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concerned with commercially feasible procedures for the application
of such films and the evaluation of filwms as applied to vepresenta-
tive foods maintained under severe conditions of both temperature
and humidity. ‘ '
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by LUﬂdﬁ from the project titled, COMBAT FEEDING SYSTEMS. Technical
U effort was directed by Dr Morton $. Cole, Official Investigator.
e was assisted by M. M. Hamdy, H. $. White and Nancy Williams,

The Project Officer for the U.5. Army Natick Laboratories was

Dr. Maxwell Brockmann of the Food Division. Alternate Project Officer

was Mr. Philip B. Warnock of the Container Division.

FERDINAND P. MEHRLICH, Php.
Director
Food-Diviaion

APPROVED:

DALE H. SIELING, PhD.
Scientific Dirvector

W, M. MANTZ
Colonel, QMC
Commanding



List Qf Tables
List of Figures
Abstract
Intk@duati@m
Summary and Conclusions
Expervimental Methods
Motevials .
Compression of food bars

Pyeparation of coatings
Czsting from solvents

formation of films from hot wmelts

Sprayed coatings

ipplication of Coatings to Foods by Commercial Methods
The Wurster fluidized bed coating nrocess

Curtain coating

Fusion of powdered coatings during terminal phase

of freeze drying

Coating by dipping in dispersions and in hot wmelts
Coating of margarine by dipping in bhot melts

Physical and Chemical Tests

Fragmentation
Tensile strength of filws
Elongation

Moisture vapor transmissions
Onygen permeability
Eguilibrium relative humidity
Hoisture analysis

Peroxide value

Total carbenyl

Organoleptic evaluation

Film thickness

Continuity of coatings

ftorage Conditions

Treatwent of Freeze-Dried Meoat with Polar Cases

iv

Paze

Covi

viii

3

5 owed

ot Lo

ot gt
BB b

Pl bk Bk el bud peed fucd pocd et feed pod
O G LA W B L W e W W

ok o
o

ot
#
)



CONTENTS (Con't)

Page

Results and Discussion 18

Proﬁerties of moisture barrier films ‘ 18

Properties of oxygen barrier films 12
Application of’coassngq to freenc-dried amd conpacted

foods o S zl

1aﬁn ce 21

§ Dip Loatxn» - 72

Coating of m: 24

Coating during the terminal stage of freeze drying 26

The effect of gases on moisture sorption by freeze=
dried chicken - . , : e , 28

Storage studies on coated food bars 30




10.

18T OF TABLES

Compression of ¥Food Blocks .

Reconstitution of Compressed Food Bars
Characteristics of Moisture Barrier Films
Characteristlcs of Qxygen Barrier Films

Moisture Uptake by Sodlum Caseinate Film at Various
Relative Humidities

Sorption of Gases by quked, Freeze-Dried Chicken

‘Moisture Sorption by Cooked, ¥reeze-Dried Chicken -

Treated with Polar and Non-Polar Gases

Storage Studies on Food Bars at éﬁoﬁ, 48% BRR

OxidatiVe Stability of Food Bars Stored at 40°C, 48% RH

Storage Studles on Food Bars under Cycling Temperature
and Humidity Conditions

p":?ﬁ;

PR e

38

39

40

41
42

43



(%

16,

i1.

LIST OF FIGURESR

The Eastoflow Machine
Oxygen Permeability of Sodium Caseinate Filwms
Equilibrium Relative Humidity of Sodium Caseinate Film

Oxygen Permeability of Ethylcellulose-icetoglyceride-
Calcium Stearate Film

Oxzygen Permeability of Ethyicellulose-mylose Laurate
and Ethylcellulose=Calcium Stearate Films

Moisture Sorption at 507 RH by Freeze-Dried Beef (oated
During Freeze Brying

Moisture Sorption at 75% RH by Freeze-Dried Beef Coated
During Freeze Drying

Moisture Sorption at 98% RH by Freeze-Dried Beef Coated

During Freeze Drying

Moisture Sorption by Gas-Treated Cooked Freeze-Dried
Chicken :

Peeling of Coated Food Bars under Cycleé Temperature
and Humidicy Conditions

Coated Food Bars

sy gheE:

Y

Ldy

46

47

49

50

51

52

33

S4



viers te dry bars representing a wide
osivions., A hot-mell curtal

111 foods e

L EY 2 liv feas t
an gpplied failed to

between =18 and %;Q@“SW,




' INTRODUCTTON

The objective of this program has been the development of gdfgplg_é,cgatigg,j,_;

materials for dehydrated foods which provide a Sjl.gnifica_t_ntfdegixi"eelof_; pm‘ggction

against atmospheric mcisbure, oxidation ‘and- fragmentation.

This report represents the final report om Phase IT of a two \,yea; program.

During Phase I, a series of edible coatings was developed and tested. Tt was

found that the effectivemess of coatings as barriers depended on the comtinmuity

of the coating as well as the conditions of storage. The contimuation of this

‘ prdngam during Phase IT stressed the evaluation of commercially feasible tech-

‘niques for the application of edible coatings to compressed unit servings of

the following foods:

8o
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v dry orange Jjuice

dry non-fat milk

dry cream of mushroom soup

margarine

é.ry mashed potatoes

dry applesau@e

freeze-dried cottage cheese
precooked dehydrated chicken and rice

precocked dehydrated beef stew

‘precocked dehydrated rice pﬁdding

As in Phase T, edible coatings must be made with materials which comply

with FDA regulations; coatings should yleld a minimm of 3.5 Kg calories per

gram; coatings should contribute no obje'cti@nable odors or flavor nor decrease

the nutritional qualities of coated foods; the weight of coating material



should not'exceéd“iG%xaf“thé_neigﬁtfﬁf the coated food product.
COQtings are tested by storage st 40°C and at a eycled temperature range
of =18°C to L0°C for 3 months.

Two additionsl studies imaa»er ken in Phase IT included the feas:i.bi-ﬁl‘ity

of coating foads during the terminal stage of freeze drying and the effect
of absorbed gases on the seﬁsitivity of freeze dried foeds to the adverse

effects of gtmespheric~maistur@ anﬂ gxygen.




SUMMARY AND. @@N@L@SEONS

' A series of costi 1ng te@hmiques was evalm%e& in an attmt %o demonstrate
a c@m@mially “e&sibl@ pm@ess for &pplymg an e&ibl@, pmt@@tiv& barrier
to eompressed f’@@& ‘ba,rs @@maimﬂ,m@ freeze d:ri@dl f@@dSo Gf ‘the te@hniques ‘ .
evaluat@dg cm’tain @@mm@ with a ‘b?a@rm@p...astic £1lm app@ars %o be cmmemially A
feasible, alth@ugh @xis%'simg equim@mt wwuld med to be m&esi@med 'R;@ scome |
exten . slmsmmg @am be used im @@mjum‘ti@m with @umm tizmg .im@rder
“to ap:ply an @@’g@m bami@?v to bars pr@vi@usly c@a‘hed with a themwlastic
m@ismm b&rriero

: Flwl&.zed bed a,md dip @@ating techmﬂqu@s are not comercially feasible
at the pm@sem time. Dgfiei@mies; in the properties of edible coating meterials
are a maj@:rb problem in both of these @@a"ting; technlques.

