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The adverse effects of oxygen on freeseedried fcods haa been recognized

from the baginnings of the Armed Forces program to develop freeze-dried vations.
Current specifications for freeze-driasd meat {tems inciude & maxdmum 1iwit of

2 percent oxygen in the headspece gas. Storage studies as well a3 use in the

field have shown that this limitetion i3 valid end the products ars satisfactory
for the intended use. However, foods sre very complex and their response to

oxygen varias widely from item to item., Since packaging with low oxygen content i3
expensive and an inspection probelm as well, studies on individual iteme are

necessary to astablish thelr oxygen. '"tolerances".

The main componsnt items ia the Food Packet, Long Range Patrol are dried as
complete items reather than as separate ingredients. Thus, they represeant & new
family of freeze-dried combination fooda. Therefore, this study was started to
determine the oxygen response of various types of products made this way.

The work was performed under project 1J6-62708-=D553, Fcod Processing and
Preservation Techniques,

The work of Mr. Otto Stark and Mrs. Margaret Robertacn, U. S. Army Natick
Laboratories, in planning and conducting the chromatographic enalyses for this

study is gratefully ackncwledged,
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Abgtract

Eight freeze-dried corbination meat items used as main compoments in ths
Food Packet, Leng Range Patrol were gacked with differeant amounts of oxygen in the
headspace gas and stored at 100°, 40°F, with withdrawals at 0, 2, &, 12 and
2% weeks, The eight ftems ware beef hash beef atew, beef with rice. chicken and
rice, chicken stew, chili zon carne, pork with potatees, and Spaghe;ri with meas
sauce., Oxygen uptzake was determined. With the product atoved at 100%7., the
product was ziso evalvatad by 2 1D-member technologiecal panel and the rehydration
ratio determined.

Regression onalysin ahowed that flavor end eder cerrelated highly with
oxygen uptake and the slopes of the ragression lines wers almcat identical for
the eight items. Ho coxrelation was found between rehydration zatio and oxygen
aptake. Analysis of veriaunce indicated that vacuum, tempersture and time had
significant a2ffects on oxygen uptaks, but the relative {mportance of temperature
and time was different for differemt products. HMultiple linear regression
aquations were derived using oxygen availatble, temperaturz, and time =8
independent variables and oxygen uptake as the dependent variabie. The multiple
corzelezion coafficiants ranged betwzen 0,61 and 0.79. Highly significant linear
corrslation ccafficients were feund with the regression of time on log mol
fzaction of oxygen remaining., This indicates that the oxygen uptake reactions
have attributes of z first order reaction.

vi
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Intzoduzeion

Advsene effests of oxygen on freese~dried £oods have bean noted by many
Invagtigasors. 4 lavgs nuonber of in<house storage studics have shown that must
frasgomivied fonds srve sabla eaough for military storage and usge if they ave
pachod with less than 2 porcent oxygen in the headspsfcs geg ot Iif they ave
vscows packed at 2%-inches vacuum op hettex, Furthezmore, vegular prosuren?ats
amounting to seny thoussade of pounds in the last ten years for both field and
ssrrlsom use have confizmed Che validity of these oxygen raqui,ements,

Sharp (1953) and Harper and Tappel (1957) poinied ocut that freezc~dried
unat takes uwp oxygen and that deteriorstion results. Olcott (1962) stated that
thers is s repid loss of palatability when frosgsedried meat and fish ers atoyed
iu omygen or aiw., 8mithies (1962) stzted that in an oxygen-fyee atmosphere,
fresze~driad mmat products suffer only & siow chenge in quality over pericds of
several months and aiv storage of thase products can bring absut spectacuiar
decreasss in vehydration. Exposure to cxygen appears to be the most significsni
factor in the degradation of fresme-dried beef, chicken, carrots and spinsch
(Roth et al,, 1985).

