
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19181

Pages
94

Size
7 x 11

ISBN
0309320518

Combat Field Feeding System (1987) 

Committee on Military Nutrition Research; Food and 
Nutrition Board; Commission on Life Sciences; National 
Research Council 

http://www.nap.edu/catalog.php?record_id=19181
http://www.nap.edu/related.php?record_id=19181
http://www.nap.edu/catalog.php?record_id=19181
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


REFERENCE COPY 
fOR LIBRARY USE ON'LY 

COMBAT FIELD FEEDING SYSTEM 

Committee on Military Nutrit ion Research 

Food and Nutrition Board 

Commission on Life Sciences 

National Research Counc il 

National Academy Press NAS-NA:: 
Washington , D . C .  

1986  
F f_ B 2 1 1�SFi 

LIBRARt 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


NOTICE : The proj ect that is the subj ect of this report wa s approved by 
the Governing Board of the National Research Council , whose  members are 
drawn from the counc ils of the National Academy of Scienc es , the 
National Academy of Engineering , and the Institute of  Medic ine . The 
members of the c ommittee responsible for the report were chosen for 
their spec ia l  competence& and with regard for appropriate balance .  

This report has been reviewed b y  a group other than the authors 
according to proc edures approved by a Report Review Committee consisting 
of  members of  the National Academy of  Scienc es , the National Academy of 
Engineering , and the Institute of Medicine. 

The Research Counc il was established by the National Academy of 
Sciences in 1 91 6  to assoc iate the broad community of sc ience and 
techno logy with the Academy ' s  purposes of furthering knowledge and of 
advising the federal government . The Council operates in accordanc e 
with general policies determined by the Academy under the authority of 
its congressional charter of 1 86 3 ,  which estab lishes the Academy as  a 
private ,  nonprofit , self-governing membership corporat ion. The Counc il 
has become the princ ipa l  operating agency of both the National Academy 
of  Sc ienc es and the National Academy of  Engineering in the conduc t of 
their servic es to the government , the public , and the scient ific and 
engineering c ommunit ies . I t  is administered joint ly by both Academies 
and the Institute of Medicine . The National Academy �f Engineering and 
the Institute  of Medic ine were established in 1 964 and 1 970 , 
respectively , under the charter of the National Academy of Scienc e s .  

Th e  work on which this pub lication is based was performed pursuant 
to Contrac t DAMD1 7 -82-C-2306 between the U . S .  Army Medical Research and 
Development Command and the National Academy of Sc ienc es . 

Copies available from : 

Food and Nutrit ion Board 
National Research Council 
2 1 01 Const itut ion Avenue , NW. 
Washington , D . C .  20418 

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r i gh ts  reserved .

Combat  F ie ld  Feed ing  Sys tem
ht tp : / /www.nap .edu /ca ta log .php?record_ id=19181

http://www.nap.edu/catalog.php?record_id=19181


COHMMITTEE ON MILITARY NUTRITION RESEARCH 

ROBERT 0. NESHEIM (Chairman) , Science and Technology , Cambridge Plan 
Internat ional ,  Pac ific Grove , California 

ELSWORTH R.  BUSKI RK, Laboratory for Human Performance Researc h ,  
Pennsylvania State University , University Park, Pennsylvania 

C .  0. CHICHESTER, Department of Food Science and Technology , University 
of Rhode Is land , Kingston,  Rhode Is land 

ALLAN J .  FORBES , Office of Nutrition and Food Sciences , Center for Food 
Safety and Applied Nutrition , Food and Drug Administrat ion, 
Washington, D . C .  

ARrHUR L .  HECKER, Medical Nutrition Research,  Ross  Laboratories , Inc . , 
Columbus , Ohio 

D.  MARK HEGSTED, Harvard Medical School , New England Regional Primate 
Center , Southborough,  Massachusetts  

J ANET c .  KING , Depart ment of Nutrition Science ,  Univers ity of California , · 
Berkeley , california 

DAVID A.  LEVITSKY , Division of Nutrit ional Sciences , Cornell  University , 
I thac a ,  New York 

RICHARD c. MOHS ,  Depart ment of Psychiatry , Mt . Sinai School of Medic ine , 
Veterans '  Administration Medical Center,  Bronx , New York 

JERRY RIVERS , Division of Nutrit ion and Foods , University of Texas , 
Austin ,  Texas 

DANIEL RUDMAN , Division of General Medic ine , University of Health 
Sciences , Chicago Medical School ,  North Chicago , Illinois 

National Research Council Staff 

SUSAN BERKOW, Staff Officer , Food and Nutrition Board 
NORMAN GROSSBLATT , Editor ,  Commission on Life Sciences 

SUSHMA PALMER, Executive Director,  Food and Nutrition Board 

iii 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


FOOD AND NUTRITION BOARD 

KURT J .  ISSELBACHER (Chairman) , Harvard Medical School and Department of 
Gastroent erology , Massachusetts  General Ho spital ,  Boston, 
Massachusetts 

RICHARD J .  HAVEL ( Vice Chairman), Cardiovascular Research Institute ,  
University of  California School of Medicine , San Franc isco ,  California 

HAMISH N .  MUNRO ( Vice Chairman), Human Nutrition Research Center on Aging , 
Tuft s University , Boston , Massachusetts 

WILLI AM E .  CONNOR , Depart ment of Medic ine , Oregon Health Sc ienc es 
University , Port land , Oregon 

PETER GREE NWALD , Division of Canc er Prevent ion and Contro l , National 
Cancer Institute ,  Bethesda , Mary land 

M.  R .  C .  GREE NWOOD ,  Depart ment of Biology , Vassar Co llege , Poughkeepsie ,  
N ew  York 

JOAN D. GUSSOW , Depart ment of Nutrition Educat ion, Teachers Co llege,  
Columbia University , New York, New York 

JAMES R .  KIRK, Research and Development , Campbell  Soup Company , Camden,  
New Jersey 

REYNALDO MARTORELL , Food Research Institute ,  Stanford University , 
Stanford , California 

WALTER MERTZ,  Human Nutrit ion Research Cent er , Agricultural Research 
Servic e ,  U . S .  Department of Agriculture ,  Beltsvil l e ,  Maryland 

J. MICHAEL MCGI NNIS ,  Office  of  Disease Prevention and Health Promotion, 
u.s. Depart ment of  Hea lth and Human Services , Washington , D . C .  

MALDEN c. NESHEIM, Division of  Nutrit ional Sciences , Cornell  University , 
Ithac a ,  New York 

RONALD c. SHANK, Depart ment of Community and Environmental Medic ine and 
Depart ment of Pharmacology , University of California , Irvine , 
California 

ROBERT H .  WASSERMAN ,  Depart ment /Sec tion of Physiology , New York State 
Col l ege of Veterinary Medicine , Cornel l  University , Ithac a , New York 

MYRON WINICK, Institut e  of Human Nutrit ion, College of Physic ians and 
Surgeons ,  Co lumbia University , New York, New York 

SUSHMA PALMER ,  Executive Direc tor ,  Food and Nutrition Board , Nat ional 
Research Council , Washington , D .C .  

iv 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


CONTENTS 

I NTRODUCTION AND BACKGROUND 1 

COMMITTEE FINDINGS AND CONCLUSIONS 2 

SUMMARY AND RECOMMENDATIONS 9 

REFERENCES 11  

APPENDIX A - SUMMARY OF COMBAT FIELD FEEDI NG SYSTEM TEST 
BACKGROUND OBJECTIVES A-1 

APPENDIX B - FOOD ,  BEVERAGE , AND ACTIVI TY  SCHEDULE B-1 

APPENDI X  C - NUTRITION ISSUES , CRITERIA, METHODS , AND 
I NVESTIGAXORS ' PROPOSED CONCLUSIONS C-1 

APPENDI X D - MACRONUTRIENT AND MICRONUTRIENT INTAKE D-1 

APPENDIX E - MRDAs FOR SELECTED NUTRIE NTS E-1 

APPENDI X  F - STANDARD VALUES INDICATIVE OF NUTRITIONAL 
DEFICIE NCIES F-1 

APPENDIX G - NUTRITIONAL STATUS I NDICATORS G-1 

APPENDIX H - SELECTED HEMATOLOGIC AND HYDRATION VARIABLES H-1 

APPENDI X  I - BODY-WEI GHT-CHANGE DATA I-1 

APPENDIX J - URINE SPECIFIC GRAVITY AND OSMOLALITY J-1 

APPENDI X K - BODY COMPOSITION DATA K-1 

APPENDIX L - HAND-EYE COORDINATION L-1 

APPENDIX M - MEASUREMENT OF FOOD AND WATER CONSUMPTION M-1 

APPENDIX N - MUSCULAR STRENGTH AND MUSCULAR ENDURANCE N-1 

v 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


INTRODUCTION AND BACKGROUND 

The Committee on Military Nutrit ion Research of  the National Research 
Counc il ' s  Food and Nutrit ion Board reviewed and evaluat ed the data and 
resulting conc lusions and rec ommendations pertaining to  specific nutri­
tional and medical questions addressed by the Combat Field Feeding System­
Force Development Testing and Experimentation ( CFFS-FDTE ) conduc ted by the 
U . S .  Army at Pohakuloa Training Area , Hawaii, in July and August 1985 .  

Two members of the committee and the FNB staff  offic er vis ited the 
site  while the CFFS t est  was being conducted , to observe field conditions 
and ac tivit ies , data collection , and laboratory fac ilit ies and to meet 
with the test  subjec t s  and staff . The entire committee then reviewed and 
discussed the test methods , data , and results with the Nutrit ion Research 
Task Force o f  USARIEM during a 3-day meeting held November 1 9-21,  1985 ,  
a t  Nat ick,  Massachuset t s .  After extensive discussion and review of  all  
available data , the committee reached the  conclusions presented in this 
report . 

It  is the understanding of  the committee that the U . S .  Army Nat ick 
Research and Development Command was charged to design and develop a suit­
able feeding system to  meet the demands of  future combat sit uat ions more 
adequately than the current system. The new system, based primarily on 
Meals-Ready-to-Eat (MREs)  and t ray-pack ( T )  rat ions , is intended to incor­
porat e modern t echnologic advances in food process ing , packaging , and 
equipment ; provide nut rit iona lly adequate rat ions ; and reduc e  combat food­
servic e  requirements for labor ,  fuel , and food preparat ion time .  The 
CFFS-FDTE was thus designed to evaluat e  the ability of the Combat Field 
Feeding Syst em  ( CFFS ) to provide subsistence support to and maintain the 
health and nut rit ional well-being of  troops engaged in moderate ac tivity 
for a spec ified period (Appendix A) . The actual field testing was under­
taken by the u.s. Army Research Inst itute  of  Environmental Medic ine 
(USARIEM) . 

The field test was conduc ted over a 44-day period at Pohakuloa Train­
ing Area (PTA) , Hawaii. The site  has an elevation of approximately 6 , 000 
feet ; is dry ,  dusty , and rugged ; and has an average ambient temperature 
of  72°F .  Two hundred forty persons from six unit s  volunteered t o  serve 
as test subj ec t s : 40 men each from three art illery battalions , one combat 
support company , and one combat service support company and 40 women from 
a combat servic e  support company . Volunteers from all unit s were main­
tained on three MREs per day for the first 3 days of the study . Each 
group was then changed to one of five rat ion regimens , as fo llows:  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o m b a t  F i e l d  F e e d i n g  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 8 1
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o Group 2A: one MRE and t wo A rat ions (meals prepared with shel f­
stab le and fresh ingredient s ; refrigeration or ice required) .  

o Group 2B : one MRE and t wo B rat ions (meals  prepared by cooks with 
shelf-stable  ingredient s ,  primari ly dehydrated ; no refrigerat ion needed ) . 

o Group lT : two MREs and one T rat ion ( heat-s terilized t ray packs 
warmed by cooks ; no refrigerat ion needed . )  

o Group lTF ( the female group ) : two MREs and one T rat ion ( comparable 
with regimen of Group lT) .  

o Group 2T : one MRE and t wo T rations . 

o Group 2TE : one MRE and two T rations augmented with enhancement s 
from A rat ions and B rat ions during the latter phase of  the study . 

Members of  all  groups partic ipated in their normal training exerc ises 
throughout the study . ( For further details  of schedules for feeding , 
fluid intake , and activity , see Appendix B . ) 

To eval uat e the adequacy of  the proposed rat ions to support the nutri­
t ional health and well-being of the t roop s ,  the investigators ident ified 
six issues that needed to be addressed . These issues , the c riteria and 
methods used to examine them , and the resulting analysis and recommenda­
t ions of the Nutrition Research Task Forc e  of USARIEM are desc ribed in 
detail in Appendix C .  The supporting data can be found in Appendixes D ,  
G ,  H ,  I ,  J ,  K ,  and L .  The Committ ee on Military Nutrit ion Research exam­
ined each issue by reviewing the assoc iated criteria and methods and 
as sess ing how well the data support ed the USARIEM invest igators ' conc lu­
sions and proposed recommendations .  

In the following discussion , the c ommitt ee responds first t o  Is sues 
2 . 1 and 2 . 4 ,  because they are direc t ly related, and then to Issues 2 . 2 ,  
2 . 3 ,  2 . 5 , and 2 . 6. 

COMMITTEE FINDINGS AND CONCLUSIONS 

Issue 2 . 1: Wil l troops eat a suffic ient quant ity of CFFS rat ions ( T ,  B ,  
and A rat ions and MRE a )  over an extended period (42-49 days )  
t o  meet the S urgeon Genera l's Mi litary Rec ommended Dietary 
Allowances (MRDAs ) for protein ,  vitamins , minera l s ,  fat , and 
energy? 

