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~stabilization period. Phases 1 and 3 encompassed dining hail, bioch.sical/
clinical examination, and total dietary intake aspects. Only the total dieta ry
intake aspect was assessed in Phase 2/

This sumeary is based. aoleiy upon 17—day dining hall attendance and nutrieni
intake data obtai~~d -by the dietary interview technique from 35 RIK, 50 COMRAT—
single (COM—J)<ind 48 COHR.AT—married (COMM—H) partIcipants in the March 1975
survey, ~n~~from 41 former RIK, 50 COM—S, and 63 COM—M participants fn the

• June )416 survey at NAS/Alameda, CA.
‘bonversion of RIK personnel to COMEAT status markedly reduced dining hall

utilization from 31.6Z in March 1975 to only 11.1% in June 1976. Implementatioi
of item—pricing and renovation of the dining hail were not effective in stim—
ulating a compensatory increase in dining hall utilization of COM—S (8.3% in
1975 vs. 11.0% in 1976). These conclusions can be projected to other military
installations that, like HAS/Alameda, offer many readily available alternative
food outlets. Conversely, these conclusions may not apply to those military
bases where alternative food outlets are not conveniently accessible to the

• • 
potential dining hail patr~~~.)

The major nutritional impact of the item—pricing policy was to reduce
milk and milk product consumption and, consequently, calcium and riboflavin
intakes per dining hail meal were reduced.\ Item—pricing also reduced citrus
juice and citrus fruit consumption and, co~~equentiy, ascorbic acid intakes
per dining hail meal were reduced. The av4rage energy, protein, phosphorus,
iron, and thiamin intakes per dining hail ~ieal also decreased. Item—pricing
and modifications to the menu were not effective in reducing the percent of
calories derived from fat sources. Alth~ugh nutrient intakes per dining hail
meal decreased under the new system, the mean intake s (with the exception
of energy) still met or exceeded one—third of the military daily allowance
for these nutrients.

<
~~he Cash a la Carte system had an undesirabie nutritional impact upon• the total daily nutrient intakes of former RIK personnel. This was due to

• the combination of reduced dining hail utilization and reduced nutrient in-
takes per dining hail meal. (~\The total daily milk and milk product consumption
of the RIK group markedly deèreased with a corresponding decrease in calcium
and riboflavin consumption. ~urthermore , the percentage of RIKs with calcium
and riboflavin intakes below t’I~e reconmended daily allowances increased af ter

• implementation of the Cash a l~~Carte system. The changes associated with
item—pricing did not significant~iy affect the total daily nutrient intakesof single and married personnel ~n COMRAT because these groups consumed less
than 12% of their daily calories in the dining hall.
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• ABSTRACT

A nutrition survey, conducted by Letterman Army Institute of
Research at Naval Air Station , Alameda (HAS/Alameda), California,
was designed to evaluate the nutr itional impact of conversion from
the existing mixed ration—in—kind (RIK) comeuted ration (COMRAT)
standard dining hail system to an aii—COMRAT Cash a La Carte system.
Phase I was conducted in March 1975 to study the existing mixed
RIK/COMRAT system. Phase 2 was conducted in June 1976 as an interim

• study following conversion to the Cash a 1* Carte system which
was implemented on 1 March 1976. Phase 3 was conducted in August
1976 following a 5—month stabilization period. Phases I and 3
encompassed dining hall , biochemical/clinical examination, and
total dietary intake aspects. Only the total dietary intake aspect
was assessed in Phase 2.

This sL~~ ary is based solely upon 17—day dining hail attendance
and nutrient intake data obtained by the dietary interview technique
f rom 35 RIK , 50 COMEAT—single (C0If—S), and 48 COMRAT—tuarried (COM-

• H) participants in the March 1975 survey, and from 41 former RIK,
50 COM—S, and 63 COM—M participants in the June 1976 survey at
HAS/Alameda , CA.

Conversion of RIK personnel to COMRAT status markedly reduced
dining hall utilization from 31.6% in March 1975 to only 11.1%
in June 1976. Implementation of item—pricing and renovation of
the dining hall were not effective in stimulating a compensatory
increase in dining hail utilization of COM—S (8.3% in 1975 vs.
11.02 in 1976). These conclusions can be projected to other miii—

• tary installations that, like NAS/Alajneda, offer many readily
available alternative food outlets . Conversely , these conclusions

• may not apply to those military bases where alternative food outlets
• are not conveniently accessible to the potential dining hail patron.

• 
• 

~
• The major nutritional impact of the item—pricing policy was

to reduce milk and milk product consumption and, consequently,calcium and riboflavin intakes per dining hail meal were reduced.
Item—pricing also reduced citrus juice and citrus fruit consumption

• and, consequently , ascorbic acid intakes per dining hall mea l were
reduced . The average energy, protein, phosphorus, iron, and thiamin

• intakes per dining hall meal also decreased. Item—pricing and
modifications to the menu were not effective in reducing the percent
of calories derived from fat sources. Although nutrient intakes

• per dining hall meal decreased under the new system, the mean in—• takes (with the exception of energy) still met or exceeded one—
third of the military daily allowance for these nutrients .
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The Cash a la Carte system had an undesirable nutritional impact
upon the total daily nutrient intakes of former RIK personnel .
This was due to the combination of reduced dining hail utilization
and reduced nutrient intakes per dining hall meal. The total
daily milk and milk product consumption of the RIK group markedly
decreased with a corresponding decr ease in calcium and riboflavin
consumption . Furthermore , the percentage of RIKs with calcium
and riboflavin intakes below the recoemended daily allowances in-
creased after implementation of the Cash a La Carte system. The
changes associated with item—pricing did not significantly affect
the total daily nut rient intakes of single and married personnel
on COMRAT because these groups consumed less than 12% of their

• daily calories in the dining hall.

Our recomeendations based upon the nutritional impact of the
Cash a la Carte system as tested at HAS/Alameda are as follows:

1. Discontinue conversion of all rations—in—kind personnel
to coemuted rations status, especially in military installations
with readily available alternative food outlets.

2. If the a La Carte system is continued, provide milk, par-• ticularly low fat or 2% vitamin A fortified milk , item-priced
sufficiently lower than cost (to be below soft drink prices), tostimulate milk consumption and thereby improve calcium, vitamin A,and riboflavin intakes.

3. Give fu rther consideration to modifying the item—pricing sys-tem so as to improve the nutritional health of military personnel .
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PREPAC?

This interim report documents th. results of the nutrient intake
aspect of the March 1Q75 and June 1Q76 Nutrition Surveys conducted by
Letterman Army Institute of Research (LATR) at Naval Air Station,
Alameda (NAS/Alameda) , California. The purpose of this aspec t of the
survey was to evaluate the nutritional impact of convarsion from the
existing mixed ration—in -kind (RT1~) cmenuted ration (CflMRAT) standard
fe.ding system to an experimental a11~~flMRA~ Cash a is Carte system.
The evaluation of the new feeding system was a collaborative effort of
the limited States Army Natiek Research and Development Co,’usand (~1ARATW~~t)

• and LAIR.

• The work was jointly sponsored by the Army and !lav’v And was con—
ducted under the DoD Food Research, Development , Testing and Engineer-
ing Program, Project No. 3A762760AR22, Military Internal Medicine, Work

• un i t  No flU, Nutr ition Studies in Support of DoD Food Program.

• The authors wish to acknowledge the excellent cooperation by
• Captain V.P. McKeller, Jr., (‘.om’tander, NAS/Alameda, and his able staff

from the Supply Department, Captain Stuhbs, CMflR Christensen, and C’40R 11 1
Eckelberger; and the outstanding cooperation of the 257 enlisted per-
sonnel who participated in the dietary interviews, their personnel of—

• ficers and department heads whose wholehearted support contributed
• greatly to the success of the survey.

The authors also wish to recognize the following LAIR personnel :
Mr. John T. Nixon, Systems Applications Division, Department of tnfor—
matiom Sciences, for invaluable assistance in data processing; Mr. Alan
L. Nopkins, Biometrics Division, Department of Information Sciences,
for assistance in statistical analysis; and in particular, the inter-
viewers: Marjorie Clark, Pay Tong, Judy Filkins, Aitson Williams,
Diana Lea, Alycia Wong, Maria Roosalis, Nancy than, Lynn Lincoln,
Philip Mark , Eileen Jensen , Dens Maddox, Laura Pinkler, and Miriam
Thomas.

The authors wish to extend a special acknowledgement to M s. Ann
• L. Wilkinson for her invaluable secretarial assistance in the prepare—

tion of this manuscript.

• C.  ~~~~~ Consolazio , 1Q13—1976 , one of the world ’s foremost nutri—
tional physiologist., beg*n his scientific career in 1Q29 as a lahora—
tory technician at the Harvard Fatigue Laboratory in ~oaton. In 1q4 7,
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he joined the Federal service as a physiologist. He served at the
U.S. Army Medical Nutrition Laboratory (in 1958, the name was changed
to U.S. Army Medical Research and Nutrition Laboratory) in Chicago
and in Denver where he became the Chief, Bioenergetics Division. Hecontinued in this capacity at the Letterman Army Institute of Research,San Francisco, where he was an active member of the staff at the time
of his death. Mr. Consolazjo authored more than 200 scientific publi—p 
cations and participated in approximately 100 human nutrition-related •field studies. His contributions to science and, in particular, to• military nutrition are a lasting memorial to a man who was not onlyan outstanding scientist, but also a beloved friend, and an inspirationto those who knew him and were privileged to work with him.
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INTRODUCTION

Adequate nutrition is necessary for optimum performance of mili-
tary personnel. Personnel in the field are supplied with field rations
that are usually augmented with only a limited number of canteen items.
In contrast , personnel in garrison status have more freedom to select

• their food from several sources. Formerly, most enlisted personnel
ate in the unit ’s dining hall, which offered one or two entrees per
meal and a limited choice of other items. Attendance was quite high.
Surveys conducted during the 1950s by the United States Army Medical
Nutrition Laboratory (1—4) showed that troops consumed an average of
3500 kcaiories (kcal) per man within unit dining halls and that only
700 additional kcai per man per day were obtained from other sources.