Storage sempezature iz genorxally considered ¢o have a very gignificant
effect on ths storage 1life of frosweedried foods. Baesen {(1961) reported
generalized regults from 2 largs nuxbexr of studias and stated thet a dehydrated
food which will keep for 2 years st 607 o 70%F. could ba expected to last 12 - 18
months At 80°F,, 6 - & monthy at QQG??, 3 wonthe at 100°%., and about 2 weecks at

120%. These products were pedked with isss then Z pazcent coxygen in Che
headspace. Freaze-dried weat itemz inkesdsd for operaticnsl rations &xs
voutinely stoved for 12 monthe 2t IG0SF. during ths development cycie and muet
receive satisfactory ratinga frem S sonsumet taste pansl st the end of thet
pericd. In general, zesults fics: these studine &gre2 with Hanson's findings

axcépt that freese-dehydrated combination meet ileowme sppést to b msre stable
in storags than Hansen vepsvis,

The Food Packet, Long Range Pagrol hes been very well recelvsd in the field
and the quality has been considsrag excallent. However, thaprodusers have bsen
quality comscious and have gore out of their way to meet and excésd specification
requiremente. Too little 18 known about the guality parameters of the pachel
componente, however, in particelar the effgct of oxygen during storage at various
temperaturea, Therefore, this study wae initiatad - dstormine the effect of
oxygen on the 8 main component iltems in the Food Packet, Long Range Patrel and
now the oxygen uptoke iz affected by storage tims and i{smpernture. The products
studied ware beef hash, beef gtew, beef with rics, chickes and rise, chicken stew,
chili con earne, pork with potatess, and spaghetti with meat sauce.

Expeximental Methede

The products were made in accordance with Interim Paychase Demcription
IP/DES 8=36=6, Fond Packst, Long Range Patrol, dstad April 20, 1965, Due to the
large number of sawples invoived, the ptudy was dividsd into two parts., In the
£irst part, the products wava stoved at 100°F, and svslustsd by a technological
taste pasel &3 will as by analysis of ths hesdepacs gus, In the second pare,
the products weve astorad at 70°F. snd 40°F. with forws) teshnologizal penal
avaluation neing omitted., BEach product wee made 2e 8 singi’ bateh for each part
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of the study and dehydrated in one freeze-dehydration chamber, Dehydration was
to less than 2 pevcent woisture and the vacuum in the chambey was broken with
nitrogen. Proeze-dehydration conditions were 120°%¢, platen temperatuxe with
radiant heating and a pressurs of 400 microns., Packaging was in No, 2-1/2 cans
and was accompliished within four hours aftsyr the dehydrator was opened. Twenty
five cane for the first part of the study and £fifty ceng for the sacond part
each containing 125 grame of product were closed at each vacuum., Vacuums uaed
ware 30, 28, 26, 24, 22, 20 snd 0 $nches of mereury. The cans cloged at 30
inches were evacuvated three times with 30 seconds dwell each time and flushed
bask with nitveogen the firsr tws timeae. The other cans werz closed as soon as
the gnuge indicated the required veeuum. The vacuums actually attained
corresponded to apsreximately 1, 2, 3.3, 8, 6, 7 and 21 percent oxygen if the cans
had been gas pecked. A total of S25 cans were stored with 175 c¢ans being etored
at e¢ach of the three temperatures., Five cans of each vecuum at the three
tempsratures were withdrawn for evaluation at 0, 2, 4, 12 and 24 weeks. Moisture
contunt of the stored product waz 1 - 2 parcent.

Headspace gas analysis was pexformed by chromstographic means in accordance
with the procedure cutlined by Bishov and Henick (196€). Prior to analysis the
cans were brought to ambilent pressure with nitrogen and allowed to equilibrate
overnignt at ambient temperature. Sample size was 250~50044, Experiaence
indicates an enticipsated error for the method of approximately 4 0.25 percent.
Results for the S cans at each level were averaged for reporting purposes.

Total headspace volume in the fiiled cens was determined by compressing
125 grams of product in * laboratory press at 5000 1lbz. per square inch for
10 s2econds and subtracting the volume of the resulting bar from the total
voluwe cf the can, This method is not completely accurate. However, since the
velume of hesdspace ges wss so large in comparison with the absolute volume
of the product any resulting srror was considerad insigniffcant,

Taste panel evaluvation was made by a 10 member technological zenel rating
tho product on a2 9 pofat scale for flavor, odor, and texture where the highest
number wae the most acceptsble, The same panel was used for ail evalustions.
Product was rehydrated with water st 180°F. for 5 minmutes for tasting, Product
in the eans used for chromatographic analysis was used for the panel evsluation.

