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Effect of Oxygen Uptake on Quality of Cboked, Freeze-Dried Combination Foods

J. M. Tudmy, L. C. Hinnergardt, and R. L. Helmer

The effect of oxygen uptake on the quality of eight
cooked, ireeze-dried combination items used in
. Armed Forces operatiopal rations was determined.
The products: were packed in cans with different

vacuums and stored at 100° F,. Evaluations made at

- intervals during a six-month period included tech-
nological panel ratings, rehydration ratios, and anal-
ysis of headspace gas.  Positive statistical correla-
tions were found between oxygen uptake and flavor

and odor ratings. Slopes of the regression lines
for all eight items were almost identical. However,
no correlation was found between oxygen uptake
and rehydration ratios. Several items exhibited
antioxidant properties which suggests that further
work on formulations combined with oxygen up-
take studies will result in improved storage charac-
teristics for this type of freeze-dried products,

dried foods have been noted by many investigators.

Sharp (1953) mentioned that dehydrated meat must
be kept in an -oxygen-free atmosphere. Harper and Tappel
{1957) pointed out that a large quantity of oxygen is absorbed
during the deterioration of freeze-dried beef, buit they did not
draw any conclusions as to a practical limitation on oxygen
to ensure storage stability. Wuhrmann ef af. (1959) and Tap-
pel ez al. (1957) noted that the storage stability of freeze-
dried foods is improved when the foods are packed in a nitro-
gen atmosphere. Olcott (1962) stated that there is a rapid
loss of palatability when freeze-dried meat and fish are stored
in oxygen or air. Smithies (1962) stated that in an oxygen-
free atmosphere, freeze-dried meat products. suffer only a

. a dverse effects of oxfgen upiake on the qiiéﬁty of freeze-

slow change in quality over periods of several months but air

storage of these products can bring about spectacular de-
creases in'rehydration. - In general, three major factors deter-
mine the type and extent of deterioration reactions in freeze-

dried foods: residual moisture level, headspace oxygen con-

tent, and duration of storage at elevated temperatures {Thomp-
son ef af., 1962),
rioration of freeze-dried beef, chicken, carrots, and spinach,
it was found that exposure to oxygen was the most significant
factor in degradation of freeze-dried products stored at cle-
vated temperatures (Roth ef af., 1965). - o

The deteriorative reactions which occur in freeze-dried
meats are not the typical oxidative rancidity reactions such
as those that occur in fresh and frozen mieats. Andrews and
Trenk (1962), using a ‘model system approach, established
that interactions occur between proteins and autoxidizing
unsaturated lipids and that cross-linking of proteins takes
place. Andrews and Thomson (1962), Andrews er al,
(1965), and Karel and Tannenbaum (1966) continued this
work and have shown that several naturally occurring prod-
ucts exert substantial antioxidant activity in preventing the
reactions, :

Both Roth er al. (1965} and Hanson (1961) showed _that
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.minimize processing variations.

* : wHHpLrat J2OMDP- - than 2%, moeisture and the vacuum in the chamber was broken
However, in an investigation into the dete- .

'ﬁ‘eeie-dric}:d foods vary in their tolerance to oxygen. Since

foods are complex miixtures, it could be expected that some
should be more resistant to oxidation than others. For this
reason and because the lower the headspace oxygen specified
for freeze-dried foods, the higher the cost, it was decided to
test the oxygen uptake and resulting organoleptic propertics
of ¢ight freeze-dried combination foods used in military
operational rations and similar to some contemplated for the
commercial market. The items tested were beef hash, beel
stew, beef with rice, chicken and rice, chicken’ stew, chili con
carne, pork with potatoes, and spaghetti with meat sauce.

' EXPERIMENTAL

The products were made in accordance with Interim Pur-
chase Description IP/DES $-36-6 Food Packet, Long Range
Patrol, dated April 20, 1966. The total amount of each prod-
uct needed for the investigation was made 'in a single baich
and dehydrated in one freeze-dehydrator chamber in order to
Dehydration was to less

with nifrogen. Freeze-dehydration conditions were 120° F.
platen temperature with radiant heating and a pressure of 400
microns. Packaging was in No. 21/, cans and was accom-
plished within four hours after the dehydrator was opened.

