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STUDIES ON FROZEN FOIL PACK NEAL COMPONENTS 

I. INTRODUCTION 

The current 10-day-cycle menu of foil pack 
meals (1, 2) provides a satisfactory feeding 
system for short-duration operational missions. 
The acceptance of this feeding system, how¬ 
ever, decreases as the duration of the mission 
increases. This decline in acceptability results 
primarily from limitations on the variety of 
food combinations imposed by the fixed 10-day- 
cycle menu. This problem has become partic¬ 
ularly apparent from experiences gained from 
feeding airborne alert crews and missile launch 
control facility crews for extended periods of 
time. 

In-flight precooked frozen meals (1, 9, 10) 
are likewise poorly accepted by crews after pro¬ 
longed feeding, primarily because there are 
currently only five different precooked frozen 
meals utilized by the Air Force. In addition 
to the problem of limited variety, these frozen 
meals offer small portions and low caloric levels 
not suitable to prolonged feeding programs. 
It is well-known that limited menu cycles and 
lack of free choice of food items within the 
menu soon result in consumers’ focusing their 
hostilities on the feeding system. Such 
problems have occurred in the Air Force with 
the increase in duration of aircraft flights and 
the duty time at isolated sites. 

For some time aircrews on long endurance 
flights have used in-flight precooked frozen 
meals as backup when foil packed meals were 
not available. The foil pack meal is prepared in 
lo^al in-flight kitchens, refrigerated, and con¬ 
sidered safe for consumption up to 5 days after 
preparation. This meal has had higher ac¬ 
ceptance among aircrews than the precooked 
frozen meal which is industrially produced, 
centrally supplied, and has a storage life ex¬ 
pectancy up to 6 months. 

Some preliminary observations were made, 
beginning in 1964, concerning methods to over¬ 
come the difficulties described above. Several 
in-flight kitchens selected food components 
from the foil pack menu and, following routine 
preparations, froze them by holding at —12° C. 
(10° F.). These components were then made 
available on an a la carte basis to aircrews 
and were combined with nonfrozen components 
of the foil pack meal which were prestocked 
in the in-flight kitchen. These limited trials 
were attempts to combine the advantages of¬ 
fered by the greater food variety of the foil 
pack meal with the long storage life of the 
frozen meal. All of the components so frozen 
were found to be within acceptable bacté¬ 
riologie limits before being served. 

These results logically led to the possibility 
of large-scale routine production of the frozen 
foods from the foil pack meal for u e in a 
feeding system of frozen components supplo- 
mented by prestocked nonfrozen components. 
There is a need for such a feeding system to 
support remote aerospace operations. Avail¬ 
ability of such meals would contribute to in¬ 
creased crew effectiveness. The following 
criteria were established as the objectives for 
a frozen component feeding system: 

1. It must comply with the microbiologie safety 
limits of the in-flight precooked frozen meal as well as 
with all the other medical requirements established for 
the frozen meal. 

2. It must have high acceptability and nutritive 
value attained by offering a wide variety of menu items 
a la carte to each individual crewmember and by pro¬ 
viding generous serving portions. 

3. It must be cost effective; that is, the cost must 
be within current monetary allowances. 

A study was conducted to evaluate meal 
components developed to meet the criteria. 
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The components used in this study were pro­
duced using routine foil pack kitchen facilities 
by personnel given no special instructions and 
taking no special precautions. After prepara­
tion, the meals were frozen in an upright 
freezer.

II. MATERIALS AND METHODS 

Preparation of frozen meal componenta

All of the frozen components tested in this 
study were prepared by personnel of the Food 
Service Foil Pack Kitchen, Francis E. Warren 
AFB, Wyo. No special processing equipment 
or technics were employed in the preparation

of the food items for this study. Routine 
foods and procedures for preparation cf foil 
pack components were used. The foods were 
produced in two separate lots with an interval 
of 3 months between each lot. After produc­
tion, the food items of the first lot were 
packaged in three-compartment aluminum 
trays and covered by an aluminum foil lid, 
hand-folded over the edge of the tray. Food 
items of the second production lot were pack­
aged in individual aluminum foil containers 
with crimped aluminum foil covers. All the 
foods were frozen by holding in an upright 
freezer at —23° C. ( —10°F.). Figures 1 
through 7 show the facilities used in producing 
both lots of foods and the packaging of the 
second production lot.

FIGURE 1
Vic«’ of in-flight kitrhi-n from icrst rnd.
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FIGURE 4

Crimfring aluminum eovar on food container.

Stormce prior to tcoting

Foods of the first production lot were stored 
for 6 months at approximately — 23“ C. 
( —10“F.) prior to testing. The second lot 
was held under similar conditions for a 12- 
month period before testing.

Bacteriolock examinatioii

Methods used for bact.riologic examina­
tions are those described in Military Specifica­
tion MIL-M-13966C, "Meal, Precooked, Frozen,” 
as amended 26 August 1966. The only change 
in the procedures was that each food compo­
nent was examined individually so that a 
bacteriologic evaluation of individual compo­
nents was obtained rather than a composite 
evaluation of the meal. Thirty-five groups of

FIGURE 6
Food eontainm m fraattr.

