
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=18526

Pages
49

Size
8.5 x 11

ISBN
0309293766

Dehydration and Compression of Foods (1982) 

Planning Committee for the Workshop on Dehydration 
and Compression of Foods; Advisory Board on Military 
Personnel Supplies; Commission on Engineering and 
Technical Systems; National Research Council 

http://www.nap.edu/catalog.php?record_id=18526
http://www.nap.edu/related.php?record_id=18526
http://www.nap.edu/catalog.php?record_id=18526
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


941726 PB83-111682 
Dehydration and COIIpresston of FoodS 
(Final workshop rapt) 
National Research Council, Washington, DC. Advisory Board on 

Military Personnel Supplies. 
Corp. Source Codas: 019026369 I 

Sponsor: ArMy Natick Research and DevelopMent Labs., MA. 
Report No.: ABMPS-116 
1982 49p 
Languages: English 
NTIS Prices: PC A03/MF A01 
Country of Publication: United States 
�ournal AnnounceMent: GRAI8302 
Contract No.: DAAK60-79-C-0015 
This report contains an exaMination of the probleMs faced by 

the ar.ad forces in atteMpting to obtain high quality, 
dehydrated conpressed foods as economically as possible. 

Descriptors: •Ar .. d forces procur ... nt; •Dried foods; 

Qua11ty control: Cost engineering; Flavor; Color; Packaging 

Identifiers: •CoMpressed foods; NTISNASNRC; NTISDODA: 

NTISNASIOM; NTISNASNAE 
Section Headings: 6H (Biological and Medical Sciences--Food) 

15E (Military Sciences--Logisttcs); 98H (Agriculture and 

Food--Food Technology): 74E (Mtlitary Sctencea--Logtstics, 

Mt11tary Faciltttes, and Suppli�e�s�)-----------------------------� 

Copyright © National Academy of Sciences. All rights reserved.

Dehydration and Compression of Foods
http://www.nap.edu/catalog.php?record_id=18526

http://www.nap.edu/catalog.php?record_id=18526


ABMPS Report  No . 116 
Dehydrat ion and Compre s s ion o f  Foods 

Prepared by the 
Planning Commit tee for the Workshop on 

Dehydrat ion and Compre s s ion of Foods 
Advi sory Board on Mil itary Personne l Supp l ie s  

Commi s s ion o n  Eng ineering and Technical Sys tems 
Nat ional Re search Counc i l  

NATIONAL ACADEMY PRESS 
Washington , D . C .  

1982 
NAS-NAE 

SEP 1 6 1982 

LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

Dehydration and Compression of Foods
http://www.nap.edu/catalog.php?record_id=18526

http://www.nap.edu/catalog.php?record_id=18526


5J. ·OI'dt.j 
C.. I 

NOTICE 

The projec t that  is  the subjec t of th i s  report was approved by the 
Governing Boa rd of the Nat ional  Research Counc i l , whose members a re 
drawn f rom the Counc i l s  o f  the Nat iona l Academy o f  Sc iences , the 
Nat ional Ac ademy of Engineering ,  and the Ins t i tute o f  Med ic ine . 
The members o f  the commi t tee re spons ible for the report were chosen 
for the ir spec ial compe tence& and wi th regard for appropriate 
balanc e . 

Th i s  report has been reviewed by a group other than the authors 
accord ing to procedures approved by a Report Review Commi t tee 
cons i s t ing of members of the Na t ional Academy of Sc iences , the 
Nat ional Ac ademy of Engineering , and the Ins t i tute o f Medic ine . 

Prepared for the u.s. Army Nat ick Research and 
Deve lopment Laboratories , Na t ic k , Ma s sachuse t t s , 

under Contrac t No . DAAK60-7 9-C-00 1 5 .  

The Nat ional Re search Counc i l  was e s tab l ished by the Nat iona l 
Ac ademy o f  Sc iences  in 19 1 6  to as soc iate the broad c ommuni ty o f  
sc ience and techno logy wi th the Ac ademy ' s  purposes  o f furthering 
knowledge and o f  adv i s ing the federal government . The Counc i l  
operate s in accordanc e wi th genera l  po l ic ie s  determined b y  the 
Ac ademy under the authority of i t s  congre s s ional charter o f  186 3 ,  
wh ich e s tab l i she s  the Ac ademy a s  a priva t e , nonpro f i t , se l f­
governing membership c orpora t ion. The Counc i l  has become the 
pr inc ipal operating agency of both the Na t ional Ac ademy o f  Sc ienc e s  
and the Nat ional Academy o f  Engineering in  the conduc t o f  the ir 
services  to the government , the pub l ic , and the sc ient i f ic and 
eng ineering communit ies . It is adminis tered jo int ly by both 
Ac ademies and the Ins t itute o f  Med ic ine . The National Ac ademy o f  
Eng ineering and the Ins t i tute o f  Med ic ine were e s t abli shed i n  1964 
and 1 9 70 , re spec t ively , under the charter of the Nat ional Academy 
o f  Sc iences . 

Cop ie s  ava i lable from : 

Advi sory Board on Mi l i tary Personnel Suppl ies 
Na t ional Re search Counc i l  
210 1 Cons titut ion Avenue 
Wash ing ton , D . C .  2041 8  
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PREFACE 

Th is s tudy was carried out by the Planning Commit tee* for the Workshop 
on Dehydra t ion and Compre s s ion of Foods to examine the prob lems faced 
by the armed forces  in  a t temp t i ng to obtain  h i gh qual ity , dehydrated 
c ompre s sed foods as  economica l ly as  pos s ible . Dehydra t ion and 
compre s s ion o f  food s o f fer  s igni f icant reduc t ion i n  we ight and vo lume; 
the re fore , they a re o f  s ignific ant va lue t o  the mi l itary in reduc ing 
s to rage and t ransportat ion requ i rement s .  Th i s  i s  e spec ial ly important 
aboard submarines , in space mi s s ions , or in mi l i tary opera t ions 
requ i r ing tha t  food suppl ie s  be carried by the ind ividua l . 

In o rde r to op t imize a l l  fac tors cont ribut ing to the produc t ion o f  
high quality dehydrated and compre s sed foods a t  reduced co s t , members 
o f  the Advi sory Board on Mili tary Pe rsonne l Suppl ies ( ABMPS ) and the 
U . S .  Army Nat ic k  Re search and Deve lopment Laboratories conc luded that 
a comprehens ive e f fort  was needed to review the state  of the art , 
ident i fy gaps in knowledge , and ident i fy oppo rtuni t ies  for obtaining 
high qua l i ty produc t s  economical ly . Th i s  workshop on dehydrat ion and 
compre s s ion of food s focused on the current problems re l a t ive t o  
qua l i ty o f  end produc t ,  c o s t  o f  produc t ion; s tab i l i ty ,  and u t i l ity .  
It  o f fe red a unique opportuni ty t o  ident i fy sc ient i f ic and techno­
logic al informa t ion needed for the synthe s i s  of new ideas in the 
development of  proc e s s ing technique s of dehydrat ion and c ompre s s ion o f  
foods to y ield  high qua l i ty produc t s  a t  reduced cos t o f  produc t ion. 

The workshop objec t ives we re t o : 

• Provide the re search communi ty wi th guide l ines to  he l p  make 
research dec is ions for improving the techno logy o f  we ight vol ume 
reduc t ion and pac kaging for dried food s . 

• Ident i fy c o s t  and qual i ty indices  to guide re search t o  
meaning ful answers f o r  new development s .  

• Ident i fy new technologies  that may contribute to s igni f ic ant  
cos t reduc t ions and qual i ty improvement s .  

*A comm i t tee o f  the Advisory Board on Mi l itary Pe rsonne l Suppl ies 
( ABMPS ) of the Nat ional Re search Counc i l  fo rmed to  p l an and conduc t 
the workshop . 

iii 
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• Ident i fy re search and deve lopment needs  to serve Department o f  
De fense ( DOD ) log i s t ic s  requirement s for we igh t - and vo lume-reduced 
food s .  

Among the areas o f  knowledge o r  d i sc ipl ine s  repre sented in the 
membership  of the Planning Commi t tee are the fol lowing : proc e s s ing 
and ec onomical  a s pec t s  o f  dehydra t ion and compre s s ion o f  foods; raw 
material s for dehyd rat ion proce s s e s ; general food sc ience and tech­
no l ogy; food enginee ring . 

The wo rkshop was he ld a t  the U . S .  Army Na t ic k  Re search  and 
Deve lopment Labo ratorie s ,  Na t ic k ,  Mas s achuse t t s ,  on 29 to 30 Oc tobe r 
1 980 , bringing together ove r 30 part ic ipan t s  from indus try , academia , 
and the mi l i tary to review the s tatus  and deve lopment o f  dehydrated 
c ompre ssed food s , to d i scuss  the ir ut i l i zat ion in the military and 
c ivil ian marke t s ,  and to ident i fy opportuni t ies  for reduc i ng the cos t s  
o f  the se produc t s .  

Funding for  this  workshop was p rovided by the Na t ic k  Laboratories 
unde r the He rbe rt A.  Hol lender Workshop Series  in Food Eng ineering and 
Food Sc iences , a program honoring Dr . Ho l lender for his many con­
t ribut ions to  mil i tary food programs during h i s  30 years o f  service . 

The Pl anning Commi t tee extends spec ial thanks to  Dr . Abdul R .  Rahman 
and other members o f  the Food Eng inee ring Laboratory at  Na t ic k  for  
their a s s i s tanc e  in  pl anning and conduc t ing this  workshop .  

iv 
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SUMMARY 

The a rmed fo rce s has long used dehydrated food s during t ime s o f  
c onf l ic t , procuring large amount s and thus enabl ing such foods t o  be 
reasonably c o s t e f fec tive .  During peacet ime procurement levels a re 
l ow because the se foods a re used primari ly in  tra ining exerc i se s .  In 
add i t ion , sma l l  procurement s of this type o f  food for re search and 
deve lopment have forced the c o s t  of  dehydra ted foods , part icu l arly 
free ze-dried component s ,  well beyond the c o s t s  of compe t ing food s 
preserved by hea t  o r  freez ing .  

Dried c ompre s sed foods may be the only source o f  nut r i t ion fo r  
t roops during extended period s  in the f ie ld . While not a subjec t o f  
th i s  workshop , the nut r i t iona l val ue and safety o f  dried c ompres sed 
food s wi ll  cont inue to be evaluated along wi th o ther qual i ty fac tors  
such a s  f l avo r , s t ruc ture ,  and color . Ul t imately , opera t ional 
per fo rmance requ irement s are the bas i s  for acceptance  o f  any new 
technol ogy and these inc lude nut r i t ional val ue and safety as we l l  as 
acceptance . 

The c ompre s s ion o f  dried food to reduce vo lume , as  wel l  as  t rans­
portat ion and packaging co s t s  has inc reased the d i sc repancy between 
p roduc ts  for  c ivilian use and those  sui tab l e  only for mi l ita ry pro­
curement . The compre s s ion s tep  is usua l l y  carried out d irec t ly after  
freeze-dry ing; the se compre ssed produc t s  mus t  be  produced for mi l i tary 
procurement s  rathe r than added on to produc t ion runs for c ivil ian 
use . Ai r-dr ied foods have no t p roved su i tab le  for compre s s ion in 
compari son to f reeze-d r ied produc t s .  

The l imi ted need s o f  the mi l itary fo r compre s sed dehyd rated food 
during peac e t ime , coupled with the need to maintain a broad supp l ie r  
base , has led to small procurement s .  S ince many items a re produced 
seasonally , raw materia l should be contrac ted when the seed goe s into 
the ground in o rde r to obt a in the varie ty mo s t  su i table for de­
hydrat ion and compre s s ion . Sma l l  procurement s and the need to 
ma intain  a broad supp l ie r  base preclude e f fec t ive c rop schedu l ing . 

TOWARD COST-EFFECTIVENES S 

De tai led sy s tems c o s t  ana lyses  should be c arried out on a regu lar 
bas is . The procurement , manufac turing ,  d i s tribut ion, and use o f  
compre s sed free ze-dried foods have been , and a re be ing, subjec ted to 
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sy s tems analy s i s  to ensure a maximum cos t-bene f i t  unde r projec ted 
cond i t ions o f  use . Find ings  o f  the se repor t s  shou ld be given maximum 
pub l ic ity and inco rporated into procurement , funding ,  and re searc h  
p rograms as  qu ickly as  pos s ible . The se sy s tems ana l y s i s  s t ud ies  c an 
he lp in ident i fy i ng spin-o f f s  to add i t iona l nonmi l i tary uses  fo r 
f reeze-dried and compre s sed f reeze-d r ied produc t s  to he l p  broaden the 
marke t ing base for the se produc t s . Indu s t ry should deve lop expo rt  
marke t s  and ident i fy add i t iona l uses  in food service . 