More recently, liberal policies allowing single personnel to live
outside of billets , and increased freedom of movement during non—duty
hours, have made the military service much like civilian life. Also,
many sources of food have become available through a proliferation of
vendors , fast food shops, and restaurants on or near military installa-
tions; all of these compete with the military dining ball for the
patronage of service personnel. As a larger proportion of enlisted - -

personnel are converted from a rations—in—kind (RIK) to a cossnuted ra-
tion (COMRAT) status and, therefore, are given cash in lieu of a meal
or galley pass, a smaller proportion attend the military dining halls
(5). Concern has been expressed about the young single enlisted per-
son’s capabilities to manage his/her finances effectively and to obtain
adequate nourishment regularly. This concern is directed especially
toward those individuals who do not eat in the dining hail regularly
(i.e., infrequently). Surveys to evaluate the nutrient intake of m di—
vidual service personnel must also include nutrients consumed from other
sources (i.e., home, restaurant, vendors) as well as the m1 .itary dining
hail.

The Naval Air Station , Alameda (NAS/Alaineda), California study was
conducted by the United States Army Natick Research and Development
Command (NARADCOM) and the Letterman Army Institute of Research (LAIR).
The overall objectives of the NAS/Alameda Study were to evaluate the
impact of conversion from the existing mixed RIK/COMRAT standard din-
ing hail system to a Cash a is Carte system. Factors considered in
the evaluation included the following:

1. Parrott , E.M. et al. Report No. 100. USM~ L, 1952.

2. Kuhi , V.J. et al. Report No 104. U~A~~L, 1952.

3. Ryer, R. et al. Report No. 128. USAL’INL, 1954.

4. Consolaslo, C.P. et al. Report No. 166. USAMNL, 1955.

5. Sieboid , 3.R. at al. Technical Report No. 76—35—F’S4. NARADCOM, 1976.

1
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a. Morale of the enlisted person.

b. flutrient intake and nutritional stati~s of enlisted personnel.

c. Cost effectiveness.

LAIR concentrated on objective b and conducted the study of this
aspect in three phases:

Phase 1 — Conducted during 7 to 23 March 1975 to study the mixed
RI)~/C0MRAT system. This 17—day study encompassed din—
ing hail, biochemical/clinical examina tion, and dietary
intake aspects.

Phase 2 — Conducted during 7 to 20 June 1°76 as an interim study
(14 days) to evaluate the early irenact of conversion to
a Cash a la Car te system which he~an on 1 March 1Q76 .
Only dietary intake measurements were obtained in this
phase.

Phase 1 — Conducted during 30 July to 15 AuRust 1076. This 17—day
study evaluated the new Cash a la Carte system after sta-
bilization for approximately five months. Phase 3
encompassed dining hail , biochemical/clinical examination ,
and dietary intake asT~ects.

This present report addresses only the dietary intake aspect and
is limited to a preliminary evaluation of data obtained during Phase 1
(March 1975), and Phase 2 (June 1976). Cosmiete evaluation of these am!
other data will he included in subsequent reports encompassing all as—

• pacts of the study.

METFODS

Subject Selection.

Men from each of three distinct customer groups were selected to
participate in the dietary record and interview aspect of the March 1°75
(before Cash a is Carte) and June 1Q76 (after Cash a in Carte) surveys.
The three groups studied were:

Meal Card Descrintion of Status
Customer Group Color March 1075 June 1976

RIK Red RIP—issued Galley Converted to COM!~AT
Paes on 1 Mar 76

COM—S White CO!IRAT—Sinpie CAMRAT—Single

COM—M Blue COMRAT—Married COMRAT—Marr fed
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RIX personnel were given ea~h in lieu of a galley pass and , therefore,
were the group most directly affected h, conversion to the Cash a is

- -~ Carte system. The CON—S anti CON—N groups were studied to evaluate the
effects of item pricing and dining hail renovation on dining hail at-
tendance and nutrient intake. These groups also served as controls for
the RIX group. It should be noted that all participants in the June
1976 survey were stationed at NAS/Alameda ~~ior to 1 March 1976 , and ,
therefore, received subsistenc. under the previous mixed RIT/C(W-IRAT
feeding system.

un it personnel officers were requested to select from their rosters
a specified number of partic inants from each customer group. Each par—

• ticipant was informed of the purpose of the survey and assigned to one of
eight interviewers who was tra ined in dietetics and nutrition and was
experienced in dietary interview techniques.

In the March 1075 study, 35 RIF, 50 CON—S, and 45 COP’—’c personnel
completed the study . Tn June 1076, complete data were obtained from 41
‘~ir , 50 r 19—5, and 63 CON—N personnel. Only a linit& number of person—
nd participated in both surveys.

Dietary kecnrd and Interview ~echnigues.
1~ -

Daily nutrient intake data for the 17—day (patch 1°7’) or 14—day
( Time 1976) survey periods were obtained by meeting with each partici—
pant twice weekly for a 20—ninute dietary interview. At the first
meeting, each man was asked to recall all foods and beverages consumed
during the preceding day. The information obtained was recorded on a
pocket—sized food consumption diary card. This card was returned to
the participant as a guide to assist him in recording his food intake
for the next 3 to 4 days on identical diary cards (one card each dcv).
Participants were urged to fill out thatir cards following each meal or
snack. At the subsequent twice—weekly interviews , the card s were re-
tu rned to the interviewer for review and clarification of any unusua l
food items consumed , estimations of portion size, tine of day item was
consumed , and source of item (i.e., home, flAS/Alaneda dining hail, res-
taurant, vendor) . The interviewer assigned each item con sumed to one
of six “time—consumed” periods (i.e., breakfast period, between break-
fast and lunch, lunch period, between lunch and supper, supper period,
and between supper and breakfast). The sources of items consumed are[ defined as follows :

1. Dining Rail — Refers only to the enlisted galley at NAS/Alnineda.

2. Rome — Foods prepared ~nd consumed at home or items pre—
pared at home and consumed elsewhere (e.g., hap
lunch, picnic, Ste.).
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3. Restaurant — Coemercial food outlets which provide seating to
consume food on site.

4. Vendors — Vending machines and comaercial outlets where
seating is not provided.

By reviewing the individual’s entire diary record, the interviewer cate—
gorized each item as a component of either a “meal” or a “snack.” Thete—
fore, a hamburger and a can of soda ml rht constitute a meal in one cane
and be classified as an in—between—~,eal snack in another case.

Data Processinj~ and Reduction.—

Each interviewer coded and verified his or her assigned partici-
pants’ data. To obtain nutrient intake data, each food item consumed
was coded according to the LAIR Nutrient Factor File, which is a con—
pilation of many food composition tables including U!~T)A Ylandhook No. A(6) , and Bowes and Church Food Values (7). Recipes were estimated for
complex food items (such as casseroles), and nutrients for that item
were computed by using nutrient values for the individual components.

To obtain the best estimate of nutrient intake from the NAS/Alametla
dining hail, actual recipes of food items served in the dining hail were
used during the March 1975 survey to compute nutrient composition. The
food ingredients in these recipes were weighed during the March 1975
survey, and these weights were used to compute the nutrient composition
of the food items. Such information was not available during the June
1976 survey.

Our Nutrient Factor File system assigned each food item to one of
19 different food groups. These food groups were consolidated into the
following seven food types :

1. Entrees — (meats , fish, poultry, eggs, and egg pro-
ducts).

2. Milk Products — (milk, cheese, ice crests, and other milk—
product desserts).

3. Desserts — (non—milk—product desserts and sugars).

4. Citrus — (citrus fruits and citrus juices).

6. Watt, B.X., and A.L. Merrill. USDA Handbook No. 8, 1963.

7. fiowes, A.D., and C.!. Church. Food Values of Portions Coumionly
Used (11th ed.), 1970,
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5. Miscsllansous — (vegetables, ~omatoes, potatoes,
soups, fruits other than citrus,
lec~uines and nuts, butter , and fats).

6. Beverages, alcoholic

7. Beverages, non—alcoholic

• Each subject’s data values were initially reduced to reflect his
average daily nutrient intake from all sources. Prom these values,
avera ge daily nutrient intakes for each of the three customer groups
were computed, and histograms reflecting the percentage of each group
consuming specific nutrients within given ranges were derived. The
percentages of each group with average daily nutrient intakes below
recommended daily allowances were also computed. Furthermore, m dlvii—
ual and customer group data were computed for the following variables:

1. Number of NAS/Alameda dining hail meals consumed during survey
period, and attendance patterns at dining hail.

2. Nutrients derived from dining hall.

3. Nutrients derived from restaurants.

4. Nutrients derived from home.

5. Nutrients derived f rom vendors.
~ 5~•

6. Nutrients derived from meals.

7. Nutrients derived from snacks.

8. Quantity of foods consumed by food type.

9. Nutrients derived from meals and snacks by food type.

10. Nutrients per dining hall meal.

11 Nutrients derived from dining hail me.als by food type.

Interview Technique Reliability Assessment.