The c ommittee conc ludes that the calc ulated nutrient consumpt ion by 
each of the s ix teat  groups probab ly met the MRDAs proposed in the test 
standard for aLmost all  nutrient s measured . ( See Appendix D for nutrient 
intake data ; see Appendix E for MRDAs . ) The validity of nut rient intake 
data depends direct ly on the accuracy of the estimat es of food intake and 
of the nut rient content of  the various rations . Accurate measurement of  
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food intake under field condit ions is  exceeding ly d ifficult .  The inves­
t igators des igned an innovat ive system both to measure food consumpt ion 
and to validate their measurement s .  ( See Appendix M. ) 

Confidenc e  in the data conc erning nutrient content of  the MRE and the 
T-rat ion components as consumed would be subs tant ia l ly inc reased if  these 
food items had been chemically ana lyzed c loser to the t ime of  their con­
sumpt ion.  The MREs were in storage for approximat ely 3 years before the 
study , and nutrient compos it ion data were obtained at the t ime of their 
formulat ion. The result s of current analyses would be espec ial ly useful 
for eva luat ing the nutrit iona l adequacy of  the rat ions , in light of the 
fai lure to obtain some nutrit iona l status indicators , inc luding serum 
concent rat ions of vitamin C ,  thiamin,  riboflavin , niac in , and vitamin B� 
( see the discuss ion of  Issue 2 . 4 ) . The rations were probab ly adequate 1n 
these nutrient s ,  but analytic data on the compos ition of  the MREs and T 
rations are necessary to  confirm the calculated nutrient consumption data .  
Without these analyt ic data , valid conclusions cannot b e  made concerning 
nutrient intake . Representat ive samples of the MREs fed during the study 
are available  at USARIEM, and the c ommittee st rongly recommends that 
these rations be  analyzed and compared with the calculat ed estimates of  
intake . I t  is  the committee's understanding that the  MREs have not been 
ana lyzed for many nutrient s known to be essent ial--such as zinc , 
magnesium, folac in , vitamin Bl2 • selenium , copper , and chromium--and 
the c ommittee suggests  that these nut rients be inc luded in the analysis . 

Average daily calc ium intakes met the MRDA only in groups that 
rec eived milk ( Groups 2A, 2B, and 2TE ) . The defic it in intake was part ic­
ularly large for women ( Group lTF) . It should be not ed , however ,  that 
these intakes do not differ s igni ficant ly from those found in studies on 
the u.s. c ivi lian population , as report ed by the second Nat ional Health 
and Nutrit ion Examinat ion S urvey ( DHHS , 1 983 ) . Because women have a lower 
energy intake , it is more di fficult for them to meet thei r calc i um  
requirement . Given the c urrent MRDA for calcium ,  the c ommitt ee recommends 
that methods for increas ing the calc ium content of  the MRE and T rat ions 
be invest igat ed . 

The MRDA suggests  a maximal sodium intake of  1 , 700 mg/1, 000 kca l .  
This intake was attained o r  moderately exceeded in a l l  test  group s .  In 
keeping with the desirabi lity of  lowering sodium intakes in the popula­
t ion , effort s should be made to reduce sodium intake while providing safe 
and acceptable food s .  

Is sue 2 . 4 :  Will t roops subsist ing on CFFS rat ions over an ext ended period 
(42 -49 day s )  maintain their nut rit ional status ?  

The committee conc ludes that protein , vitamin A ,  vitamin C ,  thiamin , 
riboflavin , niac in , and vitamin B6 nutriture was probab ly maintained 
throughout the study . ( See Appendix G for data on nut rit ional status . ) 
Definitive conc lusions cannot be made for vitamin C ,  thiamin, and ribo­
flavin, owing to the lack of va lid analyt ic measurement s due to improper 
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handling of samples and cont ractor error . Vitamin C status could not be 
evaluated, because samples were not ac idified in the field and ascorbate 
was thus destroyed before analy s i s .  The ana lyt ic methods requested b y  the 
nutrit ion staff  for thiamin and riboflavin determination were not used by 
the contrac t ing laboratory , so serum concentrat ions of these nut rients are 
not avai lable . However ,  intake of  these three nutrients appeared adequate ,  
a s  j udged by food consumpt ion data that ind icate that  intake exceeded the 
MRDAs . Nutrient analys is  of the food consumed that supported the calc u­
lat ed data ( as recommended in the disc uss ion of Issue 2 . 1) would inc rease 
the confidenc e in this conclusion. 

Serum calc ium conc ent rat ions were not measured in this study , because 
the concentration of calcium in p lasma is stable and therefore is not an 
indicator of calcium nut rit ure . It  has been suggest ed that bone-dens ity 
measurement s might be a more reliable indicator of ca lc ium status , but 
such a measurement was not feasible  in this field situat ion.  

The commit tee conc l udes that a l l  groups maintained adequate folac in 
status ,  a lthough , accord ing to the biochemical c rit eria established for 
this  study , serum fo late concentrat ions were to be cons idered unacceptable 
if  below 6 ng/ml. In a rec ent report of the Life Sc ience Research Office  
(LSRO , 1 984a) , the criteria for adequate serum folac in were re-examined. 
It was suggest ed that a serum concent ration of 3 ng/ml or greater indi­
cat ed acc eptab le fo late status . All groups in this study met this crit e­
rion ; none showed deteriorat ion in serum folate values during the period 
of the s tudy . 

The committ ee conc ludes that iron nut rition was adequate .  Hematocrit , 
hemoglobin ,  and serum ferritin concentrations ( see Appendixes G and H)  
were within the normal ranges for all t est groups throughout the st udy . 
Although a few low values of  several hematologic variables were observed 
in Group lTF (women) , they were less frequent than commonly observed in 
the c ivilian populat ion ( DHHS , 1983 ; LSRO , 1984b) . Iron intake was below 
the MRDA in Group lTF ,  but the high ascorbic ac id cont ent and heme content 
of the diet appear adequate  to compensate for the moderately low iron 
intake (Hallberg , 1 981 ; NRC , 1 980 ) . 

The commit tee notes that Group 2A ( fresh foods ) had higher fat and 
cholestero l  intake and suggestions of higher total serum cho lesterol and 
LDL conc entrat ions ( and decreased HDL concentrat ions ) over t ime , as might 
be expec t ed from the dietary intake ( see Appendix G ) . Serum triglyceride 
concent rat ions did not fluc t uat e  over t ime and were s imilar among test 
groups . The ent ire set of  lipid data suggest s  that intakes and serum 
concentrat ions in all groups were comparable with those of  the c ivilian 
populat ion ( DHHS , 1983) and were higher than desirable i f  sustained over 
long periods . Accordingly , the c ommittee suggest s  that cons iderat ion be 
given to tota l fat, type of fat , and cholestero l cont ent in the formula­
tion of diets for mi litary personne l .  
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Concentrat ions of  serum proteins were wel l  within normal lL.ita in a l l  
groups throughout the study .  Plasma osmolality and inorganic ion content 
( elec tro lyte) were normal and were not s ignificant ly dif ferent among teat 
groups ( see Append ix H) . Blood urea nitrogen and creatinine concentra­
t ions were increased in Group 2A ( the rat ion moat s imi lar in composit ion 
to the typica l American diet ) at days 20 and 44 of the study , but were 
steady over time in all other t est  groups . An explanat ion for the 
increase in Group 2A is not evident in the data availab le .  However ,  the 
inc reased values were not high enough to be cons idered abnorma l ,  and the 
committee sees no reason for concern over this observat ion . 

The data support the conc lus ion that fat- free body mas s  remained 
constant throughout the st udy in a l l  test  groups . (Body compos it ion is  
disc ussed further in Is sue 2 . 2 . )  

Is sue 2 . 2 : Wi l l  troops subsist ing on CFFS rations over an extended period 
(42-49 day s )  cons ume s uffic ient calories to meet energy 
demands assoc iat ed with extended field operat ions? 

The committee conc ludes that on the average the members of  each test 
group maintained their body weight within the established c riteria . No 
s ignificant differences among teat  groups in changes in mean body weight 
were observed over the course of the study (Appendix I). However , the 
number of subj ect s  whose body-weight los s  exceeded 5% or 7 . 5% of initial 
body weight varied among the groups . None of  the soldiers in Group 2A 
lost  7 . 5% of  initial weight , and only a few los t  even 5% .  The mean body 
weight of  so ldiers in each group except Groups lT and 2B tended t o  
dec rease s l ight ly during the first hal f  of  the study ,  then to inc rease 
progressively between day 20 and day 44 . The so ldiers in Group 2B showed 
the great est t endency to continue to lose  body weight , as measured by mean 
values and the number of  sold iers who lost more than 7 . 5% of init ial body 
weight . Group 2B was compos ed o f  engineers who were most  cons istent ly 
engaged in cont inuous moderate ac t ivity throughout the study ;  this  might 
account for the observed changes in their body weight . However , a lthough 
the average caloric intake among the five groups of ma le soldiers was 
aL.i lar ( see Append ix D ,  P• D-3 ) , as was the trend in their mean body­
weight changes ( see Append ix I ,  p .  I-1), this  explanat ion i s  speculat ive , 
becaus e of  the confounding effects  of the different dietary regimens on 
f luc tuat ions in individual body weight s .  

The so ldiers in Group lT consumed two MREs per day . The high inc i­
dence of weight los s among members of this group ( see Appendix I )  is 
aL.i lar to the findings of an earlier study of  this rat ion system. 
Results of the 1 983 MRE study ,  conduc t ed under similar condit ions for 30 
days ,  suggested that scout t roops consuming three MREa per day were not 
able to maintain pretest body weight (Hirsch et al . ,  1 984 ) . I t  is  not 
certain whether thes e findings are related to�he-dehydrated nature of 
the food items or other poss ible confounding fac tors . The energy intake 
data do not explain the findings . 
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The soldiers in the present study were engaged in l ight to moderate 
activity with periodic increases in energy expenditure . These troops 
maintained their weight adequat ely ( as established by test criteria) dur­
ing the study period , but it  is  not known whether troops engaged in heav­
ier physical act ivity or consuming the rat ions for longer periods would 
increase  their food intake s uffic ient ly to maintain their weight within 
the range observed in this study . Furthermore , the c ommit tee not es that 
the criterion for average weight change of a platoon or larger unit was 
at 3% of initial weight . The data suggest that individual  body-weight 
changes of 3% ,  5% ,  or 7 . 5% of init ial weight might ref lect the effect of 
diet on body weight more accurately .  The committ ee encourages USARIEM to 
explore these issues further. 

Is s ue 2 . 3 : Wil l  troops subs i s t ing on CFFS rat ions drink sufficient fluids 
and water to maintain hydrat ion status? 

The c ommittee not es that c l inically s ignificant dehydrat ion was not 
observed in this study . No days were lost from work because of hypohy­
drat ion. The average urine specific gravity ( SG) never reached 1 . 030 in 
any group , but the incidence o f  SG greater than 1 . 030 in individual 
soldiers did reach about 60% in Groups lT and 2A on two occasions ( see 
Append ix J ) . The USARIEM invest igators are correc t in focusing on the 
latter crit erion ( inc idenc e versus average) as evidence of subopt imal 
hydrat ion. 

The committee is concerned that the three-MRE rat ion might increase 
the risk of dehydrat ion because of its low water content , and the troops 
might not have compensated by increas ing their water intake . This concern 
is supported by the higher inc idence o f  urine SG greater than 1 . 030 in 
subj ec t s  on two-MRE feeding regimens than in subjects  on one-MRE regimens . 
Nevertheless , the lower total water intake during the three-MRE days could 
depend in part on the fact that these rat ions were mostly dehydrated . 
Furthe�ore , the MRE rations were eaten during the initial  acc limatizat ion 
period in the field . The loss  of body wat er by extrarenal routes could 
have been accentuated during the acc limatization period . In addition, if  
MREs tended to predispose sold iers to dehydrat ion, body-weight loss would 
be expect ed to be correlated with the number of MRE meals , especially at 
the three-MRE leve l .  No such correlat ion for the ent ire group was found; 
that is , there was l it t le or no average weight los s  whi le the inc idence 
of  urine SG greater than 1 . 030 was highest . However , this preservation 
of body weight could indicat e  the effect ivenes s  of renal conservation of 
water ;  that is , the kidneys might not have al lowed the t endency toward 
marginal dehydrat ion during the init ial three-MRE period and later two-MRE 
periods to reach the point of detectable weight loss , hyperosmolality , or 
hemoconcent rat ion. 

Another poss ible index of hydrat ion is provided by the b lood chemistry 
and hematocrit  ( see Append ix H) . However ,  the effect  of  altitude acc lima­
t izat ion in rais ing the hematoc rit makes this type of evaluat ion of hydra-
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t ion stat us unreliable.  The fo llowing factors might have influenc ed 
hydration status of the so ldiers when they were on the two- or three-MRE 
reg�en : 

o The three-MRE reg�en was used only during the init ial acc l�at i­
zat ion period . 

o Urine SG was determined in a single early-morning sample , rather 
than bas ed on 24-hour urine collec t ion . The kidney concentrates urine 
during s leep; therefore , the ana lysis  was performed on the most conc en­
trated sample of the day . (The c ommitt ee recognizes the impossibility of  
obtaining a 24-hour urine collec t ion under field condit ions . )  

o The statistical confidence l�its around average values based on 
40 subj ec t s  are relat ively larg e ,  and informat ion is not avai lable on the 
stat ist ical power of the study for evaluat ing hydrat ion status .  Data are 
avai lable from the study for c alculat ion of  correlat ion coeffic ients with­
in each group and diet period for morning urine SG versus body-weight 
c hange ,  hematoc rit change,  plasma osmolality , and plasma total protein . 
These calculations wil l  be valuab le to the invest igators in drawing final 
conc lusions . 

Any conc lusion about the posit ive effect on hydrat ion of  adding ice 
is  complic ated by the genera l adaptation in hydrat ion that appears to  have 
taken plac e in respons e to the move to the field environment and exposure 
to moderate hypoxi a (elevation , 6 , 000 feet ) . Other fac tors might have 
played a role as wel l ,  such as a reduc tion in osmolar load , a decrease in 
physical  act ivity , and adaptations in endocrine or other fluid-balance 
cont rol mechanisms . The c ommittee caut ions against drawing definit ive 
conc lusions concerning the value of adding ic e to inc rease water consump­
t ion, at least under the t emperate condit ions of the f ield test . Further­
more ,  providing ic e for direc t  int roduct ion into beverages or foods should 
be viewed with caut ion , because  this can be a route for contaminat ion with 
bacteria and other agent s .  If cooling of  food and beverages is  deemed 
necessary , perhaps means other than the use of ic e can be provided . 

