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Forevord 

Compressed dehydra-ted f ooc1s offer significant reduc-tion in volume and 
weight;. In addition» they offer higher calor i c value per unit volume than 
·the uncompressed product and can be consumed without any furt her prepar ations 
which i s the ut most in convenience. Therefore, such foods are of significant 
value i n the Arme d Forces s i nee they provide definite logistic a dvantages not 
Dnly in operational r ations» especially · 1-There resupply cannot be assured for 
t:Jwe:ral days» but also vrhere space is critical such as in submar:i.nes and. 
spa,ce capf:rules o 

This report covers deve lopmental studies of nonrever sibl.y compressed 
fruit products such as dates~ figs .9 raisins 9 nuts and combination thereof o 

This 1..rork was performed v.nd.er P.t'Oj ec·c I<T6~62708-D553P Food Processing and 
Preservation 'l'echn.iques o 
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-------------------------------------------------------------------------------------------- -----

I. 

,, 

Edible, compressed fruit bars were successfu11y developed by reducj.ng 
t he moisttire content of the fruit ingredients such as dates, figs, mar aschino 
cherries and others to -approximately 8 percent (a range of 7 to 14 percent 
is applicable ) and the incorporation of approximately 2 percent l ecithin to 
enhance the textur,e. Tbe bars were stable during storage for 6 months at 
100°F. The ~. test bars vTere also stable during storage for 12 months at 700:iJ'. 
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Int.J.:·o·.lv.ct:l on 
""'""·l<.···~.,.___....,....., _____ 

C!vmpressed foods which can be eaten "out -of 1hand" a re of s:tgn.if:l.cant :tro·~ 

portance in feeding the Military man i n emergency and .stress sit;uations . The 
need f'or s uch a.cceptable and stable foods has been exp:r.•essed by the At'.med 

Se:cvices . ~'bt~ United States J~ine Corps specifica lly requested ·t.he D•~velop ... 

ml'lnt ot 4 menus for a n eme:-gency i"ocd packet for use in coniba·& t;Y'.iJ6 ope:t'at:tons 
o:r dtu:·ing escape and evasion situatj.on:::; when resupply cannot be established 

f'or p.;;:t•J.od.s ·up to t hree days and no wa:t0r restriction vli.ll be im:posecl. 

Several nOl.IX'eversibly compressed fr·ui t bars were de·veloped vlhicf.J have 
c~or-miderable promise :tor meeti.ng such requ:l.rement s o Other food. .:h:<!<mJt hs:v;;; 

bCiel"!. :p:r.evi.ously a.eveloped anrl included in t he Milit ary feedi:ng syst(.~M1 .•· 

~uch as Cereals . l:Jrera:txed1 Compx'es$ed» (11IL~C~3483 ) anr.1 Co:t.~n Flake Ba:t',9 

Survlval~T·ype, (MII,~C~35074). E:owever9 the neecl exists f'o:c greater varie ty 
of :food bars ineluding meat s:; fruit s }) vege·tables » dairy prod.uc'l.;s and o·t-he:!'."s o 

N'onreversibl;y- com:preased fooa.s which can be eaten wi thouJG :r.ehyctt'atJ (:·u." 
such a s ·cereal bars and beef jerky bars 1 · also have been successfully d.evelt'J.'ed 

( Rel.mE::r and Tuomy .9 1969) • Various f oods such as fruits 1 vegetables :; meats» 
and com1)ination items have be£m :r.eyersib.ly compressed. and subsecJtl~:mtl:y regto~:·ed 
to their no:rma.l appear ance and texture through rehydrat ion. · Research on the 
va riables af'fecting the compression of foods has no·t been extensive. 

Fitzma·IX~ice~ e~ ~· (1969) indica t ed t;hat compressed. bars procl'nced. from 
fre:eze-d1'ied mea·t; balls and pork s a usa ge links s how pr·omise :f'or use in 
operational rations . Compression r a tios of 3o7:1 f'or mea·!; balls and 4o5~1 
fc)r pork sausage links 1vere obt..a ined. Reduction in volume of' up to 8~1~old 