During the March 1975 survey, an attempt was made to assess reli-
ability by comparing the dining ball nutrient intake data obtained by
the interview technique with the data obtained by an observer technique.
Dietitians stationed at the end of each servin g line observed and re-
corded the food items on each individual ’s tray. The total amount of
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each food item served divided by the number of portions served minus each
individual’s plate waste was computed , and these values were coded as
the quantity of each food item consumed . The same table of nutrient
values was used in the processing of both sets of data .

Statistical Methods.

A two—factor analysis of variance (ANOVA) procedure was used to
test for phase (March 197% and June 1Q76) and group status (RTV , CON—S,
and CON—H) mean differences. If a variable was significant at the 0.05
level by the P—test , it was tested for group differences with the Newman—
~euls multiple comparison test. The Mann—Whitney TI and CM Square pro—
cedures were also used , as appropriate, to test for effects of the Cash
a 1. Carte system on selected variables.

RESULTS ANT) D!SCVSSION

Dining flail Attendance.

One of the most striking effects of conversion from the mixed RTTC/
CONRAT system to the Cash a la Carte system was the decrease in dining
hall attendance by the RIE group. Dining hall utilization is defined
as meals taken + meals offered x 100. As shown in Table 1, the RIV
group utilized the dining hall for 31.6% of their meals in March 1975,
but reduced (P < 0.001) their utilization to 11.12 in June 1976, three
months af ter conversion to the Cash a 1* Carte system. The attendance
rate of the RIK group after conversion to COMRAT status was similar to
that of the COM—S group during both surveys (R.3% in 1973 and 11.02 in
1976). The CON—N group ate only 1.02 of their meals in the dining hail
in 1975, but modif ication of the feeding system did increase (P — 0.001)
its dining hail utilization (5.3%) to about one—half the frequency of
the CON— S group . The increased dining hall utilization by the COM—M
group and sligh t but nonsignificant (P — 0.284) increase in the utili-
zation by the CON—S group did not completely compensate for the large
decrease in utilization by the RIK group as evidenced by a slight but
nonsignificant (P — 0.817) decrease in utilization by the combined
groups (11.8% in 1975 vs. 87% in 1976). The effect of the Cash a is
Carte system on dining ball headcount cannot be directly assessed from
these data because information on the size of the RIK, CON—S, and CON—H
populations at HAS/Alameda was not made available to us during either
phas. of the study.

The effect of the Canh a la Carte system on dining hail attendance
patterns of the sampled populations is shown in Table 2. Conversion of
RIK personn.l to CO!’IRAT status resulted in a greater (P < 0.001) per—
centage (41.52 in 1976 vs. 8.6% in 1975) of that population not eating
a single dining hail meal during the entire survey period . Furthermore,
the utilization rat. of those RIXe that ate at least one dining hail
meal ilso decreased (34.6% in 1Q75 vs. 19.02 tn 1976). The attendance
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pattern of the RIX group in 1976 was quite similar to CON-S personnel
whose pattern was not aitered by the Cash a is Carte system. The new
system decreased (P < 0.01) the percentage of non—attendance of the
COM—M group from 83.3% to 51.1% and increased (P < 0.05) the percentage
of those attending at least once per work day.

During the June 1976 survey, the dining hail ~.‘as the focal pointfor enforcement of dress and grooming codes. Security personnel eta—
tioned at the door would not permit those in violation of the codes to
enter the dining hail. Such was not the case during the Ylarch 1975 sur—

• vey. This factor may have discouraged some individuals from attending
the dining hail. Ilowever, the decline in attendance by the RIK group
cannot be attributed to grooming code enforcement because CON—S and
CON—H attendance rates did not decrease.

Reliability of Interview Technique.

The reliability of data obtained by the dietary interview technique -~~~~
• - is a factor which must be considered in the evaluation of the results

of this study. Diary—interview technique and observer technique data
bases were prepared and contained 423 man—days where the number of re—
ported (during interviews) and observed dining ball meals agreed. These
man—days of data were derived from 62 of the 133 euhlects in the test
population. Average nutrient intake per dining hall meal was computed
from each data base and a comparison ratio was calculated for each ~uh—ject as follows:

COHPAR I~ON RATIO — 
Nutrient intake/neal from Diary—Interview Technique

- Nutrient intake/meal from Observer Techniaue

The mean comparison ratio for each nutrient examined and the per—
centage of the individuals within the population with comparison ratios
lest than or greater than 1.0 are shown in Table 3. The mean comparison
ratio for energy was 0.92, which suggests that the diary—interview tech-
nique underestimated the energy intake of the population by an average
of 8%. )4owever, the energy intake at dining hail meals of 72.6% of the
individuals in the population was underestimated by the diary—interview
technique. The low comparison ratio of 0.78 for ascorbic acid is par-
tially artifactual. If an individual selected an orange (high in ascor—

• . bic acid), but did not eat it until after leaving the dining hail , the
observer technique considered it to be consumed with the meal , whereas
the diary— interview technique considered it to be part of a between—meal
snack and not part of the dining hall meal.

Food item selection analysis (data not shown) revealed that the
food itens selected agreed between the two techniques 80% of the time.
Fourteen percent of the total food items in question were observed but
not reported to have been consumed, and 6% of the items were reported
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but not observed to have been selected . This greater tendency for an
individual to have been observed to consume a food item but not to re—

• port it or his diary card contributed, in part, to the overall average
- of 8% underestimation of energy intake per din ing hail meal.

The preceding analyses indicate that the nutrient intake data oh—
tam ed with diary—interview technique are biased (low) estimates of din-
ing hall and, presumably, total daily nutrient consumptions of the
studied populations. The same diary—interview technique was used in
both studies and, therefore , it appears reasonable to assume that the
direction and magnitude of bias were also similar in both studies. Bias
in the data does not alter the level of significance of statistical
tests. Therefore, comparison of nutrient consumptions of population

• groups before and after Cash a la Carte is a valid procedure to evaluate
the nutritional impact of the new food service system.

Daily Total Nut rient Intake.

The average total daily nutrient intakes from all sources (dining • -~~ 
-

hail, home, vendor, and restaurant) of the RTK, CON—S, and CON—N groups
before and 3 months after conversion to the new feeding system are shown
in Table 4. The Recotmiended Dietary Allowances (RJ)A) of the National
Research Council (NRC’) (8) and the Military Daily Dietary Nutrient Al— V
lowances (MDA) (9) are shown in Table 5 and were used as standards to
evaluate the nutrient intakes of the sampled ponulations. These recom-
mendations are estimates of the amounts of nutrients which should be
consumed on a daily basis to meet the physiological needs of most
healthy personnel under normal conditions. The nutritional needs of
most, but not necessarily all, individuals in a population are satisfied
when the population’s average intake of nutrients (except energy) meets
or exceeds the recor!nended allowances. Conversely, the incidence of ab-
normal biochemical indices and clinical signs of nutritional def iciency
is predicted to increase in relation to how far a population’s average
intake is below the recome~ended allowances. (See Appendix C)

The average total daily nutrient intakes for the RIVS, CO11—S, and
CON—H groups before and after Cash a la Carte are shown in Table 4.
The average energy intake for the combined populations (287 subjects)
was 2552 kcai/day, which was 80% of the HDA (3200 kcal) for moderately
active, 19— to 25—year—old male military personnel, and 85% of the RDA
(3000 kcal) for men 19 to 25 years of age. The discrepancy between the
reported energy intakes and the recotmnended allowances also suggests

8. National Research Council. Recoim’~ended Dietary Allowances (8th rev.ed.), 1914.

9. Departments of the Army, the Navy, and the Air Force. AR 40—25/
B~1?IEDINST 1O110.3E/AFR 160—95, 1976 (as corrected).
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that the diary—interview technique underestimated total daily energy in-
take by at least, and possibly more than, the 8% underestimation pre-
viously noted for energy conaumntion at dining hail meals. Further as-
sessment of the validity of the total daily energy intake data is
precluded because body weight changes and caloric expenditures were not
measured and other necessary supporting data such as body weight, height,
and body composition were gathered only during the March 1975 survey .
The reader should also be aware that the renorted intakes of other
nutrients are also likely to he underestimates of actual consumptions.

The average protein intakes of all grouns greatly exceeded the RDA
* of 54 gm/day and were near or slightly above the MDA of 100 gm/day

(Table 4). Tn the ?tarch 1975 survey, the average percent of energy in—
• take attributable to fat was at or below the desirable proportion of

less than 40% from fat sources, but was slightly above the level in the
June 1976 survey.

Calcium and phosphorus intakes were above the allowance of
800 mg/day for these minerals, with the exception of the calcium intakes
of the CON—H group in June 1976, which averaged 763 mg/day . The cal-
cium: phosphorus (Ca:P) ratios were adeauate (range 1:1.5 to 1:1.9),
but were near the upper limit of ranges recosmend ed by the NRC (1:0.5 V
to 1:2). Average iron intakes (range 13.8 to 16.1 mg/day) were below
the TIDA (18 mg/day) for all groups in both studies, but did , however ,
exceed the RDA of 10 Tag/day.

Average vitamin A intakes were lower than the allowance of
5000 lU/day for all groups with the exception of the CON—H group in
March 1975, which averaged 5414 111/day. Average thiatsin intakes for
all groups (range 1.15 to 1.34 mg/day) were below the ?IUA (1.6 mg/day)
and the RDA (1.5 mg/day). However, when thiariin intakes are expressed
per 1000 kcal consumed, as proposed by the NRC, thiatnin intakes ranged
from a low of 0.41 mg/1000 kcal for the 1975 RIK group to a high of
0.53 mg/1000 kcal for the 1975 COH~11 group. These values are close to
the NRC recommendations of 0.5 mg thiamin/l000 kcal. Average riboflavin
intakes for all groups were above the R.T)A of 1.8 mg/day and
0.6 mg/ 1000 kcai. The riboflavin intakes (1.94 mg/day) of the RIF and
CON—H groups in 1976 were below the !lflS~ of 2.0 mg/day. Average niacin

— intakes were above the RDA of 20 mg/day, but the niacin intakes of the
CON—S group in both 1975 (20.6 mg/day) and 1°76 (20.1 mg/day), and the• RIK group in 1976 (20.1 mg/day) were lower than the MT)A of 21 mg/day.
The NRC has recoemended a niacin intake of 6.6 mg/l000 keal consumed.

