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Foreword,

Compressed dehydrated foods offer significant reduction in volume and
welght, In addition, they offer higher calorie value per unit volume than
the uncompressed product and can be consumed without eny further preparations
which is the ubmost in convenience., Therefore, such foods are of significsnt
yalue in the Armed Forces since they provide definite logistic advantages not
oy in operational rations, especially where resupply cannot be assured for
eral days, but also where space is cribical such ag in subwarines and

i
space capsules.

This report covers developmental studies of nonreversibly compressed
Fruit products such as dabeg, figs, raisins, nuts and combination thereof.
This work was verformed under Project IJ6-62708-D553, Food Processing and

Preservation Techniques.
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“Abstrach

Edible, compressed fruit bars were successfully developed by reducing
the moisture content of the fruit ingredients such as dates, figs, maraschino
cherries end others to approximately 8 percent (& range of 7 to 1h percent
is applicable) and the incorporation of approximately 2 percent lecithin b
enhance the texture. The bars were stable during storage for 6 monthe ab
100°F. The L test bars were also stable during storage for 12 months at TCOF.



Compressed foods which can be eaten "out-of 'hand" are of
porsance in feeding the Milivery men In emergency and stress situ
nead for such ascephbable and stable foods has been expressed by
Services, The United States Marine Corps specilically requested -
ment of b menus for an emergency food packet for use in combat type
o during escape and evagion situations when resupply cannob be establ
Por periods up b0 three days and uo water restriction will be imposed.
Several aonreversibly compressed frudd bars were developed whilch have
considerable promise for meebing such reguirements. Obher food Itams have
been previously developed and dncluded in the Militery feeding systems
auch as Cereal, Premized, Compressed, (MIL-C=3083) and Corn Fiake Bar,
Suevival-Type, (MIL-C-35074), However, the need exists for greater variely

of food bars including meats, frults, vegetables, dairy products and obthers,

op (8 18iv]

Norreversibly compressed foods which can be eaten without rehydvabic
such as cerveal bars and besef Jerky bars, slso have been successfully developed
{Telmer and Tuomy, 1969). Various foods such as fruits, vegetables, meabs,
aud combination items have been reversibly compressed and subseguently restorsd
to thelr normal appearance and texbure through rehydration. Research oo 7
varisbles affecting the compression of foods has not been exbensive.
Pitzmaurice; et al. {1969} indicated that compressed bare produced from
freeze-dried meat balls and pork sausage links show promise for use in
operational raticns. Compression ratios of 3.T7:1 Tor meat balls and L.5:
for pork sausege links were obtained. Reduetion in volume of wp %o g-fold
was obtained by compressing dehydrated vegetables {Gooding and Rolfe, 1956,
Hamdy (1961} stated that the achievement of acceptable products from the
compressed form varies congiderably. Ishler {1962) in his patented process
reported that spraying the rehydrated food with water, glycerine or propy-
lene glyeol before compression produced bers with excellent rehydration
characteristics. Brockmann {1966) reporited that freeze-dried foods properly
preconditioned cen be compressed with 1ittle or no fragmentation and Ll
most foods so0 compressed can be restored to thelr precompression charache
isticz. Raklman, &t al. {1969) reporbed that freeze-dried peas, corn, slicad
onions, spinach, carrobs, and gresn beans wers guceegsfully conpresaed aond
compression ratics of L1, 4:i, 5:1, 11:1, 1h:l, and 16:1 were obltained
respeebively. Oompressed discs approximebely 3-3/h inch dieneler bave be
developed from freeze-dried blueberries and ved tart pitted (RTP) cherrd
They can be successfully rehydrated and used in the preperation of ples
(Ralwan, et al. 1969%. However, the products mentioned above are designad o
ve rehydrated rather than o be eaten "out of hand”.
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Experimental Procedure

Materisl

Food ingredients used during the course of these studies such as dates 3
filgs, maraschino cherries, golden raisins, sesame and nuts were locally
purchased. During preliminary work, products such as apricots, prunes and
browa raisins were also studied, but were found to discolor excessively
during storage at L00°F., The dates, figs and maraschino cherries were
chopped into pieces of approximately 1/L". All fruits were then dehydrated
to a8 practical range sultable for comprassicm. This step was necessary
since 1% was impractical to compress frults with original moisture ranging
between 15 and- 35 percent due to excessive extrusion of pulp.