The applicmi@n of thermoplastic @@a?,timgé r&uﬁm}g the terminal sfca.gé’ of

. freeze drying is mﬁ feési'ble. A c@m‘him@ms comting is very difficult to
cbtain and impr@@gmﬁim @f p@mms freeze dried foods wiw themaplasti@ coating

-material p;eveﬂts rehydmtim of the food and adversely g;

e@:‘ts the organo-
leptie propertles of the product. _

The sorption of polsr and noun-polar gas_es' by freeze dried chickem did not |
pmvi&é an:y' noticeable moisture barrier protection. The feasibility of this
approach to pr@*t@@tion of freeze dried f’@@ds has not ’been demamtm‘t@do

Food bars that were @mvta.im cm‘ted mith an e&ible themaplastic c@mposi‘fgi@m
did. not withst&n@. the strmgemt storage conditions prescribed. Bars ‘&h&t were

s mmder cyclmg @@mai'ibi@m renging jfr@m ,,186@ to w@ were degraded

stmcwmlly within two Weeks. Coated f@@d bars exhibited greater sm'bility
at 40°C constant 'tempemwmo After two mombhs, h@wever, dégmda.m@m of the

products vas veﬁd@fﬁ;q



The failure of coated foods stored under cycling temperaturé and humidity
conditions. is attribute& to: 1) structural weak;aéss ih the coafing at edges ’
corners and centerline of the bars - the J.atter being caused by the necessity
of coating each side separately with the available equipmenb » and 2) the
expansion and contraction of food bars under cycled temperature and hmnidit,j;‘r

cénditions » leading to breakdown in the structural integrity of the bars.



EXPERTMENTAL METHODS

Materials

A. FOOG.S

Dehydrated foods were procured as shown in the following list:

13.
1k,

Food Ttem
Dry orange julce
Non-fat dry milk
Cream of mushroom soup
Mé,rgarine
Dry mashed potatoes
Dry applesauce
F.D. Cottage cheese

faiated chicken

“Instamt Rice (for chicken rice bar)

: Precoaked déhydzéted beef stew

Dehydrated chocolate pudding

| (replaeing rice pudding)

Chicken soup mix (f@r chicken & rice
bar)

‘F D. Halved stravfoerries

F.D. 1/8" sliced carrots

B. Chemicals ’

1.

2.

Ethyl cellulose, Std Ethoxy, Vis 50

Myvacet 5200 (acetylglyceride
monostearate)

‘Calcium stearate

Beeswax

Brand Neme or Source

Plant Industries, Inc
"Cafnatiom"' Instant nonéfat dry milk
"Knorr" cream of mushroom SOup
"Blue Bomaet. " o
”P:i.llsbmy" ma_shed potato fiakes
Valley Evaporating co
Freeze—dry Products, Ine

Caneda Freeze»dry Foods, Ltd ‘
"General Foods" Imstant rice
Armour & €0 |

"Royal" Chocolate Pudding

"pipton" Chicken Soup Mix
Canada Freeze Dry Foods, ILtd
Canade Freeze Dry Foods, ILtd
Dow Chemlical Co

DPI

American Cyanamid Co

' "Beehive Brand" Will & Baumer

Candle Co, Inc



5. Glycosperse T5=20 ’ ~ Glyeo Chemicals

6. Glycowax $-+932

7. i4mylose laurate {ADM Lab preparation)
8. Amyleose & € Staley Mfg Co
9., Gelatin 250 Bloom Atlantic Gelatin
-Vlgn‘ﬂ fodium caseinate Land O'Lakes Dairies
11, Fluerescein Hutritional Biechewicals

Compression of Food Bars

e

Most foods were compressed with the aid of one of the following
binders:

Pillsbury Binder (FD=37, final report contract DAl9=120-AMC-

2103, Jan. 1966)

47 .1% shortening {(Wecobee S Drew Chemical Co)

119.2% sodium caseinate (Land O'Lakes)

33.7% dextrin (National Starch)

100 g of ingredient mix were emulsified in 1000 cc water
and the mixture was freeze dri@ﬁe The dried product was
ground to pass a USBS #60 sieve.

Evans Research Binder (FD=14, final report contract DA19-129-
. AMC=2111, August 1965)

99% lactose (Foremost Dairies)
1% CMC (7MP) (Hercules Powder Co)
100 g of ingredient mix were dissolved in 700 cc water and
the mixture was freeze-dried. The dried product was
ground through a USBS #60 sieve.
Binders were added at 15-207 by weight of the food product to be
compressed. The ingredients for each product were blended

together with binder in a Hoebart
6



mixer. Unit servings were weighed and transferred to a 3.0" x 1.5" stainless
steel éompreggion mold. Blocksywerg molded with the aid of a Carver .press
aecofding to é@n&itions suﬁmarized in Table I. Formulation of food blocks
was as follows:
Mashed Potatoes
100.0 g Dehydrated Potato Flakes (Pillsbury)
5.0 g 8alt
- 0.5 g White Pepper
8;0 g Sh@rténing (Wecobee S)
5.0 g Non-fat Dry Milk
llh,é g
Chicken and Rlce
5T.2 g Freeze-dried Cooked Chicken 1/4" dice
5.8-g Iipton's Chicken Soﬁ@ Mix
37.0 g Minuve Rice (Ceneral Foods)
100.0 g
.Beef Stew
35 oz Freeze-Dried Vegetables with Gravy Mix
12 oz Freeze-Dried Precocked Beef Cuts and Snap Beans
47 oz ’

Pfeggrdtié&‘of Coatings

~ Films of various comﬁqsitions were prepared by several laboratory pro-
Qe&ures for evaluation of characteristics.
1. Casting from solvents |

| The ingfedients of the'comp@sition wefg diSpérsed in solvent with stirring

and application of heat. An aliquot of the dispersed mixture is placed at one



end; of a 12" x 12" Plexigg;é;mﬁ plate and an adjustable draw bar is used to
draw a film. S@lvent is removed by a currem; of warm air directed at t‘ne
pla'te and the dry film is peeled from the Plexiglass plate.

2. Formation of Films From Hot Mel‘ts

Two methods were used to meke films from hot melts: a) films were drawn
on a chmﬁxe plate with a draw bar; b) hot melts were pressed to desired thick-v
ness between chroxﬁe vpla‘n‘;es with a heated press.

t‘}:‘he -hot melts used in this S'tuéy9 as 1in Phase I, consisted of e‘bhyi»
cellulose scetylated glycerides and plasticizers. Thé écetylated'monoglyceride
is melted first om a silicone oil bath. Ethyl e:ellulose and plasticizers are

‘added %o the melt and the bath tempem"cure is increased to 300°F. The melt

is mixed comtinuously to prevent scorching. The draw bar is heated to 275°F
and_a;a aliquot of the molten mixbture is poured on é heated'ckvirome plate. The
chromé plate is se’t’ on a vacuum platen to keep the chrome plate stationary
waile the filu is being drawa. The drawa £1lm 1s allowed to cool before being
.peeled from ‘the plate,

Pressed fﬁm_s were made on a hydrauliie ﬁress equipped with steam heated
platemso The platezis are heated to 250°F and a small amount of hot melt is
placed between chrome ferrotype plates. The plates are _pressed_for 3 minutes

at a pressure of 2000 'ps‘i. The pressure is released and the plates are cooled
'before“hhe f’ilm is peeled off.

Better con"crol of film thickness was obtained with the heated press than

could be @‘b tained by drawing films with a heated bar.
3. Sprayed Coatings
Protein c@a‘tings were applied to moisture-barrier films by spraying.

Aqueous dispersions of sodium caseinate were sprayed with a DeVilbis type MBC



spray gun equipped with AV-15-EX nozzle.

Sofium caseinate and gliycerol plasti@izer were dlspersed in water by v
means of an @sterizer blemdem “it?’he &spersion 'was vammm deaerated and
filtered through glass wool to remove air bubbles and undispersed mterial
'tha_t_ could cause dismn'timmies in £ilms.

Pood bars to be spray @@g‘ted w«sﬁé 8€T on rubber st@pperé and placed o‘ﬁ’ a
slowly r@ﬁating turntable. The t@ps and sides of bars were sprayed and driéd
in a forced air oven &t 35"@' for app"'@ximtely 10 mimubes. The bars were
tumeﬂ over and the @"i:.her si&e was s;prayed in the same manmer. Bars were
\visual:l;y’ inspc.@ted f@r fﬂm @@ntimuity by difference fm sheen between the
_pmtein coating ( fu ;’,mws ) and the moisture barrier (duil).