- 
-
~ This level of niacin intake was exceeded by all groups (range 7.29 to

• 9.28 mg/b OO kcai). Average ascorbic acid intakes were greater than
the RDA of 45 mg/day. However, the ascorbic acid intakes of the 1976
RU’~ group (58.7 mg/day) was below the MDA for ascorbic acid of 60 mg/day.
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A two—factor analysis of variance (ANOVA ) was used to test for sig-
nificant effects of phase (!Iarch 1973 vs. June 1Q76) and status (RT~,cOM—S, and COM—!i groups) upon total daily nutrient intake. The resultant
F—values and associated P—values are shown in Table 6. The mean nutri-
ent intake values for Phases 1 and 2, independent of status, are shown
in Table 7. It should be noted that carbohydrate, fiber, calcium, phos-
phorus, iron, sodium, potassium, thianin (mg/day), and riboflavin
(mg/day) intakes were significantly (F—test, P < 0.05) decreased in
June 1976 (Table 6). The percent fat calories, niacin/1000 kcal, and
Ca:P ratio were significantly increased in June 1Q76, following conver-
sion to the Cash a la Carte System.

Significant effects (F—test, P < 0.05) of the status factor on cal-
cium, Ca:P ratio, and niacin/l000 keal were also observed (Table 6).
The calcium intake of the combined (mean of 1075 and 1976 groups) CON—
‘1 group (790.8 mg/day) was less (P < 0.05, Newman—Kuels Test) than that
of the combined !tIK (983.5 ing/day) and CON—S (956.2 mg/day) groups which
did not differ. In addition, the Ca:P ratio of the combined CO~ 4i
group (1:1.85) was significantly greater (P < 0.05) than the correspond-
ing intakes of the combined RIK (1:1.66) and CON—S (1:1.60) groups. The
niacin intake/1000 keal of the combined CON—H group (9.14) was signif 1—
cantly greater (P < 0.05) than the corresponding intakes of the combined
RIY (8.06) and CON—S (8.20) groups. V

Multiple comparison analyses (Newnan—Kuels Test) were applied to
test for significant differences between group means (Table 4) if the
ANOVA indicated significant (P < 0 05) phase x status interaction effects
(Table 6). A significant interaction (F—test, P < 0.03) indicates that
the relative ranking of group means (e.g., RT7~ > CON-S > CON-N) signif-
icantly changed from Phase 1 to Phase 2. A significant interaction ef—

• fact was observed for energy, carbohydrate, sodium, and riboflavin (Table
6). In 1976 , Rfl~s were actually former RTK—st atus personnel receiving
COlIRATs (cash) in lieu of a galley pass. The Rh’ group significantly
(P < 0.05, Newnan—Kuals test) decreased its energy, carbohydrate, and
riboflavin (mg/day) consumption in 1q76 following conversion to COMBAT
Status. No significant phase effects were observed for either the CON—S
or CON—H group.

Included in Table 7, along with the mean nutrient intal e of the
combined groups for Phase I and Phase 2, are the computed median and
}lartpei’s robust location estimate (10) for each variable. The median
describes the level of intake at which 50% of the population is consum-
ing less and 50% is consuming more than the indicated value. lTartpel’s
statistic estimates a typical value of a population by compensating for
any extreme observations in the distribution. If these total daily nit—
t rient intake data fitted a normal C,aussian distribution curve, the
means, medians, and robust estimates would agree. Examination of Table
7 , however, reveals that these data are not normally distributed but tend

10. And rews, D.F. at al. Robust Estimates of Location: Survey and Ad—
vances, 1972. •
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to be skewed to the right (towards higher intakes) . For example , the
median and robust estimate for vitamin A intakes are considerably
below the mean value. This indicates that a small proportion of the
population is consuming extremely high amounts of vitamin A per day
and is elevating the mean value to a point where the mean does not
adequately represent the vitamin A intake of the population as a whole ,
Therefore , judgments and conclusions based solely upon the mean value
of skewed data can be misleading and will tend to present a more
favorable evaluation of the nutrient intakes than actually exists in
the population.

Distribution of Nutrient Intakes’.

One approach useful in assessing the nutritional characteristics
(adequacy) of a population’s diet is to determine the percentage of
the population having nutrient intakes less than recosunended dietary
allowances. These values are shown in Table 8. In a series of fig-
ures (Figs. 1—17), the percentages of each of the groups studied that
have nutrient intakes within certain specified ranges are presented,
One nutrient is represented per figure and a histogram for each cate-
gory of meal card status (RIK, CON—S , and ~OP1—M) is presented to permit
direct comparison of the March 1975 and June 1976 data.

Interpretation of this type of data presentation is limited by
several factors. The MDA and RDA for males (19—22 years of age, weigh—
ing 67 kg) were applied to each subject in the population without re—
gard to the individual’s age, body weight, body composition, or level
of physical activity. During the clinical ezamination aspect of the
March 1975 survey, the average age at last birthday of the entire popu—
latton was approximately 26 years, with 3 of the 133 subjects below
19 years of age. The average body weight was approximately 76.5 kg
(R . A. Nelson , personal communication) . All subjects who completed

- 
I the study are represented in the distributions without regard to any
• subjective evaluation as to the validity and reliability of each sub—

ject’s data. As previously mentioned , the dietary—interview technique
• underestimated the average nutrient intakes of the population. Accord-

ingly, the reported incidence of individuals with intakes below the
recommended allowance will be overestimated . Therefore , the reported
percentages with intakes below the standards should not be taken to be
the incidence of nutritional deficiencies in the population. The
values are used to test statistically if the incidence of low (below
allowance) nutrient intakes was altered by the Cash a la Carte system,
and to determine if the incidence of low intakes is greater for certain
nutrients than for others.

The frequency distribution of the quantity of foods and fluidi (ex—
cluding water) consumed are shown in Figure 1. With less than 2000 gm/day
as an arbitrary breakpoint , a greater (P < 0.05 Chi Square Test) per-
centage of the C(*i—S group àóiiumád less than 2000 gm/day in June 1976

11
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(36.0’) than in Narch 1975 (18.0%). Similar comparisons for the RTY
(46.3% in June 1976 “a. 28 67 in March 1975) and the (‘OH—N (19.0% in
June 1976 vs. 29.2% in March 1975) groups revealed no statistically sig—
nificant effects.

Fnergv intake distributions are shown in Figure 2. Daily energy
requirements to maintain an “ideal” body weight are greatly affected
by age, body weight, level of activity, and climatic temperature. Pow—
ever, only 11.4% of the RIK group had energy intakes less than 2200 kcal/
day in 1975, hut ~6.6% were below (P < 0.05) this level after conversion
to CONRAT status. Furthermore, as shown in Table 8, a larger (P ( 0.05)
percentage (87.87) of the RTY s had energy intakes below the !~ A of
3200 kcal in 1976 than in 1975 (65.77). Therefore, upon conversion to
COMBAT status, the entire distribution curve (Pie. 2) for the RT Y~s was
shifted toward lower calorie intakes. Tn contrast, the caloric intake
distribution patterns remained relatively constant for the CON—S and
CON—N groups. ~Then data for all six groups were combined, approximately
81.5% of the nopitlation had caloric intakes below the MflA of 3200 kcal/
day and 76.2% were below the RDA of 3000 kcal/dav.

Protein intakes are shown in Fipure 3. Conversion from RIK to
(‘ONRAT status shiFted the distribution toward lover protein intakes. As
sh~... in Table 8, a lower (

~ < 0.05) percentage (4~.~%) of the RIKs in
‘larch 1975 had protein intakes below the MflA of 100 gm/day than in June
1976 (65.97). Tn contrast, fewer (P < 0.05) of the CON—H group had pro-
tein intakes below 100 gin/day in 1976 (47.6%) than in 1Q75 (68.8%).
Only 3.0% and 5.87 of the combined populations in 1°75 and 1976, respec-
tively, reported protein intakes below the RDA of 54 gm/day. Nowever,
because of the larger average body weight o~ our population (76.5 kg) ,
the NRC protein allowance in gm/day should he adjusted according to the
reference of 0.8 gm/kg body weight. tThen this is done, the percentages
below the adjusted level of 61 gm/day are 6.8% and 6.1% for 1975 and
1976, respectively.

Fat intakes in gm/day and expressed as percent fat calories are
shown in Figures 4 and 5, respectively. The Military and NRC have ad-
vocated that the percent fat calories in the total diet should not exceed
40%. In March 1975, 44.4% of the entire population had fat calorie in-
takes greater than 40% as compared to 56.5% in June 1Q76 (Table 8). This
increase approached statistical significance (P — 0,054).

The daily calcium and phosphorus allowances are each 800 mg/day.
Although the average calcium intake (‘able 4) net or exceeded the allow-
ances for all groups except the CON—H group in 1Q76, 31.47 (1975 RIK)
to 61.97 (1976 CON—H) of the studied populations had calcium intakes
below 800 mg/day (Fig . 6 and Table 8). The percentage of the RtK
group below the daily allowance for calcium tended to increase from
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31.4% in 1975 to 46.3% in 1976; however, thin difference was not signif-
icant at the 0.05 probability level (P — 0.28). The high concentration
of phosphorus in the American diet is reflected by the observation that
only 6.07 in 1q73 and 10.4% in 1Q76 of the combined populations had
phosphorus intakes below the allowance of 800 mg/day (Fig. 7 and Table 8).