Re search in support o f  sy s tems analy s i s  find i ng s  for  new produc t 
appl icat ions shou ld be a jo int e f fo rt . Indus t ry fund s shou ld be 
app l ied to a ir-dry ing s tud ies on lowe r cost  component s such as  frui t s ,  
vege tabl e s , and spec ial ly formu l a ted p roduc t s . Effort s  are needed to 
p roduce su i tab l e  compressed d ried p roduc t s  f rom air-dried s tart ing 
ma te rial s .  

Raw ma teria l s  for  dehydra t ion and compre s s ion mus t  be selec ted to 
opt imize the pe rfo rmance and acceptab i l i ty o f  the recons t i tuted 
p roduc t .  S inc e spec ific va rie t ie s  o f  f ru i t s  and vege tables  may no t be 
ava ilable when contrac t s  are awarded , f rozen s ta r t i ng ma te ria l s  shoul d  
be u s e d  so tha t t h e  foods c an b e  p rocu red regularly and d i s tributed 
among several vendo rs . Freeze-dehydrat ion a l l ows the use o f  a wide 
se lec tion o f  f rozen,  preproces sed s to red food s . However ,  the low uni t  
c o s t  and high wa ter  content o f  mos t  f rui t s  and vege tab l e s  make free ze­
d ry ing an expens ive me thod fo r  wa ter removal .  The re may be a need , 
moreove r ,  for a change in pol icy to a l l ow procurement to s ta rt wi th 
the p l ant ing of the seed of spec ial varie t ie s . Frozen s tart ing 
ma terials  may be d i f f icul t to a i r  d ry to a qual i ty produc t .  

Re sea rch  and deve lopment p rograms are needed to al low air de­
hyd ra t ion or  other rel a t ive ly new low-co s t  techno l ogies  for water  
remova l to be  subs t i tu ted for  f ree ze-d ry ing . Fo r example , one of  
the se new technique s i s  mic rowave -a s s i s ted hea t  t rans fer , which 
appea rs to be mos t  promi s ing for  reduc ing the cost o f  f reeze-dry ing 
and imp roving the e f f ic iency  o f  compre s s ion .  Prel imina ry s tud ies  
ind ic a te tha t d ry ing t ime s c an be  reduced s igni f ic antly , pe rhap s to 
four hours , if  mic rowave energy i s  app l ied a t  the s tart and in  the 
low-mo i s ture port ion of the dry ing cyc l e .  Mic rowave s have al so been 
used to heat par t ial ly dried food prior to  c ompre s s ion to fac i l i tate 
mo i s t u re d i s t ribut ion befo re compre s s ion and after compre s s ion to 
has ten fini sh-d rying .  Large-sc ale appl icat ions o f  mic rowave ene rgy 
may require s t ra tegic p l anning s i nc e  uni t s  a re cos tly . 

Packaging appears  to be adequate fo r the protec t ion o f  d ried 
c ompres sed food s .  S t ra tegic re serves of certain seasona l  food 
materials  sui tab le for dehydrat ion and c ompre s s ion , in dehydrated o r  
dehyd rated and c ompre s sed form , can b e  ma intained a t  three leve l s . 
Mi l i tary purchase o f  f rozen food s des t ined for dehydra t ion and 
compre s s ion c an be ma intained at a predetermined leve l .  The se s tocks 
c an be ro tated th rough is sue as  f rozen food s .  A second level  o f  
inventory c an b e  ma intained as  freeze-d ried component s ,  noncompre s sed , 
wh ich c an be ro ta ted through c ivil ian produc t s  o r  conve rted to c om­
pre s sed form. A th ird inventory would be maintained in the compre s sed 
dr ied form. Al l s tored i tems , ful l ,  part mo isture or dried , wou ld be 
s t o red be low -l 8 ° C  ( 0 ° F )  unt il i s sued to  ensure maximum she l f  l i fe 
upon is sue . 
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Cont inued bas ic research i s  needed to  he lp pred ic t the she l f  l i fe  
remaining in dehydrated c ompre ssed foods s t o red a t  room o r  e l evated 
temperatures . S inc e mi l i tary s torage requi rement s a re far more 
s tringent than c ivi l ian ,  th i s  work should  be supported by DOD funds . 

New research findings ind icate  the potent ial  for early de tec t ion o f  
chemical precursors o f  de teriora t ion. As more knowledge is deve loped 
on pathway s for f l avo r ,  color , and s t ruc ture change s a s  a func t ion o f  
tempera ture , compos i t ion,  water ac t iv i ty , and packaging envi ronment , 
the s igni f icance o f  selec ted precursor s , the i r  de tec t ion,  and the 
measurement of the i r  concent rat ion wi l l  inc rease . Th i s  knowledge wil l 
speed deve lopment s obviat i ng s torage de teriora t ion by reduc ing the 
need for leng thy she l f  l i fe tes t i ng .  

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 .

D e h y d r a t i o n  a n d  C o m p r e s s i o n  o f  F o o d s
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 8 5 2 6
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RECOMMENDATIONS 

• Research should be carr ied out on the s t ruc tura l and chemica l  
compo s i t ion o f  vegetables , fru i t s , mea t s , and other food items tha t 
are be ing used or cons idered for the dehydra ted and c ompressed food 
marke t wi th a view toward ident i fy ing the fac tors tha t  contr ibute to a 
rehydrated produc t o f  opt imal qua l ity  as  to f l avor , s truc ture , co lor , 
and s torage s tab i l i ty .  

• Research shou ld be carried out t o  determine wh ich variet ies o f  
vegetab les , fru i t s , and other food items are opt ima l for the de­
hydra ted and compre ssed food marke t , inc lud ing research on the 
re lat ionsh ip between ma turi ty (sugar and s tarch content ) and qua l ity  
( part icularly f lavor ) . 

• Sul f i t ing shou ld be e l imina ted for dehydrated and compres sed 
vege tab l e s  where re su l t s  ind icate l i t t le or no improvement in s torage 
life; however , re search shou ld be carried out on pre t reatments  and 
add i t ives that  improve produc t qual ity and inc rease she l f l i fe .  

• Sy stems ana lys i s  re search on cos t s  shou ld be carried out on a 
cont inuing bas i s  to  de termine which dry ing technique s  are mos t  c o s t ­
e f fec t ive and cons i s tent ly produce h igh qual i ty produc t s . 

• Research should be carried out on the s t ruc tura l and chemical 
compo sit ion o f  mea t s , fru i t s , and vegetables  to determine the lea s t  
cos t ly qua l i ty tha t wi l l  produce a n  acceptab le dehydrated and com­
pre s sed item. 

• Research should be carried ou t to determine the opt imum 
preparat ion and process ing ,  as  we l l  as  dehydrat ion and c ompres s ion 
parame ters requ ired for the dehydra t ion and compres s ion of meat , f i sh ,  
and pou l t ry alone and in comb inat ion wi th o ther ingredient s t o  a t ta in 
the des ired i tem. 

• Appara tus and me thods to subs tant ia l ly speed the p l a s t ic i z ing 
and compress ion procedures shoul d  be deve loped through contrac t e f fort . 

• Research should be carried out on the adapt ion o f  air-dr ied 
foods to suitable compre s sed produc t s . 
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INTRODUCTION 

The U . S .  Army Nat ick Research and Deve lopment Laboratories cont inue to 
conduc t an extens ive program to improve the qua l i ty o f food produc t s  
and deve lop rat ions that a re suitable f o r  u s e  under varied tac t ic a l  
s i tuat ions . Present-day tac t ic s  dic tate mob i l i ty ,  speed , and d is ­
pers ion f o r  mi l i tary s trategy . T o  mee t  the se requirement s , rat ions 
mus t be l igh t , have minimum vo lume , and be eas i ly and qu ickly prepared . 
The foods in these rat ions mus t  a l so be s tab l e , provide adequate nutri­
t ion , and be  acceptab le to the  users . Part o f  the current re search 
and deve lopment in sub s i s tence at the Na t ick Laboratories is focused 
on we igh t  and vo lume reduc t ion o f  foods . 

During World  War II , dehydrated foods were used overseas extens ive ly 
as part o f  Army ra t ions . However ,  acceptance of the produc t s  wa s poor . 
The process  had been g iven lit t le serious a t tent ion and wa s used only 
as  an emergency mea sure . S ince the end o f  World War II , however ,  
advance s  i n  food re search , coupled wi th ear l ier research , have given 
impetus to a be t ter under s tanding of the sc ience of dehydra t ion o f  
foods . Thi s  has led t o  the deve lopment o f produc t s  good enough t o  be 
introduced into the commerc ial  market . 

In v iew of the progre s s  in th i s  area , and present th inking with 
regard to subs i s tence supply ,  the  armed forces  i s  intere s ted in  
adopt ing ,  as  quickly as  pos s ible , new technic a l  f indings in dehydra ted 
foods . Dehydra ted food s have great  log is t ical  advantages and de f inite 
app l icat ion to the conc ep t s  of  war fare now be ing def ined . Recent ly , 
dehydra ted and c ompres sed foods have become e s sent ia l for the 
ant ic ipa ted long mis s ions of nuc lear submarine s , which have l imi ted 
food s torage capac i ty . Nu t r i t iona l and safety aspec t s  have proven 
sat i s fac tory under operat ion c ond i t ions . 

During the pas t 20 years , the e f fec ts  o f  a large number o f  proces s 
variable s  on the qua l i ty o f  the f inished produc t have been evalua ted.  
These inc lude varietal  charac teri s t ic s , b lanching , t ime and tempera ture 
of t reatment ,  su l f i t ing and other addit ive s , freezing cond i t ions , 
free ze-dry ing cond i t ions , other dehydra t ion technique s , compre s s ion 
technique s , compre s s ion , forc e , dwe l l  t ime, plas t ic izat ion , and 
f ini sh-dry ing me thod s . Many succes s ful  food items were deve loped by 
the mi l it ary . Some acceptab le dehydra ted and c ompre s sed items are 
pea s , green beans , spinach , mixed vege tables , carro t s , app les , and 
blueberrie s .  Dehydrated c ompre s sed salad items , such as cole  s law , 
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were a l so deve loped . Meat items such as  diced chicken ,  bee f and pork, 
we re al so deve l oped but require furthe r work . 

Bec ause h ighly succe s s fu l  dehydrated and c ompre s sed foods are 
c o s t ly , the mi l i tary i s  espec ial ly emphas iz ing re search and 
development to f i nd me thods to s igni f icant ly reduce the produc t ion 
c o s t  of such items . For example , a s igni f ic ant improvement in the 
freeze-d ry ing and compre s s ion of fru i t s  and vege tables  is pos sible  
when pa rt ial ly free ze-d r ied food s are "plas t ic ized " by heat ing wi th 
microwave s ,  the reby saving about 60 percent of the f reeze-dry ing t ime 
and a s igni fic ant amount o f  energy . In add i t ion ,  recent stud ie s  have 
ind ic ated that the sul f i t ing s tep may no t be needed to p revent 
degradat ion of dehydra ted compre s sed vege tab les . 

Thi s  re port covers  the major approache s ident i f ied for furthe r 
resea rch to  improve techno logy for : ( 1 )  Cos t  Reduc t ion; ( 2 )  Raw 
Ma teria l s  and Produc t Preparat ion; ( 3 ) She l f  Li fe . I t  was prepared by 
the members o f  the Pl anning Commi t tee who deve loped the conc l us ions 
and recommendat ions from the pre sentat ions and d i scuss ions of each 
se s s ion of the wo rkshop as  we l l  as  from informa t ion obtained a f te r  the 
mee t ing .  
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COST REDUCTION APPROACHES 

A viable dehydrat ion and compres s ion capabili ty in the u.s. food 
indus try would be of unques t ioned value to the armed forc e s . The 
advantage s o f fered by reduc t ions in the weigh t and volume o f food 
items ,  long-term shelf l i fe wi thout re fr igerat ion , and ease o f 
preparat ion, c omb ined wi th h igh qua l i ty end produc t s  when rehydrated , 
jus t i fy the use o f  dehydra ted and compres sed foods for a var i e ty o f  
mili tary mis s ions . 