Rehydration valu~ was obtained by rehydrating 125 grams of product with
water at 180°F. for 5 minutes, draining the product for 1 minute on a wire
sereen with 1/8~inch squere openings and reweighing. Rehydration ratic was
calculated as weight of rehydrated product divided by weight of dry preduct,

Reawlts and Discussion

Tables { through 8 show the average psnel flavor, odot, and rexture ratings
for the eight items in the first part of the study. Table 9 gives the snalysis
of variance for these xzesults and indicates that oxygen available and stozage time
&t elovated temperature are twe impovtant factors im the deteriozation of
freege~dried foods. The Dunrcan Multiple Rasnge test shows that with five of tne
eight iteme there {5 no significant diffsrcace st the 1 percent level batwaem the
flavor rating means at full vacuwm through 26 inches. Chicken and tice, beef with
rice, and chili con carne show no sigaificant differeace betweea full vacuun and
20 inches. which suggeats that thess three itema ara laga gensafiwe to oxygen
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than the other five. Por all eight producte where vacwm is shown to be
significant in f{abla 9 for odor and texture, the Duncan Multiple Kangs test
shows that there is no significant difference betwses full vacuum snd 20 to 22
inches, Thus, in an overall avalustion of the effscts of availeble oxygen in
the prcducts, the affect on flaver would be the comerolling factor. Rohydration
ratios were not significantly diffsrent ogver the £all vacuum snd storage tima
ranges and, therefore, no dats aze pressented.

Tabla 10 shows the linsar corralstion cosfficients for oxygen uptake
{Tables 12 thxough 19) versus the technological panel results (Tables 1 through
8) over the entire range of tha study. OCdor and flavor corxelatad highly with
oxygen uptake wvhereas texture genezally did not correlate quite as high and fex
three products did not correiate st all at the S percent level of significanca.
It should be noted as stated above there is no significent difference in the
upper part of the vacuum range. Slopes of the regression lines for £lavor
{Table 11) are almost identifical indicating that & given oxygen uptake will
result in an equivalent decresse in orgamoleptic rvatings for each preduct.
However, the vate of oxygen uptake is not the same for all items under the same
conditions.

Oxygen uptakes at the thrae temperatures are shown for the eight items in
Tables 12 thzough 19. Analysis of variance for these uptakee and percentage of
variation sssiznable to each factor as determined by the method of Hicks (1956)
are given in Yable 20. The main factorz of vacuum, temperature, and time were
significant 3t the 1 percent level for all sight {tems. Host of the two factox
interactions were significant at either ths 1 percent or the 5 percent level.
All of the interactions were in the seme directiosn as the main factors as
determined by inspection of the data.

Inspectinon of the components of varizace indicates that the eight
products can be divided into two general classes according to the factors
which contribute the laxgest percentages to the variance. This is shewn in
Tabla 20A. In the first class which includes beef with rice, chickan and rice,
pork with petstees, and chicken atew, the major portion of the variance was
cauged by vacuum, temparature, and the vacuum X tempsrature intevacticn. In
the sscond class which Includea the other four products, the msjor portion of
the variance wag caused by vacuum, time and the vacuum X time interaction,
The resgons for the products dividing into these two gsneral classes are not well
understood. Hewever, the implications are very {mportant in the design of militavy
oparational rations. Temperature can be controlled for the long term storage of
contingency and zegervs stocks. In operatignal situationa, temperature depends
upon th~ geographic location and very little controlled temperatura gstorage can
ba provided. Time then becomes the important faetor., It ig evident that much
more information ig needed in thig area.

The percentage of available oxygen taken up by the eight itema packed La aifr
and storad at the three tempesratures is shown in Table 21 1llustrating the wide
difference in cesponses of the itema., Beef with rice end chili con carne appear
to be less gugceptible to oxygen at 100°F. than do the other si-. items. Howaver,
at 70° end 40°7, the repponsesg of chicken and rice and chicken stow are very
similar to them. The oxygen uptake of spaghetii with meat sauce was the same for
all three temperstures. Although the effect of temperature over the whole study
was significant (Table 20) 1t contributed only & very small smount ta the tetal
variance.



Multiple linear regression equetions were cslculated from the data in
Tables 12 through 19 using oxyger uptake as the independent variable (y) and
oxygen available, temparature, and time as the dependent variables (Xl, x2 and X3).
The derived equations are shown in Table 22 slong with the mulitple
ragreesion coefficients (Kl’ R, and R.). The coefficients indicate good linear
ralavicnships and analysis of 3arianc§ indicates that the contribution of each of
the independent variabdi-ts in each case wes significant at the 1 percent level.
Inopaction of the vaw data would suggest that the dependence of oxygen uptake on
temperature and on time is probably curvilinear. However, the multiple
corrgelation coefficients were not significantly jmproved when various mathmatical
functions of time and temperature were used to develop the equations.