The NRC has also recommended that the Ca:P ratio he within the
limits of I part calci~sn to 0.5 parts of phosphorus (1:0.5), and 1 part
calcium to 2 parts phosphorus (1:2). As shown in Pig~,re 8 and Table 8,
a greater (P < 0.03) percentage (36.9%) of the CON—N group exceeded this
upper limit (1:2) in June 1976 than in March 1975 (12.5%). In addition,
a greater (P < 0.05) percentage (26.0%) of the entire population in 1fl76
exceeded the 1:2 ratio than in 1975 (13.3’).

The distributions of iron intakes are shown in Figure 9. The Mill—
tary allowance for iron is 18 mg/day compared to 10 mg/day for the NRC.
This large difference exists because the Mil itary allowances are directed
towards satisfying the needs of the most susceptible sub—group in the
military population. The NRC also tecogniaes that the iron allowance
should he greater (18 mg iron/day) for 17 and IA year olds. Only 3 of
our 133 subjects in 1975 were lass than 10 years of age. The percent—
ages of combined grouns with iron intakes below IA mg/da y were 10.5% and
11.0% in 1975 and 1976, respectively, hu t 75•Q% in 1975 and 8’.5% in
1976 had iron intakes below 18 mg/day (Table 8). These data confirm how
difficult it is to obtain 18 mg/day of iron without supplementation.

Vitamin A distributions are shown in Figure 10. A high percentage
• (61.77 in 1075 and 68.8% in 1976) of the combined populations had vita-

min A intakes below the ¶000 IN/day recommended allowance (Table 8).
Vitamin A consumption for all groups studied is a matter of concern, es-
pecially when we note that 22.0% to 42.0% of the individuals within the
various groups studied had vitamin A intakes below 3000 ITT/day, a level
thought to he the minimum requirement to prevent all deficiency symptoms
in adults (8).

Daily thiamin allowances have been established at 1.5 mg/day by the
NRC and 1.6 mg/day by the Military. Thiaruin and other B vitamin intakes
are often evaluated in reference to energy intake (0.5 ing thiaunln/
1000 kcal). As shown in Figure 11 and Table 8, the percentage of the
RIK population with thianin intakes below the NRC al lowance of 1.5 ing/
day tended to increase (P — 0.23) from 71.4% in 1975 to 85.4% in 1976.
Thiainin intakes are also a matter of concern because 73.7% and 79,9% of
the combined populations in 1973 and 1976, respectively, were below the
NRC allowance of 1.5 ng of thiainin per day. These percentages increase
to 82.0% in 1975 and 85.7% in 1976 when the slightly higher (16 mg/day)
Military allowance is used as the standard of comparison. A further in—
dication of the thiainin problem is the observation that approximately
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54~’ of the entire population consumed less than 0.5 tag thiamln per
1000 kcal of energy (Fig. 12 and Table 8).

Riboflavin distributions in mg/day and mg/I000 krsl are shown in
Figures 13 and 14, respectively. As shown in Table 8, a greater (P <

~.05) proportion of the RTV group had riboflavin intakes below the RDA
of 1.8 mg/day in June 1976 (46.37) than in ~arch 1973 (17.17) . A sig—
nificantlv greater (1’ < 0.01) proportion of the combined population also
had riboflavin intakes below the RDA in 1076 (46.~7) than in 1q75 (30.17).
The sane statistically significant effects of the Cash a Ia Carte system
were apparent when the higher ~ilitarv allowance of 7.0 mg rihoflavin/
day is used as the evaluation standard . Nowever, when riboflavin in-
takes are evaluated on a tag/l000 kcal basis, only 4.57 in 1Q75 and .17
in l97~ of the combined groups had intakes below 

0.6 aug rihofinvin/
1000 keal of energy consumed.

In contrast to many other nutrients, the Percentages of groups with
niacin intakes below the NRC recommended allowances (20 mp,/day and
6.6 mgI 1000 kcal) tended to decrease under the Cash a la Carte system
(Fig . 15 and 1.). A smaller percentage of the ( 0M—N group (P < 0.05)
had niacin intakes below the RDA of 20 mg/day in 1076 (Table 8). Despite
the improvement, 54.1% of the combined ponulatlon in l~75 and 42.21w in
1976 were still below the 20 mg/day niacin allowance. The improvement
in 1076 approached statistical significance (P — 0.038) . These trends
were not statistically significant when comparisons were made to the
slightly higher Military allowance for niacin (71 mg/day). The percent-
age of RTYs with niacin intakes below 6.6 ~g/ifl0fl keel decreased (P <

0.05) from 31.47 in 1075 to 7.3% in 1q76 , and the percentage of the com-
bined population in 1975 (20.3%) decreased (P ( 0.05) to 9.1% below
6 6  ta g/ lOOf) kcal in 1976.

The NRC and Nilitarv allowances for ascorbic acid (vitamin C) are
45 and 60 mg/day, respectively. Although the group means (1’ahle 4)
ranged from 59—75 mg/day, a considerable percentage of the population
had ascorbic acid intakes below the 45 mg/day allowances (Fig. 17 and
Table 8). The combined 1976 population nhnwed a strong trend (P
0.055) towards a greater percentage with intakes below 45 mg/day . The
percentage of RIKs with ascorbic acid intakes below the NRC allowances
of 45 mg/day tended to increase (P — 0.25) from 28.6% in 1975 to 43.97
in 1976.

Source of Daily Nutrient Intake.

The percentages of total daily nutrient intake consumed in the din-
ing hail, at home, at restaurants, and at vendors are shown in Tables
9, 10, 11, and 12, respectively. These mean percentage valises were coin—
puted from group rather than individual data. The values were influ-
enced by the frequency of dining ball attendance shown in Table 1. The
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RIKs consumed 38% of the daily caloric intake at the dining hail in1975 , but only 15% after conversion to CONRAT statue in 1976. The
CON—S group remained constant at approximately 12% of the caloric
intake from the dining hail, whereas the CON—N group increased from
1% to 6% after conversion to the Cash a is Carte system.

Caloric intake data derived from consumptions at home (Table 10),at restaurants (Table 11), and at vendors (Table 12) showed that the
RIKs in June 1976, compensated for the decreased caloric intake in the
dining hail almost entirely by an increased intake at home (26.7% in
1975 vs. 46.5% in 1976). Conversion to the Cash a la Carte system had

* 
I little effect on the source of caloric consumption for the CON—S andCON—N groups. The CON—H group , as expected, consumed approximately75% of calories at home, and only 9% and 11% were derived from restau-rants and vendors , respectively. The CON—S group consumed about 49% ofthe calories at home, 19% at restaurants, and 19% from vendors. Itis noteworthy that after conversion to CONRAT status in 1976, the RIKsconsumed about the same proportional amounts of calories from sources asthose in the CON—s status . The source of other nutrients followed , ingeneral , the same trends as those for energy .

Relative Nutrient Intake From Meals and Snacks.

The percentage of total daily nutrient intake derived from snacksis shown in Table 13. These mean values were also computed from
group rather than individual data. The RIKs derived 20% of the totalcalories from snacks in 1975 but reduced the value to 15% in 1976. Incontrast, the RIKs doubled the percentage of calcium, phosphorus, andvitamin A from snacks in 1976. This indicates a marked shift in thetype of foods the RIlCs consumed as snacks. Such shifts were notobserved in the CON—S and CON-N groups. Before Cash a is Carte was in—troduced , the RIKs obtained a lover percentage of the nutrients,with the exception of calories and carbohydrate, from snacks thanthe CON-S and CON—N groups. These group differences in snacking pat-terns were reduced in the June 1976 study , which suggests that selec-tivity of the quality of snacks increases as dining hail utilizationdecreases.

Nutrient Intake Per Dining Hall Meal.

The effect of conversion to the Cash a la Carte system on averagenutrient intake per dining hail meal is shown in Table 14. All break—fast , lunch , and supper meals were combined and only those subjectsfrom each group who consumed one or more meals at the dining hall wereincluded in these computations. A two—factor analysis of variance(ANOVA) was used to test for significant effects of phase (March 1975vs. June 1976) and status (RI K , cOM—S, and CON—N groups) upon nutrie ntintake per dining hail meal .
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Implementation of the item—nricing component of the Cash a is Carte
system in the dining hail significantly (P—test , see Table 14 for P
va lues) reduced energy, protein, fat, carbohydrate, fiber, ash, calcium,
phosphorus , iron , sodium , potassium , tMamin (mg), riboflavin (aug and
mg/ 1000 kcal), and ascorbic acid intakes per dining hell meal. In con-
trast , item—pricing significantly increased niacin intakes per dining
hail meal when expressed as at~ niacin par 1000 Iced . The remaining van —
shies (7 fat calories, Ca:P ratio , vitamin A, and niacin expressed as tag)
were not significantly altered by item—pricing. A significant (P < 0.05)

- 
- F—value for status effects was observed only for the variable riboflavin

expressed as mg/1000 keel, and thi s was due to the CON—M group consuming
less than either the CON—S or RLy groups in both phases of the study.
There were no significant phase x stCtus interaction ecfects, which in—
dicate that item—pricing tended to influence the nutrient intakes per
dining hail meal of all three grow’s (RIF , COM—S, and CON—N) in a simi-
lar direction. )!nwever , the magn itude of the decrease in macronutrient
and B—vitamin consumptians per meal arn’esrel to be greater for the CON—
S group than for the RIK and CON—N groups.

