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FCREWORD

Four types of milirary characteristics ~ nutritional adequacy, acceptability,
stability, and (ield utility - must be met in a successful ration., Failure in any
one criteria will result in failure to provide the soldier with suitable foods in
order to maintain his fighting efficiency,

Operational rations consist of processed foods which may be stored for extend-
ed periods of time at unfavorable or fluctuating temperatures. Invariably, loss of
nutriencs, particularly vitamins, occur. For this reason, constant testing of pro-
totype foods and follow-up ration design assures that nutritional criteria for the
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particular ration under study are met,

In recent years, the Services have increasingly emphasized the necessity to
reduce weight and volume of rations and to increase ease of preparation for con-
sumpticn., The Meal, Ready-to-Eat, Individual, - the replacement for the Meal,
Combat, Tndividual, meets these criteria through use of couvenience foods and
flexible packaging.

This study determired the effect of repeated freezing and thawing upon che
vitamin content of the Meal, Ready-to-Eat, Individual.

Appreciation is expressed to Mrs, Mary Ann Wall (Data Analysis Office), Mr.
John Swift and Mr. Roy Horreil (Food Laboratory), for their valuable assistance.

The work reported was conducted under Project No. 1J6-64712 D548, Combat
Feeding Systems.
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ABSTRACT ’
A study was conducted to determine the vitamin stability of the Meal, Ready- '
to-Eat, Individual, after exposure to 1, 3, and 6 freeze~thaw cycles under controlled
conditions, Prior to aund after cycling, replicate analyses of thirteen menu compo-
sites were made for vitamin A, carotene, ascorbic acid, thiamine, vriboflavin, !
niacin, and vitamin Bg contents. Of these vitamins, losses occurred in all except 1
riboflavin and niacin. ;
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INTRCDUCT ION

Military interest has focused on the characteristics which make convenience
foods adaptable for use by the Armed Forces. Such qualities as ease and speed of
preparation in the field, long shelf life, and savings of space and weight have
encouraged their use. Additionally, it was expected that many of these foods would
be more stable and palatable than conventionally canned foods.

The Meal, Ready-to-Eat, Individual is one of the rations designed to simplify
combat feeding by the use of convenience foods. Intended as a replacement for the
Meal, Combat, Individual, the Meal, Ready-to-Eat, Individual is composed of twelve
flexibly packaged menus, plus two alternative menus. Each menu is a complete meal,
and provides at least 1200 calories and one-third of the daily nutrient requirement
as specified in AR 40-25 (1969). Except for the reconstitution of the beverag.s,
there is no preparation necessacy for the meals, The meals can be eaten cold or
heated. Heat processed foods. dehydrated foods, btread rolls, baked desserts,
cereal bars, cheese spread, jellv or peanut butter are components of these menus,
The majority of the meat components are therrostabilized rather than dehydrated.

In order to determine whether the heal, leaay-to-Eat, individuai would mee:
the stability requirements as set forth in the technical characteristics (Appendix
i), several cases were subjected to freezirg and thawing cycles under controlled
conditions. Analyses of menul composites were made prior to and after cycling to
det2rmine nutrient stabiliiy-

PROCEDURE

411 items were packaged in mylar-foil-polyethylene laminrated bags or pouches,
The btea:-processed meat items had an additional paperboard folder overwrap. The
btaked items were overpacxed in a paperboerd box. The packaged components were then
vacked in a cardboard meal carton (4-3/& x 2-1/2 x 7-1/4 in.), Case lot samples
were subjected te 1, 3, and 6 freeze-th?w cycles. All of tae cases in each lot
were exposed simultaneousliy to the test conditions. The temperature conditiors and
the time of expousure at each tempersture are given in Table 1.

Two lots of samples were handled concurrently; one lot wac exposed to -54°C
vhile the other lot was thawing. During the first cycle at -54°C for 1lb hours, the
internal temperature of the cases bottomed at -52° to -54°C, Afier the cases
remaiued at 22°C for 24 hours followed by 2 hours at 51°C, the internal temperature
vacied from 227 to 28°C. After remaining at 22°C for 4 additional hours, the tempera-
ture was 24°C {(See Appendix 2). As soon as the cycling of each lot was completed,

. Of the fourteen (14) menus avaiiable, only thirteen {13) were used in this study.
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the cases were transferred ¢ & room with a centrolled temperature of 4.5°C and held
until analyzed.

