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The effect of storage temperature-on the oxyszen
uptake of eight freeze-dried combination meat items
was determiried: The products were packed in

cans with different vacoums and. stored at 40°,.
- 70°, and 100° F. Headspace oxygen. concentratlons .

were determined at intervals during a 6 month period.

Temperature, vacuum;, and storage time significantly '

_ affected oxygen uptake of all eight products, but the
relative importance of the three factors was different
for each product.

general classes.

The products dlvrded mto two_

T the first class, which included
beef with rice, chicken and rice, chicken stew, and -
pork with potatoes, the oxygen uptake was primarily

.due to vacuum and temperature. In the second
class, which included beef hash, beef stew, chili con
carne, and spaghetti with meat sauce, uptake was
due primarily to vacoum and time. Spaghetti with
meat sauce showed very little difference in uptake at
different temperatures, whereas the difference with-
cincken and rice and chicken stew was substantlal

dried foods have been of concern since the beginning
of the Armed Services program for the development. .

T he adverse effects of oxygen'on the quality of frecze-

of new freeze-dried- operational rations. Sharfp (1953) and

. Harper and Tappel (1957) point out that ‘dehydrated meat'_

': absorbs oxygen. and should be kept in an oxygen-free atmo-
sphere.-.

atmosphere, freeze-dried. meat products suffer only a slow

" change in quality over periods of several months, and air-

‘storage. of these products can bring about spectacular de-

" . creases in total water uptake upon rehydratron In a study
" concerned with the deterroratlon of freeze-dried beef c]ncken, -
: carrots and spmach Roth er'al. (1965) reported that expo- -

: sure 1o oxygen appeared to be the most’ s1gmﬁcant factor in
_-the degradation,. of freeze drred porducts stored at elevated
_temperatures._ o

_ Storage temperature is generaily con31dered {0 have a very :

51gmﬁcant effect. on the storage life of freeze-drred foods.

. Hanson (1961) reported Tesults from'a large number of studies

and suggested that a dehydrated food: which wﬂl keep for
2 yr at 60 to 70° F-could be expected to last 12 to 18 mo at
.80° F, 6 to 8 mo at 90° F, 3'mo 4t 100° F, and about 2 weeks
at 120° F. ~ These products were propetly packaged with less
than 29 oxygen in the headspacé. Hanson also states that
with low oxygen atmosphere, the actual storage life of a par-
- ticnlar food at a particular temperature is profoundly affected
by ‘several factors such as moisturé content, sugar content,
‘processing conditions, and enzymic changes.” Meat items to
be accepted for use in operatio'nal rations are rontinely storage
tested for 12 o at 100° F, at the U.S. Army Natick Labora-

tories and mmst receive satlsfactory ratings from consumer-
In genera_j the_: .

type taste panels at the end o_f this period.
results. from these studies agree with Hanson’s suggestions

. (1961), except that: properly designed cooked freéeze-dried

combination meat products appear to have much better stor-
“age stabilities and are less affecied by siorage temperature,_ o

The Food Packet, Long Range Patrol is a light weight
packet designed to be carried by the individual soldier in
-operational and combat sitnations, such as extended patrols

- Food Laboratory, U.s. Army Natick Laboratones, Natrck
© Mass. 01760
* To whom correspondence should be addressed.

Olcott (1962) statés that there.is -a tapid loss of -
palatability “when freeze:dried meat-and fish® are stored in

oxygen or air. - Smithies (1962) states that in an‘oxygen-frec”
. light - weight.

" with some products than with others.

where resupply is difficult or. impossible. The main compo-
nent of each packet is a freeze-dried flexibly packaged entré -
which can be éaten dry or rehydrated in 5 min or less with
either hot or cold water in the flexible package.- There are
eight different menus which include freeze-dried beef hash,
beef stew, beef with rice; chicken and rice, chicken stew, chili
con carne, pork with potatoes, and spaghetti with meat sauce.
Acceptance by troops in the field and particularly in Vietnam
has been enthusiastic because of the high quality as well as the
Since- the packet. is. becoming increasingly
important for operational feeding, a study was conducted
storing the freeze-dried products for 6 mo with different oxy-
gen concentrations at 100° F (T'iomy et al., 1969). - Quality
(primarily flavor) deterioration  was. significantly correlated
with oxygen uptake, but the uptake was substantiaily gieater -
To determizie the
effect: of temperature on oxygen uptake thé orlgmal study
was extended to mclude storage at 70 ° and 40°F :

EXPERIMENTAL

: The products were made accordmg 10 Interlm Purchase
Description IP/DES 8-36-6 Food Packet, Long Range Patrol

- dated Aptil 20, 1966.  Products stored at 100° F were those

reported by Tuomy et al. (1969) The products stored at 70°
and at 40° ¥ were made in a single batch and dehydrated in
one freeze-dehydrator chamber to minimize process varia-
tions. Dehydration was to less than 2 % moisture, and at the
end of the run the vacuum in the chamber was broken with
nitrogen, Freeze-dehydration conditions were 120° F platen
temperature with radiant heating and a pressure of 400 u.
The products were packaged in No. 2-1/2 cans w1t1'un 4 hr
after the dehydrator wasopened. .