The int roduction of  f lavorings for c anteen water on day 30 for the 
groups fed T rations was assoc iated with the lowest inc idenc e of urine 
spec ific gravit ies over 1 . 030 . However ,  the committee suggests caution 
in interpret ing the value of added flavorings to increase water consump­
tion. The genera l adaptation in hydrat ion t oward water balanc e indicat ed 
that body-wat er balance was essent ial ly achieved by this  t �e (i . e . , by 
30 day s )  in a l l  test  groups . The favorable influence of  f lavoring was 
small , if it occurred at all .  Th e  wat er intake data , although prone to 
relat ively large varianc e ,  do not support a conc lusion that the add ition 
of flavorings increased wat er intake . Considerat ion of the use of flavor­
ings should be t empered by the possibil ity that flavoring can inhibit the 
ac t ion of chlorine or other ant ibac terial agent s and thereby fac i litate 
contaminat ion of the drinking water (Rogers �!!·• 1 982). 

7 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


Women bad a high ind ividual incidence ( 25-30%)  of urine SG greater 
than 1 . 030 in the early phase of the study . However ,  they showed the same 
t rends of  genera l adaptat ion in wat er balance  as shown by the men. 
Inspect ion of the urine SG by test  day shows no discernib le sex-relat ed 
patt ern of  adaptat ion. 

Is sue 2 . 5 :  What is the inc idence of food-relat ed health disorders in 
t roops subsist ing on CFFS rations over an ext ended period 
(42-49 days ) ?  

Th e  c ommittee conc ludes that the incidence o f  food-related disorders 
requiring medical attent ion was very low in all  test  groups . The overa l l  
inc idenc e of  days lost  t o  sick cal l for gastrointest inal d isorders was 
very low : 1 . 6 per 1 , 000 person-days for all  subj ec t s ,  3 . 8  per 1 , 000 
person-days for females , and 1 . 2 per 1 , 000 person-days for males . Report s 
of food-related symptoms were higher in the female group than in the male 
groups . That finding and the higher rat es of  sick-cal l  visits  among 
fema les are consistent with findings of  other studies of  sex differences 
in report ing on food-related and non-food-related symptoms , such as  a 
recent report concerning the complaint s registered by aspartame users 
(MMWR, 1 984). Addit iona l fac tors might have been the relat ive inexperi­
ence of the women in a field environment and their great er difficulty in 
meeting persona l hygiene requirement s .  Male subjec t s  had more minor com­
plaint s of gastrointest inal symptoms ( e . g . , gas pressure and stomachache) 
in the groups fed T rat ions , but complaint s and days lost to sick call due 
to gast rointest inal problems were within normal l�its set by the mi litary 
in both male and female groups . The cons istency of  obj ec t ive and subjec­
tive measures of food-related hea lth prob lems supports the validity of the 
measures used and the proposed conc lusions . 

Ful l interpret at ion of  these data would benefit from two add itiona l 
types of  analysis : the groups should be compared stat ist ically , to deter­
mine the reliability of the observed sma l l  differences ; and data should 
be compared with inc idenc e  rates of gastrointest inal and other symptoms 
in other field exerc ises , inasmuch as no numerical values were inc luded 
in the c riteria . 

Is sue 2 . 6 :  Wil l  t roops subsist ing on CFFS rations over an extended period 
(42-49 day s )  maint ain musc le strength and muscular enduranc e? 

The c ommittee conc ludes that the musc le strength and muscular endur­
ance of the soldiers--as measured in this study by handgrip strength and 
enduranc e ,  upright pul l ,  and incremental  dynamic l ift--were maintained 
throughout and that there was no effec t  of rat ions ( see Appendix N). In­
deed , the body-composit ion data suggest that there was a s l ight inc rease 
in fat-free body mass among the women in the study ( see Appendix K) . 

Performance tended to  inc rease over t �e in a l l  test groups . This 
inc rease  was probably due to a training effec t  that resulted in a small  
increase in  ac tual  strength. 
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The c ommittee recognizes that the selec t ion of  t he c riterion--a 
dec rease of 1 0% from init ial pret est values --was arbit rary. However, in­
asmuch as there appeared to be no decrease in muscular strength or perfor­
mance ,  this criterion did not influence the interpretat ion of the data . 
The c ommit tee also conc ludes that hand-eye coord inat ion did not deterio­
rate among the troops in thi s study (Appendix L). 

SUMMARY AND RECOMMENDATIONS 

The c ommittee believes that , under the extenuat ing and limiting field 
condit ions of the CFFS tes t , the study was wel l  planned and executed . 
Furthermore , the nutrit ional issues were only one of  three major cons ider­
at ions of the overal l  test  des ign plan . The other issues addressed were 
the capability of the CFFS to operate accord ing to the established opera­
tional  and organizat ional plan and the acceptability of the proposed 
rat ions and t heir effec t on morale and unit cohesion. The p lanning of the 
collec t ion of the nut rit iona l data was hampered by the constraint s imposed 
by the cont ingencies of the mul t iple study objec t ives .  T eam  leaders 
developed innovat ive , effective methods to gather data under less than 
opt imal field condit ions . The excellent quality of personnel management , 
staffing , and c ommitment of  volunteer subject s  c learly cont ributed to t he 
success ful execut ion of  this s t udy . The c ommittee conc ludes that the 
various rat ion systems evaluated adequately met the c riteria defined in 
the t est  protocol under the condit ions of this study . Several important 
fac tors , however, must  be considered before the result s of  this study can 
be applied more broad ly . 

As a rat ion system changes from one composed o f  a wide variety of  
fresh, c ommon foods , such as  the  A rat ion ,  to one composed primarily of  
less  customary , fabricat ed foods , such as  the MRE, accurate informat ion 
on nutrient content becomes more c rit ical  in evaluat ing the adequacy of a 
diet . The available analyt ic informat ion on the nut rient cont ent of the 
MRE is inadequate with respect to many nutrient s ,  inc luding zinc , mag­
nesium, folac in, vitamin B1 2• selenium , copper , and chromium. Similar 
informat ion on the T rat ion is  a l so lacking . Defic ienc ies of  many of 
these mic ronut rient& usua l ly can be  det ected only after feeding of a 
def icient diet for more than 49 day s .  

Information is  not avai lab le o n  the stability o f  nut rients i n  the MRE 
under the usual  condit ions of  storage for extended periods .  Although it  
is  important to know the nutrient content of the MRE when manufactured , 
it  is  even more important to know whether the nut rient s are present in 
adequate amount s when the rat ion is  consumed 3 or 4 years later. Vitamin 
C and thiamin , for example , are unstable under part icular condit ions . 

The t roops in  this study were general ly involved in l ight to moderate  
act ivity . Body weight was maintained by  most subjec ts ,  but the engineers , 
who were engaged i n  continuing moderate act ivity , had the greatest ten­
dency to cont inue to lose weight throughout the study . The extent to  
which vo luntary food restriction , lack of acceptabil ity of rat ions , and 

9 

Copyright © National Academy of Sciences. All rights reserved.

Combat Field Feeding System
http://www.nap.edu/catalog.php?record_id=19181

http://www.nap.edu/catalog.php?record_id=19181


inc reased energy expenditure contributed to weight loss  is not c lear. It 
is  also not known whet her troops involved in heavy act ivity , such as foot 
sold iers carrying heavy packs for extended periods , would inc rease their 
consumption of these rat ions suffic ient ly to maintain body weight and 
performanc e ,  as found in this st udy . 

The environmenta l conditions in this study were moderate.  Whether 
troops exposed to extremes of  beat or cold or higher elevat ions would 
consume enough food and water to maintain adequate hydrat ion status and 
performanc e  bas not been det ermined in this study . Because the inc idence 
of urine spec ific gravity greater than 1 . 030 was somet imes as high as 60% 
in some groups , it is important to consider the potential impac t of 
environmental ext remes on hydrat ion status , part icularly in t roops 
consuming the MRE . 

Muscular strength and endurance and band-eye coord inat ion were main­
tained in this study , but it would be important to evaluate the effects  
of  the different rat ions on t he endurance of  troops tested under more 
st ringent condit ions , as might be expect ed in mi l itary field combat . 

In view of  the concerns d iscussed above , which l imit the broader 
applicat ion of t he test result s ,  the c ommittee offers the fol lowing 
rec ommendat ions : 

o The MRE rat ions should undergo a complet e nut rient analysis  to 
determine the concentrat ions of a l l  t he essent ial mic ronut rient & supplied 
by the various MRE component s .  Similarly , the T-rat ion components should 
be analyzed furt her for a l l  essent ial mic ronutrient & .  

o The nutrient content o f  t he MRE should be analyzed after usual 
cond it ions and periods of  storage . This would determine whether t he 
rat ion delivers at the point of consumpt ion the nut rient s required to meet 
the MRDAs , as wel l  as other mic ronut rient& for whic h there are no MRDAs .  
A permanent monitoring system t o  ensure nutrit ional quality should emerg e  
from thi s init ial effort . 

o The adequacy of the proposed rat ions const it ut ing the CFFS to main­
tain the nut ritional hea lth and well -being of soldiers should be tested 
further under the condit ions of heavy ac t ivity , longer periods , and 
ext remes of t emperature , relat ive humid ity , and elevation likely to be 
encount ered in military f ield combat . Initially ,  at least , these tests  
can be done in a laboratory sett ing with smal l  groups of soldiers and 
cont ro l led simulated field condit ions . 
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APPENDIX A 

SUMMARY OF COMBAT FIELD FEEDING 

SYSTEM TEST BACKGROUND AND OBJECTIVES* 

�Excerp ted from Combat Field Feeding System--Forc e Development Test ing 
and Exper�entation , Test Des ign Plan , June 1985 , U . S .  Army Combat 
Development s Experimentation Cent er , Fort Ord , Ca lifornia . 
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1.! PURPOSE. The purpose of the Combat Ffeld Feeding System - rorce neve1op­

ment Test and Evaluation (CFFS-FDTE1 is to evalua!e the Combat Ffeld Feeding 
� 

System's capabil ity to provid e subsistence support and also the nutritional 

value of the rations consumed by troo ps in a field environment. The data wi l l  

be used to answer the Vice Chief of Staff of the Army's tasking on field feed­

ing. 

1.2 BACKGROUND. 

1.2.1 History. The future combat scenario wil l  be characterized by highly 

mobil e operations on an integrated battlefield. The current fiel d feeding 
system and feeding techniques, using 8 Rations and combat  rations, cannot ef­

fectivel y perform the food-service mission in such an environment . Recent 
• 

technol ogical advances in food proces sing, packaging, and equipment offer con-

sidera bl e opportunity to reduce combat food-service requirement for labor, 
water, fuel and food preparation time and to increase the mobility, fl exibility, 

and responsiveness of combat fiel d feeding opera tions . Department of t he Army 

Deputy Chief of Staff for Logistics has stated that the concept and the equip­

ment for the field feeding system needs modificat �ons . The USAQMS was desig­

nated as the proponent of the CFFS tes t, and United States Army Natick Labora­
tories was designated as the developer of the CFFS . The United States Army 

Training and Doctrine Command (TRAOOC) was charged with testing the system . 

1.2 .2 Previous Testing. 

a .  The CFFS underwent a FDTE at Fort Hood, Texa s, from 13 October throught 

10 November 1982. The results indicated that the CFFS concept, as propos ed fn 

the original CFFS study dated 6 August 1980, required modifica tion in the equip­
ment used and in the operational concept of the system . 
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b. The CFFS underwen � an Operat;onal �est I fQT !' 01 selec�ed e1e�en�s 
at Fort Hood, Texas, from 9 Oc�ober t�roug� 3 �ovembe� :�Si. T�e se�e:�ed 

•lements involved in the OT I were the Medular Field Kitchen !M�K), ��e Con. 
solidated Field Kitchen (CFK) and the Hospital Ward �ood Service iranspor� 

System (HWFSTS). The purpose of the test was to examine the capability of the 

CFFS to support units during sustained operations. The test agency was the 
TRADOC Combined Arms Test Activity (TCATA) and the USAQMS was the Independent · 
Eval uator .  The overal l test result was that no assessment could be made on 

the mission ca pability of the MFK due to new equipment availability for test· 

fng, and the test unit being a hospital which is not representative of CSS 

units . 

c .  The Kitchen, Company-Level Field Feeding (KCLFF) component of the 

CFFS also underwent an Operational Test It (OT It) at Fort Hunter Liggett, P 

California, from 23 July through 24 August 1984. At the time of the test, the 
component was known as the Company Level Field Feeding Kit (CLFFK) . The Dis­

mounted Rations Heating Device (DRHD), currently known as the Canteen Cup Stove, 
and the Remote Food Carrier (RFC) were included in the test. The purpose of 

the test was to provide data and observations on the operational effectiveness 

and suitability of the KCLFF to the combat developer's independent evaluator. 

The test agency was the Combat Developments Experimentation Center (CDEC�. 

There was no overal l assessment provided, instead, major findings and-assess­
ments were stated. 

1 .2.3  General . As a result of the Quartermaster Corps Functional Area As­

sessment (FAA) briefing to the Vice Chief of Staff of the Army (VCSA) on 2 Jul 

84, TRADOC, in conjunction with FORSCOM, was tasked to conduct a test of the 

Combat Field Feeding System {CFFS), to include augmentation for fielding A Ra­
tions. The initial interpretation of the tasking was to test the Kitchen 

Company Level Field Feeding (KCLFF) using the ne� field feeding standard of 
two Meal s-Ready-to-Eat (MREs)/one hot T Rations during the Nov-Dec 84 time 
frame . Upon receipt of the official FAA Tasker (10-53} and viewing of the TV 
tape of the QM FAA briefing that resulted in the VCSA directions, it became 
clear that the test scope was broader than the KCLFF . Therefore, plans to 

�2 
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expand the test scope were initiated and a T�ADOC message was dispatched ad­
vising the major parti�fpants of the expanded test scope and to advise on the 

CFFS equipment by component and capability. During a later br�efing to the 

Chf ef of Staff of the Army (CSA), the tes�scope �as increased to include fe­

males and a rations mix of T Rations , B Rations, A Rations, and MREs. On 4 
Sep 84, the Combat Developments Experimentation Center {COEC) was tasked by 
mes sage to be the operational tester, to develop the Outline Test Plan (OTP}, 

and to execute the test. 

1.3 SYSTEM DESCRIPTION. The CFFS is configured to support. the Army in the 

field and is designed to be highly mobile; to possess inherent f1exibility; to 
reduce food preparation time, labor, and water requirements; and to provide 
two hot meals per day to the combat soldier in the field. The system fs de· 

s igned to o perate fn all climatic conditions and levels of visibility . 