Prior to analysis components from cach of thirteen menus were composited
separately and thoroughly howogenized with an equal weight of water by blending in
8 Waring blendor, The components of each menu which were cembinad are given in
Table 2, Not all producte of eath menu were included bacause they were either
fortified or known from previous analytical experiernce with ration composites to
impese analytical problems.

Three individuai composites of ecach menu were analyzed in duplicatec, Anziyses
for vitamirn. &, carotene, ascorlic acil {reduczed and total), thiamine, riboflavin,

niacin and vitamin By (1) were made initially and after 1, 3, and 6 freeze-thaw
cycles.

RESULTS AND DISCUSSION

Vitamin content as analyzed prior to and after cycling has been given with the
standard deviavion for each value in Tables 3 through 10, Each value represents at
lezst duplicate assays on each of three composites. All data have been treated
statistically by analysis of variance.

The results show chat nine of thirteen menus significantly decreased in vitamin
A and carotene content, The first cycle was most detrimental as there was 447 and
287% destruction uf vitamin A and carotere, respectively, ‘Jditional cycling caused

a further 137% decrease in vitamin A content but little otene destruction (Tables
3 and 4),

The data show that the initial content of reduced ascorbic acid decreased one-
quarter after one cycle and one-half after 'six cycles.(Takle 5). Although the
total ascorbic acid content decreased oune-quarter after the first cycle, it appeared
to return to its original content after the third cycie, and to increase one-quarter

after the sixth cycle (Table 6)., It is believed thait the values reported may

include the measurement of reductones formed during storage which have been shown
to interfere with the measurement of total ascorbic acid in the method employed (1).

For most menus; the thiamine content decreased approximately Z0% during the
first cycie &nd no further loss was encountered (Table 7).

The riboflavin content, on the other hand, increased as the number of cycles
incressed (Table 8). The phenomenon of increased riboflavin content at elevated
temperatures has been reported previously (2, 3, 4), The significant increase in
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? riboflavin content (22% and 70% increase after the first and sixth cycle respective-
AN 1y) does not result from storage at elevated temperatures, and is counsistent through-
3 out all menus (Table 8).
% Menu by menu, the majority of the changes in niacin content were rot signifi.
P cant (Table 9). However, during the cycling periods, the niacin contcnt seemed to
s increase. Niacin is considered to be stable under most conditions of storage and
: is judged to be stable in this case.
% As might be expected, the vitsmin Bg content decreased during cycling (Tabte
g 19). Ac the end of the third cycle, there was a 13% reduction in vitamin Bg content,
; and by the end of the sixth cycle, an additional 7% loss of vitamin B6 had occurred.
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| SUMMARY

é Analyses of the Meal, Ready-to-Eat, Individual for vitamin content {nitiailly
and after 1, 3, or 6 freeze-thaw cycles show vitamir losses similar to those
occtrring during other storage conditions. Losses in vitamin concent ranged from
9% to 50% for vitamin Bg, thianine, carotene, ascorbic acid and vitamin A, The
smallest loss occurred in vitanin Bg content; the greates:, vitamin A. No lcus i
niacin content occurred, Riboflavin content increased during cycling.
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TABLE 1

Conditions for Freeze-Thaw Cycles

Temperature Time of Exposure

on

C Hours
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Meni: 1 a

Chicken lnaf

Peachas

fpricot cercal bar

bread roil

Jelly

Chocolate bar with
&1immonds

Coffee

Cream substitute

Sugar

Menu 4

Beef patties

Soup and gravy bLase,
beef

Beans ~ith tomato sauce

Bread roll
Cheese spread
Cocoa

Yeaches

Coftee

Cream substitute
Sugar

Catsup

Menu 6

Chicken a la king
Crackers

Cheese spread
Late pudding
Venilla cream bar
Fruit tablets
Coffee

Cream substitute
Sugar

TABLE 2

Menu 2

Bacon

Beans with tomate sauce

Apricots®

Bread roll

Cheese spread

Conkies, chocolate
covered

Coffee

Cream substitute

Sugar

Menu 4 a

Beef loaf

Beans with tomato sauce
Bread roll

Peanut butter

Raisin nut cake

Coffee

Cream substitute

Sugar

Menu 7

Ground beef in pickle
flavored sauce

Potato pattie

Bread roll

Cheese spread

Cookie, chocolate covered

Fruit tablet

Coffee

Cream substitute

Sugar

1 Only underlined items were composited.

Pears may be substituted,

s et

1
the Meal, Reaay-to-Eat, Individual®

Menu 3

Han and chicken loaf

Bread roll

Peanut butter
Chocolate nut roil
Peaches

Coffee

Cream substitute
Sugar

Catsup

Menu 5

Barbecue beef
Potato pattie
Bread roll
Peanut butter
Strawberries
Fudge bar

Coffee

Cream substitute
Sugar

Menu 8

Beef stew
Crackers

Peanut butter
Pound cake

Orange cerxal bar
Coffee

Cream substitute
Sugar
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Menu 9