Current ly , de tai led sy s tems co s t  analyses  are being carried out on 
the dehydra t ion and c ompres s ion techno l ogy as a who l e  to prov ide 
accura te , t ime ly informat ion on the cos t s  of each opera t ion f rom raw 
mater ial p reparat ion to compres s ion and packaging . Whi l e  deta iled 
f igures a re not ava i lab l e  at th i s  t ime for many mi s s ions , the ad­
vantages of compres sed-dried food s are so great that cost  i s  only a 
minor cons idera t ion . However ,  reduc t ions in the present e os ts would 
make i t  pos s ib le  fo r the armed services to bene f i t  from the advantages 
o f fered by dehydrat ion and compres s ion in a number o f  o ther s i tuat ions . 
Lower cos t s  wou ld make i t  advantageous to use dehydra ted and c ompres sed 
food s for gar r i son feed ing abroad and wi thin the Uni ted States , par­
t icula r ly when such fac tors as  shippi ng c o s t s , s torage cos t s , and 
preparat ion cos t s  (manpower, equipment , and a ssoc iated cos t s ) are 
int roduced into the economic equat ion . An expans ion in the mili tary 
marke t for dehydrated and compres sed foods wou ld s t imula te research, 
d riving down the c o s t s  s t i l l  further . I f  the cos t s  were reduced 
suf f ic ient ly to make dehydra ted and compres sed food s more compe t i t ive 
in the c ivilian sec tor, the s i ze of the marke t wou ld expand enormously 
and the techno logy and the deve lopment o f  a s i zable dehydrated and 
comp re s sed food indus try--of grea t bene f i t  to bo th the c ivil ian and 
mi l i tary sec tors--would very l ike ly advanc e s igni f icant ly . A large 
c iv i l ian marke t would  guarantee a reliable , varied , compet it ively 
priced source o f  dehydra ted and compres sed foods for the armed force s . 

In the usua l c ompet it ion for budge t dollars in the mi l i ta ry sec tor , 
the fund s ava i lable  for re search and deve lopment in the area o f  de­
hydrat ion and c omp re s s ion have been very l imited . The c ivilian sec tor 
has not seen suf f ic ient promise in the deve lopment of  a c ommerc ial 
marke t ,  except in very spec ial ized app l icat ions , to jus t i fy the 
d ivers ion o f  re search and deve lopment funds from areas wi th greater 
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and mo re immed iate potential. Re search and development e f forts  t o  
produce higher qual i ty compres sed-dried foods probably will need 
c ont inuing military support in the near term. 

DRY ING 

Mil itary and c ivilian e ffort over  the pa s t  decade has focused on all 
s teps of  the f reeze-dehydra tion and compres sion process . However ,  the 
f reeze-drying step is by far the cos tlie s t  part of the proce s s  since 
water mus t  be sub l imed at  low tempe rature s  and high vacuums . 

Opportunit ies  to identify cos t -reduc i ng technique s can be found 
during raw material selec tion, preparation, and pre t reatment . However ,  
the mos t  significant opportunit ie s fo r c o s t  reduc tion a re : 

• Part ial d rying p rior to freeze-d rying us ing mo re economica l  
technique s f o r  wa ter  remova l while re taining equivalent produc t 
qua l i ty .  

• Developing method s y ie lding cont ro llable and uni formly 
d i s tributed levels of moi s ture prior to compre s s ion.  

• Removing moi s ture prior to free zing or f ree ze-d ry ing by  m1n1mum 
cost  me thods suc h  a s  convec t ion or  conduc t ion d ry ing a t  atmosphe ric 
pre s sure . 

• Modify ing the f reeze-d rying me thod so that the initial end 
point wil l  l eave enough water in the produc t to allow succes s ful 
c ompre ssion. 

• Ensuring that water is  evenly d i s tributed throughout the p ieces 
prior to c ompre s s ion.  

Re search  i s  needed on  the se approache s as  well as  on the t rans fer 
o f  laboratory f ind ing s  to  commerc ial prac t ic e for spec i fic produc t s .  

O f  a l l  the dehydra tion me thods tha t have been found prac tical on a 
comme rc ial scale to  date (air-d ry ing ,  vacuum-drying, f ree ze-d ry i ng, 
puf f-dry ing ) , the one tha t has the leas t detrimental e f fec t on qua l ity, 
in mo s t  instance s ,  is  freeze-d ry ing . Free ze-drying has p roven to  be a 
supe rior me thod o f  dehydra tion for mos t  of  the c ommonly used food 
items including green beans and othe r  beans, pea s ,  carrot s ,  spinach , 
potatoes , bee t s ,  turnips , asparagus , parsnips , green and red peppers , 
okra , c hive s ,  corn,  mushrooms , cot t age chee s e , c o f fee , che rrie s, 
bluebe r ries , s t rawbe rrie s , and a varie ty of meat,  poultry , and fish 
produc t s .  Some notable except ions a re milk, some f ruit s ,  and salad 
vege tab l e s  such as  c ucumbers, tomatoes, le t tuce , cabbage , and celery .  

The main d isadvantage o f  f ree ze-dry ing has been i t s  cost . With 
the cost  o f  dehydra ted and compressed food s now a t  the point whe re a 
sma ll d rop in p rice can produce a s izabl e  inc rease in the marke t 
potentia l , conside rab le a t tention is be ing given to hybrid scheme s 
that take advantage o f  the positive e f fec t o f  f ree ze-dry ing on the 
c e l lular s t ruc ture of food but reduce the cost  of the proc e s s  by 
removing some of the moisture before f reez i ng or  f reeze-drying . Each 
o f  the va rie ty o f  such scheme s  raises  que s tions and problems that mus t  
b e  re solved by further research and development o n  a produc t -by-produc t 

Copyright © National Academy of Sciences. All rights reserved.

Dehydration and Compression of Foods
http://www.nap.edu/catalog.php?record_id=18526

http://www.nap.edu/catalog.php?record_id=18526


9 

bas i s . E spec ia l ly important is the e f fec t a pa rticular scheme has on 
flavo r ,  texture , co lor, and s torage life . Al l o f  the se fac tors mus t  
be balanced against the saving i n  cos t . Until detai led sys tems c o s t  
analyses  are ava i lab le  only broad areas o f  re search for c o s t  reduc tion 
can be ident i f ied . 

PARTIAL DRY ING PRIOR TO FREEZE-DRYING 

A food can be pa rtially d ried before f ree z i ng  i n  o rder to remove a l l 
or  part o f  the unbound and loosely bound water ( up to 50 percent o f  
the total moisture content ) .  Th i s  can be accompl i shed by the use o f  
( a )  a ir a t  tempera ture s  under 93 . 3 ° C  ( 200 ° F )  t o  prevent the item from 
cooking, (b ) l iquid s a t  temperature s  that a re high enough to boil out 
the wa ter and usua l ly re sul t  in some cooking of  the i t em ( a s  is  done 
at  the s tart o f  the saut6 freeze-drying proce s s ) , ( c ) rad iant hea t i ng ,  
( d )  conduc t ion heat ing ( using heated trays or tumble rs ) , o r  ( e )  a 
combina t ion o f  the se method s .  When cons idering the economic s o f  
predry ing, at tent ion should b e  g iven t o  cheap sourc e s  of  hea t  ( areas  
o f  the  c ountry in which the climate i s  hot and d ry ,  or  areas in which 
the re is geothe rmal power or cheap supp l ie s  o f  natura l  gas ) and h igh 
alt itude . It i s  assumed that c ivilian market s wou ld be served f irst  
wi th these produc t ion c apab i lit ie s . Raw material  cos t s  wou ld be  a 
prime cons ide rat ion . 

A number o f  techniques used for the c omp l e te dehydra t ion o f  
vege tab l e s  and fru i t s  for some purposes  ( fo r  example , dry soup and 
gravy mixe s and dry snack mixe s )  can al so be used for the part ial  
dry i ng o f  vege table s ,  fru it s ,  meat s ,  and seafood that are to be  f reeze­
dried and compre s sed . Such technique s inc lude the fol l owing , e ither 
sing ly or in comb ina t ion : (a ) convec t ion drying , ( b )  conduc t ion hea t  
dry ing , and ( c )  rad iant hea t dry ing .  If any o f  t he food items to be 
proc e ssed a re we t as a resul t o f  washing , p recooking , or any othe r  
pre t rea tment, a s igni f icant amount o f  energy can be saved by f i r s t  
cent r i fuging, shaking, blowing a i r  through , o r  pre s s ing t h e  items t o  
remove the exc e s s  l iquid . Pre s s ing c an al so be used to remove some o f  
the unbound mo i s ture in  items such as  bean curd and cot t age chee se , 
but the use o f  th i s  technique i s  limited since it will turn mos t  food s 
into mus h .  

Ho t a i r  c an be used to part ially predry mos t  dehydra ted and 
compre s sed food i tems, the degree o f  prehydrat ion that can be done 
wi thout degrad ing the f inal produc t varies with each item.  Frozen 
s t art ing materials a re les s  suitable for hot a ir predry ing . 

When  the amount o f  p redrying would re su l t  in a considerable saving 
in t otal energy use , it  might be economically advantageous to locate 
proce s s ing p l an t s  in the arid Southwe s t  where the a ir i s  warm and dry 
enough to use in food-dehydra t i ng  equipment without any further 
hea t ing ( Fl ink ,  19 77) . Whe re the c l imate is right , the air for 
p redrying might be heated with solar col l ec tors ( Food Enginee ring , 
1 9 78b , 1 9 7 9a, 1 9 79b) . 

Proc e s s ing p l ant s might  a l so be loca ted whe re c heap supp lies  o f  
natural gas a re ava i l abl e . Us ing natural gas a s  a source o f  hea t for 
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c onvec t ion predry ing is part icu larly advantageous .  The produc t s  o f  
c ombustion a re c lean enough t o  be used d i rec t ly (mixed with whatever  
amb ient air  i s  required to produce the de s i red temperature ) and, i f  
the plant i s  l arge enough , costs  can be cut by f i r s t  put t i ng the 
c ombus t ion produc t s  through a gas turbine to c ogene rate elec t ric i ty o r  
produce proc e s s  s t eam . 

Coa l  and oi l c an a l so be used as sourc e s  o f  energy for predrying 
bu t the p roduc t s  of combus t ion of the se fue l s  are o f ten too d i rty to 
a l l ow them to c ome in d i rec t contac t wi th food s . Hea t  exchangers mus t  
b e  u sed t o  t rans fer the heat f rom their combus t ion produc t s  t o  proc e s s  
air . Some o f  th i s  ene rgy could fir s t  b e  used to take care o f  proc e s s  
s team requirement s or to  cogene rate elec t r ic i ty . Any other source  of 
energy could be analy zed , of course , inc lud ing geo the rmal energy , 
was te s, and b ioma s s  and other forms of solar energy ( Food Engineering , 
1 978a , 1 980 ; Food Proc e s s i ng , 1 980 ; Robe , 1 980 ; S t inson , 1 980 ; Webs ter  
and Robe, 1 9 7 7 ) . 

When conduc t ion or rad iat ion (tumblers , spike s ,  trays , or any of 
a va r iety of conveyor sys tems ) ( Levine , 1 9 7 7 )  i s t he pre ferred sourc e 
o f  hea t  for pred ry ing , the hea t  c an be provided by any of the fuels 
a l ready mentioned, with or without the a ssoc iat ed produc t ion of s team 
and e lec tric i ty .  Fur the r economies might be realized by incorporat ing 
any of the many other hea t  recovery and conservat ion method s now in  
use in indu s t ry ( Gr i f f ith e t  al. , 1 9 7 7 ; Levine , 1 9 7 7 ) . 

COMPRES S ION 

The tendency of " fully" freeze-dried food i tems to fall apart on 
compre s s ion nece s s i tate s giving them some plas t ic i ty . Mo i s ture 
appears to be the be s t  pla s t ic iz ing agent ; however ,  to achieve the 
long-te rm s torage s t abi l i ty requ i red for many mi l i ta ry applicat ions , 
i t  i s  nece s sary to remove moi s ture used for plas tic i z ing .  Ful ly 
a i r-d ried food s have no t been found suitable for compre s s ion after  
d ry ing . 

I f  water  i s  added to the dry produc t,  the add i t ional ene rgy and 
t ime required for the rehydra t ion and subsequent dehydra t ion inc rea se 
the cost of the dehydra ted and compre s sed food item ,  l imi t ing the 
mi l i tary marke t and making dehydra ted and compres sed food s les s  
a t t rac t ive t o  the c ivilian marke t .  

