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INIRODUCTION AND LITERATURE REVIEW

Food quality deteriorates during storage. Reduced moisture
and other stabilizing treatments during processing decrease but do
not prevent quality losses in dehydrated foods. Undesirable changes
which do occur include development of off-flavors, browning, fading
of pigments, decreases in water reabsorption and losses of nutrients.
Villota et al. (1980a) conducted an extensive survey of literature
with respect to storage stability of dehydrated foods. Organoleptic
properties were most often listed as a product's cause of failure,

i

Organoleptic Properties

Salunkhe et al. (1979) studied the effects of long-term storage
on the quality of freeze-dehydrated ration items in vacuum-packed
flexible pouches. Items studied included beef hash, beef stew,
chicken stew, spaghetti with meat sauce, chili con carne with
beans, chicken and rice, pork with escalloped potato, and beef and
rice. The products were stored at 40, 70, and 100°F and evaluated
by a 20 judge taste panel using a 9-point Bedonic scale at 0, 4,
16, 16, 20, 26, 32, and 44 months storage. Color, flavor, odor,
texture, and overall acceptability of all products stored at 100°F
and of chicken with rice, pork with escalloped potato, chili con
carne with beans, beef stew, and spaghetti with meat sauce, stored
at 70°F were significantly reduced at 44 months. There were no
significant reductions in quality of products stored at 40°F. All
products stored at all temperatures were acceptable quality, recieving
an average score of 5 or greater on a nine-point hedonic scale, after

1
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44 months. Beef stew, for an example received an original color
score of about 6.8. After 44 months storage the color scores were
6.5, 6.0, and 5.1 for 40, 70, and 100°F storage respectfully.
Flavor scores decreased in 44 months from an original 7.0 to 6.6 at
40°F, 6.1 at 70°F and 5.4 at 100°F.

Bishov et al. (1971) studied the quality and stability of
freeze—dried carrots, spinach, sweet potatoes, green peas, green
beans, white potatoes, apricots, peaches, pork loin, beef, chicken
dark meat, chicken white meat and shrimp in "zero" oxygen headspace.
"Zero" oxygen headspace was achieved using an atmosphere of 5%
hydrogen in nitrogen with a palladium catalyst to reduce any residual
oxygen. These foods were compared with identical products stored
in 0.5% oxygen, 1% oxygen and 2% oxygen. All samples were stored
at 100°F for 12 months. A 6-judge flavor profile panel reported
overall aroma arxi flavor amplitudes and defined specific flavor
notes and their intensities. Significant flavor deterioration of
carrots stored in 2% oxygen occurred in 1 week while flavor
deterioration of white potatoes stored in 2% oxygen was not detected
until 8 months. "Zero"™ oxygen samples were still described as
"fresh like" after 12 months. Color, odor and flavor of the freeze-
dried carrots were evaluated using a nine-point hedonic scale by a
12-member trained taste panel. No significant changes in color,
flavor or odor were detected in the "zero®™ or 0.5% oxygen samples
during the 12-month storage period. Under 1% and 2% oxygen, fading
of color was observed at 2 months. Color of these samples was

rated significantly lower than both the "zero” amd 0.5% oxygen
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samples at 3 months. Oxidized carotene odors were detected in the
1% and 2% oxygen samples and were rated significantly poorér than
odors from the "zero"™ oxygen sample after 2 months and 2 weeks
respectively. Differences in flavor from the "zero™ oxygen pack
were significant after 2 months under 1% and after 2 weeks under 2%
oxygen. In addition consumer panels consisting of 30 randomly
selected judges consistently preferred carrots, beef chunks and
chicken stew packaged in "zero" oxygen to the same products packaged
in 1% or 2% oxygen. Oxygen uptake of the products was monitored
throughout the study. Meat items which contain natural heme pigments
haé the most rapid uptake of oxygen. Highly pigmented wvegetables
(sweet potatoes, carrots and spinach) consumed oxygen more rapidly
than lesser pigmented vegetables (white potatoes and green beans).
The two fruit items, apricots and peaches had a very slow uptake of
oxygen.

Tuomy and Walker (1970) studied the effect of storage time,
moisture level and headspace oxygen on the quality of dehydrated
egg mix, Moisture was adjusted to 2.0, 2.5, 3.0, 3.5, or 4.0%.
Sanples were sealed in metal cans with 1, 7 or 21% residual oxygen,
and stored at 100°F for O, 3, 6, 12, and 24 weeks. Color, odor,
flavor, and texture were evaluated by a ten member trained taste
panel using a 9-point hedonic scale. Storage time, available
o£ygen and moisture level contributed significantly to the deterio-
ration of the color and flavor of the dehydrated mix. Storage time
and moisture had a significant effect on texture, however, oxygen

did not. Color deteriorated most rapidly under all comditions.
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Browning was evident in the product containing 2.0 and 2.5% moisture
after 24 weeks and the 3.0% moisture sample after only 12 weeks.
The authors recommended a maximum moisture content of 2.0% for
dehydrated egg mix,

Wong et al. (1956) studied the storage stability of vacuum—dried
tomato juice powder. Samples were packed in air, air-sulfited,
nitrogen (< 0.5% oxygen), vacuum (30 in. Hg), carbon dioxide and
air-albumen; with and without desiccants and stored at 70, 90, and
100°F for 6 weeks 3, 6, 9, and 12 months. As early as 6 weeks
taste panels detected grassy and oxidative off-flavors in all
air-packed samples. Off-flavor intensity varied directly with
increasing temperature and length of storage. A bleaching of color
was observed in all air-packed samples regardless of temperature.
Colors of all other samples were rated similar to or darker red
than the controls (nitrogen-packed and stored at -10°F). In-package
desiccant with an inert atmosphere appeared to be the best packaging
procedure.

Tomato products sometimes improve in color shortly after
procéssing due to cis-trans iscomerization of lycopene, (Boskovic,
1979, Lovric et al., 1970} . Exposure to heat during drying converts
some all-trans lycopene to cis-forms which are less colored. The
cis-isomers are also more easily oxidized. Re-isomerizaton to the
more stable all~trans form is favored by increased storage tenperature,
but so is oxidation. Better color retention was achieved at 68°F
than at 36°F or 14°F in foammat dried tomato powder samples stored

in air. An increase in tomato odor also occurred at 68°F. Color
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loss due to oxidation was reduced by nitrogen packing. As autoxi-
dation advanced the lycopene molecule was split into smaller molecular
fragments. Typical hay- or grass-like odors evolved. At 98.6%F
nonenzymatic browning occurred causing rapid darkening but no
significant loss of carotencid pigments.

Nonenzymatic browning leads to loss ©of acceptable color in
many dehydrated fruits and vegetables. Resnik and Chirife (1979)
studied nonenzymatic browning in dehydrated apples. Organic acids
in the apple catalyze degradation of fructose and glucose to furfurals
which condense with nitrogenous compounds to form brown pigments.
There was an accumulation of 5-hydroxy-methyl-furfural (5-HMF)
during heat induced browning. The apparent .acti\ration energy for
formation of 5-HMF increased with decreased moisture content. This
decreased reaction rate was due to reduced mobility of sugars and
organic acids which cataiyze the reacticn.

Draudt and Huang (1966) studied the effect of moisture on
browning of freeze-dried peaches and bananas. Samples were stored
at B2°F. Little browning occurred during 6 months storage at
noisture contents below 5%. Above 5% moisture browning increased
rapidly with increasing moisture content up to 12%. This browning
was believed to be nonenzymatic. Several carbonylamine browning
intermediates were identified.

Browning of dehydrated sulfited white potatoes, carrots and
cabbage was studied by legault et al. (1951). The rate of browning
was affected by both moisture and temperature. It was found that

the rate of browning in these vegetables increased approximately 6
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to 8 fold per 18°F rise in temperature. The effect of te:perature
became progressively greater with decreasing moisture content.
Rate of browning decreased between 1.2 to 4.6 fold per 2% decrease
in moisture. This effect of moisture increased as the product
approached complete dryness. Package atmosphere showed little
effect on the rate of browning in these three vegetables.

Mizrahi et al. (1970} studied the rates of browning in dehydrated
unsulfited cabbage at four different temperatures (86, 98, 112, and
126°F) and at seven different moisture contents (1.4, 2.1, 3.2,
5.6, 8.9, 11.7, and 17.9%) at each temperature. Browning increased
linearly with time, except in the low-moisture samples stored at
86°F. Rates of browning correlated with moisture and temperature.
Equations were devised by which storage at high moisture and temper-
ature can be used to predict ambient nonenzymatic browning of
cehydrated vegetables.

Earlier Gooding and Duckworth (1957} studied the feasibility
of accelerated storage test to predict the shelf life of dehy-
drated vegetables in tropical climates. The rate of browning in
dehydrated potatoes stored at 131°F was closely correlated to the
rate of browning at 98°F, only approximately 28 times faster.

The storage stability of freeze—dried, drumdried and air-dried
bananas was compared by Brekke and Allen (1967). Mo_isture content
was 17.5% for the air-dried sample, 3.6% for the freeze-dried and
2.7% for the drumdried bananas. Air-dried samples stored at 100°F
were black after 4 months storage. After 12 months, air-dried

bananas stored at 75°F were brown but those stored at S55°F were
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only slightly different than the freshly dried material. Drum—dried
and freeze—dried samples were acceptable after one year storage at
75°F. Differences were probably more related to moisture level
than drying procedure. A bitter flavor was detected in the browned
samples.

Dehydrated carrots stored in oxygen develop an off-flavor,
characterized by a violet odor. Falconer et al. (1964) established
a direct relationship {(correlation coefficient (.94) between the
loss of carotene and off-flavor development detected by taste
panels in dehydrated carrots. The off-flavor was thought due to
the formation of beta-ionone and other oxidation products of the
carotene., Walter et al. (1970) also attributed off-odors and
off-flavors in dehydrated sweet potatoes to oxidation products of
carotene.,

Dehydrated whole egg powders rapidly develop a characteris-
tic off-flavor during storage. To determine the origin of this
off-flavor, Fevold et al. (1946) fractionated whole eggs into
egg white, egg yolk, lipovitellin, livetin, acetone-soluble lipids
and crude acetone-insoluble phospholipids. Fractions were stored
at 36.5°F and later combined with unstored fractions to form whole
egg powder for palatability evaluation. The major off-flavor
arose from oxidation of the phospholipid fraction of the egg yolk.
Storage of the egg powder in carbon dioxide or nitrogen prolonged
its storage life.

Rancid flavor was detected by taste panels in air-packed
dehydrated potatoes stored at 73°F within three months (Sullivan
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et al. 1974). Samples stored under nitrogen did not exhibit a
flavor change. Potatoes with higher sugar content developed more
browning and a "toasted® or "burnt" flavor during storage.

Wuhrmann et al. (1959 studied the effects of storage temperature
and atmosphere on the stability of dehydrated soup mixes. Samples
were stored at 32 or 100°F in air or nitrogen. After one month's
storage there were significant flavor differences among the samples
due to both temperature and atmosphere. Samples stored at 32°F
were more stable than samples stored at 100°F. Samples stored
under nitrogen develqped less off-flavor than those stored under
air. The protective effect of nitrogen lessened as storage tine
increased. At 3 months the nitrogen-packed 100°F samples had more
off-flavor than its oxygen-packed counterpart. The effect of
temperature was enhanced with time while that of atmosphere became
insignificant.

Villota et al. (1980b) after conducting an extensive litera-
ture survey established a model correlating shelf life of dehydrated
vegetable products with storage conditions. The model postulated was:

in t¢ = a5 + a; (UT) + ay, (m — BET)
where te = time of failure, days; T = temperature, %Relvin; m =
moisture, gH,0/g sample; BET = monclayer moisture content, gHo0/g
sample; a,, a;, a, = constants. They theorized that only water in
excess of the monolayer value increased the mechanisms of food
deterioration. The temperature function is based on the Arrhenius
equation. Statistical fit was excellent in all cases where flavor

was the cause of failure. The correlation was less perfect in some
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cases where color was the cause of failure. Products packed in
nitrogen exhibited higher activation energies than their air-packed
counterparts. Activation energies for air-packed products were in
the range of lipid oxidation whereas those of nitrogen-packed
products were higher since failure was mostly due to nonenzymatic
browning. Differences between powdered foods which were air- and

nitrogen-packed were less, possibly due to oxygen entrapment.

Nutrient Stability

The same conditions that determine sensory acceptability
(oxygen concentration, moisture content, temperature and time of
storage) , also affect overall nutrient retention in dehydrated
foods .

Tressler et al. (1943) conducted an early study on vitamin
loss during storage in dehydrated vegetables. Dehydrated rutabagas,
beets, cabbage and potatoes were packaged three ways: 1) in tightly
closed glass jars, 2} under carbon dioxide in tightly closed glass
jars and 3} in either moisture-proof cellophane or pliofilm bags
and stored at -40, 33, 58 and 75°F. Thiamin was stable for three
to four months under all conditions studied. Carotene and ascorbic
acid were stable at -40°F but had considerable loss at higher
tenperatures. Rutabagas stored at either 58 or 75°F lost over 50%
ascorbic acid in 4 months and 70% carotene in 12 months. Storage
under carbon dioxide reduced the rate of carotene loss but had
little effect on ascorbic acid loss. Moisture content of the

vegetables studied was 5-9%.
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Morgan et al. (1945) studied the nutrient loss in vegetables
during dehydration and storage. Carrots, spinach, broccoli, green
peas, and snap beans were dehydrated, stored in tightly closed
glass jars at 32, 68, and 86°F and evaluated for nutrient content
after 3 to 4 months storage. Insignificant amounts of ascorbic
acid were lost from spinach and carrots stored at 68°F for 4 months.
Broccoli stored at 68°F for 3 months lost 40% thiamin, but spinach
had negligible thiamin loss. No further storage data was reported.