FIGURE 6
Attembig of frozen meal ci mponent*.



FIGURE 7 

Storage of froten meal components. 

frozen foil pack meal components were ex¬ 
amined from the first production lot. At the 
same time as this examination, similar bacté¬ 
riologie tests were performed on five randomly 
selected, precooked frozen meals that were 
commercially prepared. Severity groups of 
frozen foil pack meal components were ex¬ 
amined from the second production lot. 

Í 
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Organoleptic evaluation of frozen food after 
storage 

The organoleptic evaluation of the frozen 
food items of the first production lot was made 
by 4 Air Force men who began eating-the meals 
the same day they completed 40 continuous 
days of subsistence on .foods designed for a 
space feeding system (4). The men were 
asked to rate each food item on the 9-point 
hedonic scale (7), having a null point at 5. 
Their ■ organoleptic ratings of the frozen foil 

pack meal constituents were compared to their 
ratings of the foods of the space feeding 
system. 

Organoleptic evaluation of the second lot of 
frozen food items, which were stored for 
12 months, was performed by the trained taste 
panel of 6 food technologists and 3 veterinary 
officers at the U. S. Army Natick Laboratories, 
Natick, Mass. 

III. RESULTS 

Table I shows the components of the ten 
menus studied with their item-by-item costs, 
as of the time of this study. The food compo¬ 
nents which were selected for freezing are in¬ 
dicated by an asterisk. 

The quality loss, color deterioration, and 
degree of dehydration were minimal, as deter¬ 
mined by visual inspection of the frozen foods 
after storage. The items which showed 
significant deterioration were cream style corn, 
potatoes, and sausage. It was observed that the 
fresh whole eggs which had been removed from 
the shell and frozen with a pat of butter main¬ 
tained their quality very well. 

The hedonic ratings of the first lot of 
frozen foil pack foods (stored for 6 months) 
had a mean of 6.8 with a range of 2 to 7. The 
ratings given by the same tasters to foods of 
space feeding systems had a mean of 6.4 with 
a range of 1 to 9 (6). 

Sixteen meals were selected at random from 
sixty-seven meals submitted for testing from 
the second lot. The sample meals were rated 
as organoleptically unacceptable. It was 
evident the quality of the meals had deteriorat¬ 
ed in storage; therefore, the remaining meals 
were destroyed without further organoleptic 
evaluation. 

The results of bactériologie examinations of 
the individual food items from the first lot of 
frozen meal components are given in table II. 
The bactériologie results from the frozen pre¬ 
cooked meals that were commercially prepared 
are shown in table III. The mean total 
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TABLE I 

Hems selected for freezing and costa of foil pack meals 

Breakfast Dinner Supper 

M«iib No. 1 

Chfllod applo juico .07 
Auortod dry cereal .06 
Freah milk .05 
Beta to order* .07 
Grilled bacon* ,09 
Quick coffee cake .06 
Toaat and butter ,018 
Strawberry jam .017 
Coffee or tea .os 

Coat: .460 

Chilled tomato juice .07 
Assorted dry cereal .06 
Freah milk ,06 
Etta to order* .07 
Grilled pork sausage* .06 
Toaat and butter .013 
Apple jelly .013 
Coffee or tea .08 

Coot: .366 

Chilled uange juice .07 
Assorted dry cereal .06 
Fresh milk ,05 
Efts to order* .07 
Grilled bacon* ,00 
Toaat and butter .ou 
Strawberry jam .017 
Coffee or tea .08 

Coot: .400 

Baked chicken with gravy* ¿0 
Cranberry sauce .014 
Parsley buttered potatoes* .08 
Mexican corn* .046 
Peach cottage cheese salad 

on lettuce .061 
Hot rolls and butter .08 
Ice cream .06 
Chocolate chip cookies .08 
Coffee, tea, or milk .08 

Cost: .61 

Mena Ne. 8 

Beef pot roast* 2?, 
Rissolé potatoes* .08 
Buttered carrots* .016 
Assorted crisp relishes .08 
Celery, radishes, and dill 

pickles .01 
Bread and butter .0U 
Lettuce ,08 
Fresh fruit cup with 

coconut .06 
Sugar cookies .08 
Coffee, tea, or milk .08 

Cost: .468 

Mena No. 8 

Boast turkey with gravy* M 
Cranberry sauce .014 
Cornbread dreasing* .01 
Mashed potatoes .088 
Buttered peas .08 
Assorted crisp relishes: 

celery, carrots, sweet 
pickles, lettuce .04 

Bread and butter .013 
Brownies .073 
Coffee, tea, or milk .06 
Fresh apples .04 

Cost: .686 

Salisbury steak with mushrooms* .18 
Catsup .014 
Au gratin potatoes* .086 
Buttered green beans* .086 
Tossed vegetable salad 

with French dressing .086 
Bread and butter .018 
Pineapple pie .07 
Coffee, tea, or milk .08 
Fresh oranges .06 