Fifty cans, each contdining 125 g of product were closed at
each vacuum.  Vacuums used were 30, 28, 26, 24, 20, and 0 in.
The cans closed at 30 in. were evacuated three times with 30

" sec dwell each time and flushed back with U.S. Pharmacopoeia

grade nitrogen the first two times. The other cans were
closéd as soon’ as the gage indicated the required vacuum.
The vactiums attained corresponded to approximately 1, 2,
3.5, 5, 6,7, and 21 ¥ oxygen if the cans had been gas packed to
atmospheric pressure. Half of the cans were stored at 70° F
and half at 40° . Five cans of éach vacuum at each of these
two temperatures were withdrawn for evaluatlon at 0, 2, 4,
12, and 24 weeks,

Headspace gas aualysrs was performed by a chromato-
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- - bar_from the total volume of the can.

= Tablé s Analysrs of Vanance Slgmﬁeance and Components of Variance in Percent of Total Varlance for 0xygen Uptake
o . . _ o ... . Spaghefti
e - : Beef with Clncken Chleken i Clllh Con- Pork thh - with Meat
© . Factor Beef Hash - Beef Stew: Rice- .and Rice Stew-. .- Carne Potatoes,  ~ Sance -~
o : . Sig. %-;__ Sig. - % .. Sig. - % ~ Sig. %.: ~ Sig. } %_ Sig. % Sig..-. % ¢ Sig. . %
" Vacuum (A) a 303 a2 W5 e 21 4 168 a4 11.6- -4 301 - a2 373  a. 443
* Temperature (B) -a 8.4 a 12.5 a 223 a 234 a 304 a 148 ~a 146 . a - 2.7
“Time (C) a. 15:1 a. 165 .. a 14.6. ‘a 3. a. 87T @ 204 a 69 . a 144 .
AB e 131 & 61 _a 308 4 361  a 168 4 72 a2 182 'z = 4.0
AC a 308 .a 162 a 2.7 ns -oo0e o b 6,50 @190 e 98 Tan 28.4
BC' a 2.1 - ms. RN a_._ 6.6 b 467 4 092 g 58 6. 30 ns .00
- Error Yl 00200 8 2 e 0.9.- 154, :°.... 16. 8 - 27 e 10020 a0 6.2

Srgmﬁcant at 1% Ievel Ve Srgmﬁcaot at 57 1evel
Temperature—40 70° 10{)"‘ F, T1me—~0 2,4, 12, 24 weeks

1. s_ = Not srgmﬁcant at 5 7 leveI

| Leels: Vacuum—30 28 26, %, 22, 20, 0in;

“Table 1L . Effect of Temperature on Oxyzeén Uptake as Shown
by Available Oxygen Taken up'by Eight Products Packed in
Azr and Stored for 24 Weeks at-Three Temperatures

Temperature and Percentages

_ Pmduet U UWeRF  0°F . 4 F
Beef Hash gyt 65 17
" Beef Stew CmeiTigy DU UTI53 0 45
- Beef with Ride: - 100 w3 s 0100 T
© Chicken and Rice. 293 o 30l S5
. Chicken Stéw. 95 U6 T
" Chili Con Came BT 300 T T2
“Pork with ‘Potatocs™ 999 g
Spaghett1 with Meat R T S L S
93 L gdi i3

Sauce

‘fable L. = Multiple. Regression Coefficients ‘for the Lirear
Regressron Oxygen Available, Temperature, and Trme PR
o Oxygen Uptake . i

. CorreIatmn :

: Coefficient =" -
. Pmduct SRy
' -:.'Beef Hash 0.745°
" Beef Stew.: © . - .0.788:.
.. Beef with Rice’ S 0T8T L
* " Chicken and Rice’ LOB12
" Chicken Stew " 0668
o ChiliCon' Carpie " 7 L0192
- Pork-with Potatoes ./ o 0T 0 007300
_  Spaghetti with Meat Savee.” . .- - Q7600 -

o graphic method in accordance withi tl:re'.proeedure Bntﬁﬁéd'sy

: of great nnportance when the end use of the product 1s con-

" Bishov and ‘Henick (1566). . Prior. 1o analyms the ‘cans were ..

" brought to.. atmOSphenc pressure wnh mtrogen a]lowed to:

equlhbrate overmght Gas sample size ‘was 250 to 500 ul.