Appl:xca‘&:i@m of C@amngs to Foods by Commercial Methods

1. The Wm"stez Flutdized Bed Coabing Process

‘The erster pr@@ess was &ev@l@ped by the Wisconsin Alumni Research

0 u ti@mx " for coabting pharmaceutl ca:u. @.za‘bghets, W‘he Wurster process :ls a
batch process whose size depezmds on the d:‘iame‘ter of the bed or column. Colwmns -
| from 6 to 18 i:m@hes im diemeter are avalla‘@leo Coating material is dissolved |
in an appmpwiate solvem: such as chlorof@zm, methylene‘ or e"bhylene chlaride 5
and sprayeéi on pamicles suspemde& :m the column ‘by an ypward stream of hot air.
Freeze—-dried half strawberries were @@ated wi&h ethyl cellulose - amylose
lam@‘e,ﬁ, and with ethyl cellulose = M,yv@s,e‘t ch@ - cal@im stearate comp@sitions ‘
dissolved in chloroform. Between 15 and 30% ccating based on the weight of
stmwbefries was applied im 5.6 to 1k.5 mimtes, The size of freéze—-arieﬂ |
straw‘ber’zw batches mmged fr@m 195 to 235 grams A 6-inch diameter calmn was
used: in the coating process. Air mle‘ts and oublet tempera‘tures averaged 127°F
‘and 100°F, respectively.

# fThe cooperation of Dr John Birdsall and WARF in
conducting these tests is greatly eppréciated.



2.

cﬁrta'in Coating
A.  The "Easmf;w" Proces_sk

The Fastmen Chemical Compam;y% vha.s éevelaped a coating machine designed
to extrude a curl;am of melted ’ohemaplas’o:ﬁ.@ coating material. The thema—'
plastic cur*%;é.m is ‘passed over a stat:‘a’.onary', perforated ng platen oﬁ
which lay the pmduv* s to ’be coated. The cﬁrtain is drawm amﬁd the
edges of the product by means of the vacwm am& J.@*ﬂms a skim tigkt coating.
The thickness of the mﬁ;aim, and of the resulbing caating, is @om‘,mlled
by the c] earance b twe@n the Jaws of *@he extrusion heaci and "che speea of

the traversing curtain. All parts of the wachine, exeept ‘the vacwum platen,

are mounted on rollers which allow the curtain to move across the
samples. The amowri: of vaewm drawn through the perforated ’platenmis ‘-é:yen-
trolled by a valveo Thae Op@ré‘%:.*? ng machine is s}?mm in Pigure 1.
Fif‘ﬁzeen pounds of emhyl c@l.mlase » Mymc@'b 5-00 and aalcim stearate
in a ratiﬂc of 37:48:15, respveci‘;ﬂ'we:l;.y“q was prepered as follows: Myvocet
500 was melted in a Hobart mixing bowl and bhe ethyl cellulose added |
gradually to obtalm a pubty-like mix. The blend was pléce&;. in the reservoir
and the heaters set at 300°F. After mél%:ingg the pump mé turned on to
circulate the hot resin through the extrusion head. When the mix was
melted and the Ve‘urtain was free from lumps or breaké, caleimm stearate
was added to tae resin. |
"Bastoflow” is the trade neme for the machine and
process developed by Eastman Chemical Corp whose

cooperation in costing food bars i..‘ gratefully
ac&mwledge&o

10



Film thickness was tested by passing the extrusion head over a

cardboard of known thickness and measurimg the increase in thickness.

Food bars were placed in rows on the perforated pla'hen approximately

- 2.0" apart. ~Moderate vacuum was applied to the plgten and the machine

was passed over the bars a single time. The film was allowed to cool

for several minutes before each bar was cgt along its edges to separate

it from the platen. Excess film was peeled off of the platen and returned

to the heated reservolrs. The food bars were bturned bver and the second

side was coated. The coating was allowed to harden at rocm tempe:éa.ture

- before rough edges of the bars were trimmed. Sodium caseinéte dispersions

were applied to food bars by spraying.
B. The "Liquifilm" Coating Machine __
Crompton % Knowles Corp, Packaging Machinery Division, has »deveioped

a machine for the application of hotmmelt films‘..by a combina‘tion of spi-é.ying

~and curtain c@ating. A high speed chain convey@r carrying Pood bars through\‘

the mel‘ted coating reporbedly permi‘bs cmuplete coa'ting in a simgle pass.

A lsboratory secale "Liquifilm" u:nit was used at Crompton & K‘nowles

.reseamh facility in Bellwood, ITllinols. Trials on this machine were un-

successful because of difficulties in comtrolling £1lm thickness and hot-
, . [ | )

melt temperature, which resulted in degradation of coating material.

Fusion of Powdered @eatings mring The Temiml Phase of Freeze Drying

Four coamngs evaluated &urimg Phase T exhi'bited good moisture barrier

characterlstics. These coatings imelude:

1) Ethylcellulose»acetogl‘yceride Composition
29. 4% ehylealdilose
58.8% Myvacet 5-00
5.9% Drewpol 6-2-S
5.9% Drewpol 6-2-0

11



2) Myvocet ~5Q-OO
3) Sumbleached white beeswax

L) Confectionax*y hard butter (Weco‘bee 8)

- A1l caatimgs were frozen in dry ice and ground to pass a USBS #16 sieve.
Lean beef round was cut into 1/2 x 3/% x 3/4" pieces and ceated with 1.0 g
of powdered coatling per piece. Samplés were ffeeze—dried in a Repp ‘S'ublimator
Model 1k freeze d.t‘:i.,er~i to less than 3% moisture. Shelf temperature waé adjusted
to 175;200""1%‘ during the final hour of drying. This temperature range is highér
than the me‘ltiz‘@gpoin‘ts of all coatings except‘ the ethyleellulose-acetoglyceride
compdsitioﬁ, After the coatings had fused, the shelf temperature was 1owefed
to normel ambient tempemture before breaking the vacuum. This cooling time
was required 'to;.' preveﬁ*b thé soft coatings from being drawn into the poi;;)us |
meat chunks. Coated pieces were' transferred to a desiccator and held for
storage and analysis.
L. Coating by Dipping in Dispersions and in Hot Melts
méploratqry work on coating food bars by dipping in toluene dispéréions
of amylose laﬁm'be’ and ethyl cellulose was carried out. Food bars were dipped
briefl’y in the fluid coating mixture at room temperature, then dried in a
st:}eam of warm sir. ‘
Dip co;afiﬁg with a melt of ethylcellul@sewmacet 5-00=-calcium stearate
was carried oubt at a melt tem}ierature of 275»3@0“%
5. Coating of Margarine by Dipping‘ in Hot ':Melts
Frozen margarine shaped in balls was. éipped in hbt meits of M:yvaﬁcét 5-00,
sodivm caseimﬁ:e, and beeswax and left at room temperature until the coating
hardened. Wooden applicators were used to hold the margarine balls. After
the coa‘ting hardened the aﬁplicat@rs were removed and bare -sjpots on margarine

balls were touched with melted coating.

12



Phyaical and Chemical Tests

1. Fragmentation of Bars

The effect of coatings on fragmentation of food bars was d@t@rw
mined by dropping bars from a height of six feet onto the floor.
2. Tensile Stvength of Films |

Tensile strength of unsupported filws was d@termin@d according
to ASTM 882-56T by means of an Instron Model TT-C Universal Testing
Machine,
3. Elongation

Elongation was calculated in percent from tensile str@ngth
data at the break peint.
4. Hoisture Vapor ITransmission

Films were tested for moisture vapor according te the pr@@@dﬁre

reported in Phase I of this study. This is a modified MVT can

*analysis where the film is expesed to a relative humidity differen-

“tial of 90% at a constant temperature of 32°C for a period of 24 hours.