Frankfurters
Bread roll

Jeily

Chocolate covered

brownies
Cofiee
Cream substitute
Sugar
Catsup mix

Menu 12

Chicken loaf
Potato pattie
Bread roll

Jelly

Cocoa

Orange-nut roll
Coffee

Cream substitute
Sugar

Catsup mix

TABLE 2 (Cont!'d)

Menu 10

Sausage links
Orange cereal bar
Bread roll

Cheese spread
ApricotsZ

Coffee

Cream substitute
Sugar

Catsup mix

Only the underlined items were composited.

2 Peaches may be substituted.

Menus of the Meal, Ready-to-Eat, Individual1

Menu 11

Beef steak

Bread roll

Jelly

Fruitcake

Chocolate bar with
almonds

Coffee

Cream substitute

Sugar

Catsup mix
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TASLE 11
! Effect of Tycling on the Vitamin Content of Mea!, Ready-to-Eat, individual P
¥ (Percent Retention)
E§ Vit, Ascorbic Acld_ Thia- Riboe vit,
?i Menu Treatweut A Cazctene  (R)1 (T)2 pine flavin Niacin Bg :
1A One Zycle 84 51 69 48 32 58 125  28u
Three Cycles 101 32 86 9% 26 77 1is w8
: Six Cycles 59 38 28 102 65 103 104 31e <
2 One Cycle 118 24 123 76 €8 38 125 126
1 Three Cycles 128 80 167 131 75 82 102 100 ;
| $ix Cycles 112 &2 23 134 74 118 133 83
1 i ‘
] ¢
r i 3 One Cycle 61 54 45 87 72 86 136 11% !
S Three Cycles 77 80 96 120 67 85 128 95 3
Six Cycles 69 26 25 168 72 119 143 85 ;
| 4 One Cycle 73 73 4é 86 8 106 109 70 !
: Three Cycles 43 84 48 112 92 110 g7 59
i Six Cyclas 57 67 66 126 100 154 103 45 !
44 One Cycle 45 80 64 82 74 85 88 117
Three Cycles 5 76 78 103 a0 & 108 95 .
Six Cycles 27 73 26 120 93 160 85 83
5  One Cycle 55 106 49 66 89 103 108 120 3
; Three Cycles 47 79 28 115 103 127 133 97 ;
Six Cycles 47 87 59 140 116 197 100 98 3
6 One Cycle 72 52 89 70 ¢s5 154 105 107 ;
' Three Cycles 65 38 119 88 02 160 115 79 @
i Six Cycles 54 9 60 105 154 207 103 86 i
7 One Cycle 58 88 70 96 117 184 128 106
) Three Cycles 57 109 63 133 126 177 119 90 i
f Six Cycles 37 . 106 54 177 117 244, 108 72 ;
! Reduced :
2 Total
16
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& TABLE i1 (Cont'd)
; > Effect of Cycling on the Vitamin Conrent of Meal, Ready-to-Eat, Individual
: {Percent Retention)
: Vit. Ascoibic Acid_ Thia-  Ribo- vit.
E. Menu Treatment A Carotene  (R)! (T)* mine flavia Niacin By
% 8 One Cycle 73 54 112 100 88 162 126 94
2 Three Cycies 79 102 156 123 72 145 105 71
3 Six Cycles 48 105 68 183 100 170 107 75
¥
5 9 One Cycle 31 84 178 91 77 126 127 166
t Three Cycles 48 27 Q3 135 75 124 103 126
: Six Cycles 36 22 86 102 73 160 112 135
§ 10 Cre Cycle ¢ 32 108 75 72 144 187 73
£ Three Cycles 51 24 121 94 68 140 103 51
5ix Cycles 38 21 47 180 75 171 164 6%
11 One Cycie 40 76 75 39 73 392 300 94
Three Cycles 41 17 113 58 71 374 167 74
g S Six Cycles 22 23 58 72 116 453 188 74
¢ 12 One Cycle 35 53 79 95 67 187 151 103
Fo Turee Cycles 37 18 63 121 90 130 127 84
h Six Cycles 23 26 43 137 82 239 128 71
i
1 Average of 13 menus
One Cycle 56 72 75 74 73 122 136 106
Three Cycles 55 8¢ 80 109 S 124 117 87
Six Cycles 43 77 49 130 85 179 119 80
Reduced
Total
2]
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APPENDIX 1

L. Technical Cbaracteristics for Meal, Ready-to-Eat, Individual

; (1961)
f 1, General

F_ a. Scope: These characteristics pertain to the technical aspects of the

f; development of the Ready-to-Fat Individual Meal to ful{ill the military chavacter-
: istics of operational ratieus,.