A l e s se r  degree of dehydra t ion c an be used be fore compre s s ion . At 
the pre sent t ime , vege table s, f ru i t s, and o ther food items a re being 
dehyd rated to an ave rage mo i s ture content of 4 to 6 pe rc ent in order 
to  a t tain a reasonably low moi s ture content a t  the center of eac h 
piece and a reasonably uni form mois ture content f rom piece to p iece . 
For op tima l comp re s s ion , however ,  the ave rage mo i s ture content mus t  be 
inc rea sed to 1 5 to 20 pe rcent . Conside rable energy , t ime , and cos t  
c ould b e  saved i f  a more controlled and uni form drying technique we re 
developed tha t would  a l l ow the mois ture content of a food i t em to be 
set  at 1 5  to 20 pe rcent be fore compre s s ion. 

Microwave energy c an be used to equ i l ibra te food p ieces  that have a 
low mois ture content a t  the surface and a high mois ture content a t  the 
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c ente r .  The use o f  mic rowave energy would make i t  unneces sary to draw 
down the average moi s ture content a s  much as i s  now be i ng done prior 
t o  c omp re s s ion . Me thods are needed to ensure an ave rage moi s ture 
c ontent of 1 5  to 20 pe rcent . 

Commerc ially , the produc t c an be rehydrated with mi s t , spray , or 
s team .  Mi s t  t reatment s can result in large variat ions in moisture 
c ontent from p iece to p iece ( some t ime s more than 3 : 1 )  and s i zab le 
var iat ions within each piece (somet ime s as much as 3 : 1  unl e s s  an 
inordinate amount o f  t ime i s  allowed for equilibra t ion) and can lead 
to uneven and somet ime s unsat i s fac to ry result s ( King et al . , 1 9 7 6 ) . 
Ove rly we t surfac e s  c an re sult in d i scolorat ion and other forms o f  
degradat ion . 

Attemp t s  have been made to avo id the d i sadvantage s of sp raying the 
food to plas t ic ize it p rior to compression by rewe t t ing the food with 
humid a ir and s team under atmospheric c ond i t ions or in a vacuum 
chamber .  Early re sul t s  were not encouraging ( Rahman e t  al . ,  1970 ; 
MacKenz ie and Luyet , 1969 ; Pi l sworth and Hoge, 197 3 ) . The rehydra t ion 
rate  was low, and at tempt s  to inc rease it by inc reas i ng the part ial 
pre s sure o f  t he wa ter  vapor led to the same uneven and unsat i s f ac tory 
re sult s obtained by spray ing . 

It was recognized early that a fundamentall y be t ter a l ternat ive to 
ful l freeze-dry ing and sp ray rewe t t ing would  be a part ial or limi ted 
freeze-d ry ing tha t wou ld reduce the moi s ture content of the food item 
only to the leve l de s i red for compre s s ion.  I f  this could be accom­
pl ished s a t i s fac tor ily , it would lower c o s t s  and produce more even 
re sul t s ,  two very impo rtant advantage s .  

There a re comp l ic a t ions , however .  Freeze-dry ing i s  not an 
equ i l ibrium proc e s s  in  which the mo i s ture in  a food item remains 
uni formly d i s t r i buted a s  the overa l l  moi s ture c ontent of the i tem i s  
lowe red . The moi sture i s  locked in a core of  i c e  that gradually 
shrinks i n  s i ze ,  leaving behind a reg ion that i s  relat ive ly dry ( King , 
1 9 7 0 ) . When , in a convent ional free ze-d ry i ng proc es s , the overall  
mo i s ture content  of a food item drops to the leve l  tha t i s  cons idered 
opt imal for compre s s ion , the i tem usua l ly end s  up with a we t uns table 
c ore and a d ry ou ter reg ion and wi ll not compre s s  sat i s fac torily .  

Seve ral method s for ach ieving l imi ted f reeze-dry i ng have been 
exp lored to date , and some of them show promise . King et al . ( 19 7 6 )  
set  u p  a free ze-dry ing apparatus in which they could care ful ly cont ro l 
the p l aten tempe ra ture and the part ial pre s sure of the water vapor in 
the chambe r during the ent ire dehydrat ion proces s ,  and were able to 
freeze-dry lcm cubes o f  bee f so tha t they had a uni form mois ture 
content of about 10 percent in 1 2  to 13 hours ( a s  compared with a 
dehyd ra tion t ime of  four hours by convent ional f reeze-dry ing and a 
moi s ture content of 2 . 5  percent ) .  Subsequent work has resulted in a 
reduc t ion o f  the dehydrat ion time by one third ( Zaka rian and King , 
1 9 78) . Thi s  app roach t o  l imited free ze-d ry i ng c ould be comme rc ially 
useful , part icularly i f  i t  were deve l oped further  and improved . It  
ha s the added advant age of allowing the use of avai l able f reeze-d ry i ng 
equipment for both l imi ted and full f reeze-dry ing af ter re lat ively 
minor mod i f ic at ions , making major new capi tal expend i ture s  unnece s sary 
for uni t s  already engaged in freeze-dry ing . 
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King e t  al.  (1 9 76) also investigated the use o f  deaaicant s t o  
contro l  the water vapor in a f reeze-drier, since this might make it  
pos s ible  to eliminat e  moat o f  the re f rige ration and hea ting required . 

Ca lc ium chloride o f fers an advantage of  being inexpensive and 
readily available . Testa showed that it took approximately 8 . 5 hours 
for re l iable limited f reeze-drying and adequa te equilibration, bee f 
ended up with an ave rage moisture content o f  9 . 5 percent and turkey 
wi th an ave rage mo i s ture content of 11. 0 percent . 

The ability o f  mic rowave energy to gene ra t e  heat inside a food item 
uniquely suit s it to limited freeze-d rying .  An economic analysis 
performed by Hammond ( 196 7 )  and subsequent ly revised by Pelt re et al.  
(1 9 7 7 )  c learly demons t rates  the economic advantage s o f  mic rowave­
as sis ted f reeze-drying over conventiona l freeze-drying with radiant 
hea t .  A more recent economic analy sis by Ars em ( 1980 ) shows that costs  
can be cut furthe r by freeze-d rying with a combination of mic rowave and 
rad iant heating . Arsem has a l so demonstrated the incorporat ion o f  a 
mic rowave unit into a convent iona l  free ze-d rye r ,  c i rcumventing the 
need for l arge c apital  expend i ture s when conve rting to a hybrid sys­
tem .  The resu l t ant doubling o f  the throughput make s a hybrid sy stem 
at trac t ive . Mos t  of the e f fort in this area supported by the Natick 
Labora torie s , both in-house and a t  Wo rce ster  Polytechnic Ins t i tu te, 
cente rs on such problems as corona d i scharge , nonuniform hea t ing , 
impedance mismatch , and app l icator e f ficiency ( Pelt re e t  al. , 1 9 7 7 ) . 
Sinc e  sol id ent rainment may play an important role in mic rowave 
f reeze-drying , i t  is impo rtant tha t this phenomenon be thoroughly 
inve s tigated . Al so e s sential  are more bas ic data of the type de­
ve loped in unive rsity laboratorie s on d ielec t ric , sorptive , and 
dif fus ive prope rties  o f  f rozen and d r ied food s tu f f s .  The a t t rac tive 
c o s t  savings pos sible with mic rowave s  have been an incent ive to app ly 
mic rowave heating commerc ia l ly as  a me thod for rapid ly equ i l ibra ting 
partia l ly f reeze-dried food s  prior to compre s s ion.  

A new technique in dehydration and compres s ion proc e s s ing has been 
the use of mic rowave heat ing in combination with vacuum-d rying prior 
to c ompre s s ion . Rehydra t ion of  the f ina l produc t requi re s  about 20 
minutes  ins tead o f  1 0 .  However ,  for mos t  shipboa rd applicat ions, this 
wou ld be of l i t t le consequenc e .  Resu l t s  from a labora tory simulat ion 
in a large mic rowave oven conta ining the produc t in a s toppe red flask 
connec ted to a vac uum sourc e demonstra ted that the mo i s ture content of  
g reen beans could be reduced to 14  pe rc ent in 45 minute s .  The product 
was d i rectly compre s sable s ince i t  was warm and plast ic ized . Com­
p re s s ion was followed by furthe r  vacuum-dry ing to the de s i red f inal 
moi s ture . The total  dehydra tion cycle using the vacuum and mic rowave 
combinat ion was about one hour . A commerc ial  sy s t em has been produced 
by Gigovac of France . ( Re f .  A .  Rahman, Pe rsonal Communication . ) This 
cont inuous vacuum ,  mic rowave-heated d ryer is 0 . 6m  ( 2  f t )  in diameter 
and i s  2. 7m ( 9 ft ) long . Much more work i s  needed to evaluate dry ing 
t ime against  rehydrated produc t quality o f  pa rt icular food s to make 
such rapid dry ing me thods prac t ic a l . Detailed sy s tems cost  analyse s  
a re needed to j us t i fy large cap i t a l  out l ay s . 

Compre s s ion of part ially dried foods by cent r i fugat ion could elimi ­
na te multip le handling s teps currently employed in dehydratio n .  In a 
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p rototype study , a s tandard cent r i fuge tube was adapted by drill ing a 
hole in its base and add ing a fa l se bot tom .  A s t a inle s s  s t eel  we ight  
could  be  added t o  inc rease pres sure during centrifuga t ion . The f ina l 
produc t wa s found to equal produc t s  compre s sed under 1 00 p s i , which i s  
suf f ic ient f o r  mos t  produc t s .  

Thi s  technique migh t  be appl ied commerc ially  by centri f ical ly 
c ompre s s ing food s in the can used for shipp i ng .  Fini sh-d ry ing c ou ld 
be comple ted wi th the produc t al ready in the can .  Conta ine r  f i l l ing 
cou ld be inc reased a s  much as  25  percent due to  space saved between 
d i s c s  and be tween the produc t and the wal l s  of the conta iner.  However,  
f l exible package s are more des irable  and repre sent a research need . 

Sul f i te has long been a chal lenge to the food dehydra t ion indu s t ry .  
I t  i s  not a l lowed in some European count ries and Japan . u.s. indus t rie s 
would l ike to buy sul f i te-free , preb lanched produc t s  for freeze-dry ing ,  
but current spec i f ic a t ions may requ i re the add i t ion o f  sul f i t e . Fro zen ,  
bl anched, sul f i ted and nonsu l f i ted gree n beans were freeze-dr ied by 
the limi ted method , t hen microwave heated for  approxima te ly one minute  
prior to compre s s ion.  The f l avor was found to be  qui te s imilar for 
both treatment s even a f ter s toring the produc t s  at 3 7 . 7 °C ( 100 ° F ) for 
s ix months .  Th i s  demons tra tes  that food s to be u sed for freeze-d ry i ng 
and compre s s ion may no t need prior su l f i t e  t reatment ; however,  add i­
t ional  re search i s  needed . 

COMMODITIES 

Carrot s  

Obj ec t ive mea sureme nt s  o f  the color o f  raw carrot s  are the be s t  
ind ic ators o f  the i r  sub sequent qua l i ty a f ter dehydra t ion,  compre s s ion , 
and rehydrat ion ( Hruzek , 1 9 7 3 ) . Rehydrat ion charac teri s t ic s  are 
d irec tly  re la ted to Gardne r Co l or a and the a/b ra t io .  

Rehydrat ion rate s o f  freeze-dried and compres sed carrot s are 
a ffec ted by the s i ze o f  the p iece s ; the large r  the size , the shorter 
the shed or b lock d i s integra t ion t ime and , henc e , the rehydrat ion t ime 
(Mac pherson, 1 9 7 3 ) . Rehydra t ion t ime s inc rease with the degree o f  
maturi ty and the sugar content ( Benne t , 19 7 6 ) . 

Rushing ( 1 9 7 5 )  found tha t the opt imum cond i t ions for compre s s ing 
free ze-dried carro t s  wi thout fragmenta t ion were the fo l l owing : 5 per­
cent sugar , 7 pe rc ent mo i s ture , and a tempe ra ture o f  3 2 . 2 ° C  ( 90 ° F ) . 