Mallette and Dawson (1946) studied vitamin loss in dehydrat-
ed cabbage, Irish potatoes and sweet potatoes stored under controlled
conditions of temperature, moisture, and atmogsphere. In carbon
dioxide-packed cabbage stored for one year, there was no signifi-
cant loss of thiamin, even at 95-100°F. Ascorbic acid content
remained relatively constant at 40-50°F. Fifteen percent ascorbic
acid was lost at 70-80°F storage, and over 80% in just 6 months at
95-100°F storage. Potatoes lost considerable ascorbic acid during
dehydration. The remaining ascorbic acid deteriorated rapidly
especially at high storage temperatures. Sweet potatoes lost 60%
ascorbic acid but only 20% carotene in 4 months at 95-100°F.

Heberlein and Clifcorn (1944) studied the effect of packag-
ing and storage on the vitamin content of eleven dehydrated fruits
and vegetables. Samples were packed in air, carbon dioxide or
nitrogen in sealed metal cans or packaged in paper cartons and
stored at room temperature (75-80°F), 96°F or 130°F. They were
evaluated at 2 weeks, 1, 2, 3, 6, 9, and 12 months. Ascorbic acid

and carotene were better retained in inert atmospheres. Carbon
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dioxide protected as well as nitrogen. Storage atmosphere had no
significant effect on thiamin, Increased storage temperature
adversely affected the retention of all three vitamins. Vitamin
content in most products declined rapidly at first and then leveled
off between 3-6 months.

Betg—carotene

Walter et al. (1970) studied the autoxidation of carotencids
in dehydrated sweet potato flakes (DSF) using 14C-beta-carotene
to identify the end products. Approximately 75% of the beta-car-
otene was stable, however that befa-carotene which was not stable
was rapidly oxidized to lower molecular weight products, some of
which were volatile. These volatile oxidation products were respon-
sible for the off-odor ard possibly the off-flavor asscociated with
stored DSF. They postulated that most of the carotene was protected
by being embedded in an oxygen impermeable mass.

Beta—carotene decoloration was studied in low moisture micro-
cryst;lline cellulose with 5% beta-carotene systems by Chou and
Breene (1972)., Beta-carotene oxidation which decolorizes the
pigment was detected by changes ir spectral refiectance. Sanmples
were dried (held over solid CaCly) or adjusted to 0.44 water activity
(a,) and stored at 31, 68, and 95°F. Increased moisture in the
system reduced the rate of oxidation, whereas higher temperatures
increased the rate of oxidation.

Ayra et al. studied the effects of &, on beta-carotene degradation
in a model system (1979%) and in dehydrated carrots (1979b).

Beta-carotene inpregnated cellulose powders were adjusted to 0.00,
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0.22, 0.33, 0.43, and 0.73 a, and stored in dark desicc‘;tors at
room temperature. Oxygen was replenished every other day by opening
the desiccators for two minutes. Beta-carotene degradation signi-
ficantly decreased with increased a, even at levels above the
monolayer of moisture. With dehydrated carrots treated similarly
the maximum stability for bheta-carotene was at 0.43 a, (8.8-10.0%
moisture), above or below which carotene destruction increased
significantly. Increased mobility of catalysts and exposure of new
sites due to swelling were thought to account for the increased
destruction at higher a,.

Haralampu and Karel (1983) studied the effect of &, on beta-
carotene degradation in dehydrated sweet potatoes. A, ranged from
0.02 to 0.75. Befa—carotene degradation was inversely proportional
to a, throughout the entire range. Contrary to the results of Ayra
et al. (1979 in this food system there was no increased degrada-
tion at high a,'s.

Goléman et al. (1983) studied the decoloration of 0.4% hLeta-
carotene on microcrystalline cellulose stored at 95°F. Headspace
oxygen ranged from 0 to 20.9% and a, ranged from 0 to 0.84. The
presence of oxygen in the headspace was a critical factor in betg-
carotene degradation in the dry system, even at low Oxygen concen—
trations (1.0-2.0%). Forty percent beta—carotene was lost in 40
days at 1.0% oxygen and 70% at 2.0% oxygen; however, degradation
was only 12% in 60 days at 0 headspace oxygen. The effect of
oxygen was also evident at high concentrations (10.0-20.9%). The

limiting factor was the absorbed oxygen, a function of partial
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pressure and the nature of the absorbant. Increased &, reduced the
rate of oxidation throughout the entire range tested.

Beta—carotene decoloration at low oxygen was studied by Teixeira
Neto et al. (1981). The model system used was a mixture of 10%
microcrystalline cellulose with nonfat dry milk, coated with a 3%
beta-carotene in chloroform solution and stored at 98°F, In the
1.0-2.0% oxygen range, rate constants were a function of the headspace
oxygen concentration; however there was little change in the rate
constant from 2-21% headspace oxygen. In this system the protective
effect of lower oxygen was substantial only at concentrations below
2.0%.

Kinetic equations for bg;a—carot'ene degradation accounting
for both the effect of oxygen and moisture were formulated by
Saguy et al. (1985), using microcrystalline cellulose model systems.
The predicted retention correlated well with observed retention.
Degradation occurred faster under conditions of depleting oxygen
than at static conditions where oxygen was constantly repleted.
Oxygen content of dehydrated foodstuffs in sealed containers is
depleted during storage due to oxidation.

Stephens and Mclemore (1969) stored dehydrated carrot flakes
for two years at 68°F. Beta-carotene m carrot flakes packed
in nitrogen (less than 2% oxygen) decreased from 1200 to 1050 ppm
in two months whereas carrot flakes packed in air decreased to
400 ppm in the same amount of time. PRBeta-carotene content thereaf-

ter remained constant in both samples.
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Ramakrishnan and Francis (1979) studied carotencid stability
in model systems of cellulose or starch equilibrated under different
relative humidities and stored at 77°F in dark glass bottles. Air
was added periodically to ensure sufficient oxygen. Water exerted
a protective effect in both systems. Starch also had a protective

effect against carotenoid oxidation.

Ascorbic Acid

The effects of moisture and oxygen on ascorbic acid reten-
tion in dehydrated orange juice were studied by Karel and Nicker-
son (1964). Samples we‘re adjusted to various a,'s, packed in air
or thoroughly deaerated under vacuum (absolute pressure less than
100 microns) and stored at 98°C. Ascorbic acid destruction in-
creased with increased moisture. Increased moisture decreased
"sample viscosity" which increased mobility of the reactants, thus
increasing the rate of ascorbic acid destruction. The effect of
oxygenh was insignificant.

Destruction of ascorbic acid in dehydrated tomato juice (DT
was studied by Riemer and Karel (1978a). DIJ samples were stored
at 68, 98 and 124°F at a,'s of 0.11, 0.32, 0.57, and 0.75 and
oxygen concentrations of 0, 0.2, 3.5, 7.2 and 21%. Ascorbic acid
retention was a function of &, and temperature but not oxygen
concentration. These researchers later showed that the destruction
of ascorbic acid in DTJ is largely anaerckic, (Riemer and Karel
1978b) . Again there was no significant difference in ascorbic acid

degradation between air and O,-free storage. Under Op~free conditions

entrapped oxygen was not sufficient for aerobic degradation.
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Kirk et al., (1977) studied ascorbic acid degradation in a
model system similar to a dry breakfast cereal fortified with
ascorbic acid. Samples were packed in thermal death time (TDT)
208 X 006 cans (no headspace oxygen) or 303 X 406 enamel cans and
stored at 40, 68, 86 or 98°F. Ascorbic acid stability decreased
with increasing a,'s and temperatures. Under similar ay's and
tenperatures, rate constants for ascorbic acid destruction were
greater in 303 cans than in TDT cans, indicating an oxygen effect
in the destruction of ascorbic acid. A similar study by Dennison
and Kirk (1978) supports the oxygen effect on ascorbic acid degradation
in model food systems stored at room temperature or below. At 98°F
and above the solubility of oxygen decreases and there is no longer
a significant effect. Perhaps the absence of an oxygen effect in
dehydrated orange Jjuice reported by Karel and Nickerson (1964) and
DTJ reported by Riemer and Karel (1978aib) reflects a stabilizing
influence of low pH. Labuza and Tannenbaum (1972) suggest the
difference might be moisture related. At low moisture ascorbic
acid would be destroyed meinly by oxidation, but at higher ag's
nonenzymatic browning, which is independept of oxygen, would be the
predominating mechanism of ascorbic acid destruction.
Ascorbic acid degradation was dependent on the dissclved
oxygen concentration in a liguid model system at pH 6.1 (Eison-Per-~
chonok and Downes, 1982). The reaction rate was also temperature

dependent, occurring significantly faster at higher temperatures.
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Thiamin

Dwivedi and Arnold (1973) reviewed thiamin degradation in
food products and model systems. Temperature, pH and time of
storage are the most important factors affecting the loss of thiamin.
Thiamin in solution is destroyed via two pathways; 1) breaking of
the CHy "bridge" yielding the pyrimidine and thiazole moieties and
2) breakdown of the thiazole ring with the production of hydrogen
sulfide. Breakage at the methylene "bridge™ is the major pathway
in acueous solutions at pH 6.0 or below. At pH 7.0 and above,
hydrogen sulfide appeared to be a major product. In foods systems
thiamin may also be destroyed by reactions with carbohydrates in a
Maillard type reaction. This results in browning and the production
of off flavors. Proteins and soluble starch may protect thiamin in
food.

Dennison et al. (1977) studied thiamin stability in three
commercially prepared dry cereals and & model system simulating a
breakfast cereal. These were stored in TDT cans at various a,'s
and temperatures. Thiamin retention was approximately 100% after
eight months storage at temperatures at or below 98°F and a,'s at
or below 0.65. At 113°F and a,'s greater than 0.24 thiamin was
destroyed via Maillard-type reactions, and browning was very pro-
nounced. Samples were also stored in paperboard boxes which allowed
oxygen transmission. After eight months less than 2% of the thiamin
was destroyed, which suggested thiamin destruction in dehydrated

foods at 98°F is independent of oxygen.



17

Thiamin stability in pasta products was studied by Kamman et
al. (1981). Thiamin loss increased with increasing a, and storage
temperature. At a, 0.65 and 77°F approximately 10% thiamin loss
occurred during one year storage; at 95CF 40% was lost, and at
113°F over 80%. The authors concluded that at normal storage
conditions, with a,'s 0.44~0.50 and temperatures below 8°F thiamin
losses should be insignificant during 18-21 months storage.

Salunke et al. (1979) found thiamin loss to be significant
in freeze-dehydrated military rations stored for 44 months at
40, 70 and 100°F. Stored items included beef hash, beef stew,
chicken stew, spaghetti with meat sauce, chili con carne with
beans, chicken and rice, pork with escalloped potato, and beef
and rice. Thiamin losses were 2-9% at 7(°F and 10~20% at 100°F.
There was no significant loss of thiamin in items stored at 40°F.

The stability of thiamin in various dehydrated foods was
compared by Rice et al. (1944). When stored for 21 days at 120°F,
thiamin was retained 100% in dehydrated skim milk, 94% in meat-cereal
mixtures, 85% in ground whele wheat, 35% in dehydrated egg and
18% in dehydrated pork. Thiamin in dehydrated pork was readily
destroyed at temperatures of 98°F and above. Thiamin appeared to
be more stable in carbohydrate rich foods. Atmosphere had little
effect on thiamin stability. Increasing moisture increased thiamin
loss in dehydrated pork up to a maximm at 6% moisture.

Dehydrated foods are complex systems. In addition to storage
conditions, quality retention is dependent upon the initial quality

of the product, methods of processing, and component interactions
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specific to each product. The purpose of this study was to monitor
the quality of several dehydrated foods over an extended (three
year) storage period. The effects of storage temperature, time and
reduced oxygen on nutrient content and consumer acceptability were

investigated.

Materialg and Methods

Food system

Twenty commercially prepared low moisture products: apple
slices, banana slices, green beans, small white (navy) beans,
butter product, carrots, egg mix, nonfat-dry milk, rolled oats,
peach slices, peanut butter powder, potato granules, salad blend,
elbow spaghetti (macaroni), stroganoff-style casserole, tomato
crystals, vegetable noodle soup, texturized vegetable protein
(TVP) , whole wheat and baker's yeast, packaged in No. 2 1/2 or
No. 10 sealed metal cans were obtained from the Vacu-dry Company,
Emeryville, CA., (currently located in Sebastopol, CA.). Half
of the cans for each product were nitrogen-pack (less than 2%
residual oxygen); the other half were air-pack (17-21% oxygen).
Table 1 lists product description at time of pack. Samples were
shipped to Brigham Young University, Provo, UT, where they were
stored at 40, 70 and 100°F, and evaluated at 6, 12, 18, 24, 30,
and 36 months. At least 20 ounces {(one to four cans depending on
net weight) of each product per treatment, per time period were

stored.
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Residual oxygen measurement

The percent oxygen contained within each can was méasured
using an Altex Model #0260 Oxygen Bnalyzer. The electrode was
enclosed in a 10 ml disposable syringe with a can-lid piercing
needle on the end. The altitude change from Emeryville to Provo,
(4000 foot difference} caused pressure in most cans which flushed
and filled the syringe with the interior can atmosphere. Difficulties
arose when pressures were not adequate. Values recorded are the

average for each treatment.

Odor determination
The presence of off-odors was determined subjectively by two

or more experienced analysts immediately upon openhing the cans.

Clumping determination
Degree of clumping was determined subjectively using the
foliowing scale:
Light clumping - falls apart as poured from container.
Medium clumping - requires some moderate pressure to break
apart.,
Heavy clumping ~ will not unclump until pried apart or immersed

in water.