=~

i b. Purpose: The Meal, Ready-tc-Eat, Individual, will bLe issued to individuals

i fcr operational conditions which permit planned resupply, but preclude provisiun or
utilization of either the Meal, Uncooked, 25-Man, or the Meal, Quick-Serve, 6 or 25

i Man, For maximuw flexibility of use as the tactical situation changes and the

: tacrical commander requires, the lezl, Ready-to-Fat, Individual, will be capable cf

interchangeability and/or use in conjunction wi*h the other operational rations

described by the military characteristics.

c. Non-common characteristics: Tachnical characteristics provided herein
pertain to the Meal, Ready-to~-Eat, Inidividual, only and, in general, are not
commoni to other operational rations.

d. Using elements: Theater of operationc.

2., Design: The Meal, Ready-to-Fat, Individuai, will meetr the following design
standards:

a, Nutritional adequacy: Meals will be designed so that any thiee provide

- the daily nutritional requirements set forth in AR 40-564 (including 3600 calories)
for one man, and any one meai provides 1/3 the daily nutritional requiremen:s
(including 1200 calories) fsr cne man.

PV,

Sl Ol i

b, Acceptability: At least 12 meals will be designed s» that aany ore meal

: is suitable for breakfast, dinner or supper and any three are suitable as a racion.
} g Food components will be developed in terms of maximum acceptzbility when eaten

i cold; variety will be sufficient to avoid rejectior. whern the Meai, Keady-to-Eat,

: Individual, is consumed as the sole diet over a period of one week. Human engineer-
' ing principles will be applied throughout developmeat of fond components.

18
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c, Stability: All food components, in the packaging used for the Individual
Ready-to-Eat Meal,will be ~apable of withstanding at least six months at 37.3°C
without significant loss of nutritional adequacy, edibility, acceptability or
utility, and wili be capable of withscarding repeated freezing and thawing involving

exposvre, in the ration case* to temperatures as high as 51°C for as long as two

hours pa: day, and as Tow as =54°C without significant loss of nutvitional adequacy,

acceptability and utility,

d, Utility: The meals will require no preparation other than opering of
packages and no reconstitution except for beverage components.

19
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AFPENDIX 2

Conditions for Freeze-Thaw Cycling Test of Meal, Ready-to-Eat, Individual {

Summary

Case lot samples of 13 different menus were subjected to 1, 2, 3, 4, 5, and 6
freeze-thaw cycles. Each lot consisted of a number of cases containing 12 different
menus in separate cartons plus one case containing 12 cartons of menu 4A. All of
the cases in each lot were exposed simultaneously to the test conditions. The

temperature conditions and the time of exposure for a typical cycle were:

Temperature Time of Exposure
«54C 16 hrs.,
22°C 24 hes,
51°€C 2 hrs,
22°0 : 4 hrs.,

During the 16 hour soak at -534°C the temperature of certain fuvod packets
bottomed out at between -52° and -54°C,

Two iots of samples were handled concurrently -- ore lot being exposed tn the )
=54°C temperature while the other was thawing, The cycling tests were started on
16 Sept, and continued on a 5-day schedule until all 6 lots wire completed by 17
Oct. As soon as the cycling nf ezch lot was completed the cases were transferred to
& 4.5°C rooa until needed for subsequent panel and nutrition studies.