1.3.1 Equtpaent. The CFFS consists of the Mobile Kitchen Trailer (Models 
MKT-75, 75A, or 82 ) , Figure 1-1; KCLFF, Figure 1-Z; Sanitation Center, Figure 

1-li and Remote Food Carrier (RFC), F i gure 1-4. The fol lowing components of 
the CFFS wtll not be testedi the Modul ar Field Kitchen (MFK), Hospital Nard 

Food Service Transport System (HWFSTS), Mounted Individual Rations-Heating De· 
vice (MRHD), and Canteen Cup Stove (Figure 1-5). The MKT is designed to pre­

pare and s erve the full range of field rations in the Army inventory, to in­
clude A Rations, if refrigeration storage capability i s  available. A single 

MKT should be abl e to prepare the standard B Ration for 250 sol diers per meal 

on a sustained basis and when two MKTs are consolidated, their support capa­

bil ity shoul d increase to 700 personnel per meal on a s�stafned basts. The 
MKT wtll be tssued to units requiring hfgh mobility. The CFFS ts designed to 
use disposable eattng ware with permanent ware being used as a backup. The 

Sanitation Center consists of one Tent Modul ar Personnel (TEMPER), three field 

sinks, one drain tabl e, and two work tabl es. Remote Food Carriers will be 

used to provtde meals to dispersed or small squad-sized elements and used as 

holding devices for the KCLFF. The KCLFF is capable of heating tray packs for 

· companies of the light Infantry Division that cannot .receive food service sup­
port from establ ished ffeld kitchens. The KCLFF will enable a company to 
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recehe 1 hot T Rations meal 'ftlhen aut!'torf :ed by !�e bat:al fon commander ·Jr ��e 
level of commitment permits. ihe KCLF� is provided to company-sized �nits 
unable to recei ve centralized �itc�en su�rt. �ne �CLF� wf11 suppor� up to 
200 sol diers. A unit's mission profile will dic:ate the type of food service 

equipment issued. 

1.3.2 Concept of Employ.ent. 

1.3.2.1 General. Vari ous field feeding techniques are available to the com­

mander to meet operational requirements. Factors· to be cons i dered i n  deter­

mining which field feeding technique is to be used are: ava i lable food service 

equipment and personnel, system capab ili ty, level of commitment, and ava i l­

ability o f  rations. Other considerations for selecting a feeding technique 

a re number of troops to be fed, feed i ng times , m i ssion of unit, and unit lo- � 

cati on. The CFFS is abl e to be tai lored to meet the food service requi rements 

of divisi onal and nondivisional uni ts. For example , units located i n  the Corps 
or COMMZ may not requi re ra p i d  mobili ty; therefore, the commander may deci de 

to consol idate the Modular Field Kitchens (MfK) near troop concentrat i ons. 
Conversely, combat uni ts which require a high degree of mobility and which 

move often on short notice will utilize pri marily the Mobile K i tchen Tra i ler 
(MKT). Figure

. 
1-6 pres ents the Light Infa ntry Divi sion Combat Field Feeding 

Concept. The KCLFF will be used by Light Infantry Division company-si zed units 

which cannot receive food service support from a field kitchen. Figure !-7 
shows.the use of the KCLFF in the Li ght Infantry Division. The proposed food 

service system provides commanders with the necessary f l ex i bil i ty to establ ish 
fiel d food service operations to meet a va riety of tactical situations. Cur­

rently, food service operations are curtailed in an NBC environment. 

L.3.2.2 Combat Feeding. During combat , the food service standard is to pro­

tide at least one hot meal per soldier per day ( IAW FM 100-10) . The Chi e f of 
itaf·f, Anny , has stated the Anny standard to be two hot meals per soldier per 
�ay. The remaining meal s will be operational rati ons. When hot meals_cannot 

be served due to heavy and/or moderate levels of commitment, the operati onal 
ration wfll be the primary rati on used. Commanders have the ca pabi lity of 
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serving hot meals to the maximum num�er of trooos �ecause of !he organ;c &ooc 

service equ i pment a u t ho rized , variety of rati o n s a vai1able , a nd �ood se�v;ce 

personnel sta ffi ng . Al l d i vis i onal un i ts wil l be issued the �r.i and un•ts ;n 

Corps and Theater wi t h  a need for high mobil ity will be issued tl'te ''Y.�. nther 
-

u nfts in Co rps and Thea ter  w il l  be issued the MFK. MKTs and  MFKs are designed 

to use disposa bl e ea t i n g  wa re . The d i s posa ble ea t i n g  w a re wil l be prepackaged 

and sh i pped with  the un i t ized rat i on s  (B or T Ra tions). A Con s olidat ed Field 

Kitchen (CFK ) i s  establ i s hed when a s u ffi c i ent number o f  u n i ts/pers o nnel a re 

l ocated wi th i n a rea sonabl e dis t a nce from each  other ,  t he l evel o f  commi tment 

i s  l ow or the commander determi nes co nso l ida t i on  i s  advanta geous . As a mi n i ­

mu., the Consol i dated F i el d  Ki tchen wi l l  cons i st o f  two MKTs o r  two MFKs and a 

S ani tati on  Center . Thfs con figurat i on can  s upport a max i mum of 700-800 person­

nel . Troo ps unabl e to come to the CFK wi l l  be fed by use of the KCLFF or  i n­

sulated food carri ers , wh ichever i s  more pract i ca l . Di s posabl e ea t i ng wa re i s  

the pri mary eat i ng wa re, but the CFK has  ful l san i tat i on  ca pa bil i ti es to c l e\n 

pe�anent ware . The KCLFF i s  des i gned to s upport Light Infantry D i v i s i on com­

pany- s ized units  (combat/combat su ppo rt/combat servi ce suppo rt} where cent­

ralized fi el d feedi ng i s  not a va i l abl e .  The KCLFF is a batta l i on a s s et wh i ch 

moves forwa rd from battal i o n  to suppo rt compa ny s ize unf� . It  then returns 

to battal i on to pi ck up su ppl i es and be a s s i gned another feed i ng  mi s s i on .  Com­

pan i es wi l l  then ha ve the ca pa b i l i ty of heat i ng and  s ervi ng T Rat i on  mea l s and 

be suppl i ed wi th  remote food carriers fo r sending hot T Rat ion  meal s to dis pers­

ed s quad- s ized el ements . The compa ny T Rat i on  operations  wi l l  use  d i s po s a bl e 

eat i ng  and serv i ng utens i l s .  The d i s posabl es wi l l  be prepa c ka ged a nd s h i pped 

wit h  uni t ized T Rat i on .  The back- up  rations  wi l l  be the Mea l - Rea dy-to-Eat 

(MRE) . I nsul ated bevera ge conta i ners wi l l  be ava i l a bl e for beverage prepara­

t i on and s ervi�g . One KCLFF wi l l  support up to 200 personnel wi th one cook 

authorized . It i s  env i sioned that
· 

upon  mo bi l izati on , compa ni es may depl oy 

w i th the KCLFF set up to heat and s erve T Rat i on mea l s when  po s s i bl e .  Upon 

the commander's deci s i o n  that ful l fiel d feed i ng operati ons can begin , the 

full compl ement of  food serv i ce personnel and equ i pment wi l l  be depl oyed . 

When the full compl ement arri ves , battal ion-consol idated fiel d feeding o pera­

tions supporti ng T Rat i ons can start and the KCLFF returned to the batta l ion  

f i el d  k i tchen . R emote feeding o perati ons wi l l  cont i nue as  requ i red . 
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!.3.Z.3 Light In�antry ')'!·,;sfon. The system/:net!'lad -,F �'eld �!!d;ng 1ight 

di visions is contained in the approved Ope�ational and Organizational ��&Ol 

Plan dated 27 February 1985 which identifies �!'le food service �ersonnel needed 
-

and the field feedi ng equi pment required. ·This division is structured to feed 

operational a nd tray pack rations. The field feeding of light di visions is 

based on consoli dation of food service personnel and equipment i n  the headquar­
ters company/element of the supported battalions/units. The li ght division is 

designed to be primarily deployed by air. Due to equipment limitations and 

operational scenario s, the light divisi ons may only.deploy w i th KCLFFs which 

are capable of supporting up to 200 soldi ers eating T Rati ons and operated by 

one cook per KCLFF. When the commander authorizes and transportation is ava i l­

abl e, the remaining field feeding equipment and food service personnel wi ll be 

deployed to start battalion consoli dated field feeding operations. 

• 
a. The consolidated teams will be under the command of the HHC Commander 

with the fol lowing capabili ties: 

• Each battalion food service sect i on will be capable of employing at 

least one consoli dated field kitchen . 

• The food service teams will prepare and serve T Rations meals for 

consumption at the preparation site. 

• Teams will prepare T Rations meals for personnel at other 

l ocationsi however, the pick up, delivery, serving, and return o f  

remote food carriers will be the res ponsibility o f  personnel other 

than cooks as  directed by the battalion commander . 
1 If required, battal ion food service personnel can be de ployed wfth 

a KCLFF to support company-level T Rations feeding. 

b. The food service personnel requirements are: 

1 Staffing levels wil l pennit the preparation o f  two hot T Ration 

meal s per day .  Augmentation will be required to support 

ingredient-type rations preparations or a ration policy of.more 
than two hot meals a day. 
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1 To t a l  foo d  s e r v i c e  pers o n n e l  r e a u � p e d  t o  s u � � o rt a 1 ; gh t  1 � v i s ; o n 

( 10 .700 t roo p  s t re n gt h ) i s  2 2 9 . 
-

c .  The food s e rv i c e  f i e l d feed i n g e qu i pmen t  fo r a L i g h t  ! n fa n t ry � � v • s � o n 

f n cl ud es t he fo l l ow i n g : 

1 Mo b i l e  Ki tchen Tra i l ers ( M KT ) - 4 6  
1 San i tat i on  Centers  - 4 6  
1 Ki tchen Compa ny Level Fi e l d Feed i ng { KCL FF )  - 90 

1 . 4  TEST OBJECTIVES . The test object i ves to be add res s ed by the Combat F i el d  

Feedtng System , Force Devel o pment Test and Eval uat i on ( CFFS - FDTE ) are l i sted 
bel ow. 

.. 

1 . 4 . 1  Objecti ve 1 .  To obta i n da ta which des cri bes the ca pa b i l i ty of  the CFFS 

to operate accordi n g to t he current 0&0 Pl an . 

1 . 4 .2 Objecti ve 2 .  To o bta i n data  on t he nutri t i ona l  adequacy of the pro po s ed 

rations . 

1 . 4 . 3  Objecti ve 3 .  To obta i n data on  the acceptab i l i ty and  effect on  mora l e 

and uni t  cohes i on of  t he pro posed ratt ans . 

1.5 SCOPE AND TACTI CAL  CONTEXT . 

1 . 5 . 1 Scope . The test  w1 1 1  be conducted duri ng a 1 2 -week  peri od and wi l l  

consi st of three phases . Phase  I w1 1 1  cons i st of  fo ur  weeks of  tra i n i ng the 

food servi ce operators , superv i sors , and data col l ecto rs . It  wi l l  i ncl ude a 

pi l ot test  and w1 1 1  cul mi nate wi th  t he i s suance of the Test Readi nes s Stat­

ement (TRS ) . Phas e  I I wi l l  cons i st o f  a 21-day fi el d tra i ni ng exerc i se  con­

ducted by the 25th I nfantry Di vi s i on Art i l l ery . One batta l i on  wi l l  be fed one 

hot T Ratt an and two MRE s per day and another wi l l  be  �ed two hot T Rat i ons  

and one MRE per day . A th i rd battal i on wi l l  be  fed two hot  A Rati ons and  one  

MRE per day . A Combat Su ppo rt ( CS )  Company w1 1 1  be  fed two hot B Rat i ons  and 
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R�  da � ��m ba • s � � ·� � - s  � u � oo r•  ' � S S ' r �m �a " � � � � · �  ! S � : � ft a A  & s- � s ' s. � ' o n e  :'1 _ :: e r  '/ .  ,., ... .... • ... . . .. _ .. � - , .. . .. � . ,. . . .  . . .  .. , . • .. .. 
wi l l be fed o ne hot T Ra t � o n s  a n d  ��o �REs per  d a y .  J u r i n g  t � f s  �ha s e ,  da � !  

wi l l  be co l l ected t o  a nswer t � e  i s s � es  co n c e r n i n g bo t h  � � e 0&0 � l a n  �o r t �e 
CFFS a nd the hea l t h  and  wel fa re o f  t � e  t rOb p s . ? �a s e  I ! !  w i l l  co n t � nue  t �e 

i nve s t i ga t i on  o f  the hea l th  and  we l fa re i s s ues  a nd  wi l l  l a s t  from T+12 to T+47 . 
Duri n g  t h i s pha s e , t he u n i t s i ze wi l l be reduced to fou r  ba tte ri es  from t �e 

three ba tta l i ons , t he CSS compa ny , a nd  the CS compa ny . A l l u n i ts wi l l  cont i nue 

to be fed t he s ame rat i o n s  mi x a s  i n  Pha s e  I I .  One o f  t he batteri es from the 

two T Rat i ons  Ba tta l i on  wi l l  have  f ts T Rat i ons  a ugmented wi t h  enhancements 

from B and A Ra t i ons . A l l data fo r t he test wi l l  be co l l ected manua l l y .  Qu an­

t i tat i ve data wi l l  be co l l ected on cal or i c and nu t r i t i onal  i ntake , body wei ght , 

fl u i d  i nt a ke ,  hydra t i o n  s ta t u s , nutri t i ona l  s tatus , mu s c l e s trength ,  mus c l e  

endurance , food and wa t er temperatures , t i mes to operate equ i pment and prepa re 

mea l s , waste ,  and amo unt o f  wa ter a nd fuel requ i red and consumed . Qua l i tat i ve 

data  wi l l  be co l l ected on  s a fety , human facto rs ,  food acceptab i l i ty ,  ease  o f  � 
o perati ons , heal th  and wel fa re o f  t roo ps , u n i t co hes i o n  and moral e ,  a nd sta f­

fi ng  l evel s .  

