
pack. Evaluation of loss in viability of the bacteris on these foods

will be made.

The foods supplied by the Quartermaster will be further sur-
veyed for the presence of Fecal streptococci and Clostridium pexrfringens.

Fruits, vegetables and meats are to be inoculated with four
additional bacterial species including Ciostridium botulinum. BSurvival
of these types, prior to freezing, during freezing and drying ond after
drying will be evaluated.

The influence of cooling rate is to be established.

V. EXPENDITURES )

Approximately 35 per cent of the funds allocated for this
project have been camnitted. With nearly one-third of the work com-~
pleted, the remaining funds are sufficient to complete the work calied
for in the contract.




Survivors
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’ Fig. 1 - Fmber of Bacterie Surviving on Freese-Dried
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