Nemographs can be developed from the regrassion equations which can be used
to predict storage life of the product under different storage conditions by
ralating oxygen uptake to taste pansl ratings., However, the data were obtained
over A six month period and extension beyond that time cannot be justified.
Furthermore, variations in raw materials, precessing, and handling plus inherent
variations in the subjective ratings obtained by taste panels rule out using the
equations for anything more than generalized conziusiona regarding storage
stability of the eight products.

Correlation coafficients (v) were calculated for the linear regression of
time on the log of mol fracticn oxygen remaining (Table 23). 1In all cases except
for chicken stew at 40 F., the coefficients are significant at the 1 percent
level et each temperature. With chicken stew at 40°F. the oxygen uptake was 30
low that the points tend to cluster since the experimental error was of the same
magnitude &s the effect. The coefficients indicate a good linear relatiocuship,

a relationship usually considered a criterion for a first order r- ction. This
would indicste that the reactions involved are differont from those usually
associated with the normal oxidative rancidity of meat.

The results of this study confirm the adverse effects of oxygen uptake by
freeze~dried combination items, and reinforce Armed Forces specification
requirements restricting headspace oxygen to 8 maximum of 2 percent for
operational rations where lengthy storage under possible adverse conditions
must be anticipated. However, results also show that certain products are
mové resistant to oxygen uptake than others. Investigation of these differences
should lead to improved product formulations which would permit a larger margin
of error in handiing and packing.
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Table 9, Analysis of Variasnce Raesults for Bight
Combinstion Maat Items Stoved st 100°F.

et Am‘a&\g'(t::

[

Vacuum torege Tiuw Vacuim X Stexage Time
Product Flavor] 0JoT [TeXturs f Fiavor m me
Beef Hash rX 2% N.8, 1% 2% b =X RE n.3.
Beef Stew X% xX x XX % 23 x n.e.
Beef with Rice 2% n.84 n.s, xR %% ®X n.8,§ nN.84 T8,
Chicken and Rice b3 xX == xx xz x% b4 RZ n.8.

J Chicken Stew xX *% n.s. xR X% H% e == B.8.
Chili Con Carne xx% xx x xX b3 XX xx® ®x n.eg.
Pork with Potatees =X X n.s. xx b N8, xx XX n.s.
Spaghetti with Meat

Sauce x% P+ 4 X po 4 *% X% el ®x xR

xx Significant at the 1 percent level

% Significant at the $ percent level

n.s, Not significant at the 5 percent level

13
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Table 10.

Correlation Cosfficients (r) for Oxygen Uptake
vs, Technologicel Pamel Results

Product Flavoy Odox Texture
Beaf Hash 0.873% 0.823 0.578"
Beaf Stew 0.852%% 0.879™* 0.732%%
Beef with Rice 0.766™" 0.657" 0.363"%°
ghicken and Rice 0.876™" 0.920" 0.648""
Chicken Stew 0.830™ 0.823°" 0.193"%
Chili Con Carne 0.585™" 0.667" 0.344™%
Pork with Potatoes 0.887°% 0.853%" 0.499""
Pt Saven 0.859"% 0.889 0.937

x Significant at the 5 percent level

xx S8ignificant at the 1 perecent level

n.8, Not s2ignificant at the 5 pezrcent level

DF 27
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Table 11. Linesr Regression Equations for Ml. Oxyi=a Uptake {x)
ve., Flavor Rating in a 9-point Scale (y})

Beef Hash

Beef Stew

Beef with Ries
Chicken and Rice
Chicken Stew
Chili Con Carne
Pork with Potatoes

Spaghetti with Heat Sauce

y = 5.86 - 0.035x%
vy €.46 - 0,032%
y = 6,536 « 0.035%
y @ 6.35 -~ 0.023x
y = 6.17 « 0.030x
¥ m 6,18 « 0,024
¥y = 5.81 = 0.024x
¥y = 5.54 ~ 0,035

15
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Table 20A.