Sample preparation

At the completion of each storage period, samples to be tested
were transferred to 40°F storage. One product was opened per day
for the next 20 working days. All product from each treatment

(stroganoff and vegetable soup samples excluded) , was mixed thoroughly
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in a large bowl. Taste panel samples were placed back in the metal
cans, sealed with a plastic 1id and stored at 40°F until evaluated,
(usually a couple of days). An adequate-sized sample for the
analytical work was dry-homogenized in a Waring Blendor and stored
at -4°F in vapor proof polyethylene bags until time of analysis,

(up to 6 months) .

Moisture content measurement

Moisture content was determined by drying the freshly homoge-~
nized samples for a minimum of 12 hours in a vacuum oven at 176°F
under 25 inches of mercury, vacuum, Sanple size was that which
would nearly £ill a 57 mm aluminum weighing dish and ranged from

5-30 grams.

Beta-carotene determination

Beta-carotene content was calculated from the pigment absorption
at 450 nm after extraction and purification in acetone-hexane
(AOAC, 1980, modified; appendix A).

~Vitamin A in butter was determined by the Carr/Price method

(AOAC, 1980, modified; appendix B).

Thiamin determination

Thiamin was determined by the fluorometric thiochrome assay
(RORC, 1980) with modifications in column exchange resin (Retten-
raier et al., 1979) and phosphatase enzyme and extraction solvent
(MacBride and Wyatt, 1983) as detailed in appendix C.
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Ascorbic acid determination

Total ascorbic acid was determined spectrophwtametrically
using the 2-4 dinitrophenylhydrazone procedure of Roe and Kuether
(1943, modified; appendix D).

Taste panel

Approximately 25-30 panelists participated during each test
period. Of these panelists, B8-~10 were faculty/staff in the Food
Science and Nutrition Department, who changed slightly during
the 3-year study. The remaining panelists were university students
who participated throughout one testing period but changed from
semester to semester. Attendance of panelists was not always
consistent. Extras participated to insure at least 20 panelists.
Only 10-12 panelists were used at the 18 month evaluation. Panelists
were instructed to rate the product quality as a dehydrated food
but received nco other formal training. One product was evaluated
per sitting with one or two sittings per day. Samples were prepared
as specified in appendix E. Panelists were presented with all six
treatnents, identified only by three—digit code number, in a randomized
order and instructed to drink water between samples. Products were
evaluated for flavor, color, texture and overall acceptability.
Preference was indicated on a line scale with very poor at the left
and very good at the right (appendix F) . Marks were later translated
into a numeric percentage (0 very poor ~ 100 very good). Samples

were considered unfit for consumption and eliminated from testing
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if they received an average flavor score of less than 40 on the

previous period’s evaluation,

Data analysis

The data were analyzed using Rummage II (Scott et al., 1984) for
multiple analysis of variance and covariance. Fisher'é LSD was
used to determine significant differences between treatments.
Taste panel data were transformed using the arcsine (square root (x/100))

prior to analysis.
RESULTS AND DISCUSSION

Residual Oxygen

The mean residual oxygen of the air-packed samples is listed
in Table 2. Figures 1 -~ 4 show the effect of storage time on the
interior can oxygen of air-packed products. Initial values, taken
upon arrival of the products at BYU, are not included in the figures
but are listed in Table 2. Oxygen was depleted during storage due
to oxidation reactions. Products with original moisture content
below 2% (apple, 1l.7%: banana, 1.6%; butter, 0.8%; milk, 1.8%;
peanut butter, 1.2% H,0) showed slow oxygen uptake (average value
of 15% oxygen or more at 36 months) whereas many products with
original meisture content above 5% (macaroni, 9.3%; potato, 5.8%;
stroganoff, 6.4%; TVP, 6.3%; vegetable soup, 5.9%; wheat, B.7%;
yeast, 6.1% H,0) absorbed oxygen more rapidly (average value less
than 10% oxygen at 36 months). Carrots and eggs also absorbed
oxygen rapidly. This seems contrary to some literature (Haralampu
and Karel, 1983 and Ayra et al., 1979a & b} where oxidation was
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TABLE 2 - RESIDUAL OXYGEN IN AIR PACKED LOW-MOISTURE FOODS.

e mm AT mn EE me— tm g e —E mw W P WE mk A wm mea mm e W wm W R mel wel e SW s Se e A e S S

e —— e M wen v am —E me e e

| x OXYGEN
! 40 DEGREE | 70 DEGREE ! 100 DEGREE

TIME } N2 NO i N2 NO [ N2 ND

! } : H
A I & MONTH ! 19. 92 } 19.98 H 19,32
P ! 12 MONTH 1 19.75 i 19. 90 ' 20.67
P 1 18 MONTH { 20.58 i 20. 52 : 19,72
L 1 24 MONTH 1 19.87 ! 19. 60 f 16. 85
E ! 30 MONTH ! 18. 42 H 19. 40 { 18. 35
I 36 MONTH ! 20,50 i 20. 57 ! 18.095

! ! H H

! | ! |

{ ! H !
B! & MONTH H 18. 190 i 19.60 | 17,45
A 1 12 MONTH 1 21.57 H 18. 10 i 17. 47
N i 18 MONTH { 18. 90 1 17.63 1 12.83
A | 24 MDNTH ! 18.90 4 i6.20 { i6. 17
N I 30 MONTH ) i19.280 I 16.60 1 7.97
A { 36 MONTH t 19.63 I 16. 37 H 8.70

! | ' !

! t f I
B | B MONTH } 18. 30 : 19.10 i 17.6%5
U ! 12 MONTH H 18.95 t 18. 45 H 14,80
T ! 18 MONTH 1 20. 40 1 18. 30 i 17.55
T ! 24 MONTH 1 18.70 H 15. 40 i i4.80
E I 30 MONTH i 16.03 H 11.95 1 5. 90
R ! 36 MONTH H 18.05 i 13.00 H 13.70

t ! ! }

| i ! }

I H ! H
C ! & MONTH ] 18.17 | 17.57 ! 11.27
A 1 12 MONTH § 18. 30 { 15.33 ! 7.00Q
R { 18 MONTH i 15. 87 : 13.60 ! 4. 77
R I 24 MONTH ! 15.73 H 11.05 : 1. 37
O 1 30 MONTH } 17.13 : 13.50 : 2. 40
T ! 36 MDNTH ! 13.50 ! 11.73 i 2. 20

| ; H !

| ! ! !

: { ! }
i & MONTH { 18. 70 ! 17. 40 i 18.85
E ! 12 MONTH i 18. 80 i 14.65 i 15.95
G ' 18 MONTH ! 13.05 d 15. 935 H 20.10
G ! &4 MONTH H 17. 45 ! 10,80 i 2. 15
i 30 MONTH l 17.10 i 12.70 H 3. 2D
! 36 MONTH { 15.00 H 8.50 } 1.75

i : i d
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) % DOXYBEN
! 40 DEGREE | 70 DEBREE | 100 DEBREE

TIME } N2 ND 1 N2 NO ! N2 NO

g ! ! i ;
R | & MONTH ! 19.90 i 19.93 i 1%.77
! 12 MONTH ! 19.88 ' 19.25 I 15.90
B! 18 MONTH I 19.28 1 ie.08 ! 10,90
E { 24 MONTH ! 18.60 ! 17.65 ! 2. 48
A | 30 MONTH 1 17.25% I 16.12 t 2.80
N | 36 MONTH { 18.50 I 16.13 ! 4.62

! | | {

! ! t !

Mo L. t !
A ! & MONTH ' 19.70 ! 20.20 | 14.10
C ! 12 MONTH {  21.10 t  18.20 1 19.20
A ! 18 MONTH 1 20.10 |  16.30 ! 3.20
R ! 24 MONTH i 19.50 I 13.40 ; 3. 50
0 i 30 MONTH t  20.60 i 1%.40 ! 19.30
N ! 36 MONTH t  20.30 { 8. 10 ! 2. 30

1 : ! !

{ ! ! t

! : ! !
! & MONTH { 18.8% ! 16.20 ! 1%.90
M { 12 MONTH i 21.10 | 19.20 i  16.60
I ! 18 MONTM I 19.75 | 18.70 ! 18.15
L | 24 MONTH | 19.85 I 18.95 i 13.30
K | 30 MONTH it 20.7% I 19.9% ! 1%.20
! 326 MONTH 1 19.90 ¢ 19.00 I 14.10

! ! t !

——t ! ! ;

! _ : i :
N ! & MONTH i 19. 10 ! 19.40 !  15.90
! 12 MDNTH ! 18. 50 ! 19.70 I 15.50
B 1 18 MONTH ! 19.80 i 17.50 : 9. 80
E ! 24 MONTH i 20.30 ¢ 16.30 ! 10.40
A ! 30 MONTH i 19.80 | 18.60 : 5. 80
N | 36 MONTH ! 18.90 ! B. 40 ! S. 40

! : ! !

R— 1 i 1

0! ! ! !
A ! & MONTH i 21.55 ! 19.30 i 17.20
T i 12 MONTH I 20.50 I 18.40 ! 15.05
M ! 18 MONTH ' 15,70 I 16. 45 ! 12.05
E ! 24 MONTH ! 17.80 ! 14.80 | 9, 35
A 1 30 MONTH I 17.5% I 17.45 I 14,05
Lt 326 MONTH ! 17.2% i 12.90 ! 6. 80

t i : :
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H % DXYSEN
! 40 DEGREE | 70 DEBREE ! 100 DEGREE

TIME ! N2 NO ! N2 NO ! N2 NO

P H ! H
! & MONTH H 14. 20 ! 18. 60 H 18.70
B ! 12 MONTH ! 18, 70 ! 22.00 ! 17.80
U ! 18 MONTH ! 23. 30 ! 20. 40 ! 19.95
T | 24 MONTH ! S. 60 ! €. 80 ! 7.70
T t 30 MONTH ! 16. 00 ! 20. 40 ! 18. 00
E ! 36 MONTH ! 19. 10 H 19. 00 : 6.95

R ! ] i !

' ! ! !

! 1 f H
P ! & MONTH 3 20. 05 ! 21.50 $ 16.50
E { 12 MONTH ! 19.03 ! 21.05 ! 16.95
A ! 18 MDONTH : 22.60 ! 20. 35 1 16. 45
C ! 24 MONTH ! 19.85 ! 18. 40 ' 2.20
H | 30 MONTH ! 20. 80 ! 20. 65 ; 4.90
i 36 MONTH ! 20.50 ' 18.50 : 5.75

! ! ] !

! [ ! H

! : ! !
P ! & MONTH ! 20.20 ! 20.20 ! 17. 40
D ! 12 MONTH ! 15.60 1 19.80 ! 16. 40
T ! 18 MONTH ! 19.50 H 19.70 ' 10. 80
A | 24 MONTH ! 8.50 ! 6.90 ! 3.50
T ! 30 MONTH ! 17. 40 [ 17. 40 i 1.70
0 ! 3& MONTH l 6.10 ! 3.80 ! 2.10

' ! i !

— i ! ]

s ! i ! }
! 6 MONTH ! 20. 07 ! 19. 40 1 9. 97
B ! 12 MONTH : 21.02 i 18. 20 ! 2.27
L ! 18 MONTH f 20.72 } 20.58 ! 6.70
E ! 24 MONTH ! 17.50 ' 14. 32 ! 1.62
N ! 30 MONTH ! 18.92 ' 16. 02 ! &.0%5
D ! 326 MONTH ! 17. 02 ! 12.20 ' 2.18

! ! ] ]

- ! ! 1
8§ ! & MONTH ! 20. 80 ! 138. 40 ! 6.65
T ! 12 MONTH ; 18.75 ! 9.50 ! 1.45
R ! 18 MONTH ! 20.10 ' 12. 35 ! 0. 90
0! 24 MONTH H 18. 70 ' 9. 00 ! 1.90
§ ! 30 MONTH 1 19.85 i 10,85 H 1. 00
! 36 MONTH t 18. 85 ! 5.0S ! 0. 95

} ! ' !
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et me mm mw FE FE —m —a mW WA EE mm e e md mm mm m- mE ha W mE == R W= mE S R ET s mA sw R AR mE e e ew SR mm e me W A e — W

H ¥ DOXYGEN
| 40 DEGREE ! 70 DEGREE | 100 DEGREE
TIME | N2 NO i N2 NO ! NZ NO
i ! H !
T ¢ & MDNTH 1 19,50 H 18.25 ! 8. 60
C | 12 MDONTH H 15. 15 : 20.65 : 7.80
M ! 18 MONTH | 18.95 ! 16.95 ! 4,00
A I 24 MONTH i 19.35 ! 16, 43 } 3. 00
T } 30 MONTH H 20. 05 ! 17.85 H 4. 25
0! 36 MONTH l 19.05 1 15.85 ! 1.20
t ! ! !
5 H ! i
! i ! !
! 6 MONTH H 17.75 ! 14,10 ! 21.86%
T i 12 MONTH ! 19.73 ! 21.45 : 20. 85
V | 18 MONTH | i3.20 ! 20. 00 ' 19.55
P ! 24 MONTH ! 13.15 i 11.90 l 7. 30
¥ 30 MONTH : 14.865 l 12.00 I 1.70
i 36 MONTH l 7.30 ! 5.80 | Q.45
' H i |
! | | !
Vol : : H
E | & MONTH i 19,47 i 18,53 1 0. B3
G I 12 MONTH 1 20.50 ! 13. &0 ! 12. 03
! 18 MONTH ! 18.93 H 13.87 ! 1.03
S 1 24 MONTH : 18.&7 i 7. 80 ! 4, 03
0} 30 MONTH H 18.70 ' 9. 83 : Q.73
Ut 36 MONTH ] 17.33 ' 5. 17 ! 1. 40
P ! ; !
—— ' ! |
" ! ! ;
W I & MONTH : 18.80 H 17.90 ! 14.10
H ! 12 MONTH d 20. 00 | 2. 70 i 20, 1¢
E ! 18 MONTH ' 18.50 ! 20. 70 H .00
A 1 24 MONTH : 19. 00 ! 12.50 ; 2. 30
T ! 30 MONTH H l1a.60 ! 19.60 ' 17.20
i 36 MONTH ' 16. 00 ! 8.60 ! S. 60
i H H !
—— ! : !
i : ' :
Y | & MONTH H 17.20 ! 15. 25 : 7.35
E ! 12 MONTH : 16. 60 { 19.95 : 3. 00
AR | 18 MONTH : 12.70 H 19.65 : 0.30
8 ! 24 MONTH ! 16.8% i 18.55 i g. 15
T I 30 MONTH : 15. 80 t 16.95 : 1.95
! 36 MONTH : 9. 35 ! 2. 50 ! 0. 45

e mE WA e Rm me R e SA e WS S mE ma AR e R mam e WE A mm Me mE W S —— W W EE SR hm AR wem AR e S e =T WS EE e m— A= m= mm e mE —w —