Successful compression of intermediate moisture fruits (15-30% moisture)
was accomplished when the moisture content was reduced by dshydration to
7-14 percent. The bars were hard and difficult to chew when the moisture
content was reduced below T percent. ALl fruits used in these studies wezre
dehydrated to approximately 8 percent before compression. The bars were
formilated as shown in Table 1.

Comprezssion

b3 gms. of thoroughly mixed ingredients were compressed into 1 x 3 x 1/2"
bars with & hydraulic laboratery press (Carver) using a compression force
of approximately 200 pounds per square inch. The molds were sprayed with
& food grade lubricant {Lecithin) in order to reduce sticking and to faci-
litate removal of the bars. )

After compression the bawvs were sealed in a flexible pouch (polyester
0.5 mil/aluminum foil 0.35 mil/polyolefin 3.00 mil) at a vecuum of approx-
imately 27 inches of mercury. Initially, 1h different fruit bars were
formulated., Preliminary testing indicated that the bars were difficult to
bite and some fragmented readily, especially the date bars. ZLecithin ai a
2 percent level was found to improve the texture significantly (Table 5).

Bulk density was measured by dividing the weight of the loose (or com-
pregsed) product by its rsspechive volume to yield grams per cubie centi-
meter, Compression ratio was determined by dividing the volume of the
wmconpressed product by its compressed volume.




Sengory evaluation

- Bensovy evaluations of produst quality conducted by 10 tralned bechnd
logisbs who wore screened and btraiped were carried out phE s as
T, roprosentetive samples of each of nine bars shcwn in Table 2 wa

st 100°F. They were tested at 0, 1-1/2, 3 and & month inbervals.

each test session, the panel members were glven 2 samples, lfﬁ‘
a . 3

s balanced random order. Since the bars wsre to be judged ipd

athemohs were made to always serve nonrelated items.

sion for color, flavor, and texture were conducted us

[EaSES
and a 9 point gquality rating scale (L - extremsly poor; 9 -
{Pilgrim and Peryem 1958).

Phase IT. Since the United States Marine Corps reguested the develor-

ment of b menus for an Emergency Food Packet, only four frull bars ware
elected {Table 3) so that one bar could be included in each menii. Each

of ths four, flexibly packaged bers was packed togewher with other foold
camponents in a second pouch and hermetically sealed to form a packet.

The peckets were stored at 100°F. for up to 12 months or &t TOF. for wp
fo oL months. Wo direct comparisons between the foods stored at TOOF, and
those stored at 100°F, were made. However, standards of the frult bar
(stored at 40CF.) were presented to the panel at each session for comparisom.
The study wes Qesigned so that on each day of tegting all four menus wsye
evaluatad., Fach pansl member raceived the components of a single menu in
a balanced random order, testing all L gifferert menus in a four day periocd.

[4

Texture

The Tostron Universal Testing Apparatus, Floor Model TT-DM with &
500 Kz eell was used., The samples were penetrated to 50% of initial thick-
ness at a speed of 2 cm/minq using a cylindrical 0.75 cm punch. Razults
were expressed as (1) firmness, which is the force at 50% penetraticn.
(2) toughnesa, which is the work expended for a-50% penetration, and {3}
meximom force in Kg, which is used as an empirical measurement of "hardnsss’ .