5. Oxygen Permeability

Oxygen permeability of films was determined by the method of
Karel ggﬁﬁllz A number of test cells were connected in series to
allow evaluation of up to 6 films simultane@ﬁsly, Pilms were mounted
in the cells between neoprene gaskets which prevented leakage‘at gas

préssures up to 4 atmospheres. Oxygen and nitrogen flowing into the

test cells were separated by the test film. The total pressure differ-

ential across the film was zeroc while the oxygen bartial pressure
differential was one atmosphere. Changes in pressure after gas samples
were withdvawn were avoided by injecting 1| wml of nitvogen into the test
é@mpartment to replace the 1 ml sample of oxygen that was taken. Up to
10 samplings were taken from the same test cell without affecting the
accuracy

1) Karel et al, Food Techneology 17, 91-94 (1963)
i3



of the determination.
Gas analyses were carried out on a dual column, dual de’cectbr Fischer
Model 25V gas Partitioner.

Operating conditions were:

Sample 1ml

, Célmn temp T5°F
Carrier gas-rate Helium at 80 ce/min
Recérder 5 m.v. Sargent Strip Chart
Sensitivity 10ulo,atTm
‘Retention Time 0y T1 sec, N, 97 sec

Permeability of films was determined from the fonimla P = YXC/tp where

P is pem@cilrty constant expressed in units of Cg X mils 5 Y is the
n~ X gtm X day '

cell constant calcuhted as the ratio of cell volume to film area; X is film
th/ickness‘\n in mils; ¢ .is the volumetric % cbmexxtration'of cxygen in.'l;he sample;
t is time in days; and p is the partial pressure differen‘tial, in atmospheres,
cf oxygen across the film.
é. Equilibrium Relative Humidity

EfH wes determined as described in Technical Ré’:iort FD-9, Cemtract‘ o
DA19-129-AMC-11(N), With the following modifications: one quart Jars with
#12 m“bbiér‘ stoppers were used in place of Mason Jjars; polyethylene cylimders
approximately 1-1/8" ID and 1" l@né-were suspended in the jars by means of
mqun thread. Saniples were placed in the pOJ,yethylene cylinders and their

change in weight determined as a function of time.

14



C’onstan’c R. H.: conditioms were obtained 't‘hrough the use of the following

sol‘uticms o B
H,S0), sp.8 1.53 104 RH
Saturated Na,Croy 50
Saturated NaCl - 15
‘Saturated Cas0) 984

R H was determined by means of a Minneapolis Honeywell W61lA relative
hmidity indicator. Tests were run at T3° and 10‘3}-‘1?'. |
fo Méisture Analysis -

| The molsture éorrbent of coated and unco‘ated fdods waé determined by vaéuum
oven at 60°¢ and 18" vacuum. The moisturé content of films and cdatings was
determined by the Karl Fischer titration ‘met’hodev)
~ 2) Fischer, K, Angew Chem 48, 394-6 (1937)
8. Peroxide Value

The degree of fat oxidation was determined by the iedometric method for
peroxide value described by Privett et al*’) |
9. Total (Ear’bomrl

Carbomrl compounds developed during the storage of coated food bars were
de’cermmed by the Shell Development Co method described in Enemille Me’chod X
Series MMJ 3038/6k. .

Traces of car’bonyl compounds in extracted :E'at were measured spectrophoto-
me'brically by treating a sample with an aleoholic solu‘bion of 2,h-dinitro-
phenylhydrazin.e and hydrochloric aecid. Fomed hydrozones were comverted to
"red;colored compounds by treating with caustic sclution. kThe amount ’of_caf~
bonyl 'compour‘zds present in a sample was determined from a standard curve and h
expressed as % ?° ona weight basis.

3) Privett et al, JAOCS, 30, 17-21 (1953)
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10. Organoleptic Evaluation

Food vbars webre evaluated organoleptically after coating. Flavor and
colpr were: the_significant characteristics that were evaluated. Recipes
for evaluating products were obtained from Technlcal Documentary Report No
AMRL-TDR—»@L 38, pp 21-26 (1964) (Table 2).
11. Pilm Thickness

A:Geézeral Electric thickness gauge T‘.)tpe B was used to measure £ilm and
coating thickness. | | |
12. Comtinuity of Coatings

The continuity of thermoplastic coatings fused onto freeze dried meats
during the freeze drying cycle was determined by means of a staining technique.
Cooked and uncooked cubes of meat were éprayed.vwith"é 0.2% (w/v) SOIu‘;ion of
- fluoresceln before depsiting the powder?d ‘thermoplastic coating materials,
as describea above. ’.’!?he coéted freeze-ﬂ‘r:?:ed meat was placed on the stage of
a Bausch and Tomb 3 dimemsional binocular microscope and illminated with ultra-
violet light at 3660°A. Uncoated areas of the sample fluoresced while coated

areas appeared dull gray in color.

Storage Conditions

1. %0°C and 784 ¥ T4 mu

. Coated food bars were stored in a constant temperature boxbmaint'ained'at
_ 46"0 (104°F). Relative humidify was maimtained at 48 * T%.by‘ means of 83%
prdpylene glycol in water. Food bars were placed on a screen that had been
covered with cheese cloth. ‘Six to 9 blocks of each product were placed in

storage and 2-3 blocks removed at each evaluation period.
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2. Cycling Temperatures of 0°F to 104°F.

A Tenney Model T30UFR environmental Chamber equipped with a Bristol series
500 temperature pmgrammer was used for cycling, storage conditions. Cams
were cut to provide 2-24 hour periods at C°F separated by two periods at th‘“F
for 24 hours and 64 hours respectively. Elght hours were required to obtain
equilibrium at each new condition. Kmtive I’mﬁy Was 50%60% at 10h°1=' and
increased to 85% as the temperature fell towards the freezing point. Below |
0°C, the relative humidity apprcéchea 1007;;

frea‘tme% of Freeze Dried Meat with Polar uases

Weighed samples of freeze—dried diced chicken were dxied 'und.er vacuum to
constant weight. The drying chamber was sealed off from the vacuun pmp and
hydrogeﬁ chloride gas (Matheson) was bhled in to obtain a partial pressure of |
200 m. Ae the HC1 gas was absorbed, more gas was admitted to maintain the
200 mm part:z.al pressure. .Absorpfion was ‘comple te withla one hour. | The vacuum
was then released and the flask and sample reweighed t0o determine the amount
of absorbed gas. Tt was assumed that when the partial pressure of the gas in
the fleek remained constent s, an equilibrium was reached between the free gas
in the flask and the gas that had been abscrbed by the sample.“, *J

(,agsed samples and controlo were exposed to atmosphezic conditions (77°,
| 50% H-I) and their ra'tes of mom‘ture uptake were determined. |

The above procedure was also used wa,th Freon (=318 (pezﬂﬁuorocyclobutone).
Equn.libra+ion with Freon C- 318 reqmreé‘. only 5 mimutes compared to one hour

for ECL gas.
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RESULTS AND DISCUSSION

Pro?erties of Moisture Barrier l?t‘;lm&

Tt was concluded from Phase I that hot melt compositions based on eth&l-
cellulose and“ ’acetylated /monoglyceriaes performed well as moisture 'barriers |
and as pmﬁecﬁion' against fragmentation. Th.e gampgsition developed in Phase I
contained po:é_._ygilyceml esters as plasticizers, Polyglyecerol esters proved to
bé unstable att temperatures required to form and to apply the hot melt and
they were replaced with ealcium stearate which’functiens as a plasticizer,
reduces tackiness and inereasés thermal stability of the hot melt.

Various ré.‘cios of calcium stearate, ethylcellulose and acetylated mono-
glycerides were evaluated for compatibility and performance (Table 3). Films
composed of ethylecellulose and amylose 1aurate.were also evaluated (Table 3).
Solvent-cas['t films composed of ethylcellu;@se, ‘acetyla"ced monoglyceride and
caieium stearate did not change \apprec’iably in tensile strength, elongatién
or ﬁoisture transmission as the réti@s of the fiMs' camponents were changed.

| A hot pressed film containing 3T7% ethyleellulose, L48% Myvoeet 5-00 and
15% caleium stéarate exhibited the lowest moisture vapor transmission and this
couposition Wa‘s used in coating food bars. The lower moisture vapor transmission
obtained with the latter film is attributed mainly to'the greater film.thickness.