Twenty-five cans each containing 1235 grams of product were
closed ‘at- each vacuum. . Vacuums used were 30, 28, 26, 24,
22, 20, and 0 inches. - The cans closed at 30 inches were
evacuated three timies with 30 seconds dwell each time and
flushed back with nitrogen the first two times. The other
cans were closed as soon as the gauge indicated the required
vacuum. The vacuums actually attained corresponded to
approximately 1, 2, 3.5, 5, 6, 7, and 219 oxygen if the cans
had been gas packed..  The cans were then stored at 100° E.
and five cans of each vacuum withdrawn for evaluation at 0,
2,4,12, and 24 weeks. The storage temperature is a standard
requirement (with storage for 6 months) in development of
freeze-dried meats for Armed Forces use. - Moisture content.
of the stored product was 1 to 2% o

Headspace gas analysis was performed by chromatographic
means in accordance with the procedure outlined by Bishov
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overnight. - Sample size was 250 to. 500 pl.- Experiénce in-

dicates an-anticipated ertor for the method of approximately;:
£0.25%. Resulis for the ﬁve cans of each level were averaged

for reporting purposes.

- Total headspace volume in the can was determmed by_.

compressing 125 grams of product in a Iaboratory. press, at
5000 lbs.
the volume of the résulting bar from the total volume of the
can. This method is not completely accurate; however,

since the volume of headspace was so large in comparison with |

the absolute volume of the product and the evaluations were

made by a taste pane] any resultmg error was consmered in-

significant,.. . .

- Taste panel evaluatlon was  fnade by a IO—member teeh-
nological panel rating the product on a 9-point scate for flavor,

odor, and: texture where the highest numbér was the most.

. aceeptable, . The ‘sarrie panel was used for all ‘evaluations.

Product was rehydrated with 180° F. water for 5 minutes' for-

tasting. - Product in the cans.used for the chromatographlc
analyses was uséd for the panel evaluation.

Rehydratron value was obtainéd by rehydratmg 125 grams S

of product with water at 180° F. for 5 minutes, draining the

product for 1 minute on a wire screen with He-inch square -
openings and reweighing.- - Rehydration ratic was calculated:
as; werght of- rehydrated produet dmded by we;ght of dry_
o product :

RESULTS AND DISCUSSION

Table I shows the oxygen uptake and averags panel ﬂavor: '

ratmg_s for_’ the eight 1ten‘_ls “Analysis. of the data for flavor,
odor, and texture showed that flavor was the conirolling vari-:

able in that it was the first one to show a srgmﬁcant decrease '

as the oxygen uptake increased.

Amalysis of variance results for Havor, odor and texture .
{Table 1) show that oxygen’ available and storage time at

elevated teimperatures are two important factors in the de-
 terioration”of freeze-dried foods.

- show a 51gn1ﬁeant effect for odor ‘and texture with vacuum
nor any’ vacuum X storage Interaction.

direction as the main effects:

ranges :

- The Duncan Multlple Range test shows that thh five of

the eight ifems there is no significant difference at the 1%

- level between the flavor rating means at full vacuium through
-Chicken and rice, beef with rice, and chili con-

26 inches.
carne show no significant difference between full vacuum and

20.inches, which would suggest that these three items are fess.
For all eight products i :
" Slopes of the lines are dissimilar and there does not seem to be

- gensitive to oxygen than the other five,
where vacuum is shown to be significant in Table II for odor

.and texture;, the Duncan Multiple Range test shows that there -
is no significant difference between full vacuum and 20 to - of th _ ,
_ investigate thé mechanism of oxidation, but rather to deter-

22 inches. ' Thus, in an over-all evaluation of the effects of

available oxygen on the products, the eﬁ‘ect on ﬂavor would

be thé controlling factor. )
Regression analysis shows that ﬂavor and odor ratmgs by

the technological panel are highly correlated with the oxygen
uptake (Table III). 'Texture ratings did not correlate as well.

-Slopes of the regression liries for flavor and odor of all eight
items are almost identical (Table FV) indicating that a- given

Prior to analysis the cans were brought.
to room Bxessure with: nitrogen and altowed to equilibrate-

per :sq. inch- for 10 seconds: and - subtracting - -

. eP> 001 DF,=2T..