Curry ( 1 9 74 )  found tha t the rehydra t ion ra te for dehydrated c arro t s  
inc rea sed when the carro t s  we re cooked i n  salted wa ter prior t o  de­
hyd rat ion.  Tak i ng pho tomic rograph s of the dehydrated carro t t i s sue 
wi th a sc anning e l ec tron microscope , he no ted the presence of sod ium 
chloride cry s tal s and conc luded they were re spons ible for the inc reased 
rehyd ra t ion ra te bec ause wa ter has an a f f ini ty for crystal l ine sa l t .  
When the sal t  i s  no t in cry s tal l i ne form because of the pre sence o f  
impuri t ies , i t  has the oppos i te e f fec t ,  dec rea sing the rehydra t ion 
rate . The rehydrat ion rate was highe s t  when the sal t in  the cooking 
wa ter was 1 . 2 percent by we ight  ( 0 . 2 mol ar sal t solut ion) ;  th i s  
sal ini ty al so re sul ted in  a rehydra ted produc t o f  except ional ly good 
qua l i ty ( Burns, 1 980). 
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Wisakowsky (1 9 7 7 ) ,  i n  his work o n  the opt imum mo i sture ( plast i­
c izat ion ) leve l  in carro t s  prior to compre s s ion , found that the use  
o f  mic rowave heating produced a more uniform moistu re dis t ribu t ion,  
minimiz ing the c e l lular compac t ion noted by Curry . The quality o f  the 
f inal produc t was found to be bes t  when the moisture level  was 1 0  to 
15 percent a f te r  dehydrat ion. Mic rowave heating for 40 seconds prior 
to compres s ion, a t  a compres s ion pressure o f  500 psi for 20 second s, 
proved be st . The compre ssion and rehydra tion were no t a f fec ted by t he 
re lat ive s izes o f  the core and outer wal l  o f  the carrots  used . 

In te s t s  on a number o f  carrot variet ie s  a t  Texas A&M Unive rs i ty , 
the Danvers  1 26 variety was found to be the be s t  for the freeze-dried, 
c ompre s sed food marke t ( Burns , 1980 ) . Th i s  varie ty ho l d s  up we l l  in 
the f ield  be fore harvest,  has a harve s t  period of a lmo s t  s ix weeks , 
and the f inal produc t has a superior qual ity .  

Green Beans 

The color  and f iber content o f  raw green beans are the bes t  ind icators 
o f  the i r  potent ial quality after dehydra t ion, compre s s ion and sub­
sequent rehydra t ion ( Burns , 1 980) . A ve ry g reen green bean with a 
lowe r f iber content gives the be s t  re sul t s .  Al though the fiber a round 
the bean fac i l i tates  rehydrat ion , a sma l l  amount is su f fic ient for 
sat i s f ac tory resul t s ; if the bean is a l lowed to overmature even 
s l ight ly be fore harve s t ing , i t  wi l l  deve lop too much f i ber and become 
unacceptable to  the consume r .  

Spinach 

Te s t s  on various type s of spinach ( smoo th, s avoy, and semi-savoy ) 
have ind ic ated no discernible change in qua l i ty after  free ze-d ry i ng ,  
c ompre s s ion , and subsequent rehyd rat ion ( Burns , 1 980) . A t ra ined 
tas te pane l was unable  to de tec t any d i f ferences  in f lavor be tween the 
f inal p roduc t and samples  of the orig ina l tha t  had been cooked wi thout 
be ing p roc e s sed . 

Cabbage 

Cabbage is one of the few vegetables  tha t does not f reeze-d ry we l l .  
Freeze-d ry ing inc reases the intercel lular spac ing, re sulting in the 
absorpt ion o f  so much water  during rehydra t ion that it leave s the 
c abbage with a mushy texture ( Haralampu et al . ,  197 6 ) . 

Ce le ry 

Ce l e ry c an be dehydra ted bes t  by pre treating with glycerin and air­
d ry i ng . Because  o f  the high mo isture content , the tis sue is d isrup ted 
by the f reezing process  leaving crevices  tha t f i l l  with wa ter during 
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rehydrat ion.  The resul t i s  a mushy texture . Air-d rying produc e s  
a somewhat better  produc t .  Rahman found that a ir-dried c e lery could 
be improved s igni f ic ant ly with the use of a water-d i splac ing agent 
(g lycero l , a polyglycero l , or gum , for instance ) prior to the air­
d rying s tep (Food Process ing , 1 9 7 6). 

Ce l e ry t reated wi th gums , part icularly locus t bean gum, has a some­
what bet te r  f l avor than celery that has been t reated wi th glyc e ro l  o r  
various polyglyc e ro l s  (t riglycero l , hexaglycero l , and decaglycero l ) .  

Bee f , Pork , Pou l t ry ,  and Seafood 

Freeze-dry ing is the bes t  proc e s s  found so far for dehydra ting bee f ,  
pork , poul t ry ,  f ish , and shrimp . Air-dried o r  vacuum-dried animal 
produc t s  do no t rehyd ra te sat i s fac tori ly . Freeze-dried , the qua l i ty 
o f  the rehydrated p roduc t i s  very c lose to tha t o f  the origina l  and , 
i f  des i red , the item c an be compres sed after  f reeze-dry ing wi thout 
s igni f icant ly d iminishing the qua l i ty of  the f inal produc t .  

I t  i s  pos s ible t o  f ree ze-dry (and compre s s )  bee f , pork , pou l t ry ,  
and seafood in a var ie ty o f  forms . 

High qual i ty c u t s  o f  bee f and pork can be freeze-d ried (and 
c ompre s sed ) when they are s l iced , cut  in chunks fo r s tews and other 
dishe s , o r  ground for mea tba l l s , pat t ie s , o r  sauces . They can be 
f ree ze-dried (and compres sed)  raw or after they have been c ooked , 
but meatbal l s  and patt ies requ ire the use o f  binde rs i f  they are 
cooked f i rs t (see "Ground Meat "  below).  Poo rer qual i ty s l ices  and 
chunks that contain gri s t le and connec tive t i s sue canno t be dehydra ted 
sat i s fac torily by any method because the gri s t l e  and connec t ive t is sue 
become as  hard as  bone part ic les and do no t rehydra te . These par t s  o f  
a c a rcass  can be used , howeve r ,  i f  they a re f laked or  c u t  into sma l l  
chunks and " re s t ruc tured " be fore they are f reeze-d r ied (see "Re s t ruc­
tured Meat  Produc t s "  below) . 

Pou l t ry (raw o r  cooked ) rehydra tes ve ry sat i s fac torily a f te r  i t  has 
been freeze-d ried (wi th or wi thout compre s s ion) . The armed servic e s  
usual ly p re fer to u s e  raw chicken tha t has been deboned and d iced 
be fore f reeze-d rying .  

Fish tha t ha s been f i l le ted (raw o r  cooked ) rehydra tes  ve ry satis­
fac tori ly after  i t  has  been freeze-dried (wi th or  without compre s s ion) . 
Shrimp (raw o r  cooked ) can be p rocessed who l e .  

Ground Mea t  

Ground bee f in the form o f  mea tba l l s  and pat t ie s  and ground po rk in 
the form o f  pa t t ie s  and sausage l inks can be freeze-d r ied e ither  raw 
or af ter cooking wi th equal ly good end re sul t s .  If ground mea t  i s  
cooked before being f reeze-d r ied , it  i s  nece s sa ry t o  u s e  binders s o  
tha t the piec e s  o f  mea t  ho ld  toge the r during the rehyd ra t ion s tage . 
Binde rs made f rom ca rbohydrates , prote ins , and gums (a lone or  i n  
combina t ion) form ma trices tha t keep the shape o f  the item intac t 
wi thout b loc king the pene tra t ion o f  wat e r .  
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Formula t ions and me thod s of preparat ion set down for the a rmed 
services  (U . S .  Army Na t ick  Re search and Deve lopment Labora torie s , 
196 7 , 1 96 9 )  spec ify the use o f  pregelat inized corn mea l  as  a binder 
for ground bee f and ground pork tha t is to be deep fried be fore free ze­
dry i ng and compre s s ion.  On rehydrat ion with the correc t amount o f  
water , the end produc t has a very s a t i s fac tory f lavor,  texture , c o lor , 
a nd she l f  l i fe .  This produc t wil l  ove rrehydrate i f  there i s  an exc e s s  
o f  wa ter. 

Fre e ze-dried ground bee f is  now being produced in Wes t  Germany on a 
l imited commerc ial  bas i s  with no maj or prob lems in it s produc t ion and 
ut i l i zat ion so far (Judge e t  al . , 1 9 81 ) .  Co s t  ana l y s i s  by Judge e t  a l . 
show d i f ferenc e s  o f  5t/kg ( 1 2t/l b )  between the delivered cos t s  o f  freeze­
dried ( unre frigera ted ) and fre sh ( re frigera ted ) ground sausage meat 
when transported over long dis tances , and d ifferences  o f  2 to  4t/kg ( 5  
to lOt/ lb )  be tween the de l ivered c o s t s  of freeze-dried ( unre frigera ted ) 
and fro zen ( refrigerated)  ground sausage mea t  when transported over 
long d i s tanc e s , but the se calculat ions are based on a s sumpt ions o f  
c ap i t a l  c o s t s  and intere s t  rates tha t are subj ec t to change . 

Re s truc tured Mea t  Produc t s  

The poorer qual ity port ions o f  a bee f o r  pork carc a s s  tha t contain 
gri s t le and connec t ive t i s sue can be used for freeze-dried and com­
pre s sed produc t s  i f  the mea t  i s  f irs t cut i nto very sma l l  chunks or 
f laked and then "re s truc tured . "  When this is done , the gri s t l e  and 
connec t ive t i s sue are f ine ly d ispersed so the consumer does no t not ic e  
that they have no t rehydra ted . 

There are other prob lems , however. Res tructured mea t  tends to  
frac ture or sha t ter eas ily  a f ter dehydra t ion ,  ind ic a t i ng tha t 
add it ional work is  needed on binders and proce s s ing procedure s .  
The presence o f  f a t  a l so causes  d i f f icu l t ie s ; the higher the fat 
content , the greater the l ike l ihood tha t fat "smearing" wi l l  inh ib i t  
rehydra t ion . 

There continues to be an exc e l l ent opportuni ty for re search on 
a ir-dry ing and other non-freeze-dry i ng me thod s for the produc t ion of 
c ompre s sed anima l produc t s .  The use o f  re formed mea t ,  part ial ly or 
ful ly dried by means other than freeze-dry i ng and then fo rmulated to 
a l low compre s s ion and qua l i ty rehydra t ion , should be s tud ied. 
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RAW MATERIALS AND PRODUCT PREPARATION 

The type of raw material selec ted wi l l  have some effec t on the pro­
c edure s used for wa ter remova l and compres sion .  S truc tura l , chemica l , 
and composition d ifferences  wil l  add their ind ividua l unique requ ire­
ment s .  Because of their high sugar content , fru i t s  pre sent technical 
chal lenges that vege tables  do not . Fa t content and f iber orientat ion 
of mea t s  wil l  inf luence dehydrat ion and the suc c e s s  of compre s s ion. 

The mos t appropriate methods for wa ter remova l--freeze-dry i ng ,  
air-drying ,  or other me thods or combina t ions--have no t been re so lved . 
Finished produc t performance and acceptanc e  exert the greate s t  
influenc e on wh ich raw ma teria l and prepara tion sequence i s  used . 
Al though economic s  i s  a l so very important , if performance and 
acceptanc e  are ach ieved and a defini te mi l i tary or consumer need 
demons trated , economic issues c an be re solved in favor of produc t 
qua l i ty and performanc e as  measured under ac tua l operationa l con­
d it ions . 

Fro zen fruit s  and vege tables  .as s tart ing ma teria l s  for dehydrat ed 
and c ompres sed foods can be selec ted from exis t ing inventories of 
frozen commod it ies or from contrac ted crops that would be " tailored" 
spec i f ica l ly for free ze-dried and c ompres sed produc t s .  Both sourc e s  
have been used for the preparat ion o f  sma l l  quantit ies for the deve lop­
ment s tage . Frozen frui t s  and vegetabl e s  are general ly ava i lab le in 
bu lk ind ividua l ly quick-frozen form at a rea sonable co s t .  Availabi lity 
and pric e ,  a long with the qua l i t ies of the fresh form can be very s ig­
n i f icant advantages i f  not outwe ighed by l imitat ions o f  commerc ia l 
s ty le or form , leve l  of b lanching , varie ty , and absenc e of sulfite 
treatment . 