Item—pricing decreased energy intakes per dining hell meal for —

the combined groups by an average of 17%. Povever, the decrement of
the intakes was even greater for certain other nutrients. Caiciumu and
riboflavin intakes per dining hell inca) decreased by 36 and 30%, respec—
tively. These observations suggest a marked reduction in milk consump—
tion with item pricing. Ascorbic acid intakes decreased by 31%, which
Indicates a marked reduction in citrus fruit and citrus juice consusiup—
tion.

Relative Contribution of Various Food Types to Daily Nutrient Intake.

The quantities of various food types consumed per day during meals,
snacks, and meals plus snacks from both inside and outside dining ball
sources are shown in Tables 15, 16, end 17, respectively. As might he
expected, more beverages (both alcoholic and non—alcoholic) are consumed
during snacks than during meals, whereas more entrees, miscellaneous,
citrus fruits and juices, milk and milk products, and desserts are con-
sumed during meals (Tables 15 and 16).

The average daily milk and milk—product intake of the Rh’ group
markedly decreased from 514.6 gin/day in 1°75 to 331.4 gm/day in 1976
(Table 17). As previously noted in Table 4, the average daily calcium
intake of the RIK group decreased by 286 tag/day after conversion to
COTIRAT status. Food type analyses indicates that 252 tag of this decrease
in calcium intake can he attributed to a reduction in milk and milk—pro—
ducts consumption during meals and snacks. Similarly, the decreased
milk—product consumption of the RIX group in 1*76 can account for
0.41 mg/day of the 0.63 mg/day observed decrease in riboflavin intake.
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These findings clearly indicate that with a decrease in dining hall at-
tendance, average daily milk and milk—product and , concomitantly, cal—
cluin and riboflavin intakes decline markedly.

The previously mentioned indication of a shift in the type of foods
consumed during snacks by the former RIKs in June 1976 was documented by

p food type analyses. Alcoholic beverage intake during snacks and milk
intake increased (Table 16). The reduced percentage of total caloric in—
take derived from snacks (20% — 1975 vs. 157 — 1*76, Table 13) is at-
tributable to reduced alcohol consumption (358 kcal — 1975 vi 91 kcai —
1976) . The increased percentage of calcium (7.6% — 1975 vs. 13.4% —
1976) and phosphorus (5.2% — 1975 vs . 10.7% — 1976) from snacks as shown
in Table 13 was related to an increased milk—product intake (25 gin —

1975 vs. 54 gin — 1976). This increment, however, did not compensate for
the marked decrease in milk consumption of former RI)~s during meals
(500 gin — 1975 ye. 277 gin — 1916) as shown in Table 15.

The effect of the Cash a la Carte system on food type consumption
per dining hall meal ii shown in Table 18. The average milk and milk—
product intake of th, combined group in 1975 was 389.6 gm/meal but
markedly decreased to 200 gm/meal in 1976. Milk and milk products con-
tributed 540 tag calcium and 0.79 tag riboflavin per m eal in 1975, but
only 247 tag calcium and 0.35 ing riboflavin per meal after implementa-
tion of the item—pricing system. Non—alcoholic beverage intake increased
from 72.4 gm/meal in 1975 to 101.9 gm/meal in 1976.

DISCUSSION

[n March 1975, the dining ball utilization of the RIK group (31.67)
was much greater than that of either the CON—S (8.1%) and COM—M (1.07.)
groups. These differences were not unexpected because RIK , in essence,
forfeit a portion of their military salary when they choose to skip a
meal or choose to eat elsewhere, and , thus, are monetarily committed to
consume a significant proportion of their meals in the dining hail.
COMRAT status personnel receive a subsistence allowance (c2.55/day) in
lieu of a galley pass and , thus, have complete freedom of choice as to
where they want to eat their meals. At NAS/Alameda, there were a nina—
ber of readily accessible Base Exchange and coranercially—operated food
outlets in competition with the enlisted dining hall, which, unfortu-
nately, was not centrally located and had only a very limited number of
parking spaces nearby. The main attraction of the dining hail for CO~RAT
personnel was the flat—rate—meal—pricing policy (55c for breakfast, $1.00
for lunch, and $1.00 for supper). These meal rates were based upon raw
food costs and, thus, were considerably less costly than for comparable
meals at any of the alternative food outlets.
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Conversion of RIK personnel to COMRAT status markedly reduced their
dining ball utilization to a level (11.1%) comparable to that of the
Coil—S group (11.0%) in June 1976. The decreased utilization was due to
pat rons attending less frequently and to an increased percentage of the
population who never went to the dining hail. The results confirm pre—
vious findings at Travis Air Force Base where attendance also decreased
when RIKs were switched to a subsistence allowance (11). A number of
changes were made in conjunction with the Cash a is Carte test to at-
tract more COMRAT status personnel to the dining hail and thereby coin—
pensate for the projected decline in attendance by the former RIK group.
These changes included major renovations to the dining area to provide
a more attractive dining environment , progressive cooking techniques to
improve food quality by cooking in small amounts at a race consistent
with customer demand, and menu expansion to provide a greater variety
of meat entrees, vegetables, and short—order items to the customer at
each meal. All food s offered were item—priced according to raw food
cost, and it was anticipated that the opportunity to consume a light
meal at a cost less than the normal flat meal rate might attract more
customers, especially married personnel, at the noon meal. Although the
dining hail utilization rates of the CON-N group increased significantly,
and that of the CON—S group increased slightly after implementation of
Cash a la Carte, these increases did not completely compensate for the
decrease in former Ru’S patronage. Dining ball utilization of the com-
bined sampled population was 8.7% in June 1976 compared to i1.RZ in
March 1975. A decline in customer patronage at ashore dining halls is
a critical problem to the Navy because it m a y  necessitate a reduction
in the number of ashore billets for Navy cooks between periods of sea
duty. A severe decline in attendance could result in the closing of
ashore dining facilities and thereby threaten the training base f or food
service personnel necessary for feeding afloat. Therefore, the Cash a
la Carte system as tested at WAS/Al ameda was not an effective solution
to the problem of declining attendance at ashore dining halls.

The item—pricing aspect of the Cash a is Carte system had a number
of nutritionally undesirable effects upon food—type selection and, con-
sequently, nutrient intakes per dining ball meal. Average milk and milk—
product consumption decreased 49% from 390 gm/meal in 1975 to 200 gm/meal
in 1976. Conversely, average non—alcoholic (carbonated and non—carbon-
ated) beverage consumption increased 41% from 72.4 gin/neal to 101.9 gn/
meal. The decrease in milk consumption , an excellent source of calcium
and riboflavin , was primarily responsible for the marked decrease in
calcium (36%) and riboflavin (30%) intakes per dining hail meal. There-
fore , when offered a choice of milk, carbonated beverages, or non—carbon-
ated fruit punch, equally priced at 10~ per glass, dining hail patrons
markedly reduced their milk consumption and increased their consumption
of less nutritious competing beverages. This undesirable effect of

11. Wetmiller, J. Technical Report 75—35—OR/SA. NARADCOM, 1975
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item—pricing might be minimized if the cost to the customer for a glass
of milk was less than that of a glass of a competing beverage.

The consumption of citrus fruits and juices decreased 447 from
17.4 gm/meal to 9.R gm/meal in 1976. Therefore, patrons were less
likely to consume citrus furits and citrus juices, excellent sources of
ascorbic acid, when they were item—priced than when they were available
at no direct charge to the customer. As a consequence, ascorbic acid
intake decreased 457 from 37.’ mg/meal in 1075 to 25.6 mg/meal in 1076.
The decreases in protein , fat, carbohydrate, iron, vitamin A, and this—
main intakes per dining hail meal in 1076 were relatively pronortional to
the 17% decrease in average energy intake per dining hail meal. Although
we cannot document why the average energy intake per dining hall meal
decreased under the Cash a is Carte system, it may he because the fixed
meal rate pricing policy of the old system encouraged customers to con—
stune a full meal to get their money 1 s worth, whereas the item—pricing

-y policy provided the opportunity to consume a less costly small meal.
Niacin intakes per dining hall meal were similar in both stud ies, hut
when expressed per 1000 keal, niacin intakes increased in 1*76. This
suggests tha t item—pricing enhanced the consumption of breads and ce-
reals. Iten—pricing was not effective in reducing the percentage of
calories derived from fat sources. The 7 fat calories could be reduced
if the dining hail offered low fat or 2’~ vitamin A—fortified milk in—stead of whole milk.

Although the average per dining hail meal intakes of energy, pro-
tein, calcium, iron, vitamin A, thiamin, riboflavin, and ascorbic acid
decreased when the item—pricing poiic~ was instituted , the mean intakes,
with the exception of energy, still exceeded one—third of the military
daily allowance for these nutrients. Thus, the average mean con— -

sumned by dining ball patrons can be assessed as being nutritionally ade-
quate. Powever , this does not mean that all customers consumed nutri-
tionally balanced meals when the, attended the dining hail. Furthermore,
patrons must compensate for the reduction in average nutrient intake per
dining hall meal by consuming meals of greater nutritional quality out—
side the dining bail if they ar. to maintain the sane level of total
daily nutrient intake.

Implementation of the Cash a is Carte system increased the percent-
age of the RIK population with nutrient intakes below the recoemended
allowances. This effect was statistically significant for energy , pro-
tein, and riboflavin. There were also trends, which approached ststis—
tical significance, for the percentage of Rirs with calcium, thiamin,
and ascorbic acid intakes below allowances to increase under the Cash
a la Carte system. These undesirable effects occurred concomitantly
with the marked decrease in dining ball utilization and the decline in
nutrIent intakes per dining ball meal. No significant effects of the
Cash a la Carte system on the nutrient intake distributions of the
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COM—S group were detected , but it should be recalled that the dining
hail utilization of this group remained unaltered after conversion to
the new system. Therefore , it would appear that the decline in dining
hail utilization was the primar y fac tor contributin g to the less desir-
able nutrient intake patterns of the RIK group after conversion to COMRAT
status.