Films composed of ethyleellulose plus amylose laurabe were also east from
| solvent. Efforts to prepare these films from hot melts were not successful
because of the poor heat conductivity and lack of plasticity of this coating
composition. The molsture vapor tramsmission of solvent-cast films did mot
change wﬁen the ratio of amylose laureate to ethyleellulose was increased
(Table 3). These films exhibit much higher tensile strength and elongations

than do the ethylcellulose, acetylated momgglyceride compositions.
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Properties of Oxygen Barrier Films

Studies carried out in Phase I indlested ’tha‘t sodium soy prote‘inatg
xf‘ilﬁxs were effec‘tive oxygen barriers. Sodium c_aseimte films are also
effective and are more easily prepared. In the Ppresent study »sodiwn; caseinate
was dispersed in water with agitation and bubbles were removed by vaicum_dea

| aera‘tion.. | ’ | ‘

Sodium caseima‘be f‘ilms were plaszicized with glycerol. Films were i)re« '
pared from dispersioas cont ainiﬂg 15% so&um caseiﬁa'te and 1.25 to 5% glycerol,
based on fs;he welght of watero The characteristics of these films are given im
Table 4. Splitting was Irequeﬂ 1y encounmtered iﬁ £ilms which contained the
lower ievel of plastieizer (1.25%). | Filxns pfgp&red with 5% gJ.S;eerbl and 1.9 mils
in thickness were completely péwmeable ﬁo o:wéen after reaching equiiibrim in
250 hours -(F:ig 2). Decremsing the glycerol level %o 2.5% simifiea%ly reduced
the pemeability of sodium caseluate film to oxygen (Fig 2, Table h)

The addition of gelatin to dispersioms of sodium c&seinace did not result
in impmvemem;t in owgen barrier chara@‘teris‘tid over f£ilms prepared with :so;iium
caseinate alome (Table 4). -

It is evident that glycerol retards maisﬁmﬂe evaporation from the £ilm,
thergby' maiz:fﬁ:aiming film con‘tinui'ty. The oxygen and mtméen gaseé used in

" thé.o;»cygen permeébilﬁty test were not mm&ified before being passed in'to the
“test cells., The cowtimuous flow of dry gas across the film surface probably
had. a drying effect which accelera’ced film failure bj cracking.

Equilibrium relative humidity data on sodium caseinate films is given in
Table 5 and F:Lgure 3. Sodium caseim £1lm conta:ixﬁng T.57% moisture and b, e

.‘J.ycerel reached equilibrium after 22 hours at 50% and T5% B.H., 23 €. Film
| - equilibrated at 98% R.H,, developed mold growth after 9 hours. Mo ‘cracking
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was observed in sodium caseinate films equilibrated at 50% or T75% R.H.

Based on the sbove data, aqueous dispersions comtaining 15% sodium caseinate
and 2.5%_glycerol were used to coat food bars that had been previously coated
with a moisture bar?ier. _

| The oxygen permesebility of the moisture barrier film applied by curtain
coating is shown in Figure L and‘Tablé‘h. The ethylcellulose, acetylated
mnnoglycenide, caleium stearate.compositioﬁ itself cangpt be considered an
effective oxygen barrier. The latter‘coﬁposition is somewhat more effeective
than mixtures of ethyléellulose plus amylose laurate, and ethylecellulose plus

caleium stearate, whose permeabilities are shown in Figure 5.
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Application of Coatings t0 Preeze-Dried and Com@actea Toods

1. Fluidized:ﬁed Coating
Trials wiﬁh the Warster fluidized bed coating process poimted out several
disadyamtages of this eoating'techniquev
8. It is most applic&ble to pieces having curved, smooth smrfaces, sudh
as peas and beans, that do not stack and are easily. separated.
b. TFragile freeze dried foods are readily,fragmentea by attrition in
the fluidized bed. Strawberry éeeds were abraded off of freeze—dried 
strawberry haly@s‘amd 1n turn increased‘thé degree of attrition.
c. C@atimgs are appliéd ina somvenﬁ.in the Wurster process. The porosity
of mosﬁ freeze-dried f@@ds engbles the c@ati@g to be drawn to the imterior |
of food particles, imcreasing the ratio of coating to food and interfering
with rehydration of foods.
d. Solvent which penetrates 1nto/p0r0us freéze—dried foods iS»diffiéulti
to r@mové.» These sglvents ecan cause redistrihution of lipids in freeze—
‘dried meats, thereby imcreasing their susceptibility to oxidation.
e :The ‘coating thickness is aiffi@ult to control on r@ughg porous
: surfaces of freeze-dried foods. |
In spite of the above objectlions, cantimued research on the fluidized bed
. eoating techniqme is warranted if @oaﬁed discreet food particles are desired.
Future rese&rch im this area should seek to elimimate solvent-dispersed’ coatings.
Tow melsing thermoplastic materials may be applicdble to the fluidized bed
. coating techni@ﬁea | |
2. Curtain Coating
Curtain c@&timg with edible therm@plastic film forming @ompositi@ns appears

to be commercially feasible, although eonsi&erable additi@nal effort would be
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required to adapt existing equipment to this appiica‘bien. dur’cain» cog‘biﬁg
is more readily adaptable to food bars, such as those used in the pre'sent"?'
study, than to small pieces of freeze-dried food.

Controi of £ilm thickness was not precise in fhe "g;astoflow" process.
‘b‘egause of variation in ;'the hot melt flow. Film thickness ranged :E"rOm' 5.0
” to 15.0 mils. Thickness was controlled by the width of the slit in the ex-

' tiﬁusion head and the curtain spéeda

Improved thermoplastic compositions are needed to extend the pot life of
the coating mgterial. The stability of the recirculating hot melt can be
extended by coating in an inert atmosphere. The Eastoflow machine would re-
quire modification to allow operation in a nitrogen atmosphere. A p'icture of
the Fastoflow machine is shown in Figure 1. Modification of the Eastoflow
macﬁi’ne would also be needed to allow cOa‘bi:;ng of both sides of a food bar at
a single pass.

Factors dbserved to be ‘important in coating food bars by the Eastoflow
process include the height of the food bar (distance from the top surface of
the bar to the vacuum platen), the distance between the bars, and tﬁe level
of vacuum drawn through the platen. ";I‘hicker food bars were more difficult to
coat than were thinner bars. Sufficient distaxice ‘be‘tweeﬁ bars is required to
permit the vacuum to pull the curtain tightly around the bars. The need for
sufficient vacuum to allow molding of the film to the bar must be 'baia’néed
against excessive stx_'etch‘ing of the film, par‘tiéularly at the edges a:;d corners
of food bars."_ ,

| The presence of air' bubbles in the hot melt interferes with the comtinulty
and smoothness of the coating. The Eastoflow machine is designed to prevent

the occtirrance of air bubbles im the £ilm.
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The hot melt temperature was comtrolled at 300°F for best flowability
with the ethylcellulose-acetylated monogky@eride-calcium‘stearate coating -
composition. This high temperature resulted in degradation of calcium stearate
over a periqd of 3 hours. The film color, initially light tan,‘grédually |
tﬁrned'brown.

Conmtinuous coatings were obtalined on most compressed food bars. High
‘protein bars iméluding non-fat dry milk amd freeze—dried ecotiage cheese were
~-more difficult to coat. Splitting was enccuntered'at the edge# of thése bars
_g:@er they had been sprayed with sodium caseinate dispersions. Apparently,
the theﬁmaplgstic coatings do not adhere_wel} to h%ghly polar protein foods
an@ a good bond between coating and food surface was not obtained.