Ta i lored raw ma teria l s  can be used if one or more o f  the fo l lowing 
cons traints  are me t :  

• The higher cos t is j u s t ified by superior qua l i ty and performance . 
• A re l iable source of supply exis t s .  
• The "new" varie ty has o ther uses . 
• New or mod i f ied manufac turing opera t ions are minima l . 
• The marke t s ize remains s i gni ficant . 

Free z ing i s  used to ensure a supply o f  s tarting material because o f : 
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• Seasonal ity , 
• Peri shab i l i ty ,  
• Geographic loc a t io n ,  
• Produc t ion schedule s , and 
• Cap ital  inve s tment needed to prepare raw ingredient s . 

Procurement me thod s may no t al low su f f ic ient lead t ime to obtain  
t a i lored seasona l  plant produc t s .  Thus , even i f  re search ident i f ie s  a 
h ighly des irab le varie ty it  may not be used . Nonseasonal items are 
more suscep t ible to opt imizat ion by tailored procurement . Tai lored 
nonseasonal raw materials can be purchased on a more ra t ional cost­
bene f i t  bas i s  throughout the  year.  

Dehydra t ion ,  compre s s ion , and subsequent recons t i tut ion o f  a food 
i t em canno t be expec ted to improve i t s  f lavor,  color,  or texture . I t  
mus t  pos s e s s  acceptable charac teri s t i c s  a t  the s tart . Some varieties  
o f  vege tables and fru i t s  re tain the ir f l avor,  color , and texture bet ter 
than o thers duri ng dehydra t ion,  compre s s ion,  and recons t i tu t ion . The 
varie t ie s  o f  vege tables  and fru i t s  now being grown for the frozen food 
marke t are , unfort unately , no t always the be s t  varie t ies  for freeze­
d ry i ng .  I f  they were , i t  would s imp l i fy the development o f  the marke t 
potent ial for f reeze-dried and compre s sed food s . The s i ze of  the 
marke t at the present t ime doe s no t j u s t i fy an inve s tment by a 
dehydra t ion-compre s s ion company in cos t ly varietal  deve lopment and 
t e s t ing ,  and in prepara t ion and freez i ng equipment that would rema in 
id le during a l arge part o f  the year.  A f reez ing company might be 
wi lli ng to f reeze a spec ial batch o f  vege tab les  or fru i t s for a freeze­
dry ing concern bu t the order would have to be fa irly large . A company 
that freezes half a mi l l ion ki lograms ( a  mi l l ion pound s )  of vegetables  
per  day mus t  make spec ial provis ion to handle  an  order for the same 
quant ity o f  a spec ial variety used by a freeze-dry ing company . In 
princ iple  it should  be pos s ible to work out an arrangement wi th food­
free z i ng companies for the freezi ng of opt imized variet ies of vegetab l e s  
and f ru i t s  given  suf f ic ient t ime . Such a s tep wou ld no t only make i t  
pos s ib le t o  take advantage o f  the spec ial  charac teri s t ic s  o f  "ta i l o red"  
va rieties  o f  vege table s  and frui t s  ( such as moi s ture , sugar, salt , 
s tarch , and f iber c ontent , as well as color , flavor , and texture ) but 
wou ld also make it po s s ible to take advantage o f  spec ial pre freezing 
treatme nt s  ( sul f i t ing and various type s of  blanching to contro l  color ,  
f lavo r ,  texture , and s torage s tabili ty ) .  

Some vege tables  rehydrat e  more eas ily i f  they are allowed to mature 
somewhat longer be fore harve s t ing but the increase in f iber that 
re su l t s  may reduce the ir acceptabili ty by the consumer.  

The trade-o f f s  among the various charac teri s t ic s  o f  a food i tem to 
be dehydra ted and compres sed mus t u l t ima tely be determined by the user. 
The mi l i tary user may pre fer a se t of charac te r i s t ic s  d i f ferent from 
the c ivilian consumer ' s . The d i f ferent types o f  c ivil ian consumers 
( ins t i tut ions , re s taurant s ,  survival groups , hikers , campers ) may have 
requi rement s and pre ferences  tha t call for d i f ferent trade-o f f s  among 
co s t , f lavo r ,  texture , color,  or s torage l i fe .  In any case , mi l itary 
requirements based o n  ac tua l opera t iona l cond i t ions mus t be met .  
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Re searc h  i s  requi red t o  obtain  fundamenta l  understand ing o f  the 
re lat ion be tween rehydra ted qua l i ty and s truc tural and chemical  com­
pos i t ion o f  food items bei ng used or cons ide red for the dehydra ted and 
compre s sed food marke t .  S t ruc tural and chemic a l  compo s i t ion determine s  
no t only the qua l i ty o f  an i tem ( fl avor ,  t exture , color ) but a l so the 
way it dehydra t e s  and c ompre s s e s . The high f ruc tose and glucose 
content s o f  fru i t s ,  fo r example , make dehydra t ion d i f f icul t and the 
produc t s t icky .  The deve lopment of vari e t ie s  high in  sucrose would 
s imp l ify the dehydra t ion proce s s  and improve the e nd produc t .  

S i ze , shape , and uni formi ty are important fac tors i n  the dehydra t ion 
and compre s s ion of vege tabl e s , fru i t s ,  meat s ,  and o ther food i tems . 

Some i t ems ( po tatoe s , onions , mea t s , apple s , strawberries , and 
mushrooms ) that will  no t dehydrate  and rehydra te sa t i s fac tori ly when  
proces sed in large chunks wi l l  do  so when  they have been cut , s l iced , 
d iced , f laked , or granulated into thin enough or smal l enough p iece s .  
A short d i f fus ion pa th gre a t ly enhanc e s  mo i s ture up t ake . I t  i s  
important , however , that the i tem reta in i t s  ident i ty . Some i tems 
( peas , beans , ke rne l  corn ,  cherrie s ,  and blueberrie s )  canno t  be cut  or 
s l iced into smal l p iece s  wi thout los i ng the ir acceptabi l i ty .  Mea t  and 
chicken  c an be ground or f laked and served in pat t ie s , soup s ,  sauces , 
and rice d i she s . Fish can be ground or f laked and served as  f i sh 
balls . Po t a toes  c an be d ic ed or s l iced , f laked for po tato chips , o r  
riced for hash-b rown potatoe s ,  po tato pancake s ,  and mashed po tatoe s .  
Onions c an be s l iced and served a s  ring s  o r  granulated and served in 
pat t ie s  and soups . Carro t s  can be s l iced , d ic ed , "shoe-s t ringed , "  and 
shredded , and green beans c an be cut  in various way s .  

Peas , beans , c herrie s ,  and b lueberrie s are be i ng le f t  uncut  t o  re­
tain  the ir ident i ty but mus t  have the ir skins pierced or slit to enab le 
dehydra t ion a t  a reasonab le  rate . Corn kerne l s  have an end s l ic ed o f f  
when c u t  from the cob , but c are mus t  b e  taken in the s t r i pping proc e s s .  
I f  too deep a cut  i s  made , some kerne l s  wi l l  be who le and no t dehydra t e  
sat i s fac t ori ly . 

I t  is  import ant for bo th the dehydra t ion and compre s s ion s t age that 
the s ize o f  the p ieces  in a batch be uni fo rm .  A uniform s i ze wi l l  
enable a more rap id dehydra t ion , be t ter contro l  o f  the compres sed 
produc t , and a be t t e r  rehydrated produc t .  

The opportuni ty to combine re s truc turing and re formu l a t ion o f  cut  
p iece s  wi th dehydra t ion method s other than freeze-dry i ng should be 
exp l o i ted . Spec i a l l y  formulated air-dried component s  may allow sat­
i s fac t ory comp re s s ion a nd rehydra t ion wi thout freeze-drying .  
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SHELF LIFE 

PACKAGING 

Minimum we ight and vol ume and convenience are key at tributes o f  
compre s sed freeze-dried food s .  Appropriate packaging o f  c ompres sed 
freeze-dried foods is essent ial to rea l ize these a t tributes . To date 
the se packagi ng needs have been met us ing rigid metal c ontainers and 
by adapt ing exi s t ing f l exible  packaging materia l s  to ma tch the zero 
transmi s s ion propert ies o f  rigid metal conta iners . 

Whi l e  the use o f  exi s t ing packages such a s  rigid containers guar­
antees pred ic tab le  c ontainer performance , the use of these packaging 
sys tems does not a l l ow the savings of we ight  and vo lume o f  the dried 
and compres sed foods to be rea l i zed , part icularly when round c ans are 
spec i f ied . The use o f  exi s t ing laminates may resul t in overpackaging 
or the need for add it ional internal l iners to protec t the barrier 
materia l s  from phy s ic a l  damage . 

New packaging sys tems tha t mee t  mi l itary requirement s  for trans­
portat ion , s torage , and hand l ing mus t be designed spec i f ic a l l y  for 
compre s sed freeze-dried produc t s .  The packaging sy s tems mus t be 
de s igned along with the produc t during i t s  development to obtain 
maximum savings and opt imum performanc e .  As with a l l  produc t s ,  the 
e f fec t of oxygen concentrat ion , compo s i t ion , wa ter ac t ivity , and l ight  
mus t be evaluated agains t qua l i ty with s torage t ime and temperature . 
When requirements for leve l s  o f  oxygen , water ac t ivity , and l ight are 
found , appropriate packaging ma terial s  can be se lec ted and eva luated 
agains t the add i t ional requirement s  for produc t protec t ion from 
transporta t ion , hand l ing , and s torage damage . 

Two areas of research have been ident i f ied . The firs t i s  the need 
for improved she l f  l i fe pred ic t ion me thods .  Ana ly t ical  me thods tha t 
c an be corre la ted wi th flavor pane l analys i s  are required s ince f lavor 
is a cri t ical  qua l ity fac tor . 

Sec ond , ana l y t ic a l  me thods are needed tha t can be used to pred ic t 
she l f  life as  a func t ion of temperature , t ime ,  water ac t ivity , and 
oxygen concentra t ion us ing a minimum number o f  s torage test  cond i t ions . 
Many foods undergo an induc t ion period when flavor change s l i t t le pro­
gre s s ing to a rap id l o s s  or change in f lavor ana logous to l ip id 
oxidat ion in which ant ioxidant s  are consumed after the induc t ion 
period . 
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2 1  

Compre s sed f reeze-dried foods are s imi lar to other mi l i tary rat ions 
in that they are o ften des igned for a spec ific opera t iona l use . Long 
s torage l i fe is  high ly des irabl e .  Often large quant i t ies  o f  ra tions 
mus t  be ava ilable on short not ice . Sinc e  the indus trial  manufac turing 
c apab i l i t ie s  and c ertain seasona l  raw materials  may not be available 
in t ime o f  need , ongoi ng research is  required to f i nd opt imum method s 
for s trategic produc t ac qui s i t ion and s torage . An i tem-by-item sys tems 
analy s i s  can ident i fy minimum c o s t  strategie s for stra tegic s toc kp i l i ng 
o f  fro zen raw materia l s , free ze-dried produc t s  or compre s sed freeze­
dried produc t s  ready for issue . The ava i labi l ity o f  proce s s ing 
fac i l i t ie s  shou ld a l so be s t ud ied s i nc e  free ze-d rye r ,  vacuum-driers , 
and microwave heat i ng equipment represent s  a c o s t l y  c ap i tal  inve s tment 
wh ich canno t  be purchased o f f  the she l f  wi th a short del ivery t ime . 

S torage cond i t ions for s trategic s tockpile s  o f  frozen or freeze­
dried ma teria l s  mus t be opt imi zed to ensure maximum food qua l i ty a t  
minimum cos t . Storage a t  -l8 ° C  ( 0 ° F) or be low should be cons idered in  
a sy s tems ana l y s i s  for both fro zen and freeze-dried s t ockp i led ma ter ia l s .  
Moi s ture leve l s  ( 10 to 1 5  percent ) for compre s s ion can be mainta ined 
at  -1 8 ° C  ( 0 ° F ) , for example . It may be pos s ible to achieve mo i s ture 
equa l i za t ion during s torage . 

Packag ing o f  dehydra ted food i s  nec e s sary to  extend shelf l i fe o f  
the produc t after mo isture remova l and to prevent mechanic al damage .  
The de s ign o f  the package mus t  ensure optimum leve l s  o f  wa ter  ac t iv i ty 
and oxygen independently o f  the exterior s torage environment . It  mus t 
a l so provide pro tec tion from l ight , and ac t as  a barrier to micro­
organi sm ,  insec t ,  and anima l infe s tat ions even during abus ive s torage 
cond i t ions . In add i t ion to extending she l f  l i fe ,  the package mus t  
fac ilitate  the transportat ion,  d i s tribut ion and use o f  the produc t ,  
whe ther i t  be for c ivil ian o r  mili tary c onsumpt ion.  The consumers ' 
dec i s ion t o  use dehydra ted produc t s  i s  based on c o s t  and quality . 
Mi l i tary use i s  based on opera t ional requ i remen t s .  These requirements 
mus t  be sat i s f ied a t  minimum cos t .  