1 . 5 . 2 Tacti ca l  Context .  The un i ts pa rt i c i pa t i ng  i n  t �e · test wi l l  conduct  

o perat i ons  cons i stent wi t h  t he Army Tra i n i ng and Eva l ua t i on Program ( ARTEP ) 

mi s s i on s  and tasks . Tact i ca l  scenari os  and mea l serv i ng  t i mes wi l l  be at  the 

di scret i on  of  the commander , but wi l l  be conducted u s i ng  a ra t i o ns cyc l e joi nt­
l y  prepa red a nd a greed u po n  by the  proponent , pl ayer un i t ,  a nd tester pri or  to  

the start of  t es t i ng . Data  fo r t he eva l uat i on o f  the  0&0 Pl an  wi l l  be  co l ­

l ected on  a 24 hour ba s t s .  Data co l l ectors wi l l  mon i to r  food serv i ce opera ­

t i ons at the bri gade suppo rt area , batta l i on and compa ny .  Data for eval uat i o n  

o f  the med i cal  i s sues requ i re 40 vo l unteer tes t  s u b j ects  from each rat i ons  

group .  Test subjects wi l l  be  moni tored peri odi ca l l y  fo r t hei r d i eta ry i nta ke , 

ca l ori c and nutri t i onal  i ntake , body we i ght and compo s i t i on cha nges , hydra t i on 

and phys i :al  perfo rmance . Test subjects wi l l  be requ i red to prov i de ur i ne 

sampl es weekl y and b l ood s ampl es four t imes duri ng. the test peri od . Genera l 

heal thand wel l be i ng a s  wel l a s  moral e and un i � co hes i on data wil l  be co l ­

l ected weekl y .  Duri ng Phas es I I  and I I I , un i t act i v i ty wi l l  be schedu l ed to 

provi de as  u n i fo rm  an  act i v i ty l evel as  pos s i bl e .  
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1 . 6  TEST L IM I TAT I ONS . Th i s  t e s t w i l l be cond uct ed o n  a 1 � rn i ! ed ; n! e r 1e � en c e 

ba s i s wi t h  a O I VART Y  FT X . Da ta from t h i s t e s t  w � 1 1  be co 1 1 ec!ed a n d  �eco r � ed 

by man ual mean s . M uch o f  t h e co l l ect ed alt a w i l l  be b a s ed on t he s u b j ect i ve 

opi n i ons  o f  t he u n i t comma n d ers ,  pl a ye r  pers onn e l , o r t he e va l u a t o rs . I t  s ho u 1 d 

be noted t ha t  unl i ke  un i ts  a re pa rt i c i pa t i n g i n  t h i s tes t an d a re pro v i d i n g  

test  vol u nteer grou p s  for deta i l ed d a t a  col l ect i on . I n  eva l ua t i n g t he c� pa b i l ­

i ty o f  the CFFS to s u ppo rt the  L i ght I n fantry D i v i s i on ,  l i ght I n fantry un i t s  

woul d ha ve prov i ded the  opt i mum test  grou ps . Due  to  t he s i ze un i t  requ i red , 

the des i re for a remote a rea o f  o perat i on ,  a nd majo r  u n i t tra i n i ng  s ched u l es ,  

the use  o f  i nfantry un i ts was not fea s i bl e .  Th i s i s  not a test of  the ent i re 

CFFS , s i nce onl y s el ected i tems o f  the CFFS wi l l  be eva l ua t ed . The need for 

data col l ect i on efforts to be conducted on a · l i mi ted i nte rference ba s i s l i mi ts 

the abi l i ty to moni tor  food  and fl u i d  comsumpt i on .  I t  wi l l  be neces sa ry to 
• 

rel y on  sel f re po rted rat her t han  observed data and on data col l ector est i -

mates o f  qua nt i t i es cons umed rather than we i ghed va l ues  o f  foods  s erved and 

l eftovers . FTX requ i rements neces s i tate use  o f  fi el d feas i bl e  mea sures for 

eva l uat i on  o f  med i ca l  pa rameters i ncl ud i ng the use o f  s k i n fol d and c i rcumfer­

ence meas ures fo.r body compo s i t i on and the use  of  overn i ght rather t han 24-
hour  uri ne co l l ect i ons . A compressed t i me frame fo r t he sustai ned feed i ng 

study necess i tates data extr� pol a t i on .  I deal l y ,  troo ps woul d consume ra t i ons 

a s  the sol e source of nutri ti on under fi el d cond i t i on s  for a 90-day peri od . 

Fi nal l y ,  no attempt wi l l  be made to s i mul ate an actua l  combat envi ro nment be­

yond the l evel of rea l i sm furn i s hed by the FTX i ts el f .  Fi el d tra i ni ng exer­

c i s es ,  such  a s  the one to whi c h  th i s test i s  atta ched wi l l  be a ba s i c  compo­

nent of  mi l i tary l i fe i n  the new I n fant ry D i v i s i on ( L i ght ) , and therefore t he 

a b i l i ty of  the CFFS to susta i n  troop heal th and mora l e duri ng  such fi el d exer­

ci s es i s  o f  cons i dera bl e i nterest . 

1 . 7 MAJOR TEST MILESTONES ; The ma jor mi l estones o f  the C FFS- FDTE as  currentl y 

s c hedul ed are as  fol l ows : 

• Bri efi ng TOP to major  commanders 3 - 7 June . 

• Tra i ni ng Phas e  ( Pha se  I ) 9 Jul y - 2 Augu st . 
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1 Depl oyment t o  i ra i n � ng/Test  S i te 5 - e A u gust .  
1 D I V ART Y  FT X  ( Ph a s e  ! I )  9 - 3 1  Augus t ._ 
1 Com pa ny/ Ba t t e ry T ra i n i n g  ( P � a s e  ! ! I �  2 9  A u gu s t  - 2 7  S e p t em be r . 

1 F i n a l  Re po rt Febru a ry 1 98 6 . 
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APPENDIX B 

FOOD • BEVERAGE • AND ACTIVIT Y SCHEDULE 

1 .  Rat ion schedule 

2 .  Wat er flavoring schedule 

3 .  Milk schedule 

4 . Ice schedule 

s .  Training schedule 
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I 

I 
I 

. 
. 

RATI O N  S C H E D U LE 

1 T 13MRE. · 11 T /2MRE . . • • . . . . . . . . • • . . . . . . . • . . • . . . . . . . . . • . . . • . . • . . . . • • . . . . . • . • . . . . . . . . • . . • . • • . . . • . • . . . . . . • • . . . . . . . . . . . . •  

. . 
1 T F 13MRE·  · 11 T /2MRE · . . . . . . . . . . . . . . • . • . . . . . . . . . • . . . . . . . . . . . . . • . • • • . • . . . . . • . • • . • . . . . • • . . . • . . . • . • . . . . . . . . . . . . .  · . . . . . . . . . •  

2 T . 13MRE·  · 11 T/2MRE I 2T/ 1 MRE· · . . . . . • . • . • . . . • . . . . . . . . . . . . . . . . . . . . . . . .  ·. • . . . . . . . . . . • • • • . . • . • . · . . . . • . . . . . . . . . . . . . . . . . . .  

2TE 3MRE · · I1 T/2MRE ,2T/ 1 MRE· · · · · · · · · · · · · · · · · · · · · · · · · · IB ENHANCED · · · · · · · · · · · · · · · · · · · · IA ENHANCED · · · · · · 

2 8 i3MRE · · �B/ 1  MRE· · · · · · · · · · · · · . .  · . · · . . .  . ' . ·: • . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . .  · . . .  , . . . .  

2 A ;3MRE . . PA/ 1 MRE· . • . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I I I I I I I I I I I I I I I I I I I I I I 1 , 1 I I I I I I I I I I I I I I I I I 

0 2 4 6 8 1 0 1 2  1 4  1 6  1 8  20 2 2  24 2 6  28 30 32 34 36 38 40 42 44 
TEST DATF:.....;... ____________ _.. 

• 

.., 
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1 T  

1 TF 

2 T  

2TE  

2 8  

2A 

WATE R F LAVO R I N G  S C H E D U L E 

fnAVORING · · · · · · · · · · · · · · · · · · · · · · · · 

fnAVORING · · · · · · · · · · · · · · · · · · · · · · · · 

I I I I I I I 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I 

0 2 4 6 8 1 0  1 2  1 4  1 6  1 8  20 2 2  2 4  2 6  2 8  30 3 2  3 4  3 6  3 8  40 4 2  4 4  
T E S T  DATE 

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o m b a t  F i e l d  F e e d i n g  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 8 1
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I I 
1 T  

· . 1 TF  

2.T 

2TE 

2 8  

2A 

M I L K S C H E D U L E 

rowdarad low fat · . . . . . . . . . . . . . . . 

rowdarad low fat · . . . . . . . . . . . . . . . 

rowdarad low fat ·  . . . . . . . . . . . . . . . 

IUHT Milk . . . .  · . .  . ' . . . . . .  · . .  · . . . . . .  ,Whole Milk . . . . . .  · . .  

I UHT Milk . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

!whole Milk · · · · · · · · · · · · · · · · · · · · · · · : · · · · · · · · · · · · · · · · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

0 2 4 6 8 1 0  1 2  1 4  1 6  1 8  20 2 2  2 4  2 6  28 30 3 2  3 4  3 6  3 8  40 4 2  4 4  
fEST DATE �==========================================================- --- -
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1 T  

1 TF 

• 
J 

I C E  S C H E D U LE 

J rcE · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
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APPENDIX C 

NUTRITION ISSUES , CRITERIA , METHODS , AND 

INVESTIGATORS ' PROPOSED CONCLUSIONS 
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ISSUE 2 . 1  Will  troops eat a sufficient quantity of CFFS rat ions ( T ,  B ,  
and A rations and MRE s )  over an extended period (42-49 day s )  
t o  meet the Surg eon Genera l ' s Mi litary Rec ommended Dietary 
Al lowances (MRDAs ) for prot ein , vitamins , minerals , fat , and 
energy? 

CRITERIA 

The average dai ly energy , protein, fat , vitamin , and mineral intake 
of a platoon or larger unit should meet a l l  the MRDAs , as listed in 
Appendix E .  

METHODS 

Food consumption was est �at ed in the field by trained data col lec­
tor s ,  who used a combinat ion of observation, int erview, and sel f-reporting 
t echniques ( see Appendix M for detai l s ) . Nutritional adequacy of each 
feeding reg�en was determined by multiplying the est �at ed food consump­
t ion by the nut rient composit ion of the rat ion component and comparing the 
product with the MRDAs for selec t ed nutrient s .  Nutrient values for A and 
B rat ions were det ermined from handbook va lues and information on total 
rec ipe nut rients .  MRE composition was determined from chemica l analysis  
performed approx�ately 3 years ago on a similar lot . Data on T ration 
were obtained from chemical  analysis  and handbook-derived va lues.  

PROPOSED CONCLUSIONS 

The MRDAs for protein, vitamin A, ascorbic acid , thiamin, riboflavin , 
niac in, vitamin B6 • and phosphorus were met in a l l  six test  groups ( see 
Appendix D) . 

The dai ly energy intakes averaged over the entire study were less than 
the lower l�it of the MRDA range for a l l  groups except Group 2A. How­
ever , a l l  groups maintained their body weight within narrow l imit s (! 3% ) . 

The MRDAs for fat , iron , and calcium were met in a l l  test groups 
except as  not ed : 

o The MRDA aax�um for fat intake ( 35% of total calories) was cons is­
tent ly exc eeded in Group 2A. 

o The MRDA for iron ( 18 mg) was consistent ly not attained in Group 
lTF . However, iron intake by this group can probably be cons idered ade­
quat e ,  on the basis  of evidence that ascorbic ac id and the heme iron con­
tent of the diet are high , thus inc reasing the bioavai lability of iron. 

o The MRDA minimum for calcium ( 800 mg) was consistent ly met only in 
the groups consuming mi lk ( Groups 2A and 2B)  and the "enhanced" T-rat ion 
group (Group 2TE) when they were rec eiving milk. The defic it  in calc ium 
was part icularly striking in the women ( Group lTF). 

o The MRDA max�um for sodium ( 1 , 700 mg/ 1 , 000 kcal) was exceeded in 
all  group s .  
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In accordance with the original study design,  the MRDAs for vitamin 
D, vitamin E ,  folac in , vitamin B1 2 • magnesium , zinc , iodine , and copper 
were not evaluated . 

ISSUE 2 . 2  Wil l  troops subsist ing on CFFS rat ions over an extended period 
(42-49 day s )  consume suffic ient calories to meet energy demands 
assoc iated with extended field operat ions ? 

CRITERIA 

With compensat ion for dehydrat ion,  the average body-weight loss or 
gain of a platoon or large unit of  physica l ly fit  soldiers should not 
exceed 3% of init ial  body weight at any t �e during the study . 

METHODS 

Body weight s of  volunteer subj ects  were measured at the start , at 
regular interval s ,  and at the end of the study . Methods used to determine 
adequacy of hydrat ion status are described in the disc ussion of Is sue 2 . 3 . 

PROPOSED CONCLUSIONS 

None of the diet groups had a mean body-weight change that exceeded 
3% of initial body weight at any t �e during the study (Appendix I ) . Bow­
ever , with the possible exception of Group lT , energy intake of the groups 
when they were fed three MREs per day was too low (2 , 200-2 , 300 kcal /day ) 
to maintain body weight of men. The data are consistent with those of  an 
earlier study on prolonged feeding of the MRE . 

The group with the lowest inc idences of individual weight loss more 
than 3 % ,  5% , or 7 . 5% of initial body weight was Group 2A , which also con­
sumed the most  calories . 

I t  must be noted that , during this  test , the est �ated energy expendi­
ture of the men was low to moderate ( 3 , 000-3 , 200 kcal /day ) . It is  not 
known whether soldiers with higher ( 3 , 600-4 , 000 kcal /day ) energy expendi­
tures (walking infantry carrying heavy packs ) wi l l  consume more of the 
rat ions in quest ion to enable them to maintain their body weight s and 
musc le glycogen stores .  

ISSUE 2 . 3  Wi l l  troops subs isting on  CFFS rat ions drink suffic ient fluids 
and water to maintain hydrat ion status? 