Procedure

A number of preliminary observatisns were made prior to the uctual temperature
cycling tests. The objectives were to establish (1) the heat transfer rate between
the contents of a case and its surroundings and (2) the magnitude of temperature a
variations within the case itself. The indicated observations were made by install- : )
ing a cluster of strategically located thermocouples within tie contents of a case :
and recording the temperature change when the c~se was buried in crushed dry ice;
when the case was placed inside a =-54°C cold box; and when the chillec case was
exposed to room~temperature air., The temperatures for these preliminary observa-
tions were measured at 6 different locations inside the case by means of thermocouples.,
The locations are graphically shown in Figure.l., Thermocouples "A!" and "B" were
located in meru carton number 6. "A" was placed inside the date pudding packet and

20 -
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"B'" was placed near the center of the carton and adjacent to the accessory pack.
; Thermocouple "E" was located in menu carton number 8 inside the beef stew packet.
) "Fit yas placed in menu carton number 12 beside the petato patty pouch. "C" was
located in the geometric center of the case a. the corners of menu cartons 5, 6, 8

and 10 and "D" was located alsng the edges of menus 6 and 10 just inside the
corrugated fiberbozrd,

The cooling rate curves for the dry ice samples are shown in Figure 2. It will
be noted that the temperature variations were significznt until the temperature
started to bottom cut at around -73°C., Because of this variation and because the
¢ temperature bottcmed out at a lower level than desired it was decided to reject this
| method of chilling and utilize the controlled temperature of an environmental

chamber., It was found in the latter instance that, after an exposure of 16 hours
3 i the temperature variations were negligible ranging between -52° and -54°C when the
box was set to control at -54°C, The ambient temperature to which the samples
; were exposed during the freezing cycle whether it be that of lry ice (-78°C) or
that of the environmental chamber (-54°C) had no appreciable effect on the relative
configuratior of the temperature profiles,

v
PR S

e

The temperature recovery or warming rate was determined by removing the case -
from a bedding of dry ice and recording the temperature as the case reposed on a
shelf in natuvally circulated room-temperature air. The temperatures were again
. measurec by means of the thermocouples which were left undisturbed in their original
positions, Figure 3 is a plot of the recovery or warming rate. This plot indicates
that a period of about 23 hours is required for the internal temperature to level
2 off with that of the surroundings when the initial temperature of the contents is
~73°C and that of eavironment is 26°C, It was uassumed from these results and then

confirmed that a 24-hour warminyz period was sufficient when the initial temperature
i 1 was =54°C,

ey, e

S N

The time table for the actual cycling tests was:

First day - 4:00 p.m. (A) Placed 1lst lot of cases in cold
cabinet,

: Second day - 8:00 a.m, (A) Removed lst lot from cold cabinet
! and exposed thew to rocnm ten- .
perature, %

Py

. Second day ~ 4:00 p.m. (B) Placed 2nd lot of cases in ccld
1 cabinet,
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Third day - 8:00 a.m, (A) Plazed ist lot of cases in 51°C

room.

(B) Removed 7nd lot of cases from
cold cabinet and exposed them to
room tomperature.

10:00 a.m, (A) Removed lst lot of cases frcm
51°C room and exposed them to
room temperature.,

4:00 ponm, (A) Replaced lst lot of cases in
cold cabinet to start next cycle,

This timetable was continued on a 5-day schedule until the required number of freeze-
thawy cycles were completed, A deviation, however, was necessary during weekend
periods. The lot which wac placed in the cold cabinet on Friday .t 4:00 p.m. was

not vemoved until the following Monday at 8:00 a.m. and the lot begirning its thaw
cycle at 8:0C a.m, on Friday was not placed in the 51°C room until the following
Monday at 8:00 a.m, The weekend exposure for each batch of cases is shown kelcw:

Lot & Cycle Weekend Exposures
Number -54°C 24°C

6 2 1

5 1 1

4 1 0

3 0 1

2 1 0

1 0 1

Each lot was assembled aud numbered for ease in handling. Those subjected to oue
freeze-thaw cycle were numbered 1; those subjected to two freezz-thaw cycies were
numbered 2, etc, Lots 1, 3 and 6 each consisted of '8 cases containing menus 1-12
and one case of menu 4A, Lots 2, 4 and 5 each consisted of 5 cases of menus 1-12
and one case of menu 44,
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; 4 ptudy was conducted to determiise the vitamin stability of the Mez), Ready-to-Eat,
Individual, after evposure to 1, 3, and 6 fre:ze~thaw cycles under controlled

£ condicicns, Prior to and after cyclirg, replicate analyses of thirteen menu
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ribeflavin and niacin,
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Scability ~ 8 7
Vitamin content 18,9 7
g Meal, ready-to-~eat, irdividual 9 7
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E Military rations 9 7
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Ascorbic acid 9 7
Carotenes 9 7
| Nicotinic acid 9 7
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;f Riboflavin I 9 7
E Thiamine ' 9 7
i Vitamin A group 9 7
Yitamin 3 complex 9 7
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