Cost: .492 
Total cost: 81.462 

Baked ham with mustard* ¿88 
Browned sweet potatoes* .046 
Buttered mixed vegetables* .04 
Jellied fruit salad on lettuce .056 
Hot rolls and butter .08 
Plain cake with butter cream 

icing .068 
Coffee, tea, or milk .08 
Cheese and crackers .018 

Cost: .646 

Total cost: 11.889 

Barbecued beef patties* ¿0 
Home fried potatoes* .086 
Buttered lima beans .05 
Lettuce wedge with salad 

aressing .086 
Hot rolls and butter .08 
Peach pie .063 
Coffee, tea, or milk .08 
Cheese and crackers .018 

Cost: .476 

Total cost: 81.461 
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TABLE I (contd.) 

i 
I 

H 

; 

Bnakfut 

Chilled pineapple juice .07 
Aisorted dry cereal .09 
Freeh milk .06 
Egge to order* .07 
Grilled bacon* .09 
Cinnamon rolle .026 
Grape jelly .015 
Toaet and butter .018 
Coffee or tea .08 

Coet: .424 

Chilled grapefruit eectione .04 
Aseorted dry cereal .0« 
Freeh milk .05 
Egge to order* .07 
Grilled ham* .129 
Toaet and butter .018 
Strawberry jam .017 
Coffee or tea .08 

Coet: .409 

Stewed prunee with lemon .021 
Aeeorted dry cereal .06 
Freeh milk .05 
Egge to order* .07 
Grilled bacon* .09 
Doughnute .061 
Toaet and butter .018 
Grape jelly .016 
Coffee or tea .08 

Coet: .400 

Dinner 

Mean No. 4 

Meat sauce and epaghetti* .146 
Grated cheeee* .01 
Buttered green beans* .02 
Tossed green salad 

with French dressing .085 
French bread and butter .02 
Apple pie .058 
Coffee, tea, or milk .08 
Fresh oranges .06 

Cost: .418 

Mean No. 6 

Southern fried chicken 
with gravy' 20 

Mashed potatoes* .028 
Buttered lima beans* .05 
Cranberry and pineapple 

gelatin salad on lettuce .087 
Hot rolle and butter .02 
Plain cake with butter cream 

icing .058 
Coffee, lea, or milk .08 
Fresh apples .04 

Cost: .508 ! 
I 

Menu No. 6 
i 

Roast turkey with gravy* ¿6 j 
Cranberry sauce .014 
Cornbread dressing* .01 1 
Mashed potatoes* .028 
Buttered mixed vegetables* . 04 ! 
Tossed salad with French I 

dressing .085 ! 
Bread and butter .018 ) 
Spice cake with butter cream 

icing .058 
Coffee, tea, or milk .08 
Fresh apples .04 

Cost: .673 

Supper 

Grilled pork chops* J8 
O'Brien potatoes* .025 
Buttered corn* .087 
Assorted relishes: celery, 

radish roses, green olives, 
lettuce .04 

Hot rolls and butter .02 
Ice cream .06 
Oatmeal cookies .02 
Coffee, tea, or milk .08 

Cost: .602 

Total cost: fl.489 

Beef fricassee* ,221 
Parsley buttered noodles* .02< 
Buttered peas* .08 
Lettuce wedge with salad 

dressing .081 
Bread and butter .01Î 
Cherry pie .058 
Coffee, tea, or milk .08 
Cheese and crackers .018 

Cost: .469 

Total cost: $1.881 

Swiss steak* .821 
Rissolé potatoes* .024 
Buttered julienne carrots* .028 
Assorted crisp relishes: 

celery, ripe olives .087 
Green pepper rings, lettuce .018 
Hot rolls and butter .02 
Jellied fruit cocktail .085 
Vanilla wafers .021 
Coffee, tea, or milk .08 

Cost: .674 

Total cost: $1.547 
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TABLE I (contd.) 

Breakfast Dinner Supper 

Chilled pineapple juice 
Assorted dry cereal 
Fresh milk 
Eggs to order* 
Grilled bacon* 
Coffee cake 
Toast and butter 
Strawberry jam 
Coffee or tea 

Cost: 

Fresh apples 
Assorted dry cereal 
Fresh milk 
Eggs to order* 
Grilled bacon* 
Toast and butter 
Grape jelly 
Coffee or tea 

Cost: 

.07 

.06 

.05 

.07 

.09 

.06 

.013 

.017 

.03 

.460 

.04 

.06 

.05 

.07 

.09 

.013 

.015 

.03 

.368 

Menu No. 7 
I 
1 Meat loaf with catsup* .144 
, Mashed potatoes* .023 

Green beans with tomatoes 
> and onion* .031 
1 Grapefruit gelatin salad 

on lettuce .029 
Hot rolls and butter .02 
Devil’s food cake with 

chocolate icing .057 
Coffee, tea, or milk .08 
Fresh oranges .05 

.434 Cost: 