Food type consumption anal yses also suggest that all—COM RAT p01—
icy bad a greater impact upon the former R1Ts than the item—pricing as—
pect of the Cash a is Carte system. Item—pricing of milk reduced the
dining hall milk and milk—product consumption of the RIK group by 54 gm/
day (391 gm/neal in 1975 vs0 228 gm/meal in 1976 x 0.334 dining bali
m eals/day in 1976). Total daily milk and milk—product consumption of

-• the RIK group decreased 194 gin/day (525 gm/day in 1975 vs. 331 gm/day
in 1976) . Therefore, 28% (54 gm 4 194 gut x 100) of the decline in total
daily milk and milk—product consumption by the RIK group can be attrib-
uted to item—pricing of milk in the dining hail, and 72% can be attrib—
uted to decline in dining hail attendance following conversion to COMBAT
status. The decline in dining hail utilization lowered total daily milk
and milk—product consumption because the RIK groun consumed much smaller
quantities of milk and milk products during m eals outside the dining
hall (104 gm/meal in 1975 and 113 gm/meal in 1976). Like the RIK group,
the COM—S group also consumed more milk and milk products during dining
hail meals (397 gm/meal in 1975 and 206 gm/meal in 1976) than during
meals consumed away for the dining ball (130 gm/meal in 1975 and 140 gW V

meal in 1976). V

It is interesting to speculate what the effect on milk and milk—
product consumption might have been if the new system had included a is
Carte but not the all—COMBAT policy. If one assumes that the dining ball
attendance rate of the RIK group in 1975 (0.95 meals/day) had remained
unchanged and that item—pricing reduced dining hail milk and milk—pro-
duct consumption by the same 163 gm/meal, then the total daily milk and
milk—product consumption of the RI!~ group would have decreased by 155 gm/
day or 80% of the decline (194 gm/day) actually observed. Therefore,
item—pricing of milk in the dining hail at a price identical to that of
competing beverages will have a marked undesirable impact upon the total
daily milk and milk—product consumption and, subsequently, the calcium
and riboflavin intakes of patrons who consume a substantial number of
their meals in the dining hail. The effect, of course, would be much
less on those patrons who only infrequently eat meals in the dining
hall.

In contrast to calcium and riboflavin intakes, the decreases in
total daily protein, thiamnin, and ascorbic acid intakes of the RIK group
were proportionally similar to or less than the recorded decrease in to-
tal daily energy intake. Therefore, the decline in protein, thiamnin,
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and ascorbic acid intakes were related to decreased energy and, presum-
ably, total food consumption by the former RITI rather than to decreases
in their consumption of specific food groups.

There are a number of factors which must he considered before con-
clusions are drawn from the total daily energy intake data. It is
reasonable to assume that groups of adult humans viii consume calories

• in relative proportion to the daily energy requirements to support their
individual levels of basal metabolism and physical activity. A consis-
tent surfeit or deficit of even 100 kcal/dav will result in a body adi-
pose tissue change of approximately 4 .7 kg in a year’s time. If one
considers the average age (26 years) , body weight (76 kg) , and level of
physical activity (moderate) of the male population at NAS/Alameda , it
is reasonable to assume that the actual average daily energy intake was
approximately 3000 kcal/day. The reported average energy intake of all
287 subjects studied was 2552 kcai/day. Therefore, the diary—interview
technique may have underestimated total daily energy intake by approxi-
mately 15%. Since we have estimated that the technique underestimated
energy intake per dining ball meal by 8%, it follows that the error was
greater than 8% for food s consumed outside the dining hail and may have
approached or even exceeded 15%. We must assume , therefore, that this
systematic error in measurement contributed to the reported large dif-
ference (570 kcal/day) in average total ‘~aily energY intakes of theRIK group in 1975 and 1976. Accordingly, we are reluctant to conclud e
that conversion to the Cash a la Carte system significantly reduced the
total daily energy intake of the RIK group. Bowever, the systematic
error does not preclude the earlier conclusions because the magnitude
of the RIK group ’s decrease in milk and milk—product consumption and
calcium and riboflavin intakes was much greater than the decrease in
energy intake.

CONCLUSIONS

1. Conversion of RIK personnel to COMRAT status reduced their
utilization of the dining hail from 31.67 in 1~75 to 11.1% in 1976.
Implementation of item—pricing and renovation of the dining ball in-
creased the dining hail utilization of the COM—M group from 1.0% in 1975 V

to 5.3% in 1976 but did not significantly increase the dining hail
utilization of the COM—S personnel. Therefore, the Cash a in Carte sys—

• ten was not an effective solution to the problem of declining attendance
at ashore dining halls.

2. The major nutritional impact of the a la Carte pricing policy
was to reduce milk and milk—product consumption and, consequently, cal-
cium and riboflavin intakes per dining hail meal were reduced. Item-.
pricing also reduced citrus fruit and citrus juice consumption and,
consequently, ascorbic acid intake per dining hall meal was reduced.
The iverage energy, protein, phosphorus, iron, and thiamnin intakes per
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dining hail meal also decreased. Item—pricing and modifications to the
menu were not effective in reducing the percentage of calories derived
f rom fat sources . Although nutrient intakes per dining hall meal de—
creased under the new system, the mean intakes (with the exception of
energy) still met or exceeded one—third of the military daily allowance
for these nutrients.

3. The combined effects of the Cash a la Carte system to reduce
dining hall attendance and nutrient intakes per dining hail meal had an
undesirable nutritional impact upon the total daily nutrient intakes of
former RIK personnel . Total daily milk and milk—product consumption
markedly decreased with a corresponding decrease in calcium and ribo—

- flavin consumption. Fur thermore, the percentage of RIKs with calcium
and riboflavin intakes below the recczwtended daily allowances increased
after implementation of the Cash a in Carte system. Because CON—S and
CON—N personnel consumed less than 12% of their daily calories in the
dining hall, the changes associated with item—pricing did not signif i—
cantly affect their total daily nutrient consumnptions.

RECOI4IEIThATI(tNS — 
-

Our recormtendations based upon the nutritional impact of the Cash
a la Carte system as tested at NAS/Alauned a are as follows:

1. Discontinue conversion of all rations—in—kind personnel to com-
muted rations status, especially at military installations with readily
available alternative food outlets.

p..-

2. If the a la Carte system is continued, provide milk, partic—
ularly low fat or 2% vitamin—A—fortified milk , item priced sufficiently
lower than cost (to be below soft drink prices) to stimulate milk con-
sumption and thereby improve calcium, vitamin A, and riboflavin intakes.

3. Give further consideration to modifying the item—pricing sys-
tem so as to improve the nutritional health of military personnel.
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TABLE 3

EVALUATION OF DAILY DIARY—I1ITFRVTFTY TPCP1TIOUP

NAVAL AIR STATION, ALAYIFT)A, CA

MARCP 1975

-. 
* - COMPARISON RATIOS’

NUTRIENT Mean ± ST) Percent c i, n2 
Percen t )‘ 1.O3~

fluantity 0.92 ± 0.30k 71.0 29.0

Energy 0.92 ± 0.26 72.6 27.4

Protein 1.01 ± 0.32 54.5 45.2

Fat 0.98 ± 0.28 61.3 38.7

Carbohydrate 0.85 ± 0.32 82.3 17.7

Calcium 0.96 2 0.56 72,6 27.4

Phosphorus 1.00 ± 0.44 62.Q 37.1

V 
Iron 0.93 ± 0.26 67.7 32.3

Vitamin A 0.85 ± 0.33 758 24.2

Thiainin 0.96 ± 0.35 61.~3 38.7

Riboflavin 0.98 ± 0.48 69.4 30.6Niacin 1.05 ± 0.52 56.5 43,5

Ascorbic Acid 0.78 ± 0.42 79.0 21.0

All variable. (~) 0.94 6R.2 F ~ 31.R~

‘Diary—Interview nutrient Intake 4 observed nutrient intake.
2
Compari.on ratio less than 1.0 (Diary—Interview ‘C Observed).

3Ccmparison ratio greater than 1.0 (Diar y-Inte rview > Observed).

— 62 subject..
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TABLE 5
RECO1OIENDED DAILY DIETARY ALLOWANCE

NATIONAL RESEARCH BUMEDINST 1U11O,3E2
NUTRIENT COUNCIL (1974)1 AR 40—25 (1976 )

L
Energy (kcal) 3000 3200
Protein (gm) 54 100

V 

Calcium (mg) 800 800
Phosphorus (mg ) 800 800
Iron (mg ) 10 18
Vitamin A (IU) 5000 5000
Thiamin (mg) 1.5 1.6
(mg/1000 kcal) 0.5 0.5

Riboflavin (mg) 1.8 2.0
(mg/b OO kcal) 0.6 0.6

NiaciD (mg) 20 21
(mg/b OO kcal) 6.6 6.6

Ascorbic Acid (mg) 45 60

‘Males, 19—22 yeare of age, v.ighing 67 kg. 2flale military personnel (17—
25 years of age), moderately activ., In a t~~’sperate clim ate.