3. Dip Coating

Coating freeze-dried foods by dipping in hot melts‘or solvent-thinned
coatingsyhas serlous diéadvantages. Only exﬁloratory experiments were carried
out to establish the feasibllity of these techniquéso' Dried food bars that
were dip;coate& in a solvent thinned disﬁersion of ethylecellulose, aéetylated
monoglyceride and caleium stearate required 2% hours in a warm air stream to
reduée the solvent to a level that could not be detected‘olfactgrily. Coating
food bars'by dipﬁing in hot melbts was not successful becaﬁse~of ‘the high %is~-
‘cosity of the coating material. Film thickness and uniformity could not be
~ controlled. Dip coating is analogous to enrobing. Enrobing requifes coatings
with low mélting poinzs. This type of coating operation is feasible with gly-
cerides bﬁt not with cellulosic materials which‘exhibit high softenimé poihts

and high viscosity.
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k. Coating of Margarine

The coating of margarine was considered separately from the coating of
food.bars because of the special properties of margarine. A margaring coating
must have sufficlent gtructural strength to withstand the internal pressure
that develops when the melting pdint of margarine is exceeded. Oxygen barrier
ﬁrotection is also required. | A

Spray application of sodium caseinate film on margarine was not feasible
because of the poor spreadability of aqﬁeous dispersions on fat. Use of &
surfactant (polyoxyethylene 20 monosteairate, Tween 60) at a level of 0.1% in
a sodium caseinate dispersion did not improve its spreadability or adhesion to
margarinef

Coatingé ﬁfepared_from mixtures of acetylated monoglyceride, sodium

caseinate, and beeswax on hard coating butter were prepared as follows:

Ingredient Weight Preparation Properties
Myvocet 5-00 275 g Melt Myvocet, Smooth paste
Sodium caseinate 180 blend in solidifies at
Beeswax caseinate, room temp

‘ add beeswax '

Myvocet 5-00 = 250 and contimue Past setting
Sodium caseinate 125 heating and mixing at room temp.
Beeswax 5 to form a paste Herd coating
Myvocet 5-00 325 Melt Myvocet, Slower in
Sodium caseinate 200 suspend some caseinate hardening than
Glycerol _ in glycerol and remainder other. coatings

- ~ in Myvocet, mix at high

" speed '

Myvocet 5-00 200 Melt Myvoecet, Slow in
Sodivm caselnate 125 '~disperse caselnate, hardening

lycowax S-932 50 add Glycowax
Coatings prepared from the above mixtures were applied to frozen slices
or balls of margarine. Margarine balls and slices averaged 25 g. Frozen

pleces of margarine were held on‘applicat@r sticks and dipped imto the hot
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melt coatings. Margarine bé.lls coated wifh the composition ’containing 325
;parﬁs Myvoecet 5-00, 200 parts sodium céseimte,and 20 parts glyeerol withstood
2k hours of storage at 37°C, but cracked w:tthiﬁ 6 hours at 40°C. Samples.
stored at 30° did not show ar@f leakage ever a period of two weeks.

Cracking of ecoated margarine slices occurred at edges and corners ‘where
the coatimg was thianer. Im margarine balls, cracking occurred on the bottom
surfacey w_h_ere flattening occurred following stj@rage ‘at elevated te_mperatures .
It is believed that the interml pressure of c@ated. balls and slices of mar-
garine inereases when the margarine melts and releases gas that had been en-
trapped in the emulsion. The mechanical streng‘uh of the coating is probably
further weakened by migration of fat :i.n“to the coa‘hi:ng.

‘ Phamacemical grade gelatin capsules were evaluated as a means of pack-
aging mréarimea_ Si-z'e #10 capsules averaged 20 ec in volume and h.i g in
weigh't. Capsules that were filled with margarine and sealed with mel'bed beeswax
leaked when s‘b@red at hO“C,

Quarter pound bars of margarine were coated with ethylcellulose » acetylated .
monoglyceride and calcium stearate hot-mel“t mixture with the ald of the Eastoflow
curtain coating machinéo The bars were not frozén prior to coating and some |
oiling-off occurred. Of two bars coated by fohis technigue, one remained intact
at 40°C for ome week, but exhibited cracking after 8 days at this temperature.
The appea;rance ‘of thes‘e samples was undesirable because of oil separation af‘i:er
storage z;t ho°p., No off-odors were aefbec‘héd iﬁ thé product aﬁer storage.

‘It. was sugg_es‘tgd that a preformed sleeve of the ethyleellulose composition
" might allowpaeka;gmg of margarine bars while ‘avotld:mg the‘ effect of h;!.éh g_:oafl?ing
vtemperatures’ on the margarine. Aﬁtempts to ferm a con'bimmus sleeve of the
ethylcellulose composition in an aluminum mold #yere not successful because of

the poor flowabiliby of this composition.
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Coating During The Terminal Stage of Freeze Drying

Pieces of beef and chicken were coated with‘powdered thermoplastic .
materials and freeze-d;ied as described. The fusion of powdered lipid
materials on meat surfaces did not result in formation of contimuaus‘¢oatings;
Thé prdbléms encountered with this approach were primarily mechanicai. Sides
and bottoms of food pleces lying on trays were difficult to eocat. By placing
an excess of ther@cplastic on the top surfaéa‘of food;pieces, some would melt
down the sides. High ratios of coating to food caused difficulty in rebydrating
the partialmy coated food. The irregular surface of freeze-dried meat em-
phaéized the'ﬁréblém ofvédating filling the crevices and finding its way into
the interior porﬁions of freeze-dried meat samﬁles.

Freeze-dried meat that had been coated with Wecobee S hard coating butter,
beeswax and Myvacet 5-00 acetylated monoglyceride were stored ét 50%, T5% and
98% relative humidities at 23°C. The rates of moisture uptake under these
conditions are shown in Figures 6 to 8. Since the ratio of coating to food
could not be closely controlled, results are reported in these figures on an

as is basis. Ether extraction of coated samples indicated the following:

Coating ‘ % Ether Extractibles
None T.1

Myvacet 5-00 37.7

Wecobee S 58.8
Beeswax 43.6

When the moisture uptake for coated freeze—dried meats shown in Figures
-6 to 8 are corrected for the}weight of the coating, there is little différence,

 between uncoated controls and coated samples.
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The failure of this coating technique can be attributed to
absence of a continuous coating. Samples of meat that were stained
with fluorescein dye prior to fteezewdrying and c@ating were
observed to have discontinuous coatings when viewed with a stereo

microscope under ultraviolet illumination.
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' The Effect of (ases on Moisture Sorption by Freeze mied(fhieken B
1

The work of Benson and coworkers ""dembhstrated tﬁat»'*‘b’ath_polar and non-
polar gases f@rm a monolayer on protein sur;.aces. Polar gases were also
strongly bound to internal polar sites. The formation of theﬁi’cal bonds was
demonstrated in some cases.

An abgective of the present study was to determi.m i:ﬁ' treatmerrb a.t’ de-

Ahydmted foods with polar gases would pmvide protewiah‘agaiﬁst af :
. viromnental conditions, Benson's work further showed -tha‘t s'hveria fac-*toré were
of significance in de‘bermining how much polar gas could be sorbed by pmvbein. -
larger polar gas molecules did no‘c penetrate the pro*hein m*hrix eas:tly Thus, |
methylamine is not sorbed as strongly by protein as is ammonia although it is
a stronger base than ammqnia. SOrption of non—polar ‘gases: by pmtein is essen-
tially-«re‘}ersib-:le, Evexi with "irreversible" sorptlon, most of 'l:h_e polar gas
could be remm‘r‘;ed; by heating. ; |

The r‘equiremen‘ti of edibility severly 1imited the choice of gases in the
present study Gases chosen for study imclude hydrogen chloride ’ Freon 21
( diehlomfluoromethane) and Freon £-318 (perfluorocyclobutane). Freen 21 is

- the most polar of the Freon chemicals now aveilable. Freon C-318 is a compact

! R Srinivason and S W Benson, J Am Chem Soe T7, 6371 (1955); T8, 2405

(1956); 18, 5262 (1956).

S W }éensoxﬁ and R L Richarason ivid T7, 2585 (1955). |

S W Benson and D A Ellis ibid 70, 3563 (1948); T2, 2095 (1950).

J M Seehof and S W Bé_ﬁsm 1bid T3, 5053 (1951); T5, 3925 (1953);
T, 2579 (1955). |

S W Benson et al, i'bid 75, 6040 (1953) 72, 2102 (1950).