PERCENT OXYGEN

a TIWE EFFECT
22 -
T a b ]
x5 - ‘ b o . ® ?
16 - . Y
4o . N7
z 14 - & &g
z
E 12 A < £ e ‘9‘ o
< \{z ]
Y] 10 - ] o W7o
A
5 - NZNe™
NZR&E
NZN e
* IR
NZN8
F ‘/\Q.g.
N
2+ AN
N7, : NZXEH
APPLE ERASUAIA BUTTER CAMMOT EGG
Chs KY 12 EZAw EYa EX » B e

29

Figure 1 - Effect of storage time on the interior can oxygen of
air-packed products: apple, banana, butter, carrot, egg.
Significant differences, p = .05 indicated by different letters
above treatment.
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Figure 2 - Effect of storage time on the interior can oxygen of
air-packed products: green bean, macaroni, milk, navy bean,
oatmeal . Significant differences, p = .05 indicated by different
letters above treatment,
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reported to be inversely proportional to a, in low-moisture products.
Maximm stability of befa-carotene in dehydrated carrots was at
8.8-10.0% moisture a ccording to Ayra et al. (1979a). There are
many other factors, however, including pigments, lipids, and pro-
oxidants in food systems which affect oxygen uptake. Bishov et al.
(1971} reported rapid oxygen uptake by dried meat and highly pigmented
vegetables. Fruits and lesser pigmented vegetables showed slower
oxygen uptake. The fruits (bananas, peaches and apples) in this
study had slow oxygen uptake whereas carrots and tomatoes, both
highly pigmented vegetables had more rapid oxygen uptake. Eggs
contain iron compounds which probably catalyze the fat oxidation
thus explaining their high rate of oxygen uptake.

Figures 5 - B show the effect of storage temperature on the
residual oxygen. In all cases oxygen uptake was much faster at
100°F. This is consistent with Arrbenius kinetics, (Labuza and
Riboh, 1982). After three years storage many air-packed products
stored at 100°F (carrots, eggs, potatoes, salad blend, stroga-
noff, tomatoes, TVP, vegetable soup, and yeast) had residual oxygen
below 2% (Table 2).

Nitrogen-packed products contained less than 2% oxygen initial-
ly. Changes in oxygen level were minimal. These values are not

reported or discussed.

Odor Development
Table 3 lists the time when off-odors were first detected

for each sample. Off-odors developed rapidly in products stored at
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Figure 7 ~ Bffect of storage temperature on the interior can oxygen
of air-packed products: peamut butter, peach, potato, salad
blend, stroganoff. Significant differences, p = .05 indicated
by different letters above treatment.
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100°F. By 36 months off-odors were detected in all the products
stored at 100°F, and in many products stored at room temperature
(70%F) . Nitrogen packing did not significantly retard the onset of
off-odors, however the off-odors present were different indicating
different pathways of degradation. Salad blend was especially
susceptible to off-odor development, probably due to the cabbage

sulfur compounds present.

Clumping

The degree of clumping found in the products is listed in
Table 4. Five products were particularly prone to clumping:
butter, eggs, stroganoff, vegetable soup and tomatoes. Clumping
was more extensive at 100°F. Interior can atmosphere did not

significantly affect the degree of clumping.

Moisture

Figures 9 - 12 show the effect of storage time on the moisture
content of the samples. The percent moisture was somewhat érratic,
however it did show a significant upward trend with time in all
products. Water is produced in the nonenzymic browning reaction,
Moisture increases were most dramatic in many of the products which
experienced the greatest browning: apples, carrots, green beans,
peaches, potatoes, salad blend and tomatoes (Tables 11 - 29),

The effect of storage temperature on moisture content is
shown in Figures 13 - 16. The moisture significantly increased
with increasing temperature in most but not all products. This

would be expected in compliance with the Arrhenius eguation.



6

o Burdwnya Aa®ay = JH Ouydwn(a wnypaw = 4 Burdwnga 3ybyr = 37
*potaad abeao3ls yjuow 21 &Yz W0 PapPdoIRd jou sEM Butdwngg

HiNGMW 9E
HLINDW OF
HLINDW &2
HINOW BT
HINOW 9

aW
aH
IH
b
e |4

JH
OH
aH

an M

o)

ol |
ol |

a
)

HINDMW 9E
HINDOW Qf
HINOW &2
HINGW T
HLINOW 9

a
o1

a1
a

N
an

a7

M N

H

1 HiNQW 9E
o ol | ! HiNOW OF
I HINOW &2
l HINOW 8T
_
_

HLINDOW 9

ot}
a7

i
aM ) HLNOW 9E
IM ( HINOW OE
H HLNOW &2
1 HINOW 81
_
_

l
!
1
\
!
1
t
1
I
{
|
1
t
!
|
1
t
i
!
t
|
!
|
I
1
:
1
:
3
1
t HiNOW 9
I

1
l
t

ON 2N | B34 2N 1 ON 2N t §3A N 1 ON 2N 1 834 2N | £
J3us3q 00T | 23¥83d QGOT | 33WE3Q 0L { IIHOIA 02 | FIHAAQ 0% | FIUBIAD o% |

SNTAWNTD 40 334934 1

- o R e mE e AL WE e— e W EE e e ey ma at Ak —— me EE —— wr mE = wy e T = mE A - e —

*513000Hd FHALSIOK-MAT NI d3L33130 ONIJWATD ~ & 38Ul




37

HINOW 9¢
HLNOW OF
HLNOMW %2
HANDW 81
HINOW 9

N
a

27
an

a
a

EmJx

HLNOW 9E
HLINOW OF
HLNOW %2
HINOW &7
HINOW 9

EQQ

HLNOW 9%
HLNOW Of
HiINOW 42
HLNOW 81
HiNOW 9

A ek A o EE e ww —— EE e W oEm WE AA EmE e ERM A o ma v wE —
—— e v mE e am MR mE = mE e oam = mm o W . we = = == — am

1S r owagz

aJH
aH
W
i
au

a1
a1
a7
T
31

HINOW 9¢
HLNOW OF
HINOW %2
HiINOM 81

HLNOW 9

oo

an
a1

e e m ET Er o mr v Ew owr ww o ww RA EE S W AL Mk e o —— RA . an A e
t
I

I
I
I
|
1
|
!
i
1
1I
|
b
I
!
I
I
I
I
I
I
I
|
I
|
I
I
|
|
i
1
i
I
1

ON 2N S3A 2N
334930 001 | 2A3WHIAA 001

ON 2N I 34 2N 1 ON SN | 534 2N 1 ML L
A3HO3IAq G2 ¢ 33HO3J 0L+ 33H93A O% | 3IHOIA O |

mr = | W mm wm e v R e e e Ew AR e e mm Y= MR — T omR T Em o S ew — — = en

i
|
1
I
1
1
I
H
I
I
|
i
[
)
1
1
|
H
i
1
l
|
L
|
1
]
H
i
|
1
}
I
H
]
H

GINNILNDD - ¥ 3Tdul

SNIdWNI3 40 33934 |




38

e o ww Ak ww BE e R v e wm TR A o ma ma o e o e e e W R e R e e oy G b = A=

a1

aH

HiNDW 9%
HiNOMW OF
HLINOW &2
HLINOW 91
HINOW 9

QuwacouT

a1

ol
a

an

a7
a1

a9 n

a1
a1

an
a7

M

a
a

N

a7

HLNOW 9€
HINOQW OF
HINOW &2
HLNOW 81
HLNOW 2

QO @+

ON 2N
33HE3G 007

| S3A 2N
| 33H93G Q01

HINDOW 9%
HINOW QF
HLNOW &2
HINOW 81
HiINDOW 9

OdF Elx

i
b
i

HINOW SE
HLNOW 0F
HINOW %2

HLINOW 813
HLINOW 9

Z QuWaZz

ON 2N 1 §34 2N
33He3q 0L | 33WO3[0 0L

ON 2N
33403C 0%

S3A 2N
AFWIIAA O

INIL

ANIdHAID 40 A3

Q3aNNILNDD - & 378l




39

] I

1 ] [ 1 ] t | o
_ OH ] aH ] oM 1 u ! J t HINOW 9€ | O |
t aH [ aH ! O t au t [ | HINOW OF 1 L |
i aH ! OH { a1 1 a1 t a0 | a7 1 HINOW %2 | b |
] aH ! aH ] W ' au [ oM { Qut i HLNOW @1 | W !
i aH _ aH ! ] _ 1 o { HINOW 9 1| D |
t 1 | b 1 1 t fad
' i- ] === I - 1-- ! t--—t
' 1 ] ! | ! ! [
| OH f aH 1 au ] au [ _ 1 HINDW 98 | 8
¢ JH i aH ] ok ] au i ! ] HINOW OE | O |
_ IH ! OH i aM ] a7 [ i ! HINOW %2 | W |
i aH | oH | oM ] ! a7 ! ' HINOW 8T | L |
_ OH t aH | aw | o ' a7 | a J HINDW 9 | B |
' . ] ' | ' t I
! -- P~ | I -—1 ! - i -—- [ ===
! ! | ] i ] t L a
! 1 t t ' 1 J HINOW 9€ | N |
[ ! [ ] _ ] t HINOW OF | 3 |
| \ ! ¢ ! | | HINOW 92 | 1 |
! 1 [ | { ] t HINDW 81 | @ |
! i ! ! { ' t HINOW 9 1 4
1 t i | ] [ | -
| -1 [ e | -- | I~-- I- ===
t [ i = i i I i b
1 an ! an ! [ ! _ 1 HINOW 92 | O |
' ! 1 | ] [ i HINOW OF I L |
[ ] | t [ t [ HINOW #2 1 Y |
[ ] I t [ ] [ HINOW 8T 1 L |
[ i t ] ! ! t HINOW 9 1 O
1 | 1 ] | t [ Pd
fmm Rt e -—- 1
DN 2N | B3A 2N | ON 2N | S8S3aan | ON 8N | B3A 3N i IMIL i
336930 001 | IIWEIA 00T | 3IIWO3Q 02 | 3IFUOIA 0L 1 IIWHIA 0% | IJYDIG Ok ¢ !

t

BNIdWNId 40 334930 H

d3anNNILNOD -~ & 376Ul




40

HLINDW SE
HLINOW Of
HLINOW »2
HINDW 91
HINOW 9

HINOW 9F
HINDW OF
HAINOW #2

HLNDW 8%
HiNOW 3

dH
aH
aH
aH
JH

——

dH
aH
aH
JH
JH

|

JH
au

o m  ae wm E Ee fe ma S ga e ma SR e R ek e wE A AA R v e Ak A m A e m

A wm AR e WE e B ww E B Ak B T WW A R wWm WW e TR AW W em e o SR e W e

 EL o mE A ey tww WE ME e v mE AL Ew MR e Ww EE AL Em AR A e W B e e EA - e A

A e A e e mE Ea = = mE R o = o Ee A W EE = W WA EE e e Ak i ww A we ma

HLINQW 9£
HANOW OF
HINOW »2
HLNOW 81T
HANOW 9

HINDW 9%
HLINOW OF
HINOW %2
HINDH 81
HANOW 9

ON 2N

834 2N

J3HO30 QOF ] 33883T 00T

ON 2N
334Haq 0L

834 2N
334934 ol

OM 2N
3348340 Ov

834 2N
334934 0%

I
1

|~
1
|
t
I
H
H
!
|
I
}
I
|
I
i
I
3=
i
|
]
1
|
i
H
[
i
|
t
1
i
H
1
|
I
}
i
|
H

EBNIdWNTT] 40 33HB3q

QANNI ANOD -

¥ ITMAuL




] QP ™ 4
- m > .m.m g
O b
o® &
- @ cm ﬁ
m - m‘d
= m TR ; m 2
\\\\\\.\.\\.\. Ay, =
DA m T w o .. p/////A//A/&/‘/A\/‘AAA\AAAA a3 B
O YT 3 4
m mt 3 [SSSSSSSNESESH] m : w
m @ A
. A -
Wl . " sy L u uouononaao.mmouo. & § ’ .m
o 8 o v PRI s b R
. e = ~ S TINISIN OO & . 2]
= @ o B 2 WYL 222 LLLELLLE m =
~ w o ; g8
2] >y 2 "
o ma r g e M
M 3 - m M W . 3 M ] [4/]
) : w =y B : hm " %
m 3 m ZF a 3 o
P 8 W F o
& e K m . O . * 4§58
- . [ o]
@ 54 M ,m m UL 2 A RN o I A AT, ) o H o
Ll Sa EE SRR NI B oG &
'R n. a @ * 4 .m H m
r .
o Y owd m o
u | e m o m = @
F L a M
¥ @ & q m Hp
" Z |m ,M o B - am -
o . - “ o m =] m.. W
——r——T——T—T Yy ™ u T T T T T Ty - p&u.-
AN - OO W NuUB AN D @ o @ flpdrgecervatna o @ e.m
-
Higg EEE
ANISKOM X IWNIsIoN X hu]
: ..m &R ownfd
L | D
L 883
m [+ T o T m. —
-1 [
s [




42

PERCENT MOISTURE

TME EFFECT

PEACH

B8

b
o
u
u
a
[]
E-]
[ ]
[}
B
B
u
i
n
E-]
a
a
L L L L L e DL O L D L L)
MO NN - QO 004 AA -
LA L
AAUNISKOA X

POTATD SALAD SLEWMD STROGANOMT

PEAMUT SUTTE™
sl |

umEmu“smm = s
Figure 11 -~ Bffect of storage time on moisture content of low-

ES 12

moisture products: peanut butter, peach, potato, salad blend,

stroganoff. Significant differences, p = .05 indicated by

different letters above treatment.
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Figure 12 - Effect of storage time on moisture content of low-
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Figure 14 - Rffect of storage temperature on moisture content of
low-moisture products: green bean, macaroni, milk, navy bean,
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Pigure 15 - Effect of storage temperature on moisture content of
low-moisture products: peanut butter, peach, potato, salad
blend, stroganoff. Significant differences, p = .05 indicated
by different letters above treatment.
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Figure 16 - Bffect of storage temperature on moisture content of
low-moisture products: tomato, TVP, wvegetable soup, wheat,
yeast. Significant differences, p = .05 indicated by different
letters above treatment.
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Figures 17 - 20 show the effect of nitrogen packing on the
moisture content of the dehydrated products. This factor for
most products was not significant. In only two products, apples and
green beans was the difference enough to be of practical importance.
In both cases moisture was higher in the nitrogen-packed samples.