Menu No. 8 

Pork chop suey* 
Steamed rice* 
Chow mein noodles* 
Glazed carrots 
Pineapple cottage cheese 

salad on lettuce 
Hot rolls and butter 
Plain cake with butter cream 

icing .053 
Coffee, tea, or milk .08 
Crackers and jelly .025 

.335 

.014 

.012 

.03 

.05 

.02 

Cost: .619 

Breaded veal cutlet with lemon 
slices .253 

Chilled applesauce .016 
Hash brown potatoes* .027 
Buttered peas* .03 
Lettuce wedge with salad 

dressing .053 
Bread and butter .013 
Ice cream .05 
Sugar cookies .02 
Coffee, tea, or milk .08 

Cost: .642 

Total cost: $1.436 

Oven roast with natural gravy* 
French baked potatoes* 
Cream style corn* 
Assorted crisp relishes: 

celery, lettuce, ripe olives, 
radishes 

Bread and butter 
Peach gelatin 
Icebox cookies 
Coffee, tea, or milk 

.371 

.025 

.033 

.05 

.013 

.043 

.021 

.08 

Cost: .636 

Total cost: $1.623 

Chilled tomato juice .07 
Assorted dry cereal .05 
Fresh milk .05 
Waffles with hot maple syrup* .072 
Grilled bacon* .09 
Toast and butter .013 
Strawberry jam .017 
Coffee or tea .03 

Cost: .392 

Menu No. 9 

Southern fried chicken* .20 
Cranberry sauce .014 
Mashed potatoes* .023 
Buttered mixed vegetables* .04 
Tossed salad with French 

dressing .035 
Bread and butter .013 
Apple pie .053 
Coffee, tea, or milk .08 
Fresh oranges .05 

Cost: .608 

Grilled ham steak with 
pineapple* .264 

Scalloped potatoes* .028 
Buttered green beans* .025 
Molded pear salad on lettuce .04 
Hot rolls .02 
Brownies .076 
Coffee, tea, or milk .08 
Cheese and crackers .013 

Cost: .527 

Total cost $1.427 
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TABLE I (contd.) 

Breakfast Dinner Supper 

Chilled orange juice 
Assorted dry cereal 
Fresh milk 
Eggs to order* 
Grilled bacon* 
Doughnuts 
Toast and butter 
Grape jelly 
Coffee or tea 

Cost: 

.07 

.05 

.05 

.07 

.09 

.051 

.013 

.015 

.03 

.369 

Menu No. 10 

Braised meat balls* .135 
Catsup .014 
Macaroni with tomatoes and 

cheese .()41 
Buttered peas* .03 
Lettuce wedge with salad 

dressing .035 
Hot rolls and butter .02 
Banana cake with 

butter cream icing .057 
Coffee, tea, or milk .08 
Fresh apples .05 

Cost: .462 

Breaded pork chops* 
Rissolé potatoes* 
Buttered lima beans* 
Assorted relishes: celery, 

radishes, dill pickles 
Lettuce 
Bread and butter 
Cherry pie 
Coffee, tea or milk 

Cost: 

.323 

.024 

.05 

.02 

.02 

.013 

.05.3 

.08 

.593 

Tot. l cost: $1.424 

•Items included in the frozen part uf the meal. 

bacterial count of the frozen foil pac,, foods 
was 2,637 per tfram (ran^e 120 to 16,000), and 
the comparative mean count of commercially 
prepared frozen meals was 6,324 (range 80 to 
14,000). These means differ significantly 
(P < .01). The variance in the total bacterial 
plate counts of the foods in the foil pack meals 
does not differ from the variance in counts in 
the commercially prepared meals (P > .05). 
Coliform counts of both groups of meal compo¬ 
nents were within specification limits. 

The results of the bactériologie examina¬ 
tions of the individual food items from the 
second lot of frozen foil pack meal conijionents 
aie given in table IV. All the coliform counts 
were negative with the exception of dinner 
No. 10 in which the mashed potatoes had a 
count of 18 coliform/gm. Nine of these 
colonies were transferred to Kschnichin cnli 
medium. All nine colonies were confirmed as 
fecal organisms. Two of the items from din¬ 
ners Nos. 2 and 11 (baked chicken and fried 
chicken) had total bacterial counts per gram 
in excess of 100,000. The results for supper 
meal No. 21 were lost owing to a laboratory 
accident which resulted in contamination of the 
plate count agar. No coliform organism was 
present in any of the food items of this meal. 

IV. DISCUSSION 

The selection of foods for freezing, from 
the foods offered by the foil pack menus, was 
made on the basis of which foods required 
freezing so that on-the-site meal preparation 
would Le simplified and an a la carte selection 
could be provided. Under this concept the 
using agency would prestock the nonfrozen 
components which would be drawn upon as the 
consumer desired. The consumer would thus 
be provided a free choice of meal constituents 
as long as he did not exceed the overall 
authorized monetary allowance and the selec¬ 
tion, as a whole, remained within the overall 
meal pattern. 