The caloric value was determired by the Parr Oxygen Bomb Calorimeter.
loiature content was determined in accordance with the 8,0,A4.C, method
wsing vacuum oven. The results were statistically analyzed and the least
significant difference was determined as applicable. :
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Results and Discussion

During these studies all fruits were dehydrated to a molsture conbent of
approximgtely 8 percent before comgpression. However, preliminsry work indicabed
that fruits such az dates, figs and veisins can be successfully compressed when
the moisture coutent ranged from 7 to LY percent, '

Results of the technological panel evaluations, as shown in Table 2,
indicate that there is no significant Aifference in color, flavor and texbure
of nine diffevent frult bars before and after storage for 6 mowthe at 1009F.
A1Y vabiongs rapnged between 5 and T (fair to g@aﬁ) however most of the rabiacgs
ranged bebwvesn 6 apd T. Four frult bars were selecbed for further quality
evaluations ag components of the Marine Corps Food Packeb, namely date cherry
pear, dete fig almond cherry bar, raigin bar and ‘date seseme bar. As shown
in Teble 3 the color, flavor and bewbure of date cherry, date fig, date
sesame and raisin bare stored for 12 months at TOF. as determined by e
technological panel did not chenge. However, after 2k months of storage, the
flavor of the date sesame bars and the raisin bars was rated significantly
Llowsr than initially, although the ratings were above 6 which is consideved

a good guality product. In addition, the texbure of the dabte cherry, date
sesame and raisin bars was significantly lower then initially, although still
above G. No significant change was exhibited inm the coler of the bars

throwghout the shorage peried.

When the packaged fruit bars were combined with other food components
in & secondary packet to form a single meal and stored at 1009F. for six
months, the color and flavor of the raisin bars exhibited significantly
lower ratings then initislly (Table 4). The rest of the bers were wnchanged.

After 12 mowths of storage, the color and flavor of date cherry, date
fig and raisin bars received significantly lower scores, whereas, the date
sesame showed a significantly lower score for color only. Texbure, except
for the raisin bar, was not affected. '

Results of subjechive as well as cbjective tests on the texture of
date bars as shown in Table 5 indicate that the addition of lecithin signd-
ficantly improves the texture of the ber. Therefore, the addition of
lecithie was incorporated in the formulabions of all bers during the cowrse
of these stulies. ' :

The comprassion ratios of the frult bars raonged from 2 %o 1, to 3 to L.
(Table 6. This is a considersble reduction in volume which ultimately
results in savisgs ie packaging materials, stovege space and perhaps shipping
costs, The caloric value of the four bars ranged between 3.7 and L6 eal,
per gram. The wwcompressed products ranged between 1.6 and 2.8 ecal. per oo
whereas in the compressed produet this rangs was significantly increased to
bebween 5.0 and 5.5 per ce. (Teble 6).

b
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Table 1 = Formulae of Fruit Bars

Date Cherry Bar

Dates
Maraschino Cherries
Lecithin

Date Fig Almond Bar

Nates

Maragchino Cherries
vigs

Almonds

Lecithin

Dates Sesame Bax

Dates
Blanched Sesgame Seed
Lecithin

Raisin Bar

Raisins
Lecithin

Date Cherry Orange Bar

Dates

. Marasschino Cherries

Orange FPeel
Lecithin

Date Fig Bar

Dates
Figs
Lecithin

Date Sesame Bar

Dates
Segame
Leecithin

Pig Cherry Pear Orange Bar

Fig

Cherry
Pear

Orange Peel
Lecithin

Raigin Bar

Golden Raigins
Lecithin

Lo
hot
2%

39%
25%
ohd)
1.0%

2%

78%
20%
2%

53%
30%
15%

2%

Lot
2%

6%
22;1?;

68%
15%
10%

2%

o8%
2%



Table 2 - Average Ratings (Technological Fanel) of Quality
of Fruit Bars as Affected by Storage at 1009F.