'tva.s obtained by compres-s ing dehydra·l;ed vegetables {Gooding and Rolf(::,? 1956). 
Hamdy (1961) stated t ha"G the achievement of a ccept able produci;s from the 
caropressed form varies considerably o Ishler (1962) in his patented ~"ocess 

re:ported that spraying t he rehydrated food with waters glycerine or propy= 
lene glycol before compression produced 'bars wit h excellent rehydra:t~ion 
cba:r·acteristicso BroclQl'l.ann (1966) reported t hat f.reeze~dried :f'ooa.s properl.y 
prer:o:nd.itioned can be compressed ¥rith littl e or no fragmei:l.tation a.nd t;ha;t; 

most foods so compressed can 'be restored t o their precomp:ression c;hara.~te:!."~ 

ierticG. Rahrr.tan, ._:.;t al. (1969) :r.e:ported that f :r.eeze=dried peas, corn9 sl.ic·.;;d 
oni.onH .9 s:pin.ach9 carrots 9 and green bean;:; were SUCCE!SSf'ully compressed. and. 
compr-ession r attos of 4:1, lJ.:l, 5 :19 11 :1, 11~ : 1, a.'YJ.d 16:1 were rjbtain•;d 

resp.ec:t:i.vely. Comp2:essed d:i.scs app:coxima·tely 3-3/4 irwh diameter ha.v,;:; bee~J:. 

developed. from freeze~CJ.ried bluebE:r~des and. r ed tart pitted. (RTP) che:t•:t·ieG;D 

They •::an be s uccessfully rehyclrated and. 1med in the preparat ion of pies 
(Rahina,n.9 et a.l. 1969) o However P the products ro.ent:i.o;.1ed aboye a.rr~ desigJ;:~ed to 
be :cehycJ.ra:ted :rather ··!i:ttan . to be. eaten· "out of ha.tlCI.n o 



Experimental Procedure 

Material 

Food i ngredients used durin~ the course of these studies such as datesi 
figs 9 maraschino cherriesp golden raisins, sesame and riuts \oTere locally 
purchased. During preliminary worka products such as apricots a prunes and 
b~ovm r aisins were also studied, but were found to discolor excessively 
during storage at 100~. The dates 3 figs and maraschino cherries were 
cbopp8d into pieces of approximately l/L~11 • All fruit:~ were then dehydrated 
to a, rn.J.ctical range sui table for compre::ns1.&Nl. This step was necessary 
sin,~e it ".ras impractical ·to cornpres~ fr·d t ,s vi t:r) original moisture ranging 
between 15 and· 35 percent ·due to excessive ext rusion of pulp·. 

Successful compression of intermediate moisture frui~s (i5-30% moisture ) 
was accomplished when the moisture content was reduced by dehydration to 
7=14 percent. The bars >>Jere hard an,::. dH'f:.i.cul t to cheu when the moist·ure 
content was reduced below 7 percent. All fruits used in these studies wer e 
dehydrated to approxi mately 8 percent before compression . The bars were 
formulated as shown in Table 1. 

C'-1.lli'IJ!'e~s·i on 

43 gms. of thoroughl y rrd.xed :i.nc;redJents were compressed. into 1 x 3 x 
bars with a hydraUlic laboratory press (Carver) using a compress.ion force 
or approximat ely 200 ~oUnds per s quare i nch. The molds were sprayed with 
a food. grade lubricant (Lecithin) in order to r educe s ticking and t o faci ­
litate removal of the bars. 

After compression the bm:·;:; vere sealed in a flexible pouch (polyester 
0. 5 mil/aluminum foil 0.35 mil/polyolefin 3.00 mil) at a vacuum of approx­
i mately 27 i nches of mercury. Initially, 14 different frtU,t bars were 
formtuated.. Preliminary testing indicated that the bars wer e difficult to 
bi t e and some fragmented readily, especially the date bars . Lecithin at a 
2 percent level was found t o i mprove the texture significantly (Table 5) . 

BuJ.k density 

1/2" 

Bulk density was measur ed by dividing the weight of t he loose (or com­
presseJ.) product b;y- its respective volume to yield grams per cubic centi­
mrster. Compression ratio was determined by dividing t he volume of t he 
un~ompressed product by its compres sed volume. 
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Se~sory evaluati on 

3enso:cy eva1uations of' p rodu:::t quality cond~;.ct.·~d by 10 't. .t"a:l.~~ed. tecb:w­

J.og.i.s ts '<iho vct·e sc·1·ecned a!l:t tx·aincd. iverc r:!:::trr:ted out in t H•.) phe.see . :f'has<; 