The results of the bactériologie analysis of 
the foods showed that they met current 
standards. This indicates that food which is 
prepared under the conditions of this study 
can be bacteriologically acceptable. These re¬ 
sults were not unexpected. Air Force food prep¬ 
aration facilities are operated by competent 
and conscientious tood service personnel whose 
efforts come under close veterinary medical 
scrutiny. These facilities consistently produce 
wholesome, acceptable, and nutritious foods for 
ground and in-flight feeding (3, 5, 8). There 
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Breakfast 
X 

Chilled pineapple juice 
Assorted dry cereal 
Fresh milk 
Eggs to order* 
Grilled bacon* 
Coffee cake 
Toast and butter 
Strawberry jam 
Coffee or tea 

.07 Î 

.06 , 

.05 j 

.07 : 

.09 

.06 

.013 

.017 

.03 

Cost: .460 

Fresh apples .04 
Assorted dry cereal .06 
Fresh milk .05 
Eggs to order* .07 
Grilled bacon* .09 
Toast and butter .013 
Grape jelly .015 
Coffee or tea .03 | 

Cost: .368 

Chilled tomato juice .07 
Assorted dry cereal .05 
Fresh milk .05 
Waffles with hot maple syrup* .072 
Grilled bacon* .09 
Toast and butter .013 
Strawberry jam .017 
Coffee or tea .03 

Cost: .392 

TABLE I (contd.) 

Dinner 

Menu No. 7 

Meat loaf with catsup* .144 
Mashed potatoes* .023 
Green beans with tomatoes 

and onion* .031 
Grapefruit gelatin salad 

on lettuce .029 
Hot rolls and butter .02 
Devil’s food cake with 

chocolate icing .057 
Coffee, tea, or milk .08 
Fresh oranges .05 

Cost: .434 

Menu No. 8 

Pork chop suey* .335 
Steamed rice* .014 
Chow mein noodles* .012 
Glazed carrots .03 
Pineapple cottage cheese 

salad on lettuce .05 
Hot rolls and butter .02 
Plain cake with butter cream 

icing .053 
Coffee, tea, or milk .08 
Crackers a- .d jelly .025 

Cost: 

Menu No. 9 

.619 

Southern fried chicken* 
Cranberry sauce 
Mashed potatoes* 
Buttered mixed vegetables* 
Tossed salad with French 

dressing 
Bread and butter 
Apple pie 
Coffee, tea, or milk 
Fresh oranges 

.20 

.014 

.023 

.04 

.035 

.013 j 

.053 1 

.08 

.05 

Cost: .508 

Supper 

Breaded veal cutlet with lemon 
slices .253 

Chilled applesauce .016 
Hash brown potatoes* .027 
Buttered peas* .03 
Lettuce wedge with salad 

'’ressing .053 
Bread and butter .013 
Ice cream .05 
Sugar cookies .02 
Coffee, tea, or milk .08 

Cost: .542 

Total cost: $1,436 

Oven roast with natural gravy* .371 
French baked potatoes* .025 
Cream style corn* .033 
Assorted crisp relishes: 

celery, lettuce, ripe olives, 
radishes .05 

Bread and butter .013 
Peach gelatin .043 
Icebox cookies .021 
Coffee, tea, or milk .08 

Cost: .636 

Total cost: $1,623 

Grilled ham steak with 
pineapple* .264 

Scalloped potatoes* .028 
Buttered green beans* .025 
Molded pear salad on lettuce .04 
Hot rolls .02 
Brownies .075 
Coffee, tea, or milk .08 
Cheese and crackers .013 

Cost: .527 

Total cost $1,427 

8 



TABLE I (contd.) 

Breakfast Dinner Supper 

Chilled orange juice .07 
Assorted dry cereal .05 
Fresh milk q5 
Eggs to order* .07 
Grilled bacon* .09 
Doughnuts 051 
Toast and butter ,013 
Grape jelly oi5 
Coffee or tea ,03 

Cost: .369 

Menu No. 10 

Braised meat balls* .135 ¡ 
Catsup 014 I 
Macaroni with tomatoes and 

cheese- .041 I 
Buttered peas* .03 ! 
Lettuce wedge with salad 

dressing .035 
Hot rolls and butter .02 
Banana cake with 

butter cream icing .057 | 
Coffee, tea, 01 milk .08 ■ 
Fresh apples .05 ! 

Breaded pork chops* .323 
Rissole potatoes' .024 
Buttered lima beans* .05 
Assorted relishes: celery, 

radishes, dill pickles .02 
Lettuce .02 
Bread and butter .013 
Cher-y pie .0.53 
Coffee, tea, or milk .08 

Cost: .593 

Cost: .462 

Total cost: $1.424 

•Items included in the frozen part of the meal. 

bacterial count of the frozen foil pack foods 
was 2,637 per tfram (ranKe i2o to 15,000), and 
the comparative mean count of commercially 
prepared frozen meals was 6,321 (range 80 to 
14,000). These means differ significantly 
(P < .01). The variance in the total bacterial 
plate counts of the foods in the foil pack meals 
does not differ from the variance in counts in 
the commercially prepared meals (P > .05). 
Coliform counts of both groups of meal compo¬ 
nents were within specification limits. 