Beef with rice does not

This is uridoubtedly
because of the comparatively low 0xygen uptake of this prod-~ -
- uet, Vacuum X storage t_rme. interactions were. srgmﬁcant ;
for flavor and odor with the other products and in the same
Rehydration: Fatios . were not’
significantly’ different over the full vacuum’ and storage time_ :

Table IIIL. Correlation Coeﬂ”lcrents (r) for Oxygen Uptake
vs. Technological Panel Results ’

* Product " Flaver - . Odor - Texture
Beef hash 0.873= . 0.823= . 0.578.
Beef stew 0.852¢ -. 0.879= . . 0.732= )
Beef with rice 0.766% 0.657= 0.363%s.
Chicken and rice * 0.876% 0.920= 0.648 i
Chicken stew -/ 0.830- 0.823= 0.193%s:
Chili con carne - . - 0.585% 0.667< - 0.3447s
Pork with potatoes © 0.887. 0.853= 0.499: -
Spaghetti with meat sauce.  0.859¢ 0.8892 . - "0, 937“

«P>00L DF. =27

(s Not srgmﬁcant at P > 0.05. )

Table IV. Linear Regressmn Equanons for Ml Oxygen -
Absorbed {x) vs. Flavor Rafing on a 9-Point Scale (y) o

s . Preduct - Equation-

" Beef hash y = 5,86 = 0.035x
Beef stew’ - y = 6.46 — 0.032x

. Beef withrice "~ - y'=6.56 =~ 0035 . -
Chickeri 'and rice y=06.35=0023x . ¢
Chicken stew Ly = 6.17—0.030x

" Chili con cdrne’- - -y = 6.18— 0.024x
Pork with potatoes sy =581 — 0.024x
Spaghetti with meat sauce y = 5.54 — 0.035x

Table V Correlatlon Cocfficients () for Time rs. Log
T Moi Fraetmn of Oxygen Remammg B

Corre!aﬁon :
Product Coefﬁclent (r)
Beef hash 0,741
Beef stew - ©0.916%
- Beef with rice . - 0.680%
©\ Chicken and rice -0.855¢%
.. Chicken stew. 0.876% -
"> 'Chili con carne - 0845«
Pork with potatoes : 0541
Spaghetti with meat sauée - 0.757« -

oxygen uptake will resuit inan eqmvaient decrease in organo- .
leptic ratings for each product. . However, the rate of uptake -

*is not the same for all items. . For example, at the end of 12

weeks at 100° F. in air pack -chicken stew. had an:oxygen
uptake of about: 37% of that" avarlabi_e... Under the ‘same
conditions the uptake of spaghetti with' meat sauce was about -
9397, 'With the excéption of beef and rice énd chili con carne, |

‘all of the items had an oxygen uptake of well over 9037 by

the énd of 24 weeks. Beef and rice had an uptake of about
319 and chili con carne about 577 in- 24 weeks,  This

: suggests that these two rtems possess better antsoxrdant prop-

ertres

- To gam further msrght mto the oxygen uptake, the regres-,
sion of time ps. log of mol fraction of oXygen remaining was
calculated for each . product..: Correlation cocfficients. are
shown in Table V and ‘indicate’ a. good linear relationship. -

a relationship between the slope and antioxidant properties .
of the products.. This study, however, was not designed to

mine, the effects of the oxygen _uptake upon organoleptlc
ratings. .

‘The results of thls study clearly corfirm the adverse effects .

of oxygen uptake in freeze-dried combination items, and re: )
inforce Armed Forces specification requirements restricting

headspace oxygen to a maximurm of 2 % for operational rations -
- where lengthy storage under possible adverse conditions must
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Table 1. Oxygen Uptake and Flavor Ratings for Elght Combmatlon Meat Ttems durmg 24 Weeks "
_ at 100° F. with D;[ferent Amounts of Oxygen Availables P