J M Seehof et al, ibid 75, 2L27 (1953).
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eyelie molecule that is completely f‘lnorinated and non-p«::lar° It was felt
that ‘Freon @-» 318 might penetrate the structure of the protein more easily tha.n
non-e¢yclic Freons. _

Benson showed that oxygen covered only the énrfaee @it: a pr&tein, but water
vapor was sorbed in the interior of proteln mm;l.ecules as well as on the surface.
The effect of the ﬁolar and non-polar gases on sorptiom of atmmspherie
moisturé *by freeze-dried chi@ken pleces was studied to mlu#te the praeftiéality

of gaseous "“’barriers.

A flask containimg freeze-drieél @hicken pleces was evaqva‘hed by means of
a diff*usion pump to strip off as muech sorbed gas as p@ssible. The chamber was
then ’brcmght to a partial prgssure of 200_ m with the gas under study. Thi_s
. pressure represents an es%imate of the partial pressure né@éséary to obtain
rapid saturation of most of the sorption gi‘tes. The ammh of gas sorbed by |
the freeze-dried chicken pleces is estimated in Table 6.

Gas treated and cmn'tml samples 61‘ freeze-drie& ehickeﬁ,weré exposed to
5096 R.H, at TT°F. The m@im‘bure e@ntent of both c@n'trol and gassed samples
' increased nearly SO% in 0.5 hours (Table 7; Figure 9) Mois'mre contents of
9=-11% were obt ained in the freeze—dried chicken after 2 hours at 50% R.H.,
’ ’7'T°F. | |
The available dét_a does nu@ sh@# a significéﬁt protective effect of the

gases on moisture sorption by freeze—dried chicken pieces.
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Storag@'studies‘on Coated F@@d Bars

A. Storage Conditions: b,o“c. 48.0 £ 7% RH

- Although car@ was taken to prevent maisture uptake by fbod.bars prior to

coating, Tabl ! yndicates appreciable moisture gain had occurred prior to
coating. Moiéture gain was difficult to prevent since the coating was dbne
in Kingsport Tennessea during the laﬁe gpring and early summer months when
relative humidities were quite high. Freeze—dried cotta¢e~cheese, chicken,
uorange juice and applesauce were partieularly sensitive. .
‘: Uncoated products with inttial moistures of approximately L.o% lost weight
after 20 days in st@rage at hoog, h8 0% RH, while samples with initial moisture
levels below 2.0% increased in moisture from 2 to 4 times.

Mest:of the'coated food bars lost weight‘aftér 20 days‘storage (able 8).
Only applessuce and chicken and rice bars inereased in weight after 20 days,
but the latter produet lost weight afte~° 2 months in storage,

The data shown in Table 8 indicates Bhat the coating provi&ed some moisture
barrier protection in a nuMber of the food products. Comparing moisture gains
of coated and uncoated products, and allowing for the difference in initial
moisture content applesauce, chicken and rice, chocolate pudding and cottage
cheese show lower moisture gains among coated than in uncoated bars after 20
éays storégeo

| The protective effect of the ethyleellﬁlose acetylated.monoglyeeride -

caleium stearate coating is also seen in a comparison of moisture contemts of

the food bars after two months storage (Tab* .ﬂottage‘cheese and nonmfat
dry milk an& chocolate pudding showed moisture in@reases, but the final moisture
contents of 5. 22 h 55 and 1; 86, respectively, are not excessive in view of -

the initial moisture levels,of the bars. Both chicken and rice and beef stew
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bars 1os_"t moisture after two months storage at 40°c, 48% R.H. Mashed potatoes
and créam of_mushroom soup bérs also decreased in ﬁov)i‘s.ture con'ke:nt.v Moisture
chanées in coated food bars may have been corrtribﬁted to by‘ small slits or
cracks in the coét’ing, such as was encountered in coated cottage cheese and ,
non-fat dry milk bars. Moisture may &lso have Seén lost with the  coating, which
was st_rippéd‘ off bprior to aﬁalysiS',

‘Oxid\ative Deterioré.tion

Peroxide «Va‘::l.ues varrd total carbdnyi compounds in stored bncoated and coated
food bars are given &n Table 9. The uncoated samples were stored for 20 days
~vhile ‘the coated samples were evaluated after 20 and 60 days of storage. WNo
peroxide or carbonyl compounds were detected iﬁitially in coated and uncoated

food bars. While the data are too lirmited to be of much significance, coated

food b—ars tend td exhibi‘b higher indgces of oxidative detériamtian».than do
uncoated bars. One explanation f.'a'r“"i;his trend is that the coating rnéy have
trap‘péd vo‘la:tile‘ oxidation products in the bar while ‘thesé products migh'b escape
more easily from ‘uncoated ‘bars Anetmr cause for higher levels of oxzdation
among cOated bars may be the high tem,pera‘ture of the melted eoating having
accelerated the :’Lnitiati’on of 1lipid oxidation. Fast cooling of coated food bars
migh'b improve their oxida‘tive s‘habili‘ty

Organoleptic Evaluation

Food bars prepared with the Pillsbury-type binder deseribed gbove evidenced
fia%. separatiqn under +the ccating. Separation was. most prammncgd in ehicken -
and rice and créam of mushroom soup bars. E?ompression of beef:stew bars re-

sul'bed in fat pooling in pockets; there was no o‘bjee‘biomble oiliness on the -

product surface, however.
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CAll coatéd samples exhibited varying de_@*-eés of browning a~£fter 2 mom:hs
stcrage at ko°c, u8% RQH., After 20 days storage under thesé conditions, un-
'coated samples exhibited a lower degree of browning than did coated samples.«
'Applesauce and orange Juice browned so badly that the reconsti‘tu‘bed pr@duc'bs
were _un‘accepta'ble. The normal flavors of the latter produets were 'barely'
recognizable after 2 months storage. C@t‘t’y&‘tge cheese and non-fat dry' milk
changed in\ coior to dark cream or 1light t‘an’ and developed an qff;-flavor
assoclated with stored casein. Beef stew did not show marked changes in eolor,
but the flavor of réhydrated ’peef was badﬂ;v oxidized. "The flav;ar of the veg-
etables i# beef stew did not change appreciably compared to an ﬁncoated sa‘m’ple'
stored at room temperature.

Chi‘ck'?enn and rice bars were fairly acceptable im color amd flavor after 2
months storage at hO*’cu | As in the case of ‘be@f stew bars, some fat pwling
under the. eoating was eviden'bu
B. Cycled storage C‘onditions

‘Food bars coated with ethylcellulose«»ace‘toglyeemdeucalcinm stearate com-
posi‘tion were stcred under the cycled cnnditions of tem;perature and humidity
. previcmsly: deseﬂbed. Table 10 shows that most of the products gained high
levels of mois‘icure' Within a week, the ccoating‘ on all food bars had split or
peeled off, exposing the bars to the conditions in the enviromnen'tal chamber
: (Figure 10). Pood bars expanded as the exposed portions absarbed maisture. In
some cases, expesed food bars e@mpletely lost *their s‘ometural integrity.
~ The surfaces of coated bars blistered after first being placed in the
¢ycled sﬁomg]e conditions. Blistering is aseribed to differences in the rates

of moisture sorption by sodium caseinate and the ethylcellulose composition
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- and the resultant greater elasticity of the sodium caseinate iayer. Batches
of ethylcellulose compesition film with and without the sodium caseinate
laminate were stored under the cycled conditions for one week. The film
. with the. sodium caseinate 1aminate had blistered and the edges rolled up.