The results of the bactériologie examina¬ 
tions of the individual food items from the 
second lot of frozen foil pack meal comiionents 
are given in table IV. All the coliform counts 
were negative with the exception of dinner 
No. 10 in which the mashed potatoes had a 
count of 18 coliform/gm. Nine of these 
colonies were transferred to AV/io/c/i/n co/i 
medium. All nine colonies were confirmed as 
fecal organisms. Two of the items from din¬ 
ners Nos. 2 and 11 (baked chicken and fried 
chicken) had total bacterial counts per gram 
in excess of 100,000. The results for supper 
meal No. 21 were lost owing to a laboratory 
accident which resulted in contamination of the 
plate count agar. No coliform organism was 
present in any of the food items of this meal. 

IV. DISCUSSION 

The selection of foods for freezing, from 
the foods offered by the foil pack menus, was 
made on the basis of which foods required 
freezing so that on-the-site meal preparation 
would be simplified and an a la carte selection 
could be provided. Under this concept the 
using agency would prestock the nonfrozen 
components which would be drawn upon as the 
consumer desired. The consumer would thus 
be provided a free choice of meal constituents 
as long as he did not exceed the overall 
authorized monetary •.¡¡owance and the selec¬ 
tion, as a whole, remained within the overall 
meal pattern. 

T he results of the bactériologie analysis of 
the foods showed that they met current 
standards. This indicates that food which is 
prepared under the conditions of this study 
can be bactcriologically acceptable. These re¬ 
sults were not unexpected. Air Force food prep- 
aiation facilities are operated by competent 
and conscientious tood service personnel whose 
efforts come under close veterinary medical 
scrutiny. These facilities consistently produce 
wholesome, acceptable, and nutritious foods for 
ground and in-flight feeding (3, 5, 8). There 
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TABLE III 

Bactériologie examination* of commercially 
prepared, frozen precooked meals selected at 

random for comparison study 

when subjected to freezing and frozen storage. 
There is a need to select and evaluate each food 
item and develop items suited to tlr feeding 
concept being considered here. 

T 

Sample Pood item Coliform/gm. 
Total 

bacterial 
count/gm. 

Turkey 

1 Potatoes 

Peas and carrots 

0 

0 

0 

1,600 

8,200 

14,000 

2 

Salisbury steak 

Potatoes 

Peas and carrots 

5 

0 
0 

8,100 

4,400 

14,000 

3 

Swiss steak 

Potatoes 

Peas and carrots 

0 
6 
1 

160 

7,200 

9,000 

4 

Ham 

Yams 

Peas and carrots 

0 
3 

1 

690 

10,000 

14,000 

Pork loin 

6 Potatoes 

Apples 

0 
0 
0 

100 

3,600 

80 

Specifically, there is a need to develop 
recipes that require the use of ingredients 
adaptable to freezing—e.g., rice flour in lieu 
of wheat flour for gravies or sauces. Specific 
direction is needed in actual preparation and 
freezing of the foil pack meal—i.e., preparing 
vegetables with less liquid and eliminating 
foods with poor keeping qualities. All recipes 
now being used to prepare the 10-day foil pack 
meal should be reviewed and revised, where 
necessary, to insure stability during freezing. 
Specific suggestions which can be offered as 
the result of the studies completed here are the 
following: 

1. Use canned or fresh vegetables as much as pos¬ 
sible in frozen meals Frozen vegetables lose eye 
appeal after being cooked, refro, en, and reheated be¬ 
fore serving. 

2. Fresh vegetable salads are not stable when 
packed with frozen meals going to remote sites. They 
tend to wilt and discolor. 

3. Pot roast should not be used owing to the fat 
and gristle content. Shrinkage is high on this item. 

Each food Item examined individually employing the method» 
given in Military Specification MIL-M-18966C, "Meal. Precooked 
Kroien," a> amended 2S Aug. 1966. 

is no reason to expect that food prepared under 
these conditions, when properly packaged and 
properly frozen immediately after preparation, 
would not be bacteriologically safe for con¬ 
sumption after being held in the frozen state. 

The acceptability of the items evaluated 
in this study indicated that the overall concept 
is sound. A frozen shelf life of 30 to 90 days 
for the frozen food components will assure 
maximum organoleptic acceptability. Addi¬ 
tionally, improvements can be made by select¬ 
ing menu items, changing recipes, and 
improving packaging to better adapt the sys¬ 
tem for freezing, shipping (11), and a la carte 
serving. Food technologists know that certain 
food items keep their quality better than others 

4. Use of rolled turkey should be considered. 
Whole turkey is more expensive because of waste, has 
less eye appeal, and requires more man-hours to 
prepare. 