Vaéilum; . B Pt e o . S Sl . : TR -
. T O R PR ¢ T ¢ 1) AR 02 _. . Q. e
Time; " uptake, ' Flavor uptake, Flavor -uptake, Flavor wuptake, Flavor - uptake, . Flavor uptake,. Flaver' uptake; FIavor
Weeks mb | rating ml, rating- mlL- rating ml, - rating mi, rating _ _ml_ rating - ml  rating -
o R S " Beef Hash L o - ' Sl
2 2300063 3. 6.6 4. 56 7. 6.2 8§ 57 70554 5
4 3+ 61 7. 6.1 10 6.3 14- 4.7 14 5.5 19 6.0 43 .. 4.3
12 -5 6.3 0. 5320 . 6 . 4.4 20 - 5.2 21 4.7 21 4.4 73 3T
24 27058 8 6.2 ' 16 55 - 26 . 39 27 4.4 30° 4.9 131 1.6
, L e . BeefStew - '
‘0 L0 650 ) ' g
2 1o 6.9 11 6.4 - 16 7.1 21 6.6 22 6.4 28 - 3.7 49 4.5
i 2 6.7 .62 <22 6.3 20 4.4 31 5.6 35 4.6 22743
12 5. 6.4 14 6.3 25 5.4 34 4.9 42 4.4 55 .43 108 - 3.3
24 6 66 15 6.3 26 1 6.2 35 4.8 44 4.2 .5 .50 154.7.2.3
L KRN S ~ 1 Beef with Rlce . S sl FERER
CO 0 e S : o TR :
Co2v 0T 70 1763 2 6.4 3.0 587 0 37 6.5 6. 67 18 5.8
.4 1 7.0 5. .- 6.6 6 . 6.1 5 6.0 7. 6.1 8 . 6.3 24 5.1
120 6.9 7 .. 6.3 10 6.0 6 6.5 13 6.1 16 6.4 23 - 5.8
24 - S 539 1 6.4 . 14- .0 6.1 15 6.3 20 5.9 23 58 49 5.0
L _ Lo _ . .+ Chicken and Rice _ ' '
A 200 6.7 2-. - 6.6 7 6.3_ o7 6.2 § ‘5.8 10 - 6.0 50 . 5.4
4 3,64 50611 6600 13 5.7 16 6.4 19 6.0 41 4:1
12 - 0. 6.6 - 3 .52 13 5.9 .- 23 5.4 30 5.6 9. .. 52 137 - 3.3
24 4 6.3 6 6.2 1% 6.1 26 5.8 33 6.2 44 6.1 144 3.1
R sl : ' ChlckenStew ' o _ B
0 0T . ' S Tl R P S
2 6 6.4 367 "5 59 ) 9 - 5.7 10 5.8 16 6.0 24 4.9
o g 4 6.7, 11.- 6.5 9 6.4 . 17 4.7 20 6.3 19 6.1 33 4.9
12 ) 8 6.5 . 13 5.7 13- 4.7 - 20 4.6 26 -5.5 30 5.4 56 4.7
24_._" - 6.0 15 5.5 21 .0 5.1 347 4.5 38 4.6 56 4.1 N 143 - 2.5
T AT ST ' " Chili Con Carne . ' L o
2 4 6.6 . 363 4 6.0 10 . 6.2 I 6.1 9. 5.6 21 - 5.2
o4 462 20 6.0 7 6.5 9 6.0 9 5.3 0. 5.8 30 3.9
12 ' 662 63 14 6.1 17 - 5.3 207 . 4.9 . 18 . 49 62 3.1
24 __5 o 6.5 7. 6.1 2t - 6.2 28 6.1 36 6.0 037 7 5.4 89 5.5
SRR . o L Porkmth Potatoes R e '
0 0 64 _ = _ S T _ o
2 0 6:4 - 4. .58 10 - 6.1 16 58 1 5.3 - 23 4.6 c 420 3.5
-4 2. 6.4 ) 6.0 4. 55 3t 4.5 39 45" 47 3.8 148_' 2.4
S12 o2 C 6.2 5 6.1 - i6 5.7 300 4.7 4t 4.4 50 4.1 . 150 2.1
24, 2°0 .50 6 - 6.0 1 17 6.0 30 47 .4 5.0 50 4.3 138 3.1
o o ' e Spaghetti with Meat Sauce' S i :
0 0 ." 6.3 : TR _ L
2 3 6.3 6. 3.3 - 4 6.0 4 4.6 7 5.0 ‘5 5.1 44 31
4 2 58 0 59 4. 52 7 5.1 8 46 10 47 .- 61 29
12 3 6.5 6. 59 it 6.2 15 7 5.2 18 48 22 4.3 143 1.4
24 6 63 . 10 - 6.0 17 5.4 24 3.4 33 3.2 39 2.5 - 147 1.0
e Flavor ratmgs are the average of 10 résponses; Oxygen uptake is for 125 grams of- product and is the average of 5 determmauons ‘ :
- TFable II Analysis of Varlance Resuits for Elght Combmatmn Meat Ttems- .
S o Vacnum“' : . . Storage Time= . VacuumXStorage 'Ilme" :
" Product’ Flavor Odor . - Texture.  Flavor . Odor . - Texture - - Flavor Odeor. Texture
Beéf hash B a . al ns,” a S a Ta a a~ - ns.
Beefstew ~..0: © -~ a4 b: Ca a. - b a- .. b ns,
Beef with rice ’ S osa v IS, - ns.. a a a IS, - ns,. - n.s.
Chicken and rice - a- a - a- - a. a-. b . a . a .- ons.
Chicken stew i a . ns. . a a . a i a . oms. .
Chili con carne ) -a a b a’ a a a a LLonst
Pork with potatoes - a. a ns. - a a s, . ‘a- | n.s.
Spaghetti with meat Lo o ' ' ' Lo
L osauce o a’ a LA a a -d a a Coa