The percent moisture for each treatment is listed in Table

5. Initial values are listed however not included in the graphs.

Beta—carotene

Table & lists the:mean beta-carotene content, per treatment
of the samples tested. Six low-moisture products, carrots, green
beans, peaches, salad blend, tomatoes, and vegetable soup were
significant sources of beta-carotene. Other products tested for
beta-carotene but bhaving only trace amounts were butter, macaroni,
stroganocff, and TVP. Vitamin A was tested in butter and the results
are listed in Table 7.

Initial beta-carotene values are low and assumed incorrect.
Subsequent wvalues for all products except peaches are consist-
ently higher. Aluminum oxide was used initially as the absorbant
for pigment separation. A magnesium oxide-filter aid mixture
was used as the absorbant during subsequent testing periods.
Much better yield and separation of pigments was achieved using
magnesium oxide. Initial petg-carotene values are not shown in

any of the graphs but are listed in Table 6.
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Figure 17 - Effect of interior can oxygen on moisture content of
low-moisture products: apple, banana, butter, carrot, egg.
Significant differences, p = .05 indicated by different letters
above treatment.
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Figures 21 and 22 show the effect of time on beta-carotene
content of the low-moisture products. With the exception of salad
blend there was a significant decrease in vitamin content with
time. Most dramatic changes were within the first year of storage.
In green beans, peaches, tomatoes and vegetable soup there was very
little change after 1 year. Carotene content of carrots also began
to level off after one vear.

It is believed that some beta-carotene in the products was
rapidly oxidized, and that most of the vitamin remaining after 6
months was in a relatively stable form. Walter et al. (1970) reported
that most of the beta—carotene in dehydrated sweet potatoes was not
susceptible to oxidative attack. During the first 20 days of
storage at 72°F, 20.2% of the beta-carotene was lost, while only
6.8% was lost during the next 69 days. They postulated that most
of the carotene was protected by being embedded in an oxygen inper-—
neable mass. Stephens and Mclemore (1969) found a rapid drop in
dehydrated carrot beta-carotene during the first 2 months of storage
at 68°F but no furter loss thereafter during a two year study.
Heberlein and Clifcorn (1944) found the betg-carotene content of
dehydrated carrots leveled off between 3 and 6 months storage.

The effect of storage temperature on beta-carotene content
of the dehydrated products is shown in Figures 23 and 24,
Beta-carotene was destroyed more rapidly at higher temperatures.
Similar results were obtained with dehydrated carrots and tomato

juice powder (Heberlein and Clifcorn, 1944) and model systems
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(Chou and Breene, 1972). Stephens and McLemore (1969) found very
little difference in the rate of beta-carotene destruction of
dehydrated carrots stored at 68°F or O°F for 2 years.

The effect of interior can atmosphere on beta-carotene content
is shown in Figures 25 and 26. Beta-carotene was retained signif-
icantly better in nitrogen packed products. Oxidation is the
chief pathway of beta-carotene destruction. Many researchers have
shown the benefits of reduced oxygen on beta-carotene retention
{Goldman et al., 1983; Teixeira Neto et al., 1981; Stephens and
Mclenore, 1969; Heberlein and Clifcorn, 1944).

Oxygen content of the nitrogen packed products was ¢a. 1% (Table
1). Significant oxidation of carotene does occur at this oxygen
concentration (Goldman et al., 1983) but not as rapidly as under
the 21% oxygen in air.

Vitamin A, like beta-—carotene is easily oxidized. Figures
27 - 29 show the effect of storage time, temperature and atmos-
phere, respectfully, on vitamin A content of low-moisture butter
powder, From Table 27 it appears that the vitamin A retained at
& months was stable thereafter. Significantly more vitamin A was
destroyed at 70 and 100°F than at 40°F. Vitamin A was also destroyed
more rapidly in the air-packed product.

Figures 30 - 50 show the time-temperature, time-atmosphere,
and atmosphere~temperature interactions for the individual products.
Interactions that are not significant are designated "NS" at the

end of the graph title.
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VITAMIN A — BUTTER

ATMOSPEHERE EFFECT

2 overau avemaae
Figure 29 -~ Effect of interior can oxygen on vitamin A content of
low-moisture butter. Significant differences, p = .05 indicated

by different letters above treatment.

From the individual product time-temperature interactions it will
be noticed that beta-carotene in 4 out of the 6 products was signi-
ficantly lower at 6 months in samples stored at 40°F than in samples
at 70°F. Lovric et al. (1970) and Boskovic (1979) reported a cis—trans
isomerization of lycopene in dehydrated tomato products. Reversion
back to the all-trans lycopene occurred faster at higher temperatures.
Dehydrated tomatoes stored at 68°F had better color and higher
lycopene retention than dehydrated tomatoes stored at 36 or 14°F,
even after 385 days storage. ©Perhaps in the present study an
isomerization of the carotene took place during dehydration that
was evident in samples stored for 6 months. This could account for

the lower 6 month 40°F values of beta—carotene in green beans,

peaches, salad blend and tomatoes.
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Carrots: At all storage times (Figure 30) carrots stored at
40°F retained significantly more carotene than those at 70 or
100°F. Carrots stored at 70 and 100°F showed very little difference
from each other. Beta-carotene of carrots packed in nitrogen (Figure
31) remained relatively constant throughout the storage period
whereas carotene of carrots packed in air continued to decrease.
Differences in beta-carotene content between nitrogen- and air-packed
carrots increased with time. Differences between nitrogen- and
air-pack were also greater at 70 and 100 than at 40°F (Figure 32).

Heberlein and Clifcorn (1944) stored dehydrated carrots for
1 year at room temperature (70°F) and 98°F packed in nitrogen or
air. Air~packed carrots stored at 70°F dropped from ca. 75 mg/100g
to ca. 60 mg/100g in 2 months, then remained constant. Air-packed
carrots at 98°F dropped to ¢a. 50 mg/100g in 2 months, then remained
constant. Beta-carotene remained constant in nitrogen-packed
carrots at 70°F. Carotene of nitrogen-packed carrots at 9&°F
deciined steadily to ¢a. 50 mg/l00g after 1 year. Length of time
anq frequency of evaluation were different between the two studies,
however carotene values are similar.

Green beans: At 6 months the beta-carotene in dehydrated green
beans at 40°F was significantly lower than those at 70°F (Figure
33). At the other time periods more beta—carotene was retained at
40 than either 70 or 100°F. Green beans packed under nitrogen
(Figure 34) retained twice as much beta-carotene as their air-packed
counterpart. After 6 months there was little change in either

group with time. At all three temperatures (Figure 35) green beans
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stored in nitrogen retained significantly more (ca. 2 times)
beta-carotene than the air-packed samples.

Peaches: At 6 months dehydrated peaches (Figure 36) stored at
70°F appeared to retain more heta-carotene than those at 40 or
100°F. At all other time periods the beta-carotene content was
significantly higher at 40°F, and there was little difference between
the values from the 70 and 100°F samples. Atmospheric effects
(Figure 37) were greatest at 6 months but the difference narrowed
with time. The temperature-atmosphere interaction was not signi-
ficant (Figure 38), because nitrogen-packed peaches compared to
air-packed were different by almost the same amount of carotene
at all three temperatures.

Salad blend: Beta—carotene content of dehydrated salad blend
(Figure 39} stored at 40°F was significantly less after 6 months
than the product stored at 70°F, but at later time periods it was
equal to or significantly higher at 40°F. Beta-carotene of salad
blend stored at 100°F was much lower than that stored at 40 or 70°F
except for the anomalous 36 month period. The atmospheric effect
(Figure 40) was largest at 6 months but the difference narrowed
with storage time. The temperature-atmosphere interaction (Figure
41} was not significant, because nearly parallel differences existed
between atmosphere values at the three storage temperatures.,

Tomatoes: The beta-carotene content of dehydrated tomato
flakes stored at 40°F after 6 and 12 months (Figure 42) was signi-~
ficantly lower than that at 70°F. There was little change in
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Figure 38 ~ Bffect of interior can oxygen and storage temperature
on beta-carotene content of dehydrated peaches. Significant
differences, p = .05 indicated by different letters above
treatment. Interaction not significant.
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Pigure 39 - Effect of storage time and temperature on beta-carotene
content of dehydrated salad blend. Significant differences, p
= .05 indicated by different letters above treatment.



70

BETA—CAROTENE — SALAD BLEND
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Figure 40 - Effect of interior can oxygen and storage time on
beta-carotene content of dehydrated salad blend. Signifi-
cant differences, p = .05 indicated by different letters
above treatment,
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Figure 41 - Effect of interior can oxygen and storage temperature
on beta-carotene content of dehiydrated ealad blend. Significant .
differences, p = .05 indicated by different letters above
treatment. Interaction not significant.
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BETA—CAROTENE — TOMATO

TIME X TEMPERATIRE
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Figure 42 ~ Effect of storage time and temperature on beta-caro—
tene content of dehydrated tommtoes. Significant differ-
ences, p = .05 indicated by different letters above treat-
ment.
carotene content with time at any temperature. The time-atmosphere
interact.;ion (Figure 43) was not significant since the differences
due to atmosphere were fairly constant at all storage times.
Nitrogen-packed product retained significantly more beta-carotene
at all time periods. The carotene difference between nitrogen-packed
tomatoes and air-packed tomatoes (Figure 44) increased at higher
temperatures. Beta-carotene of dehydrated tomato juice (Heberlein
and Clifcorn, 1944) declined from ca. 8 mg/100g to 2-5 mg/100g by 1
year regardless-of treatment. Their values are in the same range
as those in this study.
Vegetable soup: Beta-carotene of dehydrated vegetable soup
was significantly higher when stored at 40°F than at 70 or 100°F

at all time periods (Figure 45). The greatest difference was
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BETA~CAROTENE — TOMATO
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FigureB—Eﬁfectofinteriorcanoxygmmﬂstozagetimm
beta-carotene content of dehydrated tomatoes. Significant
differences, p = .05 indicated by different letters above

Interaction not significant.
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Figure 44 - Effect of interior can oxygen and storage temperature
on beta-carotene content of dehydrated tomatoes. Signifi-
cant differences, p = .05 indicated by different letters
above treatment.



BETA—CAROTENE ~ VEGETABLE SOUP
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Figure 45 - Effect of storage time and temperature on beta-caro—
tene content of dehydrated vegetable soup. Significant differ-
ences, p = .05 indicated by different letters above treatment.
at 6 months but it narrowed with time. The nitrogen—packed soup had
a significantly higher carotene content at all time periods except
¢ months (Figure 46) . The protective effect of nitrogen was greatest

at 40°F and just barely significant at 100°F (Figure 47).

Butter: General trends in vitamin A content are not evident
in the time-temperature interaction for butter (Figure 48}, however
averaging all the time periods together (Figure 28) vitamin A
retention was significantly greater at 40 than at 70 or 100°F.
Only at & months was there no significant difference due to atmosphere
(Figure 49), At all other time periods, nitrogen—packed butter
contained significantly more vitamin A than the air-packed product.
The temperature-atmosphere interaction (Figure 50) was not signi-

ficant since the differences were parallel at all temperatures.
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BETA—CAROTENE — VEGETABLE SOUP
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Figure 46 - Effect of interior can oxygen and storage time on

beta-carotene content of dehydrated

e soup. Significant

differences, p = .05 indicated by different letters above

treatment.

BETA—CAROTENE — VEGETABLE SOUPR

-

TEHPERATURE ¥ ATMOSF-EmE

BETA—CARQTENE mg,/t DOg

A
SRR
A

N

O Y
G
IR

N

40 DEGREE I 70 DEQMEE F 100 DEgrv

o mm‘ww@mm

r

Figure 47 - Bffect of interior can oxygen and storage temperature

on beta-carotene content of
cant differences, p = .05 indicated by different letters above

treatment.

soup. Signifi-
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VITAMIN A — BUTTER
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Figure 50 - Effect of interior can oxygen and storage temperature
on vitamin A content of dehydrated butter. Significant differ-
ences, p = .05 indicated by different letters above treatment.
Interaction not significant.
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Thiamin
Mean sample thiamin content by product is listed in Table 8.