L Experrence indicates an: autlcipated error: for the miethod. of -
. approximately +0.25%." Results for the ﬁve cans of each
: level were averaged for reportmg purposes

.. long termi storage” for contmgency “and. reserve stocks.

sidered..

. this Cige refrlgerated storage is commonly used and’ time’in |

. storage becomes of paramount concern;

operatlonal ratlons must be desrgned “to meét-the p0551b111ty_ .

.. of high temperature storage in various parts of the world. At L

-~ Total headspace- volume. in: each can was deternuned by E
" compressmg 125 g of product in'a iaboratory press at 5000:1b -

" persdin, for 10 sec and Subtracting the volume of the resulting

that this method is not cornpletely accurate. . However, since
* ‘the volume of headspace gas was so large in companson with

~'the volume of the dry solids, any resultmg error “was con—' _ '

s1dered m51gmﬁcant

RESULTS AND' DISCUSSiON R _ x

_ ‘Analysis of variance resuits for the oxygen uptake are given
Cin Iable 1. " Percentages o_f variation‘assignable to'each factor
as determined by the method of Hicks (1936) are also given.

‘It wds recognized | '

the present time very little 8 kuown as to Why the products:-_-- :
teact deferently, and 1t is. evrdent thai much more mformatmn S

isneeded in this area.

- Table 1L, which shows the percent of avallabIe oxygen taken' _': S i
up by the eight. products packed: in air and stored at three "

temperatures, illustrates the vvlde difference in responses of the :_ -
items. — As noted by Tuomy et al. (1969) ‘the oxygen uptake

- of beef with rice and chili appears to proceed at'a significanily A
slower rate at 100° F ‘than does the. uptake of the other six. - E

"1tems, but: the reSponses of chicken and rice and chlcken stew

‘are $imilar at 70° and 40° F. On the ‘other hand spaghettt :
‘with’ mneat sauce shows no. change i oxygen uptake dt the +

' three temperatures under these partlcular conditions..”

The main factors of vacuum, temperature, and time were -

significant at the 1% level for all eight items."

Most of the

two factor interactions were significant’at either the 1% or -

~the 5% level.:” All' of the mteractrons were m the same
: 'dlrectlon as the main factors.” =

" Rank'correlation analysis of the components of variance in " -

Table I indicates that the eight products.can be divided into.
‘In “orie class; which mcludes beef with

. two general classes.

rice, chicken and rice, pork with potatoes and chicken stew,_'-

the major poruon of the variance was: caused by vacuum

“temperature, and the vacunm X temperature interaction.  In
the other class, which includes all 'of the other products, the =~

major portion of the variance was cause by vacuum, time, arid

" tionships. -

= Multiple linear regressron ‘equations were calculated- from'

the data using -oxygen avdilable (X1, temperature (Xg), and - o

time (Xa) asthe mdependent variables, 2nd oxygen uptake (Y)

as the depeudent variable: The résulting equations had the =~
“As shown in Table ~ -~ ..
1, the multlple regreéssion cocfficients (Rm) ranged between -
0.61 and’ 0.79 for the eight itens, indicating good linear rela= . - -
‘Analysis of vatiance showed that the contribution -~

" of each of the 1ndependent varlahles in ‘éach case was 51gr11ﬁ

form of Y ='A + BXl + CX2 DX

cant at the 1% level.  The equations developed cani'be used as C

an indication of siorage stability, assuming that oxygen up— . . S

take is correlated to taste: panél ratings: (T uomy et al., 1969).

: However there are so many possible variations in formula,

the vachum X time interaction; This division into classes is -
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processmg, etc., plus inherent variations in sub_;ectlve ratmgs-

“The Armed: Forces are very rnuch concerned with - . . . s
i

'On the-other hand, .



curvilinear.

“ obtained by taste panels, that only very general indications - -
._-can be obtained. Furthermore, the equations wer¢ developed )
" from data obtained in'a 6-mb storage period and éxtension’ of .
the time used in the equations beyond 6 mo cannot bejustified. i -

Regardless of this, the equations can be very useful in settlng
up broad guidelines for storage limitations. - ]

. Inspection of the raw data indicates that the dependence of.
_oxygeu uptzake on’ temperatures, and on- turre is probably- .
However, the multiple correlation” coefficients

~weremnot s;gmﬁcantly improved when various f unctlons of time
and tempeérature were used in the equiations.

" Table IV shows the correlation coefficients “(r) for the hnear 3

.'regressmn of time on log of mol fraction of oxygen remaining.

*" In all cases, with the exception.of chicken stew at 40° F, the ..~ '
- - coefficients are s1gmﬁcar1t at the 1 7 level at each temperature

© O With chicken stew. af40° F, the oxygen uptake was: 50 low
~that the pomts tended to cluster: - The coefficients indicate a

. _very good linear relationship, a relatronsh;p usually considered, =
“While it i very doubtful .-

“.criterion for a ﬁrst order reaction. _
‘that the oxygen uptake is a simple first-ordér reaction, this

study indicates that the reactions involved are tiot the classical

- fat rancidity reactions, since these are not first order reactions.