Spec i f ications for the produc t ion o f  dehydra ted component s of  
mi l i tary ra t ions re f lec t operat ional needs and c o a t . Fo r examp l e , 
the original mi l i tary spec i f ic a t ions for freeze-dried bee f pat t ies 
a l lowed a maximum of 1 4  to 1 7  percent fat . Thi s wa s later  increased 
to a maximum of 23  percent fat  in the f inal produc t when research 
ind ic a ted tha t free ze-dried bee f rehydra ted a s  well a t  23  percent fat  
a s  a t  17  percent . By inc reas ing the range o f  maximum fat content in 
the spec i f ic a t ions , the mi litary decreased the co s t  o f  the produc t wi th 
l i t t le sac r i f ic e  in opera t iona l  performanc e . Of course , a higher fat 
content means less  protein i s  ava i lab le in  a given we ight o f  rat ion.  

Packag ing spec i f icat ions mus t  be  based on  opera t iona l  needs for the 
produc t and low oxygen leve l s  in the mea l ,  ready-to-eat  f rui t bars . 
Wh i l e  contrac tors  thought tha t low oxygen conc entra t ions could be 
achieved wi thout an inner polye thylene bag , mi l i tary spec i f ic a t ions 
re quire thi s  mo re expens ive add i t ional package . Th i s  examp le is  
inc luded to point  ou t the  continuing need fo r packagi ng re search  in  
support o f  freeze dehyd ra ted and c ompre s s ed p roduc t s . Min imum cos t s  
and maximum opera t ional pe rformanc e  c an only b e  ach ieved b y  a period ic 
re view of operat ional needs and of  ava i l able new pac kag ing ma teria l s  
and sy s t ems . 

Copyright © National Academy of Sciences. All rights reserved.

Dehydration and Compression of Foods
http://www.nap.edu/catalog.php?record_id=18526

http://www.nap.edu/catalog.php?record_id=18526


2 2  

STORAGE 

To ensure maximum s t o rage stab i l i ty , proce s s ing p rocedure s no longer 
under  the mil i tary ' s  surve i l lanc e  and contro l  should be spe l led out in 
the produc t spec i f icat ions . Thi s  would inc lude spec i fying the p roper 
hand l i ng of raw ma teria l .  The more a produc t i s  hand l ed , the greater 
the potent ial  for  decrease in  qua l i ty in terms o f  f l avo r ,  texture , 
nutri t ion ,  and func t ional i ty o f  the e nd produc t .  Mishand l i ng o f  raw 
mat e rial s c an l ead to unacceptab le produc t s  a f ter p roc e s s ing . I f  raw 
mea t  or poul t ry i s  mishand led , the fat  begins to ox id ize . Al though the 
oxidat ion is o rgano leptic a l ly unde tec tab le  in the raw produc t ,  the mis­
hand l ed food become s ranc id a f te r free ze-dry i ng .  

Ce rtain  ma terials pac kaged toge ther i n  the dry state are no t c om­
pa t ib le when s to red at  s l ight ly elevated oxygen leve l s . For examp l e , 
the deterio ra t ion o f  mi l i t a ry long-range pat ro l  spaghe t t i  and ch i l i  
rat ions has been l inked t o  high leve l s  o f  tomato pa s t e . The f ree ze­
dried toma to paste  and o ther dry ingredients  ma intain the ir  qua l i ty 
longe r when stored ind ividual ly than when  mixed . 

Ano the r examp le  o f  the problem o f  stabi l i ty o f  d ry blend s  i s  
demonstra ted by a c omplete  pancake mix which i nc l uded egg s , mi l k ,  and 
sho rtening . The comple te mix , wi th regular  f lour , is  qu i te stable . 
Buc kwheat pancake mix wi thout shortening was also qu ite  s table . 
Howe ve r ,  when sho rtening wa s added to the buc kwhea t  mix to  make i t  
comp l e t e , i t  rap id ly became ranc id .  Thi s demons trat e s  the need for 
a l l  dry ma teri a l s  to be mixed and tes ted for compat ib i l i ty and she l f  
l i fe be fore any new comb inat ion can  be suc c e s s fu l ly marke ted . 

Because the needs o f  the comme rc ial marketplac e  are ent ire t y  d i f fer­
ent than tho se of the mi l i tary ,  there is a need for re search  on the 
e f fec t  o f  s torage o f  frozen food s to be used for dehydra ted and com­
p re s sed produc t s .  The fo rmulat ion,  prepara t io n ,  and packag ing o f  
c omme rc ial  frozen food is  based o n  a de s ired she l f  l i fe o f  1 8  months 
a t  -l 8 ° C  ( 0 ° F ) . This i s  adequate for a seasonal supp ly of  raw 
ma teria l s .  At a commerc ial  storage tempera ture o f  -23°C  ( -l 0 ° F ) , 
seasona l produc t s  have a she l f  l i fe o f  seve ra l years . Th i s  e f fort 
shou ld be undertaken wi th mi l i ta ry support . 

The mi l i tary shou ld study the need for a s tockp i l e  o f  f rozen food s 
s inc e pric e  may depend on the she l f  l i fe and s torage period of the 
food . Fac tors tha t c an adversely a f fec t the stabi l ity o f  food in cold  
s torage are mi shand l i ng o f  the raw produc ts  and re s idua l enzyme ac t ivi ty 
f rom inadequate  blanching or microb ial sou rc e s . The de lay be tween har­
ve s t ing , and b l anching and freezing can de te rmine the s to rage l i fe .  
S l ight variat ions i n  hand l i ng and proce s sing t ime s could re sul t  in 
drama t ic d i f ferenc e s  in  qua l ity  ove r the longer storage periods 
nec e s sary for mi l i tary s tockpi le s .  

S torage tempera ture is  a l so ve ry cruc ial for extended s torage o f  
frozen food s . Cod s tored a t  -8 ° C  ( l 8 ° F ) reache s a j u s t  not ic eab l e  
d i f ferenc e  ( JND ) i n  f lavor in  approximately  seven weeks , whereas c od 
hand led in a s imi l ar manner and s tored at  -30 ° C  ( -2 2 ° F ) , as  i n the 
large European cold  s to res , wi l l  reach the JND in seven years . 
Produc t s  w i th high conc entrat ions o f  e l ec troy l e s  such a s  sal ted 
but ter,  salami , and bacon have a short er she l f  l i fe during frozen 
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s torage than refrigera ted s torage (Ol son,  1 9 7 1 ) . The cost  o f  ene rgy 
for s torage of a mili tary s tockp i l e  can dete nnine to a great  extent 
whether the food will be s tored frozen or compres sed and dehydrated . 

The use o f  microwave-a s s i s ted equilibra t ion during the dehydrat ion 
and c ompre s s ion proce s s  can provide a more sa t i s fac tory s torage-s table 
produc t .  Depend ing on the type o f  equ ipment used , 1 0  to 14  hours are 
usually needed for the dehydra t ion o f  green beans . Thi s  t ime could be 
s igni f ic ant ly reduced if the dry ing proces s  we re stopped when the 
produc t reached a mo i s ture content of 10 to 30 perc ent in approximately  
5 1 / 2  hours . Compre s s ion could take p lace at thi s  mo i s ture leve l  i f  a 
40- to 45-second microwave treatment i s  used to cause the moi sture to 
d i f fuse f rom the c enter of  the produc t to the re lat ively dry exterior , 
thus pla s t ic i z i ng the food . Compre s s ion and further dry i ng by other 
techniques such as vacuum-dry ing would c omple te the proce s s .  The 
ava i labili ty o f  cos tly microwave and vacuum equipment mus t  be asses sed . 

Theo re tic ally , compre s sed food s are not exposed to a s  much oxygen 
as noncompre s sed food s in  containers . The phy s ic a l  ac t ion o f  com­
pre s s ion d ischa rge s oxygen from wi thin and be tween the cells o f  the 
produc t .  The re sult i ng high-dens ity  produc t i s le s s sens i t ive to 
the re s idua l headspace gas . For example , the f l avor o f  sulfi ted and 
nonsulf i ted freeze-dried compres sed carro t s  and peas was found to be 
qu i t e  s imi lar even a f ter s torage at  37 . 8 ° C  ( 100 ° F )  for s ix months . 
Al l o f  the se produc t s  were packaged in flexible pouche s under a vac uum 
o f  lOl . lcm ( 28 i n . ) o f  merc ury . Wh i l e  the use  o f  an al uminum fo i l  
l amina te in  the pouch is  bel ieved t o  b e  equivalent  t o  packagi ng in  
a fu l l  s teel  can with l imi ted head space , the mi l i tary operat iona l  
requirement s  for shipping ,  s torage , and hand l i ng increase failure 
rat e s  for exi s t ing f l exible  materials than s teel c ans . 

FOOD KINETICS 

A cri t ic a l  fac tor wh ich doe s no t rec e ive much at tent ion in she l f  l i fe 
studies  i s  the l ag phase . High-temperature /short -t ime acc elera ted 
storage s tud ie s do no t provide infonna t ion on ac tual s torage con­
d i t ions due to the ab senc e  o f  an induc t ion or l ag phase . Mos t  method s 
o f  analy s i s  are no t sens i t ive enough to detec t chemic a l  change s during 
the induc t ion period . 

Rec ent deve lopment s in inverse gas chromatography ( IGC ) may help 
detec t the sma l l  change s taking p l ace  during the induc t ion or l ag 
pha se . The degrada t ion by hydroly s i s  o f  a mixture o f  lac tose and 
aspirin was s tud ied as a model. The rat e  of hydroly s i s  of this  
comp lex a t  low  t empera ture s wa s found to be re lated to the mo i s ture 
content s ince the hydroly t ic ac t ion domina te s . At high tempera ture s ,  
the kine t ic s  change dra s t ic a l l y  and the s torage stab i l i ty i s  less 
dependent on moi s ture content . Th i s  phenomenon has been we ll known by 
tho se who marke t c ompound s such as asp 1r1n in pill fo rm ,  but previous ly 
there was no t a c lear explanat ion for i t . By u s i ng the technique of 
IGC , a reasonable answer was found . 

The bas ic princ iple  o f  IGC i s  that a carrier gas i s  pas s ed through 
a stat ionary phase  ( food ) . It  i s  the reac t ion o f  the s t a t ionary phase 
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that is of int e re s t  in this  type of chroma tography ins tead of the 
c arrie r gas . The sy s tem was appl ied to the early low-mo i s ture phase 
o f  water  absorp t ion by col lagen which i s  pre sent in mos t  meat . By 
mea suring the hydrogen bond ing s i te s  o f  c o l l agen as a func t ion o f  
concentra t io n ,  worke rs were able t o  form a n  a l ternat i ve de f i ni t ion o f  
bound wat er ( Coe lho e t  al . , 19 7 9 ) . 

Hydrogen bond i ng as  a the rmodynamic parame ter o f  a dehyd rated food 
sy s t em is highly  concentra t ion dependent--that i s ,  the lowe r the 
mo i s ture content , the more d i f f ic u l t  i t  is  to remove the wa ter from 
the samp l e . By us ing IGC , the energy requirement for removal o f  wat e r  
a t  low mo i s ture leve l s  c a n  b e  mea sured . 

Th i s  t echnique could be used to s t udy oxidat ion o f  food sy s t ems by 
u s i ng a cont inuous stream o f  mo i s t  carrie r gas wi th a spec i f ic low 
oxygen concentra t ion . Wi th t ime , the re sponse would be proport iona l  
t o  oxygen content . Changes i n  oxidat ion could be measured in the 
pre se nc e  of l ight or an ant ioxidant . The oxygen sorpt ion re l a t ion 
c ou ld be used to s t udy the fac tors  re l a ted to  the lag phase  in  co lor 
change s in  nonenzymat ic browni ng or in change s in  peroxide va lue s .  