5. Moist heat cooking methods should be used 
because frozen meal components tend to dehydrate in 
storage. It is advisable to use gravies and sauces on 
all meat items to preserve moisture. Grilled items 
should not be used because they tend to dry out and 
lose moisture. 

A new packaging system is required to 
store, transport, and serve the foil pack meal. 
The development of the packaging should con¬ 
sider the following factors: 

1. Single-compartment containers. These contain¬ 
ers will be required for packaging individual com¬ 
ponents of the foil pack menu in an a la carte ordering 
system. Two sizes will be required, one for the entree 
and potatoes, and one for the vegetable, dessert, and 
bread. 
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TABLE IV 

Bactériologie examination* of foods from froten foil pack meals of lot No. 2 

Sample 

Breakfast Stems 

Food 
Total 

bacterial 
count/gm. 

Dinner items I 

Food 
Total 

bacterial 
count/gm. 

Supper items 

Food 
Total 

bacterial 
count/gm. 

10 

11 

12 

Eggs 30 Beef pot roast 
Bacon 25 Rissolé potatoes 

Buttered carrots 

Eggs 40 Baked chicken 
Bacon 260 Buttered peas 

Mexican corn 

Eggs 85 Fried chicken 
Bacon 220 Mashed potatoes 

Lima beans 

Waffles 130 Roast turkey 
Bacon 0 Mashed potatoes 

Buttered peas 

Eggs 10 Roast turkey 
Bacon 15 Mashed potatoes 

Mixed vegetables 

Eggs 0 Braised meat balls 
Bacon 0 Macaroni 

Buttered peas 

Waffles 885 Pork chop suey 
Bacon 0 Steamed rice 

Glazed carrot« 

Eggs 0 [ Beef pot roast 
Bacon 10 ’ Rissolé potatoes 

Buttered carrots 

Eggs 10 Meat loaf 
Bacon 86 Mashed potatoes 

Green beans 

Eggs 20 Roast turkey 
Sausage 4,000 Mashed potatoes 

Mixed vegetables 
i 

Eggs 6 Fried chicken 
Bacon 0 | Mashed potatoes 

] Lima beans 

Eggs 60 I Baked chicken 
Ham 740 | Buttered parsley 

i Mexican corn 

170 Oven roast 
850 French baked potatoes 
420 Cream style corn 

104,000 Breaded pork chop 
230 Rissolé potatoes 

1,010 Buttered lima beans 

8.400 Swiss steak 
3.800 Rissolé potatoes 
6.400 Buttered julienne carrots 

7,300 Baked ham 
1.800 Browned sweet potatoes 

710 Buttered mixed vegetables 

850 Swiss steak 
650 Rissolé potatoes 
940 Buttered julienne carrots 

110 Beef fricassee 
760 Buttered parsley noodles 

1,230 Buttered peas 

360 Breaded veal cutlet 
300 , Hashed brown potatoes 

20 ! Buttered peas 

145 Salisbury steak 
745 ¡ Au gratin potatoes 
310 Buttered green beans 

136 Grilled pork chop 
770 O’Brien potatoes 

1,620 Buttered corn 

925 Salisburysteak 
720 Í Au gratin potatoes 

1,755 I Buttered green beans 
! 

149,000 I Baked ham 
3,350 ' Brown sweet potatoes 
4,850 : Buttered mixed vegetables 

4,000 Beef fricassee 
220 Buttered parsley noodles 
880 Buttered peas 

1,130 
3,400 

240 

286 
475 
830 

330 
1,730 

260 

250 
110 

1,000 

875 
765 
315 

15 
145 

81,500 

1,145 
10,350 
11,860 

2,065 
1,470 

460 

1,355 
6,650 

910 

1,050 
64250 

395 

416 
0 

4,050 

25 
405 

1,910 
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TABLE IV (contd.) 

Sample 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

23 

24 

26 

Breakfast Items 

Food 

Egg’s 
Sausage 

Eggsf 
Bacon 

Eggsf 
Bacon 

Eggst 
Bacon 

Eggst 
Sausage 

Eggs 
Bacon 

Eggs 
Bacon 

Eggs 
Bacon 

Eggs 
Bacon 

Eggs 
Sausage 

Eggs 
Bacon 

Total 
bacterial 

count/gm. 

20 
190 

20 
1,125 

30 
365 

75 
140 

15 
165 

10 
70 

15 
75 

0 
10 

15 
25 

0 
5 

Dinner items 

Food 
Total 

bacterial 
count/gm. 

Supper items 

Food 
Total 

bacterial 
|«ount/gm. 