Combined Percenteges Components of Variance

A4 B+ AB 51.8 59.1 75.2 76.3 59.0 52.1 70.1 51.0
A4 C+AC 76.2 73.2 39.4 20.5 26.8 69.5 54.0 87.1 _j
B+ C+ BC 25.6 29,0 44.5 31.7 48.3 41.0 24.5 17.1 ‘!
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Teble 21, Percentage of oxygen available taken up
by product packed in air and held 24 weeks

Tenperature
Product 10097, 70°F. 4O°F,
Baef Hash K} | 10 7
Beef Stew 83 65 17
Beef with Rice 95 53 45
Chicken and Rice 9% 11 5
Chicken Stew 95 16 7
Chili Cun Carne 57 31 29
Pork with Potatoes 99 92 26
Spaghetti with Meal Sauce 93 94 93
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Table 22, Multiple Regrescion Equations with Oxygen
Availsble, Temperature, snd Tim2 as
Independent Variables and Oxygen Uptake as
the Dependent Variable

Xy = Oxygen available in wl/125 gms. product (0 to 160 mi)
X, = Temperature in %P, (40 to 100°R)

Xg = Time in weeks (0 to 24)

Y~ = Oxygen uptake in wl/125 gms. product

Product Coafficients Equation¥
Ry23
Beef and Rice 0.787¢ Y = 0.07%; + 0.11X, + 0.39%; «~ 9.30
Beaf Hash 0.734¢8 Y = 0.19% + 0.18%y + 0.98X3 - 19.14
Beef Stew 0.7878 Y = 0.26%; + 0.22X, + 1.33X; 21.14
Chicken ¢ad Rice 0.6123 Y = 0.18%X; + 0.32X, + 0.64Xq = 27.00C
Chicken Stew 0.6680 Y = 0.13%; + 0.29X, + 0.74Xy = 23.84
Chili Con Carne 0.7516 Y = 0.15X; + 0.12X, + 0.87X, = 14.03
Pork with Potatces 0.7295 Y = 0.36X; + 0.39%3 + 1.20%3 = 36.13
Spaghetti with Meat Sauce 0.7599 Y = 0.38%; + 0.17X%y + 1.45X4 = 26.68
|53
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Table 23. Correlation coefficients (r) for time vs,
log mol fraction or oxygen remaining at
three temperatures

Product 100°F. 70%1?. 40°F,
Beef Hash 0.741 G.672 0.669
Beef Stew 0.916 0.659 0.738
geef with Rice 0.680 0.761 0.734
Chicken and Rice 0.855 0.449 0.540
Chicken Stew 0.576 0.761 0.201
Chili Con Carne 0.846 0.624 0.841
Pork with Potatoes 0.541 0.824 0.733
Spaghetti with

Meat Sauce 0.863 0.854 0.686

Significance at 5 percent level v = 0.367
Significance at 1 percent level r = 0.470

DP = 27
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11 SUSPLEAMENTARY NOTXS 13. SPONSORING MILITARY ACTIVITY

0. 8. Army Ratick Laboratories
Ratick, HA OL760

T8, ABITRACT
- Right freeze~dried combination msat items used 2¢ wain coaponsnts in tha Food
Packet, Long Range Patiol ware packed with different amcunte of oxygen in tha
headspace ges and stored at 100, 70%, 40°F. with withdrawals &t 0, 2, &, 12 and 264
weaks. The eight items ware beaf hush, besf stsw, bheef with rice, chicken and rics,
chickan stsw, chili con carne, pork with potatoes, and spagheiti with msat sauvce.
Oxygao uptake wes determined. With the product storsd at 106°F., ths product was also
evaluatsd by & l0-wember techmological panel and the rehydration ratio deterwmined,
Regression analysis showad that flavor and odor correlated highly with oxygen
uptske and the slopes of the regression linss ware almost identical for the eight items
No corvelation was found betwesn rehydration ratio and oxygen uptake. Anmalysis of
variance indicated that vacuum, temporstuve and time had significant effscts on oxygen
uptake, but the relative importance of temperature agnd tims was differsmt for
different products. Hultiple linesr regression equations were derived using oxygen
available, temparature, and time as indepandent varisbles and ozygsn uptake a3 the
depoandent variable. The multiple corraeletionm cotfficienta venged betwsen 0.61 aad
06.7%. Bighly significant linesr correlation coefficients were feund with the
§ xegression of time on log mel fraction of oxygen remaining. This indicatas that the
oxzygen uptake reactions have attributes of & firast oxder rasction.
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14. LINK A LINK D LINK C
KEY wORDD
ROLE wT "o T wT ROLX LAd

Oxygen 6 5
Preeze dried foods 7 9
Meat 7 9
Storage stability 7 8
Food packaging & 4
Temperature 6 5
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