CRITERIA 

The average urine spec ific gravity ( SG ) of a platoon or larger unit 
should not exc eed a group average of  1 . 030 at any t �e .  Samples exceeding 
this  value are indicat ive of  inadequate hydrat ion.  
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METHODS 

Adequacy of hydrat ion was eva luated by monitoring appropriat e indexes 
in the b lood , plasma ,  and urine ; by assessing morning-to-aft ernoon body­
weight changes ; and by measuring water and other fluid consumption. In 
addit ion , overnight urine samp les were col lected by the teat subj ects  nine 
t LDea during the study and quant itat ive ly analyzed for SG ,  creat inine , 
sodium, potassium, and ( by Mult iatix ana lysi s )  pH , protein, glucose , 
ketones , bilirubin, nit rates , urobi linogen, and ascorbic ac id . 

PROPOSED CONCLUSIONS 

Urine SG on the average d id not exceed 1 . 030 at any t LDe (Appendix J ) .  
However,  the data demonstrate a rat ion effect  on hydration ,  as  measured 
by urine SG , even in this temperate environment with low to moderate 
physical act ivity .  

o A t  Schofield Barracks ( pretes t ) , only 6-1 8% o f  the soldiers had 
concentrated urine. 

o The inc idence of conc entrat ed urine ( SG  greater than 1 . 030 ) among 
males was greatest (40%-60% of  subj ec t s )  on study day 3 ,  when a l l  teat 
groups had consumed three MRE a  per day for at least 2 consecut ive days .  

o On  study day 7 ,  the inc idence of concentrated urine in  Groups 2A 
and 2B immediately dropped to leas than 20% and remained at or be low that 
point for the remainder of the study . Both groups had been eat ing two hot 
meals  and one MRE per day sinc e  study day 4 .  

o In contrast , the inc idence o f  concentrated urine remained high on 
day 7 for Groups lT , 2T , 2TE , and lTF , which had a l l  been eat ing one T 
ration and two MRE a  since day 4 .  

o Th e  inc idence o f  conc entrat ed urine for groups lT , 2T , and 2TE did 
not genera l ly fal l  below 20% unt i l  after day 20 .  

o Individual  canteen water flavorings were provided to Groups lT  and 
2T on study day 30 . No discernib le differences in total  daily water con­
sumption or hydrat ion status could be direc t ly attribut ed to the water 
flavorings .  The lack o f  effec t  might have been due both to the moderate 
ambient temperature and to the fac t that the high inc idence of  concen­
trated urine occurred early in the study . 

o The female group (Group lTF) also had a high inc idence ( 2 5-30%) of 
concentrat ed urine early in the study , with marked improvement on study 
day 13 and thereafter.  

These data suggest that feeding three MREa per day might contribute 
to the problem of voluntary dehydrat ion during initial deployment , even 
in a temperate environment . The T rat ion as  tested was not as effec t ive 
as the A or B ration in al leviat ing thi s problem. The use of individua l 
cant een flavorings warrants further study in various c l LDatea . 
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ISSUE 2 .4 Will  troops subsist ing on CFFS rat ions over an extended period 
(42-49 day s )  maintain their nutritional  status ? 

CRITERIA 

The biochemical  ind icators of nutrit ional defic iency in each vo lunteer 
wi l l  be compared with the criteria listed in Appendix F .  

METHODS 

Appropriate biochemical indexes in blood , serum , and plasma were 
measured . Standard anthropomet ric measurement s--inc luding height and 
weight , skinfold thicknesses , upper ana length , elbow diamet er , and c ir­
cumferences of chest , abdomen, and upper arm--were made . 

PROPOSED CONCLUSIONS 

o The vitamin A criterion was met . E ssent ial ly a l l  subj ects  had 
serum retino l  concentrat ions in the acceptable range . 

o The vitamin C criterion was probably met . Serum ascorbate data are 
unreliable ,  because of failure to stabilize the samples before analysi s .  
However , mean vitamin C intake was approx�ately twice the MRDA , accord ing 
to nutrient ana lysis  of rations as described ( p .  C- 1 ) . 

o The thiamin criterion was probably met . Data on erythrocyte trans­
keto lase are not available ,  because the contractor d id not perform the 
requested ana lysis ; however , thiamin intake was 2-3 t �es the MRDA. 

o The riboflavin standard was probab ly met . Data on erythrocyte 
g lutathione reductase FAD effec t  were not provided , because the contrac tor 
did not have the capability to perform the requested analysi s .  The c rite­
rion of  riboflavin intake was probably met , but intake did not great ly 
exceed the MRDA. 

o The folate ac id criterion was met . All groups met the recent ly 
recommended (NHANES Expert Group) criterion for plasma fo late ( 3 . 0  
ng/m l ) . The mean values d id not significant ly change during the study . 
Approx�ately 10-20% of test groups had plasma folac in concentrat ions 
below 3 . 0  ng/m l--a finding s�i lar to that in healthy young adult s in the 
recent NHANES survey . 

o Final interpretat ion of iron status awaits  receipt of transferrin 
saturation values from the contractor . On the bas i s  of the avai lable 
hemoglobin,  hematocrit , plasma ferritin,  and erythrocyte protoporphyrin 
data , it  is reasonable to conc lude that the iron criterion was met and 
that iron status did not dec rease over t �e. All va lues for erythrocyte 
protoporphyrin were in the acceptable range , as  were the mean serum 
ferrit in values for both men and women. As expected ,  some of the females 
(4-21%)  had low plasma ferritin,  but the inc idenc e d id not increase 
during the study .  
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o Group 2A had increases in tota l cholestero l and LDL , a decrease in 
HDL , and an increase in cholesterol : HDL ratio . The fat and presumably 
cho lestero l consumption of this group was higher than that of a l l  other 
test groups . There was a genera l trend in a l l  groups for HDL cholesterol 
to dec rease with t LDe in the study , poss ible because of  a decrease in run­
ning ac t ivity during the training exerc i se .  

o All groups maintained fat- free body mass throughout the study , as 
determined by the circumferenc e technique in men and by the skinfold 
caliper technique and the Durnin and Womers ley equat ion in women . The 
mean body-fat stores decreased s l ight ly with t LDe in a l l  groups , but this 
was not interpret ed as an undesirable response ,  in l ight of the adequat e 
body-fat stores at the beginning of the study. 

ISSUE 2 . 5  What is the inc idenc e of food-related hea lth disorders in 
troops subsist ing on CFFS rat ions over an extended period 
(42-49 days) ? 

CRITERIA 

The inc idence of gastrointest inal or other food-related disorders is 
invest igat ive . 

METHODS 

Maintenance of health and well-being was evaluated with an environmen­
tal systems questionnaire (E SQ )  and the monitoring of s ick-cal l  record s .  

PROPOSED CONCLUSIONS 

The inc idenc e of health-related disorders requiring medical  attent ion 
was very low in a l l  test groups . Workdays lost because of gastrointes­
t ina l disord ers were noted as  fol lows : by a l l  t est subj ects , 1 . 6 per 
1 , 000 person-days ; by female subj ec t s , 3 . 7 per 1 , 000 person-days ; and by 
male subjec t s ,  1 . 1 per 1 , 000 person-day s .  Fema le subj ects  report ed more 
gastrointestina l  complaints than male subj ect s .  Group 2T reported the 
highest inc idence of gastrointest inal complaint s ,  and those in Group 2A 
reported the lowest incidence .  

Although more minor complaint s of gastrointest inal prob lems ( gas 
pressure and stomachache) were reported in the groups fed T rations , very 
few workdays were lost . The higher overal l  inc idence of complaint s and 
sick-call  visits  reported by female soldiers than ma le soldiers i s  consis­
tent with results of numerous other stud ies regard ing food-related or 
non-food-re lat ed symptoms . 
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ISSUE 2 . 6  Will  troops subsist ing on CFFS rat ions over an extended period 
(42-49 day s )  maintain musc le strength and muscular enduranc e? 

CRITERIA 

Average musc le strength and muscular endurance must not decrease by 
more than 10% from the initia l prestudy result s .  

METHODS 

Adequacy of musc le strength and muscular endurance was evaluated with 
measures of handgrip strength and enduranc e ,  upright pul l ,  and inc remental 
dynamic lift . Eye-hand coord inat ion was eva luat ed with the arm-hand 
steadiness test and the ball-p ipe t est . 

PROPOSED CONCLUSIONS 

Musc le strength , muscular enduranc e ,  and eye-hand c oord ination were 
maintained by the subj ects  in this study . 
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APPENDIX D* 

MACRONUTRIENT AND MICRONUTRIENT INTAKE 

1 .  Average Dai ly Nutrient Intakes : 

Sodium 
Potas s ium 
Calc ium 
Phosphorus 
Iron 

2 .  Average Dai ly Nutrient Intakes : 

Thiamin 
Riboflavin 
Niacin 
Vitamin B6 
Vitamin A 
Vitamin C 

3 .  Average Daily Nutrient Intakes : 

Energy 
Total fat 
Percent of kcals  from fat 
Carbohydrat e  
Perc ent of  kcals from CHO 

*Data provided by the Nutrit ion Research Task Forc e o f  USARIEM, 
Lt . Co l .  David Schnakenberg , Team Direc tor and Direc tor of Nut rition 
Res earch. 
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APPENDIX E 

MRDAs FOR SELECTED NUTRIENTS 
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MRDAs FOR SELECTED NUTRIENTs! 

Nutrient Unit Ma l e  Fema l e  

Energy� kc a l  3 , 2 00 ( 2 , 800-3 , 600 ) 2 , 400 ( 2
l

000 -2 , 800 ) MJ 1 3 . 4  ( 1 1 . 7- 1 5 . 1 )  1 0 . 0  8 . 4-1 1 . 7 )  
Prot ein£. g 1 00 80 
Vitamin � ll g RE 1 , 000 800 
Vi tamin n!• f J,l g 5-10 5-10 
Vi tamin E& mg TE 1 0  8 
Ascorb ic ac id mg 60 60 
Th iamin ( B1 ) mg 1 . 6 1 . 2  
Ribo flavin ( B2 ) mg 1 . 9  1 . 4  
Niac inh. mg NE 2 1  1 6  
Vi tamin s6 mg 2 . 2  2 . 0  
Folac in lJ g  400 400 
Vi taminl 2  lJ g 3 . 0  3 . 0  
Calcium!. mg 800-1 , 200 800-1 , 200 
Phosphorus! mg 800-1 , 2 00 800-1 , 200 
Magnes iwu!. mg 350-400 300 
Iron!. mg 1 0-1 8 1 8  
Zinc mg 1 5  1 5  
Iod ine ll g 1 50 1 50 
Sodium mg i i 

!MRoAs for moderately ac t ive mi l it ary per sonnel , aged 1 7-50 , are b a s ed on 
RDA , ninth revised ed i t ion , 1 9 80 . 

�nergy a l lowanc e ranges are e s t ima t ed t o  r e f l ec t  the requir ement o f  70% 
of mod era tely ac t ive mi l i tary produc t ion ;  1 mega joul e (MJ ) • 239 
ki loc alorie s  ( kca l ) . D iet ary fat ca lories should not contribut e more than 
3 5 %  tota l energy intake . 

�rot ein al lowanc e i s  based on e s t imat ed protein requirement o f  0 . 8 
gram/ki logram ( g/kg ) o f  des irab l e  body weight . Accord ing to referenc e 
body weight ranges for males o f  60-79 kg and for females o f  4 6-63 kg , 
protein requirement i s  approxima t e ly 48-64 g for ma les 3 7- 5 1  g for 
femal es . The s e  amount s have been approximately doub l ed to r e f l ec t  usua l  
protein consumpt ion b y  Americans and t o  inc reas e diet acc eptab i l i ty .  

�ne mic rogram o f  ret ino l equiva l ent ( 1  lJ g  RE )  • 1 J,lg o f  ret ino l , o r  6 
1J g  o f  b et a-caro t ene , or 5 int ernat iona l unit s ( 5  IU) . �s cho l ec a lc i ferno l ; 1 0  llg o f  cho l ec a lc i fero l • 400 IU o f  vitamin D .  

� i gh va lue s  r e f l ec t  greater vi tamin D ,  calc ium , pho sphorus , magne s i um ,  
and iron requirement s for 1 7- to 18-year-olds than for older peop l e .  

!()ne mi l l igram o f  a l pha- toc opherol equiva l ent ( 1  mg TE ) • 1 mg o f  
d-a lpha-tocophero l .  

�ne mi l l igram o f  niac in equiva l ent ( 1 mg NE) • 1 mg o f  niac in or 60 mg 
. o f d i etary t ry tophan . 

� a fe and adequa t e  dai ly sod ium intake o f  1 , 100-3 , 300 mg pub l i shed in RDA 
are current ly imprac tica l and unatta inab l e  within mi l i tary food s ervic e 
sys tems . However , average o f  1 , 700 mg o f  sodium per 1 , 000 kc a l  o f  food 
s erved i s  target for mi l i tary food s ervic e sy s tems . Th i s  equa t e s  to a dai ly 
s od ium intake of approximately 5 , 500 mg for ma les and 4 , 100 mg for females . 