“a, P> 0.01; b, P> 0.05; n.s, not significant at P > 0.05.

1362 J. AGR. FOOD CHEM.



o

be anticipafed. The results also show that certain prod'ucts,
such as beef with rice, possess antioxiodant properties-!maﬁcing

them less susceptible to oxidative deterioration than 4ther _

products. Investigation of these antioxidant propertres
should lead to improved fornmulation of other products
allowing for a larger margin of error in their handling and
packing. Since this study was conducted only at 100° F.,
storage stability of the products under other storage con-
ditions such as refrigeration cannot be established directly
from the results.

"LITERATURE CITED

_Andrews, F., Thomson D Contract No DA19-129- QM 1945,
Quartermaster Food and Container Institute for the Armed
Forces (1962).

Andrews, F. A, Thomson, D. A., Underwood, C. E., Contract
DAI19- 129-AMC-71(N), U. S. Army Natick Laboratories (1965).

Andrews, F. A., Trenk, B., Contract No. DA19-128-OM-1549,
Quartermaster Food and Container Isstitute for the Armed
Forces (1962).

" Bishov, S, I., Henrck A. S J. dmer. Oil Chem. Soc. 43, 477 (1966).

- Papers approved for publication.

Hanson, S, WZE, Ed.,

“The Accelerafed Freeze-drying Method of -

Food Preservatron,” p. 35, H. M Stationery Office, London, .

1961.
Harpeér, 8. C., Tappel, A, L., “Advances in Food Research,” Vol,
I, po 171, Academic Press, New York, 1957,

Karei M., Tannenbaum, S. R., Contract No. DAI9- 129- AMC—

QS4(N) U.s. Army Natick Laboratories (1966).

Oleott, H. 8., in “Freeze-Drying of Foods,” F, R. Fisher, Ed,,
National Academy of Sciences—National Research Councﬂ
Washington, D, C., 1962,

Reth, N., Wheaton, R.. Cope, P., Contract No. DAT19-129- AMC~.

13](N), 1J. 8. Army Natick Laboratories ( 1965},
Sharp, J. G., “Dehydrated Meat,” p. 98, H
London, 1953.
Smithies, W. R,
p- 191,
Council, Washington, D. C., 1962,

. M. Stationery Office,

, in “Freeze-Drying of Foods,” F. R. Fisher, Ed.,"
National Academy of Sciences—National Research -

Tappel, A. L., Martin, R, Piocher,E Food Technol. 11, 599 (1957).

Thompson, J. 8., Fox, 1. B, Ir., Landmann, W. A., Food Technol.

16, 131 {1962).
Wuhrmann,
36 (1959).

Received for review March 6 1969, Accepted sze 9, 1969, Tlr:s

paper reports research undertakeu at the U. 8. Arm v Nauck {Mass.y .

Laboratories and has been assigned No. TP, 608 in the series of
The findings in this report are not
1o be constred as an official Depariment of the Avmy position. )

£

VOL. 17, NO. 6, NOV.-DEC: 1969 1363 _

s

J. I, Simone, M., Chrchester, C. O, Food Tec]mol 13,

i
1
&