(See Appendix C for discussion of the differences between the National
Research Council and AR 40—25).
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APPENDIX C -

A Cosparison of the Recoimuended Dietary Allowances (National
Research Council vi Daily Dietary Allowances (Nutritional Standards
for Military Personnel),

Throughout this report coi~pariaon has been made of the nutrient
intake of the subjects at NAS, Alameda with the Recounnended Dietary

- 

I 

‘ Allowances (RDA) promulgated by the National Research Council and the
Daily Dietary Allowances (!~A) listed in the Tn —service Regulation
“Nutritional Standards” (AR 40—25, BUMEDINST lOllO.3E, APR 160—95).

- -

V In the text the Impression is obtained that these two standards or
allowances are radically different. The recommended levels for daily
nutrient intake are given in Table 5, In essence, the recommendations
contained in the ~fi~A differ from those in the RDA for only three
nutrientsi energy, protein and ascorbic acid,

-9

“Nutritional Standards,” DOD Manual l338.lO—M dated 19 June 1972,
directed that the nutritional standards for the daily food allowance
for personnel of the military services be established. It further
stated that all levels of nutrients adopted as standards would be based
on the latest National Academy of Sciences/National Research Council’s
publication, Recoimnended Dietary Allowances. It was further stated
that the standards would reflect the requirements of men and women
between the ages of 17 and 25. The RDA cited in Table 5, addresses 

- 

-

only males between the ages of 19 and 22 years1 It should be noted
that the techniques used for development of the RDA have varied slightly
with each coi,unittee responsible for developing the new Recommended
Dietary Allowances. The fact that the committee membership, preparing
the new additions varies from edition to edition, explains the dif-
ferences in the approaches and, to a degree, in the allowances estab-
lished, It also helps to emphasize the difficulty in establishing
allowances which will satisfy the needs of all people, without over-
supplying some and undersupplying others.

There is a difference in the populations being addressed by the
RDA from those being addressed by the MDA. For example, the males
being addressed in the 19 to 22 year age group, by the RDA, are said to
be 67 kg of weight and 172 cm in height, living in a moderate environ-
ment with light to sedentary physical activity predominating with periods
of moderate activity, The reference man in the RDA for the next age
group given, i.e., 23 to 50 years is 70 kg in weight and 172 cm in
height , with a similar degree of physical activity and environmental
~~~posure. In establishing an )fl~A for the 17 through 25 year age group,
no att~~pt was made to define the height/veight characteristics of the
reference male, However, in all surveys conducted by the U.S5 Army
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Medical Research and Nutrition Laboratory (USA}fl~NL) and the Letterman
Army Institute of Research, the average height has exceeded that of
the RDA reference man, uaually by 2 cm and sometimee by as much as
over 4 cm. The average weight has exceeded the weight for the adult
males in the 19—22 year and the 23—50 year group, cited in the RDA.
While the increased weight observed in the military could be ascribed
to an Increase percentage of body fat, it could equally be ascribed
to an increase in the lean body mass as a reflection of the physical
selection process required in the acceptance of personnel for the miii—
tary services, The height and weight data for the military corresponds
more closely to the height and weight data for males of the same age

‘ determined in the course of the Health and Nutrition Examination Survey
conducted on a statistical sample of the American civilian population
by the National Center for Health Statistics than they do with the
referenced men cited in the RDA. The HDA was established to satisfy
the needs of the most susceptible sub groups in the military population.
Present within the military are many sub groups that are required to
perform physical activity in their occupational specialty at a mode—
rate level (or greater) of physical activity.

As previously stated, the MbA only significantly varies from the
RDA for three nutrients, energy, protein and ascorbic acid. The rca—
sons for the variations for the three nutrients will be discussed,

Factors influencing requirements for energy in the Late adolescent
and adult male include physical activity, body size, climate, and growth
requirements for the late adolescent. All studies available indicate
that military personnel is larger than the referenced man used in the
RDA and many sub groups of military personnel are expected to be con-
sistently more active than the referenced male of the tWA. In addition,
allowance should have been made for the increased needs for final growth
of the 17 and 18 year old males within the armed services but , because
of the minimal number of 17 year olds in the services, complete recog-
nition of this need was not given, Because of these factors the Daily
Dietary Allowance for Energy was established at 3200 kcalories per
day, with the realization that if the number of 17 year olds were to
increase significantly (as during a period of mobilization) that this
allowance would undoubtedly have to be increased.

Protein allowance provided by the 1IDA is at gonsiderable variance
from that provided in the 8th edition of the RDA. It ii emphasized
that the RDA in Table 5 is from the 8th edition. In some previous
editions, the RDA for protein has bean as much as 25% higher than that
given in the 8th edition. There are a number of factors that influence
the choice contained in the MbA. Adolescents, still in the growth
phase, have a higher requirement for protein than do 19 to 22 year
old males, The RDA is based upon 0.8 grams of protein per kg of body
weight per day.
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We have already cited that the size of the military population of con—
cern i.e., 17 to 25 exceeded that of the referenced males in the tW A.
Had the protein level from the tWA and the 3200 kcal allowance cited
in the MbA been used the dietary protein allowance would have provided

~, only 6.75% of the calories from protein. The average American diet
provides between 12 and 13% of the calories from protein and the foods

F-- , providing the protein are generally sought after or favored items,
At the meeting of the comeittee that established the MbA there was

- ~ marked concern expressed by the personnel involved with food service
• that if we used the tWA recommendation for protein that the patronage

of the food service facilities would decrease even further if that
allowance for protein were ever used in formulating menus for the dining
facilities, There was further concern that if the intake of protein
were limited to that in the tWA that difficulty would be encountered
in obtaining sufficient iron intake for the personnel to receive their
daily needs, Theref ore, the level of protein intake recommended was
chosen to equate with the normal American consumption pattern. The
allowance of 100 grams of protein per 3200 calories provides that 12.5% -

~~~~~

of the calories will be derived from protein. This figure correspond.
quite closely with the recommended protein intake contained in the
“Dietary Goals for the United States” promulgated by the Select Com-
mittee on Nutrition and Human Needs of the United States Senate.

The recommendation for ascorbic acid for adults, contained in
the RDA was based principally on studies conducted by the USMRNL and
joint studies conducted by USAIIRNL and the University of Iowa. The
design of these studies permitted determination of the exact daily
rate of utilization of ascorbic acid. These studies demonstrated that
men under moderately severe emotional stress utilized up to 57 milli-
grams of ascorbic acid per day. This fact was transmitted to the corn—
mittee formulating the RDA but they chose to ignore that observation V

allegedly because persons under moderately severe stress did not
represent the normal population. It was the feeling of the committee
formulating the MbA that military personnel may be subjected to the
extremes of emotional stress through combat exposure to adverse cli-
mates social privation or deprivation, extremes of altitude etc.
Because of that, the Committee recoemended retaining the MbA for as—
corbic acid at 60 milligrams per day as had been cited in the 7th
edition of the tWA. It may be of note that studies that have been - 

-

completed and, others currently ongoing in Sweden are substantiating
this recommendation,

The DOD Manual 1338,10—H directed that the nutritional standards
be established for the age 17 through 25, In establishing the allow-
ance for iron the MbA was taken directly from the tWA for 15 to 18
year old males which provides 18 milligrams per day.

- 
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In comparing the MbA with the RM in Table 5 the MbA for thiam in,
riboflavin and niacin appears to be greeter . However , the thismin
recammendat ion contained within the tWA is based upon 0.5 milli,gr s
of thiamin per 1000 calories ; that f or r iboflav in, 0.6 per loon
calories while niacin is 6.6 milligrams per 1000 calories. These
same factors were used in calculating the recommended allowencea in
the MM and the slight increase reflects the slight increase in the
allowence for energy.
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GLOSSARY OF T?RMS A1Th AB~RFVIATIO~S

ANOVA Analysis of variance
I~ureau of ~~edicine Instr uction

• Ca:P Calcium—Phosphorus ratio

COMRAT Commuted rations (personnel receive
cash in lieu of meal/galley pass)

Coil—)’ Commuted Ration—Married

COM— S Commuted Ration—Single

kcal l~i1ocalor ies

LAIR Letterman Army Institute of Research

NARAJ~C0M Itnited States Army Natick Research
and !)evelopment Coi’m~and

Military dietary allowance

NAS Naval Air Station

NRC National Research Council

p Probability

R’EK Rations—In—Kind (personnel issued
meal/galley pass)

RDA Recommended dietary allowance

1I~DA United States Department of Agriculture

~ 
67

~~~~~~~~ - ‘.-- -~ - - - - V  — — -~- ~V ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— —

S - 
~~~~~ 

—.5 — - -~ —----_-~~ - J

L - —



--p r1~~ — — 
~~~~~~~ 

p!.. w— ~~
- —.

~~- --~~~— .---V~~-~
-V

~~~--.--.~, — — - - — — —

DISTRIBUTION LIST

US Army Medical Research and 5
Development Command
Washington, DC 20314

Defense Documentation Center 12
ArrN: DDC-TCA
Alexandria, VA 22314

Superintendent i
Academy of Health Sciences, 115 Army
ATrN: APS-COM
Ft San Houston , TX 78234

Dir of Biol & Med Sciences Div 1
Off ice of Naval Research
800 N. Quincy Street
Arlington, VA 22217

- 

I 

CO, Naval Medical R&D Command 1
National Naval Medical Center
Bethesda, Mb 20014

Dir of Prof Svcs 1
Office of the Surgeon General
Department of the Air Force
Washington, DC 20314

Dir of Defense Research and Engineering 1
ATTN: Asst Dir (Environmental and Life Sciences)
Washington, DC 20301

68

- 
~~~~~~~~~~~~~~~~~~~~~~~~ 

L-_~!~ ~~~~~~~ 
-
~~ — 

—-—---—~ -—- -—~~j .  ~~~~~~~~~~~~~~~~~~~~~~~~~~