*. - The results of this study show that combination items have -

. different oxygen uptakes tnder the samie storage conditions

" which; suggests that products with improved storage stablhty -

~ for partleular uses ‘can” be - designed:. Unreported ‘inhouse: -

" work has shown that comrnonly irsed ant10x1dants are com-._ '

" paratively meﬂ’ectlve in-slowing down’ oxygen uptake il “the:

- - eight products -examined: in" this study

~ formulas. for’ the: products with théir oxygen: uptake sheds.

.. very little light ori the'reasons for the uptake differences; © For
. example; spaghettl ‘with'meat .sairce has’ beén shown by this;
'study as well as: many informal observatlorls to be-the most

"This probably . -
. Sharp,J. G.; “Dehydrated Meat,” H, M Statxouery Office, London

Comparlson of the

. susceptiblé: product to oxygen of the eight:

- . can be attributed to the 199 tomato paste in the wet formula.
-« - However; chth con carne contains-12 7 toniato paste and it IS_ =
. one of the products most reésistant to oxygeu In addmon _'

_.'oxygen uptakes’ of individual: ¢components do not seem: to
* carry through to the formulated product.

" Hanson, S. W. F., Ed
o Olcott Harold S,

-Roth; N., Wheaton,R Cope.P

For these reasons.
another’ study has been started in which; the products: will be
broken' down into components and groups- of components_ :
processed in the same way as in the cothpléte product. - In
addition, effects of some process conditions such as _cookmg- o
témperature will be investigated. . From this study it is hoped:

Table IV. . Correlation’ Coefficients ) for Time o5 Log Mol
Fractmn of Oxygen Remammg at Three Temperatures

Lo : . @ -
Produet.. & 100°F 70°F WE.

" Beef Hash .~ { 0.741 0.672 ' . 0.669
Beef Stew ¢ - 0.916 0.659 . - 0.738 -
Beef with Rice. .~ 0.680° .  0.761 .. 0.734 -
Chicken and Rice - T 0.855" 0.449 - 0.540
Chicken Stew . - - 0.876 ... 0761 . 0.201
Chili Con Carne - . .- 0.846 . - 0.624 - - 0.841 - .
Pork with Potatoes’. - 0.541 0.824 0.733 -
Spaghetti with Meat PR '

Sauce - - 0.863: . 0.854:

0.686

that information ‘will be develope'd' 80 that 'brodu'ets with'

1mproved resrstance to oxygen uptake can be developed

ACKNOWLEDGMENT _ . Ll e
The work of Otto J. Stark and Margaret Robertson u. S

© Army Natick Laboratorles, in plannmg and conducting the

chromatographlc analyses for thrs study is gratef ully acknowl-

: edged

LITERAT URE C ITED

Bishov: S. I, Hetick; A. §., 7. Amer. Oil Chem. Soc. 43, 477 (1966).
“The Accelerated Freeze—drymg Method of. -
Food Preservauon “H. M. Stationery Office, London, I961 s

Harper 8.C. Tappel A. L., Advan. Food Res, 7 17 (1957)

Hicks, C. R.; Fnd: Qual. sz.tr 13(3), 5 (1956) ’
-*Deteriorative reactions. in stored freeze-drled .
“meat and fish, - in.Freeze-Drying of Foods, F. R. Fisher, Ed.,
National Academy of Scrences—Natlonal Research Councﬂ
Washington, D.C;; 1962, -

“Effect of exposure to- oxyger on
changes in' ‘meats or vegetables during storage,” Contract No.
DAI9-129-AMC-131 (N), U.S. Army Natick Laboratories, 1965,

1953,

'Srmtlnes W R “The mﬂuence of prooessmg condlt]ons on the re—

hydratlorl of foods,” in'Freeze-Drying of Foods, F. R. Fisher, Ed.,
- National . Academy - of Sc1ences—Natzonal Reseéarch Councﬂ }
Washington, D.C., 1962.

" Tuomy, J. M., Hmuergardt L. C Helmer, R L., J AGR FOOD.

. CreM: 17, 1360 (1969)

'Recewed for retiew Aprzl 6, 1970: Accepfed July 6, 1970 Tlns .

paper reports research undertaken at the U.S. Army Natick {Mass.)
Laboratories and Fas been assigned No. TP. 794 in the series of papers
approved for publication. -
comrrued as an ajﬁcm! Department of ﬂze Army paszrwn

- 7. AGR. FOOD CHEM., VOL. 18, NO. 5, 1970 901 .

The findings in this report are not to be o