Thiamin content was tested in the following low-moisture products;
bananas, eggs, green beans, macaroni, milk, oatmeal, navy beans,
peanut butter, salad blend, stroganoff, tomatoes, TVP, vegetable
soup, wheat and yeast. There was not sufficient strogancff saved
at the 6 month time period to analyze for thiamin. Bananas, green
beans and tomatoes had only trace amounts (less than .1 mg/100g) of
thiamin at the initial and 6 month tests and were not tested there-
after. Green beans and tomatoes had both been treated with SO,
which rapidly destroys thiamin, Peanut butter had significant

l  thiamin content at 6 months but only trace amounts at 12, 18 and 24
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months. It was not tested at 30 and 36 months. No analysis of
variance was done for these last four products. They are excluded
from the Table 8 and the successive graphs. Thiamin content of peanut
butter at six months was:

40°F nitrogen—pack - .19 mg/100g

40CF air-pack - .21 mg/100g
70°F nitrogen-pack - .22 mg/100g
70°F air-pack - .18 mg/100g
100°F nitrogen-pack - .13 mg/100g
100°F air-pack - .16 mg/100g

Time and atmosphere effects were not significant.

Several changes in analytical procedure were made between
the initial and 6 month testing period. The ion exchange resin
"thiochrome decalso,” no longer available, was replaced with CG-50
resin (Rettenmaier et al., 1979 . The enzyme for hydrolyzing
thiamin to a free state was changed from amylase to Mylase, (MacBride
and Wyatt, 1983). Centrifugation was used to assist and speed
filtration. The solvent used in the fluorometric determination was
changed from isobutanol to isopropanol since isobutanol is listed
as carcinogenic and both solvents had very similar extraction
properties (MacBride and Wyatt, 1983). Initial and 6 month values
are both lower than subsequent values and their accuracy is ques-—
tionable, During the 6 month analysis samples were frozen for up
to 2 months prior to the fluorometric analysis while at later
testing periods samples were tested within a week of extraction.
Thiamin may have been lost from the extract during frozen storage.

The effect of storage time on thiamin content of the low-moisture

products is shown in Figures 51 - 53, It can be seen that 6 month




2o
-4
Q10 m
= S S8
@« " aY o
e i ¢ 9 S w
-~ —m r -
9 a Y s
. g R
i o O
i, ¥ m
B M“__ d . ] m m .m
g § # Vi
B s , o m
n w 5 B8B83 B be
y g a @ ‘ -
m m . pn 44 et o~
s o pd 4 4 -
. RE3 = o BTZZ22F2P227IP R .
< ? SPRTRIAIG Y A .m.m Z ' a
= 090 00 0 e
Mm O m gL v R § 5 ~g 9
< DOV B B w T 2 R IRy © g
— . " NN
Ty 2227 (LSS 5 = N o irir o S BB EP Pk w s m g 9
” .
~F - + S - T
R iisidirsevsnssee: P T “ BRI 4 N 2 2
S [EXS A S ) SV IO A A I 2
. %\%&%\\\S\\\E ¢ N &8, o SRR ey ; g i
o . 2 -5 # S N .m 28
: 3 o
B w>Y | 0 H a2
o fd - m m LY 1
MY J v " M M o - 8 -
T T T T LI R . 0 M u u o o o m ﬁ » mt
R R b &
" " o B0D1,/Dw NN q_,. g 5
6001 /B HINTIHL m .m n m ..r...
mmm m
or
B




82

o
P

os TIME EFFECT
o.h
o.28
.24 -
©.22 - -
8 02 -
2 0.8+ a
B oo
E ° o
x D14 = ‘
2 D.12 Mo o c
01 = a';
, L
o8 ig
0.08 =3
Q.04 \ﬁ
z
° SEUTT e 2 =z
MIiLK  SALAD BLEND £60 VEGETABLE 5OUP
THIE = RTHE
FAe L2 EZdvw 55 » Ki w

Figure 53 — Bffect of storage time on thiamin content of low-moisture
products: milk, salad blend, egg,

differences, p =

soup. Significant

.05 indicated by different letters above

treatment. T trace amount ( 0.1 mg/100g. * not tested due to
trace amounts on previous tests.

values were lower for all products tested except salad blend.

Thiamin values for the 12 to 30 month time periods declined steadily.

There appears to be a small rise in thiamin content for most samples

at 36 months, perhaps connected to different research assistants

doing the analyses. It is not believed that thiamin content increases

after 30 months.

Figures 54 - 56 show the effect of storage temperature on

thiamin retention.

The effect of temperature is significant and

in accordance to Arrhenius kinetics for all products except milk,

where thiamin amounts were very small.

Differences between thiamin

content of products stored at 40 and 70°F were not nearly as large

as between products stored at 70 and 100°F.

In four products,
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above treatment.

lowwpisture products: oatmeal, navy bean, stroganoff, wheat.
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Figure 56 — Effect of storage temperature on thiamin content of
low-moisture products: milk, salad blend, egg, vegetable soup.
Significant differences, p = .05 indicated by different letters

above treatment. T trace amount, < 0.1 mg/100g.

yeast, TVP, milk and eggs the difference between 40 and 70°F was

not significant. Nonenzymatic browning is a major pathway of

thiamin degradation (Dwivedi and Arnold, 1973; Dennison et al.,

1977) . Villota et al. (1980a) lists the activation energy of non-

enzymatic browning to be 25-50 kcal/mole. The activation energy of

lipid oxidation is 10-25 kcal/mole. The difference in activation

energy may explain why the greatest temperature difference for thiamin

degradation was between 70 and 100°F whereas for beta-carotene the

greatest temperature difference was between 40 and 70°F.

The effect of the can atmosphere on thiamin content of low-

misture products is shown in Figures 57 - 5%. A reduced oxygen

environment had a significant protective effect on thiamin retention

in all products studied except milk and vegetable soup.

Differences
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Figure 57 ~ Bffect of interior can oxygen on thiamin content of
low-moisture products: TVP, yeast, macaroni. Significant
differences, p = .05 indicated by different letters above
treatment.
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Figure 58 - Effect of interior can oxygen on thiamin content of
low-moisture products: oatmeal, navy bean, stroganoff, wheat.
Significant differences, p = .05 indicated by different letters
above treatment.

3

w




THIAMIN

ATMOSPHERE EFFECT

o.28
0.24 -
.22 -

02
.18 -
.18 1
.14

C.12 ~

THAMIN mg/100g

.t -1
0.ca
¢.08 -
0.0k -

.02 4

7
2. 7.

LA
L A

T 1
MILK  SALAD BLEMD EQG VEGETABLE IOUP

D rave Y s e

Figure 59 - Effect of interior can oxygen on thimmin content of
low-moisture products: milk, salad blend, egg, vegetable soup.
Significant differences, p = .05 indicated by different letters
above treatment.

in thiamin due to atmosphere were not as dramatic as for bgta-carotene

where oxidation was the principle means of destruction. Results

obtained by Dennison et al. (1977) which suggest thiamin destruc-

tion in dehydrated foods is independent of oxygen at 86°F.

Figures 60 - 92 show the time-temperature, time-atmosphere and

atmosphere-temperature interactions for the individual products.

Eggs: Figure 60 shows the effect of storage time and temperature

on the thiamin content of dehydrated eggs. Six month values are

assumed to be low. A decrease in thiamin is seen from the 12 to 30

month period.
0.1 my/100g) .
only at 12 months.

amounts.

At 24 months and beyond many values were trace (<

A significant atmosphere effect (Figure 61) was seen

Significant differences do not apply for trace

The temperature-atmosphere interaction is not significant
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Pigure 60 - Effect of storage time and temperature on thiamin
content of dehydrated egg. Significant differences, p = .05
indicated by different letters above treatment.
amount, < 0.1 mg/100g. * not tested due to trace amount on

previous test.
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(Figure 62). Mean thiamin values were nearly identical at 40 and
70°F and only trace amounts were obtained at 100°F.

Macaroni: Thiamin values for macaroni appeared to be low at
6 months, especially at 40°F (Figure 63). There was a decrease
in thiamin at all temperatures from 12 to 30 months and values
were significantly higher at the lower temperatures. Values at
36 months were a little higher than at 30 months but the temperature
effect was still evident. A significant atmosphere effect (Figure
64) was seen at all time periods except the 12 month period. There
is a large atmospheré difference at 40CF (Figure 6€5) and a lesser
but still significant difference at 70°F. The atmosphere effect
was not significant at 100°F.

Milk: Trace values for thiamin in dry milk at 6 months (Figure
66} are presumed lower than the real values, since thiamin values
were significantly higher at 12 months. The slightly higher 12
month 100°F value is not significant. Dry milk contained very
little thiamin after 12 months. The time-temperature interaction
was pot significant. Atmosphere differences at each time period
were not significant (Figure 67), In Figure 68 nitrogen packed
100°F samples were significantly higher but this is mostly due to
the questionable value at 12 months. Values for thiamin in nonfat
dry milk were minimal in most cases which makes the effects difficult
to compare.

Mavy beans: The effect of storage time and temperature on

the thiamin content of dry navy beans is seen in Figure 69. Six
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THIAMIN — MACARONI
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Figure 64 - Effect of storage time anpd interior can oxygen on
thiamin content of dry macaroni. Significant differences,
p = .05 indicated by different letters above treatment.
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Figure 65 - Effect of storage temperature and interior can oxygen
on thiamin content of dry macaroni. Significant differences,
p = .05 indicated by different letters above treatment.
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THIAMIN — MILK
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Figure 66 - Effect of storage time and temperature on thiamin
content of dry milk, Significant differences, p = .05 indicated

by differen

t letters above treatment. T trace amount, < 0.1

mg/100g. Interaction not significant.
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Pigure 67 ~ Effect of storage time and interior can oxygen on
thiamin content of dry milk. Significant differences, p = .05
indicated by different letters above treatment. T trace
amount, < 0.1 mg/100g.
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Pigure 69 - Effect of storage time and temperature on thiamin
content of dry navy beans
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month values again appeared to be low. There was a steady decrease
in most values from 12 to 36 months. Thiamin content of 40 and 70°F
samples varied significantly only at 6 and 18 months. The 100CF
samples were significantly lower than the 40 and 70°F samples at all
testing periods except 6 months and the difference increased with
time. The time-atmosphere interaction is not significant (Figure
70). The 30 months storage period was the only time period where
there was a significant atmosphere effect. Atmosphere differences
were greatest at 40°F and were not significant at 100°F (Figure 71).

Qatmeal: Figure 72 shows the effects of time and tempera-
ture on thiamin content of dry oatmeal. Six month values were
presumed low. The effect of temperature decreased with time.
At 30 and 36 months the temperature effect was no longer signifi-
cant. Nitrogen-packed samples contained significantly more thiamin
only at 12 months (Figure 73} . Atmosphere effects were not significant
at 40°F but were at 70 and 100°F (Figure 74). Thiamin in ocatmeal
appeared to be more stable than in any other product, especially at
the higher temperatures. Oatmeal also yielded less browning than
most products; the 100°F samples were not significantly darker than
the 40 and 70°F samples (Figure 148).

Salad blend: Thiamin in salad blend deteriorated rapidly
{Figures 75, 76) . Only trace amounts were present after 18 months.
Thiamin was not tested at 30 and 36 months. Temperature and atmosphere
effects were significant at both 6 and 12 months. The protective
effect of reduced oxygen was significant at 40°F but not at 70°F
(Figure 77).



94

THIAMIN — NAVY BEAN

TIME X STMOSPHERE (MS)

On - -
-1}

G4 -
-
E o34 7, de
z / o
H .
- o3 -

L

o /

T T T L)
B MONTH 12 MONTH 18 MONTH 24 MONTH 30 MONT™H 38 M

R N

FPigure 70 - Bffect of storage time and interior can oxygen on
thiamin content of dry navy beans. Significant differences,
p = .05 indicated by different letters above treatment.
Interaction not significant.
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Figure 74 - Bffect of storage temperature and interior can oxygen
on thiamin content of dry catmeal. Significant differences,
p = .05 indicated by different letters above treatment.
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Figure 75 - Effect of storage time and temperature on thiamin
content of dehydrated salad blenmd. Significant differences,
p = .05 indicated by different letters above treatment., T trace .
amount, < 0.1 mg/100g. * not tested due to trace amount on

previous tests.
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THIAMIN — SALAD BLEND
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Figure 76 - Effect of storage time and interior can oxygen on
thiamin content of dehydrated salad blend. Significant differ-
ences, p = .05 indicated by different letters above treatment.
T trace amount, < 0.1 mg/100g. * not tested due to trace amount
on previous tests.
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Figure 77 — Effect of storage temperature and interior can oxygen
on thiamin content of dehydrated salad blend. Significant differ-
ences, p = .05 indicated by different letters above treatment.
T trace amount, < 0.1 mg/100g. Interaction not significant.
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Strogapoff: Figure 78 shows the effect of storage time and
temperature on thiamin content of dry stroganoff. Sufficient
sample for testing was not available at 6 months. There was a
decrease in thiamin content from 12 to 24 months with an anomalous
increase at 30 and 36 months. Thiamin was destroyed more rapidly
at the higher temperatures. Thiamin differences were greater
between 100 and 70°F than between 70 and 40°F. There was a significant
atmosphere effect at all time periods (Figure 79) and at all tem—
peratures (Figure 80) but the interactions were not significant.
Thiamin was retained better in the nitrogen-packed samples.
TvP: Thiamin values for low-moisture TVP were believed to
be low at & months (Figure 81). Analyzed thiamin was higher at 12
months, after which there was generally a decline. Averaged over
all storage periods (Figure 54) the difference in thiamin of TVP
stored at 40 and 70°F was not significant, but there was a large
and significant drop between 70 and 100°F. Thiamin in the air-packed
samples was significantly lower at all time periods except 6 months
(Figure 82). The effect of atmosphere was only significant at 40°F
(Figure 83) . Nonenzymatic browning was not visually discernable in
TVP due to the inherent brown color, however it was presumed to
have been the pathway of thiamin destruction at 100°F. There are
sufficient reducing groups available in TVP to allow nonenzymatic
browning.
Vegetable soup: The effect of storage time and temperature

on thiamin content of dehydrated vegetable noodle soup is shown in
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THIAMIN — STROGANOCFF
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Figure 80 - Effect of storage temperature and interior can oxygen

on thiamin content of dry stroganoff. Significant differences,

p = .05 indicated by different letters above treatment. Interac-

tion not significant.
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THIAMIN — TVP
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Figure 82 - Effect of storage time and interior can oxygen on
thiamin content of dry TWP. Significant differences, p = .05
indicated by different letters above treatment. Interaction not
significant.
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Pigure 83 - Effect of storage temperature and interior can oxygen on
thiamin content of dry TVWP. Significant differences, p = .05
indicated by different letters above treatment.
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Figure B4. Thiamin values for 40 and 70°F storage at 6 months
appear to be low. The protective effect of low storage tempera-
ture (40°F) becomes more evident with time. The thiamin value of
100°F air-packed vegetable soup at 6 months was 0.5 mg/100g (Table
8) which is exceptionally high compared to other values. The vegetable
soup was a heterogeneous mixture of vegetables, noodles and seasoning.
Perhaps this reading was not from a representative soup sample.
Its accuracy is questioned and consequently the derived graphs are
possibly distorted with this data included. The nitrogen-packed
samples retained significantly more thiamin after 24 months than
air-packed samples (Figure 85). The high value for the air-packed
sample at 6 months is believed incorrect. Nitrogen-packed samples
retained significantly more thiamin at 40°F (Figure 86). At 70°F
the difference was not significant and the difference at 100°F would
not have been significant had it not been for the high 6 month
value.