E-1 
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APPENDIX F 

STANDARD VALUE S INDICATIVE OF NUTRITIONAL DEFICIENCIES  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o m b a t  F i e l d  F e e d i n g  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 8 1

http://www.nap.edu/catalog.php?record_id=19181


STANDARD VALUE S INDICATIVE OF NUTRITIONAL DEFICIENCIES� 

Age/ S a  
I t em  Cat egory 

Vi tamin A: plasma Al l ages 
ret ino l ,  � / 1 00 ml 

Vi tamin C :  serum Al l ages 
ascorb ic ac id , 
mg/ 1 00 ml 

Th iamin RBC transketo- Al l ages 
lase : TPP e f f ec t , 
TPP s t Laulat ion % 

Riboflavin RBC gluta- Al l ages 
thione : reduc ta s e  
FAD effec t  ( act ivity 
coef f ic i ent ) 

Folic ac id : s erum Al l ages 
fo lac in , ng/ml 

Hemog lobin,  g/ 1 00 ml Adult ma les 
Adult fema l e s  

Hematoc rit , % Adul t males 
Adult fema l es 

Iron ( 3  measures used ; 
defic iency • 2 of 3 
abnorma l ) : 

Trans ferrin 
saturat ion , % 

Al l ages 
exc ept infant 
Al l adult s 

Def ic ient 
(High Risk) 

>1 0 

< 0. 2 0  

>20 

> 1 . 40 

< 3 . 0  

< 1 2 . 0  
< 1 0 . 0 

< 3 7  
< 3 7  

<1 5 . 0  

<1 6  

Erythrocyt e  
protoporphyrin , 

g/dL o f  RBC 

1 5 -74 years old >70 

S erum ferrit in ,  
ng/ml 

1 5-74 y ears o ld <1 2 

Low 
(Med i um  Risk) 

1 0-1 9 

0 . 2 0-0 . 2 9 

1 6-20 

1 . 2 0-1 . 40 

3 . 0-5 . 9 

1 2 . 0-1 3 . 9 
l O . O- l l . 9 

3 7 -43 
31-3 7  

1 5 . 0-1 9 . 9 

Acc eptab l e  
(Low Ri sk) 

�20 

�0 . 30 

0-1 5 

<1 . 20 

� 6 . 0 

� 1 4 . 0 
�1 2 . 0  

> 44 
>"38 

�20 . 0  

>1 6 

<70 

>1 2  

�auber l ich , H . E . ,  R . P . Dowdy , and J . H .  Ska la .  Laboratory Tests for the 
As ses sment s of Nut ritiona l Statu s . Cleveland , Ohio : CRC Pres s ,  1 9 74 . 
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APPENDIX G* 

NUTRITIONAL STATUS INDICATORS 

1 .  Serum vitamin A 

2 .  S erum ferr it in--abso lut e va lues 

3 .  Serum ferr it in--perc ent of population with defic ient and ac c eptab le 
va lues 

4 .  Ery throcyte protoporphy rin 

5 .  Serum folat e--ab solute va l ues 

6 .  S erum fola t e--perc ent o f  popula t ion with d ef ic ient and acc eptab l e  
va lues 

7. S erum cho le s t erol 

8. Serum HDL cho l e s t ero l 

9 .  Cho l e s t erol /HDL 

10 . Serum LDL cho l es t ero l 

1 1 .  S erum t ri g lyceride& 

*Data provided by the Nutrit ion Research Task Forc e o f  U SARIEM, 
L t . Co l .  David Schnakenberg , Team Direc tor and Director of Nutrition 
Res earc h .  
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APPENDIX H* 

SELECTED HEMATOLOGIC AND HYDRATION VARIABLE S 

1 .  Hemat oc ri t , hemog lobin,  and plasma o smo la l i ty 

2 .  S erum prot ein , plasma inorganic ions , b lood urea nit rogen , 
and c reat inine 

*Data provid ed by the Heat Res earch Divi s i on o f  USARIEM, Dr. Rog er 
Hubbard , Direc to r .  
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T es t  Group 

2T 
2TE 
lT 
lTF 
2A 
2 B  

T es t Group 

2T 
2TE 
lT 
lTF 
2A 
2B 

T es t Group 

2 T  
2TE 
lT 
lTF 
2A 
2B 

HEMATOCRIT , % RBC 
(Norma l ,  40-5 4 ,  ma l e) 

(Norma l ,  37-4 7 ,  fema l e )  

Day of Study 
Day 0 

45 . 8  
4 7 . 3  
4 7 . 8 
43 . 3  
46 . 8  
4 6 . 9 

Day 1 Day 20 

48 . 2  
4 9 . 1 
48 . 1 
44 . 0  
48. 6 
48. 1 

48 . 6  
4 9 . 2  
48 . 4  
4 5 . 8 
48 . 8 
48. 6 

HEK>GLOBIN ,  g/ dL 
(Norma l ,  13-1 8 ,  ma l e) 

(Norma l , 11-16 fema l e ) 

Day 0 

1 6. 3 3  
1 7 . 32 
1 6 . 3 7  
14 . 56 
1 6 . 3 0 
1 6 . 60 

Day of Study 
Day 1 Day 20 

1 6 . 94 
1 6. 9 8  
1 7 . 16 
1 5 . 01 
1 6 . 60 
1 6 . 34 

1 6 . 4 5  
1 6 . 6 5  
1 6 . 50 
1 5 . 14 
1 6 . 2 6  
1 6 . 3 7 

OSMOLALITY , mOsm/kg 
(Norma l , 280-300 ) 

Day 0 

290. 9 
290 . 3  
2 92 . 1  
28 5 . 3  
286 . 3 
28 9 .4 

Day of Study 
Day 1 Day 20 

292 . 1  
289. 9 
285 . 4  
293 . 8  
294 . 1  
289. 9 

H-1 

289 . 6 
290 . 2  
286 . 5 
288. 8 
289 . 8 
289. 9 

Day 44 

49 . 0  
5 0 . 9 
5 0 . 7 
4 5 . 3  
50 . 4  
4 9 . 7 

Day 44 

1 6 . 69 
1 7 . 1 9 
1 7 . 5 3  
1 5 . 5 5  
1 7 . 50 
1 6 . 83 

Day 44 

291 . 0  
289 . 3  
290. 8 
285 . 2  
288. 0 
2 9 1 . 6 
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TOTAL PROTEIN , g/dL 
(Norma l ,  6 . 2-8. 5 ) 

Dai of 
Test Group Dai 0 Dai 1 

2T 7 . 85 8 . 1 5  
2TE 8. 05 8 . 2 6 
lT 7 . 80 8 . 1 6  
lTF 7 . 8 7  8. 0 6  
2A 8 . 16 8 . 2 8  
2B 8. 00 8 . 2 7  

SODIUM ,  mEq /L 
( Norma l , 1 35-155 ) 

Test Group Dai 0 
Dat of 

Dai 

2T 141 . 6  142 . 7  
2TE 140 . 4  1 3 7 . 6 
lT 141 . 2  139 . 9 
lTF 1 3 9 . 2  1 3 8 . 9 
2A 140 . 5 141 . 2 
2B 140. 7 140. 1 

POTASSIUM , mEq /L 
( Norma l ,  3 . 6 -5 . 5 ) 

Dai of 
Test Group Dai 0 Dai 1 

2T 4 . 20 4 .  7 7  
2TE 4 . 4 2  4 . 41 
lT 4 . 4 6  4 . 4 8  
lTF 4 . 43 4 . 5 2  
2A 4 . 4 6  4 . 59 
2 B  4 . 43 4 .  7 2  

H-2 

Studi 
Dai 20 

8 . 1 1  
8. 1 2  
7 . 98 
8. 14 
8 . 00 
8. 14 

Stud I 
Dai 2o 

140 . 5 
138. 7 
140 . 2  
1 3 9 . 7 
1 39 . 1 
1 3 9 . 5 

Stud I 
Dai 20 

4 . 50 
4 . 5 3  
4 . 61 
4 . 41 
4 . 61 
4 . 64 

Dai 44 

8 . 1 1  
8 . 31  
8 . 1 9  
7 . 88 
8 . 2 0  
8 . 20 

Dai 44 
141 . 8  
140 . 6 
141 . 4  
143 . 8  
140 . 2 
1 41 . 5 

Dai 44 

4 . 2 0 
4 .• 4 3  
4 . 4 8  
4 . 5 6  
4 . 55 
4 . 58 
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Test Group 

2T 
2TE 
lT 
lTF 
2A 
2B 

Teat Group 

2T 
2TE 
lT 
lTF 
2A 
2B 

T ea t  Group 

2T 
2TE 
lT 
lTF 
2A 
2B 

MAGNE SIUM ,  'IDEq /L 
(Norma l , 1 . 4-2 . 4 )  

Day of Study 
Day 0 

1 . 78 
1. 81 
1 . 80 
1 . 7 5  
1 . 70 
1 . 84 

Day 1 Day 20 

1 . 78 
1 . 7 6  
1 . 78 
1 . 74 
1.  77 
1 . 7 8  

1 . 80 
1 . 88 
1 . 99 
1 . 7 6  
1 . 82 
1 . 8 3  

CHLORIDE , 'IDEq /L 
( Norma l ,  94-106 ) 

Day 0 

94 . 8  
9 6 . 5 
96. 3 
9 6 . 4  
9 5 . 1 
9 6 . 4  

Day of St udy 
Day 1 Day 20 

94 . 9  
9 5 . 7 
9 7 . 1 

100. 5 
98 . 3  
9 7 . 7 

9 7 . 9 
9 7 . 2  

100 . 2 
1 01 . 2  

9 6 . 8 
9 6 . 6 

UREA NITROGEN , :J' dL 
( Norma l ,  7-18 

Dai of Stud! 
Dai 0 Dai 1 Dai 20 

1 3 . 7 1 5 . 0 14 . 0  
14 . 3  1 6 . 0 1 5 . 0 
14 . 3  14 . 0  1 6 . 1 
1 2 . 0 1 2 . 5 1 0 . 4  
1 3 . 7  1 3 . 4  1 9 . 4  
1 5 . 1 14 . 8  14 . 7 

H-3 

Day 44 

1 . 7 6  
1 . 87  
1.  7 7  
1 .  7 2  
1 . 80 
1.  79 

Day 44 

9 6 . 9 
9 5 . 8 
9 6 . 7 
9 7 . 1 
9 8 . 1 
9 8 . 8 

Dai 44 

1 4 . 7 
1 6 . 5 
14 . 7  
1 1 . 6 
1 7 . 8  
1 6 . 1 
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CREATININE , mg/dL 
(Norma l ,  0. 9-1 . 5 ,  mal e) 

( Normal , 0 . 7-1 . 35 ,  female) 

Day of Study 
Test Group Day 0 Day 1 Day 20 

2T 1 . 1 7  1 . 09 1 . 1 5  
2TE 1 . 16 1 . 05 1 . 1 6  
lT 1 . 1 5  1 . 1 5  1 . 1 9  
lTF 0 . 97  0 . 91  0 . 97  
2A 1 . 1 2  1 . 03 1 . 1 3  
2 B  1 . 08 1 . 08 1 . 09 

H-4 

Day 44 

1 . 05 
1 . 1 6  
1 . 30 
0 . 98 
1 . 1 8  
1 . 1 7  
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APPENDIX I* 

BODY-WEIGHT-CHANGE DATA 

1 .  Dai ly body-weight change 

2 .  Dai ly weight loss exceed ing 3% 

J .  Dai ly weight loss  exceeding 5% 

4 .  Dai ly weight los s  exceed ing 7 . 5% 

5 .  Mean body-weight change vs.  t ime 

*Data provided by the Nutrit ion Research Task Forc e of  USARIEM1 
Lt . Co l .  David Schnakenberg . Team Director and Director of Nutrition 
Research .  
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COMBAT F I ELD FEED I NG SYSTEM TEST MEAN PODY WE I GHTS ( KG )  vs T I ME fQR EACH RAT I ON G.ROUP 

Group fRE I.:l I-20 T-L&4 I.A. 
2T 76 . 70 ± 10 . 59 76 . '&6 ± 10 . 51 75 . 15 ± 9 . 81 75 . 55 ± 9 . 52 - 1 . 50 

2TE 79 . 80 ± 11 . 08 79 . 71 .t 11 . 02 78 . 32 + lO . L&L& 78 . 51 ± 10 . 01� -1 . 62 

IT 77 . 62 + 8 . 87 77 . ·14 ± 8 . 92 76 . 00 ± 8 . 09 75 . 48 + 7 . 87 - 2 . 76 

lTF 6'& . 32 ± 7 . 78 6L& • 42 ± 7 • 56 63 . 33 ± 7 . 63 63 . 88 ± 7 . 65 -0 . 68 

2A 76 . 22 ± 10 . 59 75 . 59 ± 10 . 62 7L& . 88 ± 10 . 21 75 . 08 :!: 9 . 82 -1 . 50 

.... 
2B 75 . 03 ± 11 . 19 7L& . 87 + 10 . 9L& 73 . 73 ± 10 . 27 72 . 7L& + 9 . 9L& - 3 . 05 I "" 

• 
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APPENDIX J* 

URINE SPECIFIC GRAVITY AND OSMOLALITY 

1 .  Urinary specific gravity 

2 .  % of populat ion with urine spec ific gravity 1 . 030 

3 .  Urinary osmolal ity 

4 .  % o f  populat ion with urine osmola l ity 1 , 000 mOsm/kg 

s . Dai ly water intake 

*Data provided by the Heat Research Division of USARIEM, Dr. Roger 
Hubbard , Director , and the Nutrit ion Research Task Force of USARIEM, 
Lt . Co l .  David Schnakenberg , Team Direc tor and Director of  Nutrit ion 
Research.  
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APPENDIX K* 

BODY COMPOSITION DATA 

1 .  Percent body fat of males 

2 .  Fat- free mass of males 

3 .  Body composit ion of females 

*Data provided by the Exerc ise Physiology Division of USARIEM, 
D r .  James Vogel ,  Director. 
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Percent of Body Pat of Ma les Determined by Circumference Technique! 
of Each Treatment Group at Each T�e of Measurement (Mean ! SD ) 

Group n Day 0 Day 1 Day 20 Day 44 

2T 33 19 . 0 + 5 . 6 18 . 9 ! 5 . 9 1 7 . 7 ! 5 . 2 1 7 . 6 + 5 . 1 

2TE 36 20. 0 + 5 . 1 1 9 . 7 + 5 . 1 1 8. 7 + 4 . 4 1 8 . 3  + 4 . 4  

lT 36 18 . 3 ! 4 . 4  18 . 2 ! 4 . 9  1 7 . 4  + 4 . 0  16 . 7 ! 3 . 5  

2A 33 1 9 . 2  ! 4 . 6 1 8. 5 + 4. 6 1 7 . 6  + 4 . 3  1 7 . 2  + 4 . 1 

2B 29  19 . 6 ! 5 . 4  1 9 . 9 + 5 . 1 19 . 0 ! 4 . 5 1 7 . 8 + 4 . 1 

Al l 1 67 1 9 . 2  + 5 . 0 1 9 . 0 + 5 . 1 1 8 . 1 + 4 . 5 1 7 . 5 + 4 . 2  

P value for group ccapari son - 0 . 69 

P value for repeat ed measures • 7 6 . 26  

!The body fat procedure for men cons isted of the Army ' s  new c ircumference 
technique,  which wi ll  replace the skinfold proc edure in 1986.  This  new 
method est �ates body fat frca measures of neck and abdcainal c ircumfer­
ence and body height according to the fol lowing equation : 

Perc ent body fat • 46. 892 - [ ( 68 . 678 ) ( logloheight ) 
( loglo&bdominal-neck circumferenc e) ] 

C loth anthropomet ric tapes were used to  measure c ircumferenc e of the neck 
at a level just  below the larynx and the abdomen at a level coinc iding 
with the midpoint of the nave l .  Pat-free mass  was est �at ed by subtrac t­
ing fat mass  from total body weight . 