Roast turkey 8,150 
Mashed potatoes 6,000 
Mixed vegetables 3,050 

Beef pot roast 720 
Rissolé potatoes 100 
Buttered carrots 236 

Roast turkey 8,600 
Mashed potatoes 6,600 
Buttered peas 1,366 

Roast turkey 790 
Mashed potatoes 4,460 
Buttered peas 260 

Spaghetti and cheese I 80 
Meat sauce 226 
Buttered green beans 1,200 

Fried chicken 286 
Mashed potatoes 4,300 
Buttered lima beans 625 

Fried chicken 800 
Mashed potatoes 4,200 
Lima beans 610 

Roast turkey 5O6 
Mashed potatoes 8,700 
Mixed vegetables 710 

Meat loaf 743 
Mashed potatoes 4,900 
Green beans 230 

Pork chop suey 90 
Steamed rice 100 
Glazed carrots 96 

Fried chicken 4,350 
Mashed potatoes 9,100 
Mixed vegetables 1,046 

Î 

Baked ham | 15 
Browned sweet potatoes 
Buttered mixed vegetables | 630 

Barbecued beef patties I 710 
Home fried potatoes 170 
Buttered lima beans 3,100 

Grilled ham steak 146 
Scalloped potatoes 3,300 
Buttered green beans 4,800 

Grilled ham steak 120 
Scalloped potatoes 1,160 
Buttered freen beans 8,100 

Beef fricassee 20 
Buttered parsley noodle* 270 
Buttered peas | 460 

Swiss steak I 680 
Rissolé potatoes 660 
Buttered julienne carrots | 890 

Salisbury steak I 7,900 
Au gratin potatoes 820 
Buttered green beans | 940 

Salisbury steak I 6,150 
Au gratin potatoes 760 
Buttered green beans | 1,096 

(Specimens lost) 

Swiss steak I 190 
Rissolé potatoes 990 
Buttered julienne carrots ( 810 

Oven roast I 476 
French baked potatoes 275 
Cream style corn 1 8,060 

Breaded pork chop 970 
Rissolé potatoes 290 
Buttered lima beans 666 

Baked ham 4I6 
Rissolé potatoes 680 
Buttered green beans | 686 

U W,r* B*wtlv* wlth “‘»»“O" ot "“«■ No- 1« •» »»eh muboi potete- bed , 

tEffV yolk broken in shipment. * 

IMcmls not included in production lot. 
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2. Hooding for single-compartment containers. 
The hooding material should be transparent, effect a 
tight spillproof seal, and evaporate during the heating 
process. 

3. Tray insert. A tray insert is required to hold 
individual components in a complete meal. This insert 
should contain die-cut or recessed compartments to 
hold individual components to avoid spillage and pro¬ 
vide stability during consumption. Recessed compart¬ 
ments are required for the entree, potato, vegetable, 
and dessert. The tray insert should be constructed of 
a material which will withstand a maximum heat of 
450° F. The tray insert will be removed from the meal 
container and used to place individual components in 
the heating receptacle. 

4. Meal container. A container is required to hold 
the tray insert during transit. This container should 
have insulation characteristics to avoid thawing during 
transit. The meal container should also have die-cut 
or recessed compartments to receive the tray insert, a 
salad, and a beverage. Styrofoam is the desired 
material, but it must be adaptable to high-altitude 
flights. 

5. Equipment. Reheating frozen meals will be in 
conventional ovens, the military B-4 oven and the Valad 
or Whirlwind oven. Since there is a possibility of 
using microwave ovens in the future, all containers, 
except the meal containers, should be adaptable to the 
microwave oven. The heating characteristics of the 
microwave oven are ideally suited to reheating frozen 
meals. 

The most logical next step in the further 
evaluation of this feeding concept would be a 
small-scale field trial. A 3- to 6-month test 
utilizing existing facilities and personnel and 
involving at least five missile launch control 
facilities, security guard campers, and mainte¬ 
nance vans should provide a trial of sufficient 
size to obtain valid data. During this trial, 
observations should be systematically collected 
concerning the following: food service manage¬ 
ment, veterinary food technology, micro¬ 
biology, professional taste panel evaluation , and 
consumer acceptability ratings. 

The concept of frozen foil pack meals as 
evaluated in this report offers great promise 
for aerospace feeding situations, not only at 
missile sites but also in remote sites wherever 
prestocking of selected meal components is 
feasible. This would include in-flight pas¬ 
senger and air evacuation patient feeding. 
Advances in food technology have made this 
improved method of feeding feasible. Costs of 
food ingredients in this feeding system have 
been shown to be equivalent to the garrison 
ration costs. 

V. CONCLUSION 

This study showed that it is feasible to 
produce bacteriologically acceptable frozen 
components of foil pack meals for use in an 
a la carte frozen component feeding system for 
remote sites. Furthermore, it showed that this 
could be done by utilizing existing Air Force 
food preparation facilities without special pre¬ 
cautions or personnel training. 

The organoleptic acceptability of most food 
components stored 180 days or less was 
adequate. Suggestions for correcting deficien¬ 
cies included the selection of food types and 
recipes suitable to freeze-processing and the 
development of a package affording better pro¬ 
tection of the product and a more serviceable 
configuration. 

These results indicate that the concept of 
the frozen component feeding system warrants 
further evaluation by field trial to identify 
operational problems. This trial should be de¬ 
signed so as to provide sufficient data for 
developing a routine quality-control system for 
production of frozen components with a la carte 
selection. 
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