1.j r e::prescnt(lt:i.ve samples c J.' eacll of n:lno bar·:.:; :·; i t<)'rln :i.n I'abl<'; 2 -.,,;;;~·~ s to~··ed 

at 100°F . They Here tested a t 0 , 1·-1/2, 3 and 6 month in·tet·val3. Du:r.l.ns _ 

each test. session, the :panel members vmre giyen 2 s amples , 1/2 loar ~uch ~ .i.Y1 

a balanced random order. Since the bars were t.o be ,judged ind .. ~pendoJ.-;.t: .. y .• 

e:t--.tem:9~~s were made to ahTays serve nonrelf.'l.ted i t oms. Sensory r·anel evalU£t~ 

t i or:. f er color, flavor, and texture v.rcre conducted us:i.ng the t:-a i w;d p;:..r"•.s:J. 

a:c.J. a 9 point quality rating scale (l - r::xtremF;ly poor ; 9 - e;~r:c llen+~ ) 

( Pilg:~ir:-. and Per yam 1958) • 

Phase II. Since the United States Harine Corps re~uested. t he d.~v"elo:.;~ 

zr.,;mt of L> menus for an Emergency Food Packet, onJ.y four f ruit bars w~re.. 

sel e cted (Table 3) so that one bar could be included. in each menu. Eac:\q 

of th~ fou::, flexibly packaged bars was packed together 'With other :t ood 

c~o~:nponents in a second :pouch and hermetically sealed to form a pa cket. 

The ! •a.ckets were stored at 100°F. for up t o 12 months or a t 70DF. for up 

to 24 months. No direct comparisons between the foods stored at 70°F. and 

those stored at l00°F. 1.rere made. However, s tandards of the fruit ba rs 

(etored at 4o~.) were present.ed to the panel at each session for com:p.a.rison. 

'l"be study •ms designed so that on each day of testing all four menus we:;:·e 

evaluated . Each panel member received the components of a single menu in 

a. balanced random order, testing all 4 different menus in a fotlr day period.. 

The Instron Universal Testing Apparatus , Floor Model TT-DM with a 

500 Kg cell v.ras used. The samples w·ere penetrated to 50% of initial thick­

ness at a speed of 2 em/min. using a cylindrical 0.75 em punch . R~o)ilts 

were expressed as (1) firmness, wbich is the force at 50% penetration. 

(2) toughness, which is the work expended for a·50% penetration, and (3) 
maximum force in Kg, which is used as . an empirical measurement of "harclness: !:. 

The caloric value was determined by the Parr Oxygen Bomb Calo1•imet1Sl". 

Mois ture content liTaS determined in accordance with the A.O. A.C. ,method. 

u.sing vacuum oven . The results vere statistically analyzed a.nd the least 

significant difference N'as determined as applicable. 
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Resul:!;s and Discussion 

Duri ng t hese s·tudies all fruits ·were dehydrated 'to a mois·flure cont ent of' 
approximately 8 per.cent before com:pression. However 9 :prel i minary work ind:tca t;.:::d. 
that f'!"'Ylits such a s d.a:tes 9 f igs and X'aisins can be succes s f't'llly coo@>ressed when 
the mois·ture c!ontent ranged from 7 to 14 percento 

·Rer.nlol:t.s of' t he t.echnological panel evalua:tions 9 as shcrwn in Table 2» 
:tnd:ica;t.e tb~;l; ther•e j,a :no signif icant cliff'e:rellce in colm.~9 flavor and texture 
of nine di:f.'t~:rent f'rm:l:. bars befo:'l'e and after storage for 6 months. at 100~. . 
All r a t ings ranged between 5 and 7 (fair to good) however most of t he ratings 
:ra.l:"..ged b et't.reen 6 and 7. Four f'rtd. t bars ~rere selected for r·urt her quality 
e~~tJation~ a s components of' the Marine Cor~s Food Pa cket» namely date cherry 

· b~·P aa:te fig almond. cherry bar9 r a i sin bar and ·date sesame bar . As shown 
:tn r:!1i'bl e 3 the c~lor!) flavor and t;exttlre of' date cherry 9 date f'igp date 
sesame and raisin bars st~~ed for 12 months a t 70~o a s determined by a 
tecratclogical panel.did not change. Howeverp after 24 months, of storage 9 t he· 
f'lavo-.r of' t he d.ate sesarae bars and t he raisin ba:r.s was rated significantly 
lfl\\?er t han initiallyp alt hough the ratings were above 6 which is comidered . 
a geed quality product. In additiQn9 t he t exture of t he date cberry9 date 
sesame and raisin bars was significantly lower t han i nitia.lly9 althoogh still 
above 6. No significant change was exhibited in t he color of tl1e bars 
throughout t he storage period. -. 