IGC could pos s i bly be used to create dry ing curve s for various food s 
by pas s ing a carrier  gas o f  known moi s ture through a food a t  a given  
tempe ra ture . Changes in the the rmal conduc t ivi ty o f  the ou tgo ing gas  
ove r t ime could be measured , thus givi ng an e s t imat ion of  the dry i ng 
prope rt ies  o f  the food . Change s in the shape and s i ze o f  the food 
part ic les  wou ld allow a s tudy of the rel a t ionship between phy s ic a l  
fac tors and d ry i ng ra t e s . 

W i th the increased knowledge o f  the kine t ic s  o f  change s in low­
mo i s t ure food s during s torage , i t  i s  pos s ib l e  to s imu l a te such change s 
by us i ng s e t s  o f  descript ive equa t ions or mode l s . Kine t ic mode l s  are 
based on the proce s s  rate , which describes qua l i ty change s by the 
gene ra l equa t ion : 

-dC/d t = f ( El • • • EN , Fl • • • FN) 

( Saguy and Kare l ,  1 980 ) 

In dea l i ng with the problem o f  predic t i ng the she l f  l i fe o f  a food , 
c ert a in d e f init ions are needed . The f irs t de finit ion needed i s  tha t 
o f  the qual ity  o f  the food o r  F .  Deriving this  de f init ion i s  very 
o f ten the bas ic p robl em in  dea l i ng with she l f  l i fe .  Depend ing on the 
food , it s de s ired use , and the inspec tor , qual i ty wi l l always be a 
variable term . A s tandard index o f  qua l i ty mus t  be agreed upon.  Th i s  
index may be the re sul t  o f  an organo l ept ic tes t , oxygen c ontent , pe r­
oxide va lue , mo i s ture content , or ano ther charac teri s t ic ; but wi thout 
a c ommon index , the mathema t ic s  of a kine t ic study is meaningles s .  

The qua l i ty o f  food i s  known to be a func t ion o f  the envi ronment 
surround i ng the food inside the package or E. Thi s may be oxygen 
pre s sure , wa ter vapor pre s sure , or presence o f  sul fur d ioxide in the 
a ir. It a l so depend s  on the ini t ial qua l i ty o f  the food and t ime . 

Th i s  interio r e nvironment i s  in a cons tant s tate o f  f lux ,  depend ing 
on the oxygen content o f  the ini t ial  packaging . The food i s  cons tant ly 
absorbing and emi t t ing gase s .  Thi s dynamic sy s tem is  also dependent 
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on the environment outs ide the package, barrier prope rt ie s  o f  the 
package , and t i me .  

The barrier propert ies , which are very important in determining the 
she lf l ife of a l ow-moisture food , a re a t  t imes ve ry dependent on the 
internal and external cond i t ions . For examp le , c e l l ophane at  high 
humid i t ie s  wi l l  read ily  t ransmit  oxygen ,  but if kep t a t  low humidi t ies  
on bo th s ide s , i t  is  a ve ry good oxygen barrier .  Thus , opt imum pack­
aging l ie s  somewhere between the rigid round s teel c an and perhaps the 
c e l lophane wrapper used to package dry sp l i t  pea and bean soup mixes 
for the re tail  c onsume r .  At this point , storage and operat iona l need s 
mus t be c learly s t ated so that minimum-co s t  packaging systems c an be 
t a i l o red to p rovide a minimum-c o s t  operat iona l produc t .  
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NEEDS , OPPORTUNITIES , AND CHALLENGES 

A broad ly s tated obj ec t ive o f  the workshop wa s to ident i fy re search 
gu ide l ine s and opportunit ies for obtaining h i gh-qua l i ty ,  cost­
e f fec t ive , she l f-s table foods o f fering we igh t and vo lume reduc t ion for 
both mi l i tary and pos s ib l e  c ivil ian appl ic at ions . In a t tempting to 
deve lop c iv i l ian marke t s , it  is  important to ident ify and compare 
mi l i tary and c ivil ian needs for we ightand vo lume-reduced food s , to 
ident i fy the c r i t ic a l  prob lems tha t compres sed , dehydrated foods so lve 
and the prob l ems tha t rema in to be sol ved , and to cons ider the cos t /  
va lue re lat ionship o f the required techno logy . 

The need for we ight- and volume-reduc ed foods for the comba t so ld ier 
and ,  to a l e s ser extent , for the shipboard sai lor is  eas i ly documented 
and unders tood . Ever s i nce the f i r s t  two soldiers  p icked up the i r  
spears and began t o  march i n  s tep , we igh t and vo lume reduc t ion , she l f 
l i fe extens ion , and qua l ity improvement have been bas ic goa l s  for 
mi l i tary subs i s tenc e  research and deve lopment . Today , our peac e t ime 
de fense capab i l i ty i s  based on ever-ready , high l y  mob i l e , response 
forc e s  suppor ted wi th advanced techno logy and advanced weapon sy s tems . 
The log is t ic s  prob lems and space res tric t ions d ic ta te tha t the we ight 
and vo lume o f  food items be minimi zed . Dehydrat ion and compre s s ion 
processes  have been remarkably respons ive to mee t ing these needs . In 
add i t ion , dehydrated ra t ions are tolerant to , and rema in func t iona l 
under , extremes  o f  temperature . 

The mi l i tary has taken a leadership rol e  in the deve lopment and 
adaptat ion of the soph i s t icated techno logies required to produc e  de­
hydra ted and compressed foods that are h ighl y  acceptable , sa fe , and 
nutr i t ious . A number o f  items are bei ng procured , primari ly for 
submarine feed ing . The ir high c o s t  can be j us t i f ied by those space­
premium appl icat ions where no a l terna t ives  exi s t . The maj or i ty of our 
peace t ime mi l i tary personne l are fed by various types of food service 
opera t ions wh ich are l ike the ir c ivil ian counterparts and which are 
governed by the same economic cons iderat ions . The food service ' s  need 
for reduced we ight and volume might be que s t ioned even i f  the c o s t s  
were comparabl e . 

The dehydra t ion and compres s ion proc es s , part icularly if based on 
freeze-dry ing , is a high-cap ita l , l ow-vo lume , labor-intens ive , cos t ly 
proc es s .  In add it ion , spec ial  packag ing is required . Thus , whe ther 
the produc t would  ever be c ompe t i t ive wi th counterpart produc t s  or 
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attrac t i ve t o  the bul k  o f  the mi l i tary o r  c ivi l ian market c an be 
que s t ioned . The cost  problem is  further aggravated by the mi l i tary 
account ing sys tem .  The re i s  no s ingle re spons ibi l ity  for gathering 
a l l  the c o s t s  ( for ins tance , mi l itary labor ) in the ent ire feed ing 
sys tem,  from the po int o f  procurement to the point o f  prepara t ion and 
c onsumpt ion. Dehydra t ion and reduced we ight and volume o f fer potent ial 
c o s t  saving s in shipping ,  s torage , prepara t ion, and d i sposa l . Stud ie s  
are now under way t o  ident i fy and de tail  cos t s  and savings . 

Furthe r  impl icat ions o f  the current l imited usage o f  compre s sed , 
dehydrated food s are the inabi l i ty to s tock sma l l  lot s--due to the 
absenc e  of an adequate c ivil ian produc t ion base--to al l ow divers i f ied 
eva l ua t ion and to procure s igni f ic ant ly large quant i t ies  quickly in 
the event of a major mobil i za t ion. The high c apital  cost s of de­
hydra t ion and microwave equipment are a cons idera t ion. 

At this t ime , the proce s s  ha s been mo s t  suc c e s s ful  for vege tab l e s  
and se lec ted meat  items which c an b e  obtained from exi s t ing fro zen 
stores . 

Technical  needs inc lude : 

• Improved dehydra ted mea t  piece s .  
• Good qua l i ty ,  dehydra ted salad vege tables . 
• P recooked , qu ick-cooking beans . 
• Dehydra ted l arge pieces o f  vege tables  wh ich rehydra te completely 

in a reasonable period o f  t ime . 
• Dehydra ted and compre s sed whole  cuts  o f  meat s , such a s  s teaks 

and cutlet s .  
• Improved packag ing to take further advantage o f  reduced we ight 

and volume .  

Technical opportuni ties  inc lude : 

• Saut4ed free ze-dry ing for improved s tab i l ity and f l avo r .  
• Pu f f-dry ing for low-c os t ,  qu ick rehydrat ion, precooked vege table s . 
• Lmproved air-d rying .  
• Precooking and cond i t ioning to f ac i l i tate rehydrat ion. 
• Dehydra t ion and compre s s ion o f  larger p iece s  o f  vege table s .  
• Comb ined freeze-dry ing wi th other me thods o f  dry ing . 
• Fo rmulat ion o f  f laked or s i ze-reduced food s ,  non-freeze-dried 

into compre ssable end produc t s .  

Technical  cha l lenges inc lude : 

• Dehydra t ion and compre s s ion o f  f ru i t s  and salad vegetab les . 
• Inc reased unders tand i ng of parameters cri t ic a l  to qual ity . 
• Increased unders tand ing of  eng ineering parame ters required to 

opt imize exi s t ing p roce s se s .  
• A breakthrough t o  reduce the c o s t  o f  f reeze-dry ing o r  t o  deve lop 

a low-cost  a l te rnat ive to freeze-dry i ng .  
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I f  there is a need , or opportunity , for compre s sed , dehydra ted foods 
in the c ivi l ian sec to r ,  i t  must  be based on the i r  l og i s t ical  advantage s 
and c onvenienc e  and might ent a i l  app l icat ion o f  techno logy to deve lop 
items d i f ferent from the current mil i ta ry  items . Perhaps there are 
opportuni t ie s  to app ly the techno logy so as  to make i t  economical ly  
at trac t ive to d i s t ribute  certa in food items world-wide to compe te wi th 
l oc a l ly produced items , or to o ffer items no t ava i l ab l e  in other loc a l ­
i t ie s . Cont inued re search i s  needed . 

Dehydra ted vegetables  are d i s tributed internat iona l l y  to indus t r ia l  
remanufac turers , food service s ,  and fas t-food opera t ions , and fre ight 
c o s t s  are a growing and sub s tant ial  port ion of the total co s t . S ig­
n i f ic ant savi ng s  should  resul t if the vol ume of the se shipment s could 
be reduced , and an a l ready subs tant ial  volume o f  busine s s  might  be 
increased . Appl icat ion of compre s s ion techno logy t o  larger ( bul k) 
uni t s  would  be des irable . 

Compre s sed dehydra ted items do o f fe r  shipping and storage economies . 
The se should be much more read i l y  recognized and quant i f ied by the in­
dus trial  or food-service user than by the home consumer.  Items de­
ve loped for the mobi l e  combat sold ier a re not l ike ly to be right for 
the food service consumer ,  mi l i tary or c ivi l ian . But the needs and 
prob lems o f  the food-service operator should  be surveyed so tha t 
appropriate i tems can be deve loped for h im .  

Cos t  and qual ity trade-offs mus t  b e  eva luated for each appl ic a t io n .  
The be s t  qua l i ty may no t b e  a f fordable  o r  nece s sary for al l use r s . 
Sys t ems studies  of  cost s underway should  re sol ve the se que s t ions . 

Indus t ry share s the mi l i tary ' s  conce rn for the re l a t ive l y  high cost  
o f  dehyd ration.  The mil i tary should  be  as sured that the c ivi l ian 
sec tor  cont inues to work to reduce the se cos t s  through proc e s s  improve­
ment and innova t ion,  as wel l  to deve l op proc e s s  al ternative s . Thi s  
re search  wi l l  be driven by the need for spec i f ic c iv i l ian produc t s , 
i nc lud ing items for the food service indus t ry  and for internat iona l  
marke t s . 

The mi l i tary mus t  cont inue to deve l op the knowledge base through an 
ongo i ng re search program nece s s ary to mee t  it s part icul ar produc t ob­
j ec t ive s .  It mus t  share and promote  th i s  knowledge ba se and deve lop 
technol ogy wi th the c ivil ian sec tor whe re it can be app l ied to the 
so l ut ion of prob lems and mee t ing of needs of the c ivi l ian marke t 
segment s . Mi l i tary suppo rt mus t  be provided for the re searc h ,  de­
ve lopment , and produc t ion of dehydra ted , compres sed foods f i l l ing 
e s sent ial mi l i ta ry opera t iona l need s .  
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c onservat ion with s imul taneous improvement in produc t qua l i ty .  Al l 
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Int roduc tory Remarks 

Pane l member s : Mr . Marvin Byer , Oregon 
Free ze Dry Food s ,  Inc . ; 
Dr . Seymour G .  Gi l bert , Rutgers 
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