Wheat: Figure 87 shows the effect of storage time and temperature
on thiamin content of wheat. Six month values were thought to be
low since there was a large increase in thiamin at all temperatures
from 6 to 12 months. There was a general decrease in thiamin
content from 12 to 30 months. The thiamin content was lower at
100%F than at 40 or 70°F for all time periods except at 6 and 12
months. The temperature-atmosphere interaction was not significant
(Figure 88), however at 40°F the nitrogen-packed sample retained

significantly more thiamin. The time-atmosphere interaction was
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THIAMIN — VEGETABLE SOUP
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THIAMIN — WHEAT
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Figure 88 - Effect of storage time and interior can oxygen on
thiamin content of dry wheat. Significant differences, p= .05°
indicated by different letters above treatment. Interaction not
significant.
not significant (Figure 89}, Nitrogen-packing preserved a signi-
ficantly greater thiamin content at 6, 18, 24 and 36 months.

Yeast: The effect of storage time and temperature on thiamin
content of yeast is shown in Figure 90. Six month values are
believed to be low. Thiamin content decreased from 12 to 36 menths
and was lower in samples stored at higher temperatures. Thiamin
was significantly lower in air—packed samples at all time periods
(Figure 91). The temperature-atmosphere interaction was not signif-
icant (Figure 92). Thiamin content of nitrogen-packed samples

was greater than air-packed samples by approximately the same

amount at all temperatures.
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THIAMIN — YEAST
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Figure 91 - Rffect of storage time and interior can oxygen on

thiamin content of dry yeast. Significant differences, p = .05
indicated by different letters above treatment.
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For most products the oxygen effect at 100°F was not significant.
Dennison et al. (1977) also reported thiamin destruction to be
independent of oxygen at 86°F. Thiamin destruction at high temper-—
atures is believed to be from nonenzymatic browning. Legault et
al. (1851) reported little difference in the rate of nonenzymatic
browning of air- and nitrogen~packed dehydrated products. This
pathway is evidently anaerobic. Nonenzymatic browning in oatmeal

was so small that it was possible to see a oxygen effect at 100°F.

Ascorbic acid

Ascorbic acid is probably the most labile of all the vitamins
contained in foods. FKRramer (1977) states that it is undoubtedly
the most temperature-sensitive nutrient, particularly in non-acid
foods and in the presence of oxygen. Ascorbic acid content was
determined for eight low-moisture products in this study: apples,
bananas, carrots, green beans, peaches, potatoes, salad blend and
tomatoes. Potatoes at 6, 12 and 18 months storage retained only
trace amounts of ascorbic acid regardless of storage treatment and
were not tested during subsequent time periods. The treatment
means for the other products are listed in Table 9. Trace values
were less than 5 mg/100g.

Initial values were not accurate. Due to a typographical
error in a copy of the procedure, 9 M H,S0; was used instead of 9
N H 80, for making the 2% 2,4-dinitrophenylhydrazine reagent.
Acid dehydration and decomposition of the dehydroascorbic acid

may have occurred. Formation of the osazone was incomplete and
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values were very low. This mistake was detected and corrected
prior to 6 month testing. The initial values were not used in
the analysis of the data and are not included on the graphs.

Figures 93 and 94 show the effect of storage time on ascorbic
acid content of the dehydrated products. As with beta-carotene it
appeared that much of the vitamin was destroyed in a short storage
time and that the rest was in a relatively stable state. There was
generally a large drop in ascorbic acid content from 6 to 12 months
with little change thereafter. It was assumed that much of the
ascorbic acid was lost by 6 months.

The effect of storage temperature on ascorbic acid content
is shown in Figures 95 and 96. Ascorbic acid is very temperature
sensitive and its degradation increases rapidly with increasing
temperature. Kirk (1981) reports the activation energy to be 16
kcal/mole for the destruction of ascorbic acid in low-moisture
foods (a, = .24). The ascorbic acid in the fruits in this study
{Figure 895) appears to be more stable at higher temperatures than
that in vegetables (Figure 96); tomatoes and salad blend in partic-
ular. This may be misleading however, since the fruits were higher
in sugar content. These sugars, especially in products stored at high
temperatures are easily caramelized, causing a darkening of the
solution if the HoS0, is added too rapidly. gcome of the 100°F
values for the fruits appeared to be high (Table 9). This may be

due to charring of scme of the swjars present.
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ASCORBIC ACID — FRUIT
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Figure 93 - Effect of storage time on ascorbic acid content of
low-moisture products: apple, banana, peach. Significant
differences, p = .05 indicated by different letters above
treatment. T trace amount, < 5 mg/100g.
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Pigure 94 - Effect of storage time on ascorbic acid content of
low-noisture products: green bean, carrot, tomato, salad blend.
Significant differences, p = .05 indicated by different letters
above treatment.
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ASCORBIC ACID — FRUIT
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Figare 95 ~ Bffect of storage temperature on ascorbic acid content
of low-moisture products: apple, banana, peach. Significant
differences, p = .05 indicated by different letters above
treatment.

ASCORBIC ACID — VEGETABLE

TEMPERATURE EFTECT

ASTORBIC ACID mg/100g
8
(]

]
] £
e a
-1 ¥ e
-1 e
-y T T i
GREIEN GEAN  CARROT TOMATD  SaLsD BLEND

D LRSS S ey gamens

Figure 96 ~ Effect of storage temperature on ascorbic acid content

—

blend. Significant differences, p = .05 indicated by different
letters above treatment.

of low-moisture products: green bean, carrot, tomato, salad -
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Figures 97 and 98 show the effect of interior can atmosphere
on the ascorbic acid content of the low-moisture products. With
the exception of apples, products packed in nitrogen retained
significantly more ascorbic acid. This effect was quitg small in
peaches and tomatoes (pH 4.1) having a low pH, but larger in bapanas
(pH 5.9}, salad blend, carrots and green beans, having a higher pH.
Riemer and Karel (1978a&b) found no oxygen effect in ascorbic acid
degradation in dehydrated tomato juice at pH 4.1, however Dennison
and Kirk (1978) found oxygen to be a main factor in the degradation
of a dehydrated model food system at pH 6.8. Ascorbic acid is more
stable at pH 3-4.5 than at pH 6-7 (Borenstein, 1975). The pathway
of degradation may be dependent on pH. The pRa for ascorbic acid
is 4.087 (lee et al., 1977).

Bananas had also been processed in oil. The high oil content
would accelerate oxidation of ascorbic acid.

Figures 99 - 119 show the time-temperature, time-atmosphere,
and atmosphere-temperature interactions for the ascorbic acid
content of the individual products.

Apples: The temperature effect in dehydrated apples was
very visible at 6 months (Figure 99), but after 12 months ascorbic
acid content was minimal regardless of storage temperture. Air-packed
samples retained more ascorbic acid than the nitrogen-packed samples
at 6 months (Figure 100); however at longer storage times nitro-
gen-packed samples retained more. The overall effect of nitrogen

on ascorbic acid in dehydrated apples was not significant (Figure
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ASCORBIC ACID — FRUIT
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Figure 97 - Effect of interior can oxygen on ascorbic acid content
of lowmoisture products: apple, banana, peach. Significant
differences, p = .05 indicated by different letters above

treatment.
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Figure 98 — Effect of interior can oxygen on ascorbic acid content
of low-moisture products: green bean, carrot, tomato, salad
blend. Significant differences, p = .05 indicated by different
letters above treatment.



ASCORBIC ACID — APPLE
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Figure 99 - Effect of storage time and temperature on ascorbic acid
content of dehydrated apples. Significant differences, p = .05
indicated by different letters above treatment. T trace
amount, < 5 mg/100g.
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Figure 100 - Effect of storage time and interior can oxygen on
ascorbic acid content of dehydrated apples. Significant differ-
ences, p = .05 indicated by different letters above treatment.
T trace amount, < 5 mg/100g. * not tested due to trace amount

on previous tests.
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97) . Nitrogen-packed samples retained significantly more ascorbic
acid only at 40°F (Figure 101). The temperature-atmosphere interaction
was not significant.

Bapapas: Low-moisture bananas stored at 100°F retained signifi-
cantly less ascorbic acid than bananas stored at 40 or 70°F at all
time periods (Figure 102). Bananas stored at 40°F did not always
contain more ascorbic acid than those stored at 70°F. Ascorbic
acid decreased during the first three storage periods and then
leveled off after 18 months. Samples packed in nitrogen retained
significantly more ascorbic acid at all time periods (Figure 103).
The atmosphere effect was significant at all three temperatures
(Figure 104) but greatest at 100°F.

Carrots: There was a definite temperature effect on ascorbic
acid content in dehydrated carrots at 6 months (Figure 105), but
not much change regardless of temperature after 12 months., Nitrogen-—
packed samples contained significantly more ascorbic acid at all
time periods (Figure 106). This effect was greatest at 6 months
before the ascorbic acid leveled off. Nitrogen-packed carrots
retained more ascorbic acid at all three temperatures (Figure 107);
the difference was greatest at 70°F.

Green beans: There was a definite temperature effect on
ascorbic acid content of dehydrated green beans at all storage
times (Figure 108). Samples stored at 40°F contained signifi-
cantly more ascorbic acid than those stored at 70°F, which con-

tained significantly more than those stored at 100°F. The ascorbic
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acid content of dehydrated bananas.

Figure 102 - Effect of storage time and temperature on ascorbic
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ASCORBIC ACID — BANANA
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Figure 103 - Effect of storage time and interior can oxygen on
ascorbic acid content of dehydrated bananas. Significant differ-
erces, p = .05 indicated by different letters above treatment.
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Figure 104 - Effect of storage temperature and interior can oxygen
on ascorbic acid content of dehydrated banamas. Significant
differences, p = .05 indicated by different letters above
treatment.,
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Figure 105 - Effect of storage time and temperature on ascorbic

acid content of

p = .05 indicated by different letters above treatment.

ted carrots. Significant differences,

trace amount, < 5 mg/100g.

ASCORAIC ACID Mo 1009

ASCORBIC ACID — CARROT

TWE o ATMOSPHERE

15

10

o

W AARE

Bm |:uu~rm ‘I.HM‘I IAHMH JQHQ'«ITH SBHM‘I'H

| ] mm%rﬂm

T

Figure 106 - Effect of storage time and interior can atmosphere on
ascorbic acid content of dehydrated carrots. Significant differ--

ences, p =

.05 indicated by different letters above treatment.
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TEMPERATURE X ATMOSPHERE
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Figure 107 - Effect of storage temperature and interior can oxygen

Significant
.05 indicated by different letters above

on ascorbic acid content of dehlydrated carrots.
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acid content appeared to be relatively stable after 6 months.
Nitrogen-packed samples retained significantly more ascorbic acid
than air-packed at all time periods. The time-atmosphere interaction
was not significant (Figure 109). Nitrogen-packed samples also
retained significantly more ascorbic acid at all three temperatures
{Figure 110).

Peaches: At 6 months low-moisture peaches stored at 40°F
contained more ascorbic acid than those stored at 70°F (Figure
111}, however peaches stored at 100°F appeared to contain more
ascorbic acid than those stored at 70°F. The high 100°F values
may be from interfering sugars. Ascorbic acid content declined
rapidly from € to 12 months (Figures 111 and 112) but changed
very little after 12 months. The time-atmosphere interaction
was not significant (Figure 112). Ascorbic acid was generally
less in air-packed samples but this difference was only signifi-
cant at 12 months., The atmosphere effect was only significant
at 100°F (Figure 113).

Salad blend: There was a decline in ascorbic acid content
of low-moisture salad blend from & to 12 months (Figure 114),
but relatively little change after that time. The temperature
effect was very large at all time periods. Very little ascorbic
acid is retained at 100°F, while dehydrated salad blend stored
at 40°F is an excellent source of ascorbic acid even after 36
rmonths storage. The effect of atmosphere on ascorbic acid content

is quite large at all time periods (Figure 115) and temperatures
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ASCORBIC ACID — GREEN BEAN
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Figure 109 - Effect of storage time and interior can oxygen on
ascorbic acid content of dehydrated green beans. Significant
differences, p = .05 indicated by different letters above
treatment., Interaction not significant.