K-1 
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Pat- free Mass  ( kg )  of Males Determined by Ci rcumference Technique 
of Each Treatment Group at Each T�e of Measurement! (Mean ! SD ) 

Group n Day 0 Day 1 Day 20 Day 44 

2T 33 61 . 8  + 7 . 0 61 . 7 + 6 . 9 61. 6 + 7 . 0 62 . 0  + 6. 8 

2TE 36  63 . 5  + 6 . 9 63 . 7  + 7 . 3  63 .4  + 7 . 1 63 . 9  ! 7 . 2 

lT 36 63 . 3  + 6. 8 63 . 2  + 6. 9 63 . 0  + 6. 8 63 . 2  + 6. 8 

2A 33 61 . 3  + 6 . 6 61 . 2  + 6 . 6 61 . 1 ! 6. 5 61 . 9 ! 6 . 3 

2B 29 60 . 1 + 6 . 6 59 . 8 + 6. 6 59 .4  + 6 . 4  59 . 9 ! 6 . 7 

All 167 62 . 1  + 6. 8 62 . 0  + 7 . 0  61 . 8  + 6 . 8 62 . 3  + 6 . 8 

r va lue for group comparison • 1 . 66 

r value for repeated measures • 7 . 46 

!Fat- free mass  was est �ated by  subtract ing fat mass f rom total 
body weight . 
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Variab le 

Perc ent 
body fat 

Fat- free 
11Ul S S 1  kg 

Fat DUlss , 
kg 

Upper arm 
musc le 
vol . , L 

n 

36 

36 

36 

36 

Body Composition As a Func tion of T�e in Group 1 TF 
(Females )8  (Mean !, SD ) 

Repeat ed 
Measure 

Pre Day 1 Day 20 Day 44 F-value 

28 . 6 + 3 . 9  26. 8 + 4 . 1 26 . 2  + 4 . 2  25 . 5 !. 4 . 1  63 . 33 

45 . 9 ! 5 . 2 47 . 0 ! 4 . 9  46 . 6  + 5 . 0 47 . 5 ! 4 . 9 24 . 72 

18 . 5 + 4 . 0  1 7 . 4  ! 4 . 0  16. 7 + 4 . 0  16 . 4  + 4 . 1 44 . 09 

0 . 995 + 0 . 344 0 . 941 + 0 . 2 36 0. 960 + 0. 1 74 1 . 007 + 0 . 187 0 . 57  

!Body fat was est �ated in  women by  the Army ' s  present skinfold caliper t echnique 
using the Durnin and Womers ley formulas ( Brit . J .  Nut r .  32 : 7 7 ,  1 9 74 ) . The Harpenden 
caliper was used to  measure skinfold thicknes s at four locat ions ( bic eps , triceps , 
subscapular ,  and suprailiac ) ,  and these were then trans formed into body dens ity and 
then into fat mass as a perc entage of body weight or total fat mass in ki lograms . Fat­
free mass  was est �ated by subtract ing fat mass from total body weight . 
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APPENDIX L* 

HAND-EYE COORDINATION 

1 .  Bal l-pipe test 

2 .  Arm-hand st eadiness test 

*Data provided by the Health and Performanc e Divi sion of  USARIEM, 
D r .  Richard Johnson, Member. 
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APPENDIX M* 

MEASUREMENT OF FOOD AND WATER CONSUMPTION 

*Data provided by the Nutrit ion Research Task Forc e of USARIEM, 
Lt .  Co l .  David Schnakenberg , Team Direc tor and Direc tor of  Nutrition 
Research.  
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Civi lian diet it ians and nutrit ion student s hired on a temporary basis  
served as data col lectors , because previous nutrit ion training was 
cons idered UDportant in optUDizing the accuracy of port ion-s ize es t UDates . 
Data col lec tors were divided into three teams , each cons ist ing of a group 
leader and four data col lec tors . Each team col lec ted data on two test  
groups . Each data collec tor fo l lowed 10 subj ec t s  per unit  to fac i litate 
col lec t ing data without delaying meal service and consumpt ion. To 
encourage development of the rapport and commitment needed for complete 
and accurat e  data , each data col lec tor fol lowed the same sub j ec t s  
throughout the test . 

The dietary-team chief trained data col lec tors , providing c lasses on 
CFFS rat ions and equipment and on data col lect ion forms and procedures . 
The data va lidators provided training in est UDat ing port ion s izes . Data 
collectors performed dry runs of the collect ion procedure with forms to 
be used throughout the test during the Quart ermaster Schoo l pilot t est  
for the cooks . The Combat Development s ExperUDenta l  Center provided 
training on range safety , driving o f  military vehic les , use o f  rad ios , 
and map-reading . 

Food and water consumpt ion data were col lec ted for 2 days at a t ime 
approxUDately once a week over the 7 weeks of the pro longed feeding test 
with a combinat ion of observat ion,  int erview,  and sel f-report ing . Data 
col lectors t rave led to field sites to  col lec t  meal consumpt ion data , 
planning arriva l t UDe at the site for 30 minut es before the meal service 
t UDe scheduled by the unit . After each volunteer subj ect collect ed his 
food , he showed both his plate  and beverage to the assigned data collec­
tor,  who recorded the food selections on a prepared ration record card . 
Data col lec tors observed menu selec tions and estUDated port ions served 
and returned at group meals  which inc lude A, B ,  and T rations . The group 
leader prepared a tray with standard port ion sizes for the data col lec tors 
to use as a frame of referenc e in estUDating port ions served and returned . 
Vo lunteers completed food consumption records  for MRE mea l s .  During the 
first 3 days of the study , troops from a l l  ration groups ate MREs for a l l  
three mea l s .  Breakfast and d inner meals  were consumed i n  group sett ings 
and data collectors trained the volunteers in the use of food records 
ensuring that each subj ec t  knew how to  complete the form. Troops saved 
and turned in empty or partial ly empty wrappers and any food items they 
chose not to eat ; that allowed data col lectors to assess the accuracy of 
portion est imates and consumpt ion informat ion . Troops were al lowed to 
trade foods wi th each other and t o  save foods for snacks . Snacks consumed 
between dinner and breakfas t were recorded on snack records , which were 
turned in the following morning . Troops also report ed water intake on a 
specially developed water intake record on which canteens and canteen 
cups were used as unit s  of measure to fac i litat e est UDat ion of  quant ities 
consumed . Correlat ing with ac tua l food consumpt ion data , t roops provided 
overal l  rat ings for foods consumed , using a nine-point hedonic scale and 
provided reasons for not consuming of foods that they chose not to select 
or consume . 

All food and water consumpt ion data were col lected manual ly in the 
field . Data collectors checked and coded data forms in the base camp and 
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provided them to personnel respons ible for entering the data into Digita l 
Equipment Corporat ion PC 350 desktop computers • .  Each data col lector 
checked his own printout s against the manual data forms to ensure that 
data had been entered accurately .  

The degree o f  accuracy with which data col lec tors est imated port ion 
sizes was eva luated by comparing recorded est imates with portions of  
measured weight . Data collec tors estimat ed port ion s izes as  frac t ions of 
the standards . Data validat ion procedures were performed at the begin­
ning , midd le , and end of the feeding t es t ,  to document changes over t ime 
and t raining effec t s .  The data val idator performed data validat ion during 
data collec t ion , accompanying teams to field sites and evaluat ing inter­
viewing and est imat ing techniques .  On September 15 and 1 6 ,  data col lec­
tors performed a validat ion test in which they est imated port ion sizes of 
18  breakfast  and 20 dinner T rat ion meal s .  Each data collector estimat ed 
each tray four t imes , providing int ercollector and intracol lec tor relia­
bility . 

Group leaders maintained dai ly logs in which they record ed subjec t ive 
informat ion on factors that might have affected food and water consumption 
at each mea l .  Informat ion record ed inc luded whether suffic ient j uice or 
beverage base was avai lable for a l l  dinners , whether any food items ran 
out during meal service ,  whether a l l  listed menu items were available ,  
and whether volunteers ate  first or  last , or  were interspersed . Leaders 
also recorded observat ions on weather and environmental condit ions and a 
descript ion of any act ivity in which t roops were engaged during the mea l 
period . 
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APPENDIX M* 

MUSCULAR STRENGTH AND MUSCULAR ENDURANCE 

1 .  Maximal i somet ric handgrip forc e of males by treatment group 
and t ime of measurement 

2 .  Isometric handgrip endurance t ime of males at 60% of maxima l forc e 

3 .  Maximal lift  capac ity of  males to the height of 132  em 

4 .  Maxima l isomet ric 38-cm upright pul l  forc e of  males 

5 .  Muscular st rength of  females as a funct ion of t ime in Group ITF 

*Data provided by the Exerc ise Physiology D ivis ion of USARIEM, Dr . James 
A. Vogel ,  Director. 
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Group 

2T 

2TE 

lT 

2A 

2B 

All 

F value 
F value 

Maximal Isometric Handgrip Forc e of Males by Treatment 
Group and TLae of Measurement 

Forc e ,  kg (mean .:!:. SD ) 

D Day 0 Day 1 Day 20 Day 44 

33 5 7 . 2 + 8 . 3 57 . 9  + 7 . 8 5 7 . 8 .:!:. 8 . 2 5 7 . 6 .:!:. 9 . 7 

36 60 . 3  + 8. 9 60 . 3  + 8. 6 59 . 9 + 1 0 . 0 58. 9 .:!:. 9 . 4  

36 59 . 9  + 8 . 6 63 . 1  + 1 1 . 6 6 3 . 6 + 10 . 2 61 . 9  + 9 . 6 

33 55 . 2  + 8 . 2  58. 6 .:!:. 9 . 2  5 7 . 9 + 10 . 2 58 . 9 .:!:. 9 . 1 

29 54 . 7  .:!:. 6 .  9 56 . 4 .:!:. 7 . 7 56 . 3  .:!:. 8 . 4  55 . 6 .:!:. 8 . 1 

1 67 5 7 . 6 + 8. 5 59 . 4  + 9 . 3  59 . 3  + 9 . 7 58. 7 + 9 . 3  

for group differences • 2 7 . 8 
for repeated measures • 7 . 46 
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Group 

2T 

2TE 

lT 

2A 

2B  

Al l 

F value 
F va lue 

Isometric Handgrip Endurance TU.e of Males 
at 60% of  Maxima l Forc e. 

Enduranc e TU.e , s ec (mean .:!:. SD) 

n Day 0 Day I Day 20 

1 9  50 . 6 + 1 5 . 8 61 . 1  + 1 7 . 8 53 . 7  + 1 7 . 3 

1 7  51 . 9  + 1 8 . 9 59 . 2  + 20 . 4  61 . 6  + 25 . 7 

1 7  49 . 9  + 13 . 7  47 . 1  + 16 . 4 5 5 . 1 + 21 . 4  

1 7  46 . 1 + 10 . 3  5 8 . 2  + 1 6 . 6 51 . 9  + 1 8 . 9 

14 58 . 3  + 14 . 8  52 . 3  + 13 . 9  55 . 6 + 1 7 . 1 

84 51 . 1 + 1 5 . 1 5 5 . 8 + 1 7 . 7 55 . 6 .:!:. 20. 1 

for group comparison - 0 . 56 
for repeat ed measures • 3 . 22 

N-2 

Day 44 

5 3 . 3 .:!:. 1 6 . 1 

5 7 . 1 + 22 . 3  

4 7 . 2 .:!:. 1 5 . 8 

53 . 8 .:!:. 14 . 0  

49 . 1 + 1 9 . 1 

52 . 2  .:!:. 1 7 . 5 
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Group 

2T 

2TE 

lT 

2A 

2B 

All 

Maximal Lift Capac ity of  Males to the Height of  1 32 em 

n Day 0 

33 56. 9 + 1 1 . 3  

34 65 . 7 + 13 . 7  

35 64 . 5  + 13 . 9  

32  67 . 3 ! 1 3 . 5  

29 62 . 9  + 1 2 . 6 

1 63 63 . 5  + 1 3 .4 

Lift Capac ity , kg (mean :!:. SD) 

Day 1 Day 20 Day 44 

59 . 2  + 1 1 . 8 62 . 9  + 12 . 3  62 . 3  + 12 . 3  

65. 2 + 13 . 5  66. 9 + 13 . 2  68. 8 + 12 . 1  

68. 7 + 14 . 0  70. 9 + 12 . 1  72 . 1  + 1 2 . 7 

65 . 8 + 1 3 . 5  68 . 0 + 14 . 3  70. 3 + 1 3 . 5  

63 . 1  + 1 2 . 6 65 . 6 + 13 . 3  65 . 7 + 12 . 4  

64 . 5  + 1 3 . 3  66. 9 + 1 3 . 3  68. 0 + 13 . 0  

F va lue for group comparison • 2 . 51 
F va lue for repeat ed measures • 2 7 . 04 

N-3 
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Maximal Isometric 38-cm Upright Pull  Forc e of  Males 

Pull  Forc e ,  kg (mean .:!:. SD) 

Group n Day 0 Day 1 Day 20 Day 44 

2T 33  134 . 0  + 28 . 3  138. 0 + 28. 6 142 . 9  + 31. 0 148. 6 + 38. 7 

2TE 34 1 39 . 1 + 24 . 8  1 51 . 4  + 31 . 9  1 55 . 1 + 32 . 2  1 50 . 5 .:!:. 31 . 9 

lT 35 1 2 7 . 8 + 20 . 1 1 51 . 7 + 25 . 2  1 5 7 . 5 + 24 . 3  1 58 . 7 + 23 . 9  

2A 32  1 20 . 6 + 26 . 3  1 36 . 4  + 26 . 1 140 . 9 + 30 . 6  144 . 9 ! 27 . 8  

2B 29  1 1 5 . 6 + 1 5 . 8 133 . 9 + 1 9 . 1 140 . 9 + 26 . 3  138. 8 + 21 . 9  

Al l 1 63 1 27 . 8 + 24 . 8  142 . 7 + 1 3 . 3  147 . 8 + 29 . 7  148 . 8 + 29 . 8  

F va lue for group comparison • 2 . 77  
F value for repeat ed measures = 1 9 . 2 7  

N-4 
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