When t he paekaged fruit bars were combined with other food corr@Cnents 
in a secondary packet ·to f orm a single meal .and stored at looOF. f or six · 
months9 t he color and rlavor of the r aisin bars exhibited signi ficant ly 
lower r ati ngs t han initially (Table 4).- .The rest of the bars were uncbangedo 

After 12 months of' storage~ t he color and flavor of date cberryj date 
fig and raisin bars received significantly lower scoresp whereasp t he da.te 
sesame snowed a significantly lower score for col or only. Texture 9 except 
for t he raisin bar» was not affected. 

-Results of subjective as TtTell as objective tes't s on t he texture of 
date bars as shown in Table 5 i ndicate that the adaitio:n of lecithin signi~ 
:fica.ntly improves the .textm·e of t he b.aro .Tberef'orep the a.d.dition of' 
lecithin l~JaS incorpor ated. in the f orm'Q.lations of· all ba,rs du.:ll."i ng t he course 
of these studies o 

.Th-e co.npression r a.t1os o£ the f':r-·~t bers ranged from 2 to l a to 3 to lo 
(~fuble {:) ) . This is a considerable reduction _in vol·ume ·~rbich ultimately 
re13uli;~'"' :l.n savings in packaging mat erials 9 storage space ant1. perhaps shipping 
C:01.i:t~3o The caloric 'ntlue of. the four bars r angeo. between 3o 7 and 4o6 cal o 
per graJ11 • . The 'unc:ootpressed produ~ts ranged bet1~·een 1..6 and 2o8 c:aL per ~c 
wherl!"...as in t he te:onrpres~ed prOduct this range vras signifi~Cantly incx•eased to 
between 5.0 a.nd 5o8 pe::t.• CC:o (Table 6)o 
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-------------------------------- -- -

Table 1 - Formulae of Fruit Bars 

1. Date Cherr;l Bar 

Dates 49% 
Maraschino Cherries ·q9% 
Lecithin 2% 

2. Dat e Fi~ Almond Bar 

Dat es 39% 
Maraschino Cherries 25% 
l!'igs 24% 
Almonds 10% 
I.ecit.hi n 2% 

3· ~s Sesame Bar 

Dat es 78% 
Blanched Sesame Seed 20% 
Lecithin 2% 

4. Rai sin Bar 

Raisins 98% 
Lecithin 2% 

5· Date Cberr~ Ora~ Bar 

Dat;es 53% 
- Mar aschino Cherries 30% 

Orange Peel 15% 
Lecithin 2% 

6. Date Fi~ Bar 

Dates 49% 
Figs 49% 
Leci thin 2</o 

7· Dat e Sesame Bar 

Dates 78% 
Sesame 20% 
Lecithi n 2% 

8. Fi~ Cher!'l Pe~r Orange Bar 

Fig 68% 
Cherry 15% 
Pear 101~ 
Orange Peel 5% 
Lecithin 2% 

9. Raisin Bar 

G-olden Raisi ns 98% 
Lecithi n 2~b 

5 



------- - - - -

Table 2 ~ Average Ratings (Te~C:bnol,Jgical Panel) of Quality 
of Fruit Bars as Affected by Storage at 100~. 

~~ 

Time .of 
Storage 

Product in Months Color Flavor T~J.:tt~Fe 

Da·te Almond ini·tial 7·5 6.9 6.8 
Coconut 1 1/2 '7 .5 <>-t 4 7.1 ! 0 

3 '1·3 6.8 6.8 
6 '"(.2 1·0 6.9 

*NS NS NS 
Date Cherry initial ··?.1 6.6 6.8 

1 1/2 7·3 1·3 6.3 
3 '7 · 5 7o2 6.!~ 
6 7o3 ~~ o2 6.7 

NS NS NS 
Dai:;e Cherry ini·ti a l 7-3 7·1 6.6 

Orange l 1/2 7.2 6.9 6.3 
3 1·3 fo2 6.7 
6 6.8 6.6 6.9 

NS NS NS 
Da·t e Fig Cherr·y initial 1"·3 6.8 6. 6 
Almond 1 1/2 '7·5 7 <>2 7.0 

3 7ol 7·3 7o0 
6 6.9· 6.8 6.8 

NS NS ' NS 

Date Fig initial 7·3 7o4 '7ol 
'_1 · 1/2 '7·2 7~0 1·0 
3 . 6.8 1·0 6.8 
6 6.9 6.9 6.4 