The ethylcellulose composition alone remained smooth and flat under these’

conditions. :

The appearance of intact coazed food bars is shown in Figure 11. 4
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 mable 1

Compreséion of PFood Bloéks‘

Food Ttem : Block Wt. . - Pressure - Dwell Holding Wt. & = Block -

PST Sec' Time in Min. Condition
Chocolate® 100z 2000 15  10° good
Pudding
Mushroom® 1.0 oz 1500 15 10 fairly good
Soup ‘ . ‘
Applesauce : 37.2 gms 800 20 - very good
Orange juice> 1.0 oz 1100 30 10 oo
NF dry milk® 22.7 gms 1000 30 10 good
Mashed potat'oesl -’ 1.0 oz . 2000 15 .. 10 .‘ good
Chicken & ricet 30.0 gms 1000 o 30 ' 15 good
Beef stew” 1.0 oz 1500 30 15 ~ fairly good
cot{:age cheese?® 1.0 oz 1000 30 - good

1

Pillsbury binder added at 20%

2 pvans Research .binrlgr added at 15%
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Table 2

Reconstitution of Cmnpressed:Food Bars

Product Wt.  Water Addition  Recipe

Mashed Potatoes  28.3 gms 90 ce Add water hot. Stir until smooth and.
evenly mixed. ' '

Applesauce - 37.2 180 cc Add cold water. Stir. Let stand 10 min.
Recard t:lme for complete rehydration.

Orange Jjuice 28.3 118 ee : Add cold water. Stir until mixed.

NF dry milk e2.7 236 ce Add cold mter. Stir until dissolved. -

‘_Co'ttag'e’ cheese ) 28.3 90 ce Add cold water. é‘bir and mix to |
e e e T o o smooﬁz——o_sﬁ—ency.
Beef & Vegetables 28.3 13 .ce Add water hot. Stir, let stand for 30

- ‘min. Evaluate. If need more time to
“'rehydrate, add more hot water and
record time. - .

Chicken & rice 32.0 ~ 120 ec Add water hot. Follow same as in Beef
' & Vegetables. , ‘
Chocolate Pudding 28.3 _ 130 cc Add cold water. Stir well and cook
= ' . to thicken. . ;
Cream of mushroom 28.3 180 ce Add hot water. Stir. Let stand for
soup . , 20=25 min. Cook to thicken if needed.
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Table 3

Characteristics of Moisture Barrier Films

61.5

Components Retio Thickness  Tensile 1b/ Elongation | wr 1o :
. mil Strength sq in _ g/sq in/2k nrs
. Ethyleellulose- - 28.57 ‘ -
acetylated mono- 42,86 1.0 320-420 2.0-4.0 0.492
glyceride-caleium 28.57
" stearate
' h2.86 . i :
L2.86 1.0 640-655 3.5-k.5 0.508
1h.28
37.0
(Hot Melt) k8.0 k.0 370-430 17.0-19.0 0.1k9
‘ 15.0 '
,Ethyicellulose-— 75.0 =01 _
calcium stearate 25.0 1.5 4050-1180 3.2-3.5 0.676
50.0 0.6 1410-1525 1.2-1.3 0,467
50.0 . . .
Fthyleellulose- 75.0 1.0 5160-5220 19.5-24.5 0.539
amylose laurate 25.0 : .
38.5 1.0 3320-3680 6.0-12.5 0.537



Table L4
: Characteristics of Oxygen Barrler Films

Film Components Ratio of Film . % Oy in Test Cell Permeability
Comp % Thickness . ‘ Constant
mil ‘50 hrs 100 hrs ‘Flnal ' -
Sodium caseinate 15 ', | c o
glycerol-water 5.0 1.7 31% 59.5% 9%.0%
100 . - ; (334 hrs)
15 ' _ o v o
2.5'5 305 . 1-0% 100% \ 5-6% g 233
100 , : (250 hrs) .
15 ,': ‘ . 3 R .
1.25 ) 2.5% .54 6.2% " Film split before

100 | (144 hrs) ©  equilibrating

Sodium caseinate- 1k.0 | Pilm dried out and cracked
gelation-glycerol- 1.0 after 18.2 hrs

water 1.25% 1.5
100
Ethylce‘llulose- : 42,86 v S
acetylated mono- - 42,86 1.0 . TT-0% 81.0% 99.0%
glyceride~caleium  1h.28 b (388 hrs)
stearate , < S s
37.0 - . s
(Hot Melt) 48.0 4.0 21.0% 30. b 67.7% - = 20,200
‘ 15.0 (367 hrs)
Ethylcellulose~ i »
calcium stearate 25 1.0 87.0% 88.5% (ggés.zrs)
Ethylcellulose 5 5.0 8. 5% 86.5% 99.0%

amylose laurate 25 (388 hrs)



Time, hrs

0
5.5
22.0

' Moisture Uptake by Sodium Caseinste Film

‘ 'v@'."6916 an

0.7135 em

0.713% gm

Mold growth.

0.6760 gm

0.8198 gn

38

23%¢-75% R

1

0.7659 gu

1.3533 gm
(1.4606)°

b opim contained 7.57% 0 and L.44 glycerol.
2 - |



“Table 6

Sorption of Gases by Cooked, Freeze-Dried Chicken Chunks

: o - ‘g gas sorbed ; meq gas'sorbed
Gas. sorbed T - g meat ’ ’ - g meat

.’ gydrogén chloride . .. Cosokos . 11
Dichlofofiuoromethane (Freon 21) 0.0655 A 0.636
lPerfluorbcyclobutane (Freon c-318) 6.0929 o 0.436
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Table T
Sorption of Water Vapor by 000ked, Freeze-m'ied chicken Chunks

Treatad With: Pola.r ’aﬂd Eon-Polar Gases

%fMoisture in Chicken.Meat Treated with:

Time (hours) . _g_ng_____m Frg-or; 21 Freon 0-318 m'drogen Chloride -

o T k62 3% 3T
0.5 b8 6.8 551 6T

2 . 6.25 620 T.69  6.62
b 86 - 7.60 |  5.60
6 © 9.23 7.97 9.3k 9.0h

2l | 9.64 10.65 9.73 8.82

48 9.96 10.145 11.88 O 9.35

T2 B 8.55 - -
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Table 8

Food Product

O’range' Juice
Appleéauce
 Cottage cheese

Mashed potatoes

Chicken & rice

Beef stew
Chocolate Pudding
Mushroam sbup

NF Dry milk

Storage Studies on Food Bars at 40°C, 48% RH

“m s Dheoated

Initial 20 day storage
%

1.85 3.76
1.86 9.3
0.89 -2.96
4.08 3.36
1.95 b.71
k.16 3.04
1.16 6.29
1.17 3.19
3.96 2.3k

1 after 2 moﬁbhs in Stqfage:

4,13

Initial 20 day storage
b SR R—
L. 78 3.85
451 8.57
3.51 2.17
5.3 h2o
-~ 5.05 6.53
%.95 3.23
1.3 0.94
h.lr(‘

S
Final %

2.ko
' 5.16
5,22
.55
3.04
1.86
h.12
k.55



~ Table 9

~ Food Product

_Cottage cheese

‘Mashed potatoes
chicken & rice

| !Beef‘ stew

Chocolate pu&ding

Cream of mushroom soup

. Uncoated®
‘Peipxide  Carbonyl
Value meq ZKg __Compds %

1

1.0

0.0
0.0
3.9
0.0

0.0

0.01
0.01
0.02
0.02
0.0

0~l 01

Coated '

_' _P_grg;xide Value .
'ROidays 60 days,

0.0 0.0
0.0 -
- 3.61
11.0 -
0.0 -

Data on food bars stored for 20 days.

- Oxidative Stability of Food Bars Stored at ho°c, 484 R

Carbonyl Compds %
20 days 60 days

0.'02 'Oc 05 )

0.0 ‘ -

- - 0.06
0.0k L
0.0 -

- 0,05



Pable 10

Moisture, Peroxide, and Carbonyl Values in Coated Food Bars

Orange juice
Applesauce
Cottage cheese |

- Mashe_d potatoes

Chicken & rice

Beef stew

NF Dry milk

Stored at Cycling Temperatures of -18°C to 40°C for

Initgig’ %Final
vh.78 11.23
T -
3.51 13.12
5.33 ; -
'.5.05‘ 2k.09
4.95  19.07
-- T.51

30 Days

Peroxide
meg/kg

Initial Final

Carbonyl %
Initial  Final

- - -

6]

) -
0 0o
0 2.85
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