Time of
Storage o .
Produet in Menths Colox Flavor Paybure
Date Almond initial Ts5 6.9 6.8
Coconut 11/2 7.5 T, Tol
3 T3 6.8 6.8
& T.2 T.0 6.9
: FN HS s
Date Cherry initial “Tel 6.6 6,8
1 L/2 7.3 7e3 o3
3 To5 To Ho b
6 Te3 7.2 6.7
it NS it
Date Cherry initial 1:3 Tl 6.6
Orange 11/2 To2 6.9 6.3
3 T3 7.2 6.7
6 6.8 6.6 6.9
s i} !
Date Fig Cherry inibial T3 6.8 Gob
Almond 11/2 . Ta5 T+2 7.0
3 7ol To3 To0
6 6.9 6.8 6.8
N N i\t
Date Fig initial T3 Toh T.1
1 1/2 T2 7.0 7.0
3 6.8 7.0 6.8
6 6.9 6.9 6.l
) it NE N
Date Macaroon © initial 6.8 6.2 6.8
11/2 7.8 6o5 6.8
3 7.0 6.0 6.7
6 70 6.7 6.6
T it it
Dake Sesame initial Folt 6.9 T-0
“11/2 Tl 6.2 6.9
3 Tolt 6.2 6.8
6 6.8 5.5 6.8
it N NS
Fig Cherry Pear initial T2 6.5 5.1
Orangs 11/2 T2 6.6 6.0
3 6.8 6.3 5.7
6 6.1 5.8 6.3
£yl NS Jif
isin initial = T.3 Te2 §°8
1 1/2 Tol 6.7 6.8
3 T % 3 6@ E‘I' 79 0
3 6.6 6.5 6.9
N NS NS
¥ NS = Not significant at the 5 percent level.
¥% 8§ = Significant at the 5 percent level.
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Table 3 = Average Ratings (Technological Panel) of Quelity of
Frult Bars as Affected by Storage at TOOF,

Item Conditions Color Flavor Texture
Date Cherry initial Te3 Tl 7.0
12 mo. 6.6 6.8 607
2L mo. 6.6 Gy Gl
LSD NS NS 0.6
Date Fig Cherry Almond initial T2 T.2 T+0
‘ 12 mo. T0 6.9 Gl
2L mo. 6.9 6.6 6.6
LSD N NS NS
Date Sesame . initiel 7.2 7.0 7ol
12 mo. 6.8 6.9 ¢
24 mo. 6.6 6.2 6.3
LSD N 0.6 0.6
Raisin initial Tal Tol 7.0
12 mo. 6.6 6.8 6.9
24 mo, 6.kt 6.4 6.1t
LSD s . 0.4 Ol




Table 4 - Average Ratings (Technologicel Panel) of Quality
of Fruit Bars as Components of a Food Packet
After Prolonged Storage at 100°F.

Storage
Item - Conditions Color Flavor Texture
Date Cherry - initial Tol T2 7.0
6 mo. : 6.6 6.9 6.6
12 mo. 5.8 5.8 N
LSD 0.6 0.9 HS
Date Fig Cherry Almond initial Tl T.2 Tl
6 mo. 6.8 6i5 6.5
12 mQe 599' 602 605
LSD 1.0 0.5 i)
Date Sesame initial T2 6.9 6.9
6 mo. 6.6 6.3 6.7
12 mo. 5.9. 5.9 6.3
LSD 0.9 it N
Raisin initial Ta2 6.9 T.0-
6 mo. 5.0 5.9 6.5
12 mo. 3o 53 6.2
1SD e 1 0.9 0.6




Table 5 - Texture of Dete Bars

Product Firmness Toughness Maximum Force Tech. Pane’
Kg/cm - Kg/cm . Kg/cm Ratings for
2 Texture
Date bar treated 5.1 3.9 5.6 6.2
with lecithin
“ate bar 6.9 Sel Tl b6
without lecithin
Teble 6 - Bulk Density and Caloric Value of Fruit Bars
Touit Bar Uncompressed Cbmpressed
Bulk density | Calories | Bulk density | Calories Compres - Calories
- gm/ce per co gm/cc per cc ~gion Ratio | per gram
Date Cherry 0.143 1.6 1.32 5,0 3.0 3,8
Date Fig 0.49 2.1 1.B6¢ 5.5 2.6 b, i
Date Sesame 0.62 2.8 1,27 5.8 2.0 kB
Raisins 0.57 2.0 1.54 - 5.7 2.7 . BaT
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