NS NS NS 

Da"!;e Macaroon init ial 6.8 6.2 6.8 
1 1/2 7·2 6.5 6.8 
3 7o0 6.8 6.7 
6 1·0 6.7 6.6 

NS NS· NS 
Dat,e Sesame initial 7.4 6.9 1·0 

1 1/2 f ol 6.2 6.9 
3 7o4 6.2 6.8 
6 6.8 5·5 6.8 

NS NS NS 

F'ig Ch::o:rry Pear initial fo2 6.8 5.1 
Orange 1 1/2 7.2 6.6 6.0 

3 6.8 6.3 5·7 
6 6.1 5.8 6.3 

**S· NS NS 

Raisin initial . "7• 3 7·2 6.8 
1 1/2 7 o1 6."7 6.8 
3 1·3 6.4 7.0 
6 6.6 6o5 6.9 

NS NS NS 
-

* NS = Nat significant at 'the 5 percerrt level~ 
*-Y.- S = Significant at the 5 percent level . 
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Table 3 .. Average Ratings (Technolpgical Panel) of Qualit y of 
Fruit Bars as Affected by Storage at '70°F. 

----·-- - ---·- --------··-- -.... -----------~---
- c _ ...._ .. ~-~-~. . . . 

Item Conditions Color Flavor Texture --- ~--- --

Date Cherry initial 1·3 7.1 'J .O 
12 mo. 6.6 6.8 6.7 
24 mo. 6.6 6.2 6.1 
LSD NS NS o.6 

Date Fig Cherry Almond initial 7.2 7.2 7.0 
12 mo. 7.0 6.9 6.7 
24 mo. 6.9 6.6 6.6 
LSD NS NS NS 

Date Sesame ini tial 7.2 7oO 7.1 
12 mo. 6.8 6.9 7.1 
24 mo. 6.6 6.2 6.3 
LSD NS o.6 0.6 

Raisin initial 7ol 7.1 7.0 
12 mo. 6.6 6.8 6.9 
24 mo. 6.4 6.4 6.4 
LSD NS o.4 0.4 
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Table 4 - Average Ratings (Technological Panel) of Quality 
of Fruit Bars as Components of a Food Packet 
After Prolonged Storage at 100~. 

Storage 
Item Conditions Color Flavor Te}l-ture --

Date Cherry initial 7.1 7o2 ·y.o 
6 mo. 6.6 6.9 6.6. 
12 mo. 5.8 5.8 6.4 
LSD o.6 Oo9- NS 

Date Fig Cherry Almond initial 7·4 7.2 7o2 
6 mo. 6.8 6.5 6.5 
12 mo. 5·9- 6.2 6.5 
LSD 1.0 o.8 NS 

Date Sesame initial 7·2 6.9 6.9 
6 mo. 6.6 6-3 6.7 
12 mo. 5·9 5·9 6.3 
LSD Oo9 NS NS 

Rai sin initial 7.2 6.9 7.0 
6 mo. 5·0 5·9 6.5 
12· mo. 3·3 5o3 6.2 
LSD 1.·4 0.9 0.6 

8 



Table 5 - Texture of Date Bars 

Product Firmness Toughness Maximum Force rrech. Pane:' 
Kg/em Kg/em Kg/em Ratings fo;r 

Texture 

Date bar treated 5.1 3.9 5.6 6.2 
with lecithin 

nate bar 6.9 5.1 7.4 . 4.6 
vithout lecithin 

Tabl e 6 - Bulk Density and Caloric Value of Fruit Bars 

. . I 
"' ,, 

:Fruit Bar UncOirrPressed Conroressed 

~ulk 1J~nsity .Ca:tories Bul:m,~nsity Calories Compres- Calories 
. gm cc per cc cc . per cc· sion Ratio per gram 

Date Cherry 0.43 1.6 1.32 5.0 3.0 3.8 

Date Fig o. l~9 2.1 1.26 . 5·5 2o6 4.'+ 
Date Sesame 0.62 2.8 1,27 5.8 2o0 1+.6 

Raisins 0.57 ·. 2.0 0 1.54 5·7 2.7 3~7 .. 

_; .... .,;_ ..... 
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