:

ASCORBIC ACID — GREEN BEAN

TEMPERATUIRE X ATMOSP-ERE

NN
000000 A

R R -
AN

NN

A0 DEQRIE F 70 DEGMEE F 1

T2 rave O e e

Figure 110 — Effect of storage temperature and interior can oxygen
on ascorbic acid content of dehydrated green beans. Significant
differences, p = .05 indicated by different letters above
treatment.
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ASCORBIC ACID — PEACH

TIME ¥ TEMSERATLRE

(-] =dw
d
g h
gh h n

1 T 1
B MONTH 12 MONTH 18 MONTH 24 MONTH 30 MONTH 38 WONTH

T B AT

Figure 111 - Effect of storage time and temperature on ascorbic
acid content of dehydrated peaches. Significant differences,
p = .05 indicated by different letters above treatment. T
trace amount, < 5 mg/100g.
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Figure 112 - Effect of storage time and interior can oxygen on
ascorbic acid content of dehydrated peaches. Significant differ-
ences, p = .05 indicated by different letters above treatment.
T trace amount, < 5 mg/100g. Interaction not significant.
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ASCORBIC ACID — PEACH
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Figure 113 - Effect of storage temperature and interior can oxygen
on ascorbic acid content of dehydrated peaches. Significant
differences, p = .05 indicated by different letters above
treatment.
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Pigure 114 - Effect of storage time and temperature on ascorbic
acid content of dehydrated salad blend. Significant differ-
ences, p = .05 indicated by different letters above treatment.




126

ASCORBIC ACID — SALAD BLEND
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Figure 115 — Effect of storage time and interior can oxygen on
ascorbic acid content of delydrated salad blend. Significant
differences, p = .05 indicated by different letters above
treatment,

(Figure 116) . Air-packed samples contain 25~50% less ascorbic acid
than nitrogen-packed samples.

Tomatoes: Figure 117 shows the effect of storage time and
temperature on ascorbic acid content of low-moisture tomato flakes.
Ascorbic acid was destroyed very rapidly at 100°F. It was more
stable at 40 and 70°F but did continue to decrease with time. The
effect of nitrogen was significant at all storage periods (Figure
118), however relative to the ascorbic acid concentration it was
small. Figure 119 shows that the effect of atmosphere was small
but significant at all three temperatures. Heberlein and Clifcorn
(1944) reported an initial value of ca. 205 mg/100g ascorbic acid

in dehydrated tomato juice. After 1 months storage at 70°F their
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Figure 116 -~ Effect of storage temperature apd interior can oxygen
on ascorbic acid content of debydrated salad blend. Significant
differences, p = .05 indicated by different letters above
treatment.
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Figure 117 - Effect of storage time and temperature on ascorbic
acid content of dehydrated tomatoes. Significant differences,
p = .05 indicated by different letters above treatment.
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ASCORBIC ACID — TOMATO
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Figure 118 — EFfect of storage time and interior can oxygen on
ascorbic acid content of dehydrated tomatoes. Significant differ-
ences, p = .05 indicated by different letters above treatment.

ASCORBIC ACID — TOMATO

TEMPERATLIRE X ATWMOSSOHERE

differences,
treatment.

IE: % S
;N L
s Z\l%
ERE I
F2 N A
"1 AN A\
L NN N
EA ravem o M o

.f' Pigure 119 - Bffect of storage temperature and interior can oxygen
on ascorbic acid content of dehydrated tomatoes. Significant

p = .05 indicated by different letters above



nitrogen-packed sample had decreased to ca. 180mg/100g and the
air-packed sample had decreased to ¢a. 150 my/100g. These values
remained relatively constant for the remainder of the one year
study. The 70°, 6 month nitrogen~ and air-packed samples in
this study contained 169 and 166 mg/100g ascorbic acid respec-
tively (Table 9). Although the atmosphere effect was greater in the
Heberlein and Clifcorn (1944) study, the ascorbic acid content of the

dehydrated tomato samples are quite close.

Taste panel

Taste panels were conducted at 6 month intervals to deter-
mine consumer acceptability of the low-moisture products, Sample
flavor, color, texture and overall acceptability were evaluated.
Preference was indicated on a line scale with very poor at the left
and very good at the right (Appendix F). Marks were later translated
into & numeric percentage (0 very poor - 100 very good).

Taste panel data were transformed using the arcsine(square
root (x/100)) prior to statistical analyses. Values listed in
tables and graphs are the reverted means of the transformed data.
Due to the mathematics involved there is a slight discrepancy (<
1%) between these values and the means of the original data.

Taste panel data from the first year of the study were lost due
to a computer malfunction which destroyed the tape. Printouts of
the treatment means were retained. Mean values from the 6 and 12
mnth tests are listed in the tables and graphs, however due to the

loss of the individual data they could not be included in the

129
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statistical analyses. Statistical analyses include only 18, 24, 30
and 36 month data.

Samples receiving an average overall acceptability score of
less than 40 were determined unfit for consumption and not taste
tested thereafter. Butte-r, carrot, egg, green bean, milk, peach,
potato, salad blend, stroganoff, tomato, and vegetable soup 1C00°F
samples were determined unfit for consumption after 6 months storage.
Apple 100F samples were determined unfit after 24 months. None
of these samples were included in the statistical analyses.

Different taste panels were used to evaluate the products at
each time period. There is no way to distinguish between the
variance due to time and that due to panel preferences. This
effect is listed in all places as a time effect but in actuality
is the combined time and panel effect. It is not assured that
any of the products would increase significantly in acceptability
with time, even though it appears as if they did in some instances.
These increases are most likely due to panel preference. The time
effect graphs are included, but will generally be ignored because
no discrimination can be made between the two effects.

Product browning was present in many 100°F samples. Christensen
{1983) reported that appropriately colored foods were perceived by
taste panels to have a stronger intensity and better quality aroma
and flavor, while judgments of texture quality were not affected by
color. The poor color of some samples in this study may have
prejudiced the flavor scores, however this was felt to be not

inappropriate when determining acceptability.
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Yeast samples were not evaluated by the taste panels, however
yeast activity was tested. Yeast activity test procedures and
results are included in appendix G.

Multivariate apalysis: All four dependent variables (flavor,
color, texture and overall acceptability) were considered together
to determine differences due to treatment in the multivariate
analysis. Table 10 gives the level of significance (p—value) for
each of the main effects.

There was a significant temperature effect in bananas, butter,
carrots, eggs, macaroni, navy beans, oatmeal, peanut butter, peaches,
salad blend, stroganoff, TVP, vegetable soup and wheat. Since
100°F samples were not included in the analyses for butter, carrots,
eggs, peaches, salad blend, stroganoff and vegetable soup, significant
differences in these products were between 40 and 70°F samples.
The multivariate analysis did not differentiate at what temperatures
the differences were significant for bananas, macaroni, navy beans,
oatmeal, peanut butter, TVP and wheat., Samples stored at 100°F
were not included in the analyses of any of the five products where
temperature was not significant; had they been, the effect probably
would have been significant.

The atmosphere effect was not significant in 9 of the 19
products; apples, milk, navy beans, catmeal, peaches, stroganoff,
tomatoes, vegetable soup, and wheat.

Apples: Table 11 lists the mean scores from the taste panels

for dehydrated apple samples. Apple 100°F samples were considered



Table 10 - Taste panel results, level of significance (p value)

main effects, as determined by multivariate analysis.

: Product | Time | Temperature | Atmosphere
i Bpple* I p= .003 I p= .286 | p= .712
:Banana : p = .012 : ‘p=.000 : p = .000
{ Butter* : P = .000 } p= -001 : P = .040
1 Carrot* : = .005 : p = .000 i p = .000
iEgg* : p = .000 : p = .000 ; p= .000
: Green bean* :Mpf 004 : p = 447 : p= .003
: Macaroni : p = .000 : p = .000 : p= .009
II Milk* : p = .000 i p = .359 i p = .662
:Navybea.n ; p = .000 : p = .000 : p = .126
II Catmeal : = .000 : p = .000 : p = .976
: Peanut butter : = ,106 } p= .015 I p = .000
: Peach* : p = .000 : p = .000 : p = .065
: Potato* : p = .870 : p = .413 : p = .002
: Salad blend* : p= .021 i p = .000 { p = .014
:Erc;ganoff* } p = .001 : p = .000 : p = .760
: Tomato* :ﬁ p = .003 : p = .633 : p = .320
e T p= .0 | pe.000 | pe .ot
Il Veg. soup* } p = .028 : p = .000 : p = .062
IF;\’t)eat : p = .004 : p = .001 i p=.711

Rumbers in bold type are significantly different p < .05.

* 100°F samples not included in the analysis.
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unfit for consumption after 24 months. There was no significant
difference in flavor, color, texture or overall acceptability
between the 40 and 70°F samples (Figure 121), or between the nitrogen-
and air-packed samples (Figure 122).

Bananas: Treatment means from the banana taste panels are
listed in Table 12. All samples were tested at all time periods.
Bananas stored at 100°F were rated significantly lower in flavor
than those stored at 40 or 70°F (Figure 124) . There were no noticea-
ble differences in color or texture due to temperature., Differences
in overall acceptability were significant between all three temper-
atures. Nitrogen-packed bananas were judged superior to air—packed
samples in flavor and overall acceptability (Figure 125). The

sliced bananas were processed with coconut oil and sugar and contained

TASTE PANEL — APPLE
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Figure 120 - Effect of storage time on dehydrated apple accepta-
bility. Significant differences, p = .05 indicated by different
letters above treatment.
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Figure 123 - Effect of storage time on dehydrated banana
bility. Significant differences, p = .05 indicated by different
letters above treatment.
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Figure 124 - Bffect of storage temperature on deliydrated banama
ility. Significant differences, p = .05 indicated by
different letters above treatment.
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TASTE PANEL — BANANA
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Figure 125 - Effect of interior can oxygen on dehydrated banana
ility. Significant differences, p = .05 indicated by
different letters above treatment.
no antioxidants. Rancidity was very noticeable in air-packed
samples stored at 100°F for 24 months and longer (Table 12} .
Butter: Table 13 lists the treatment means from the butter
taste panels. The air-packed 100°F sample was judged unaccepta-
ble at 6 months. The nitrogen-packed 100°F sanple was barely
acceptable and should have continued to have been tested, however
both samples were not tested after 6 months and not included in
the analyses. The color was not adversely affected by 100°F heat-
during the first 6 months. The 70°F samples were judged significantly
lower in flavor and overall acceptability than the 40°F samples,
but not in color or texture (Figure 127). There was no significant
atmosphere effect (Figure 128), even though the butter product
contained a significant amount of lipid. It also contained BHA,

propyl gallate and citric acid as antioxidants.
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TASTE PANEL — BUTTER
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Figure 128 - Effect of interior can oxygen on dehydrated butter
acceptability. Significant differences, p = .05 indicated by
different letters above treatment.

Carrots: Table 14 lists the treatment means from the carrot
taste panels. Values were unacceptable for both 100°F samples
at 6 months and not included in the analyses. Carrots stored at
70°F were rated significantly lower in color and overall accept-
ability than those at 40°F (Figure 130). The effect of temperature
on flavor and texture was not significant. Nitrogen-packed samples
were rated significantly better than air-packed samples in flavor,
color and overall acceptability (Figure 131) . The effect of atnosphere
on texture was not significant. Carrot samples stored for 30
months are pictured in Figures 132 and 133. Browning is evident,
especially at 1009F in Figure 132. Bleaching of carotene in the

alr-packed sample can be seen in Figure 133,
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TASTE PANEL — CARROT

TIME EFFECT
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Pigure 129 - Effect of storage time on dehydrated carrot accept-
ability. Significant differences, p= .05 indicated by different
letters above treatment,
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Pigure 130 - Effect of storage temperature on dehydrated carrot
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Figure 133 - Dehydrated nitrogen- and air-packed carrot samples
after 30 months storage at 70°F.

Eggs: Table 15 lists the treatment neans from the egg taste
panels. Samples stored at 100°F were very brown and received
unacceptable scores at 6 months. Samples stored at 70°F rated
significantly lower than 40°F samples in flavor, color and overall
acceptability (Figure 135). Nitrogen-packed samples rated signi-
ficantly higher in flavor and overall acceptability than air-packed
samples (Figure 136) ., Clumping and color difference due to storage
temperature in eggs stored for 30 months can be seen in Figure 137.

Green beans: Table 16 lists the green bean taste panel treatment
means. Samples stored at 100°F received unacceptable scores at 6
months and were not included in the analyses. There were no signi-
ficant temperature differences between 40 and 70°F samples (Figure
139) or atmosphere differences between the nitrogen- and air-packed
samples (Figure 140). Green bean samples stored for 30 months are

pictured in Figure 141. The 100°F sample was quite brown.
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Figure 135 - Effect of storage temperature on dehydrated egg
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Figure 134 - Effect of storage time on dehwirated egg acceptability.
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TASTE PANEL — GREEN BEAN
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Figure 138 - Effect of storage time on dehydrated green bean
ility. Significant differences, p = .05 indicated by
different letters above treatment.
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Figure 139 - Effect of storage temperature on dehydrated green
bean acceptability. Significant differences, p = .05 indicated
by different letters above treatment.
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Figure 140 - Bffect of interior can oxygen on debydrated green
bean acceptab:.l.i.ty. Significant differences, p = .05 indicated

by different letters above treatment.
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Figore 141 - Dehydrated nitmgé;gcked
30 months storage at 40°F,
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green bean samples after
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Macaroni: Treatment means from the macaroni taste panels
are listed in Table 17. All samples were tested at all time periods.
Browning decreased color acceptability in the 100°F samples (Figure
143). Samples stored at 100°F were also rated lower than 40 and
70°F samples in flavor, texture and overall acceptability. The
color of the air—-packed macaroni samples was significantly better than
the nitrogen-packed samples (Figure 144}. The bleaching action of
the oxygen retained a preferred lighter color in the macaroni. The
other variables were not affected by atmosphere.

Milk: Table 18 lists the milk taste panel treatment means.
The 100°F samples were omitted due to very low flavor and overall
acceptability responses after € months. Nonenzymatic browning was
not a problem with the nonfat dried milk. There were no signifi-
cant differences due to temperature between the 40 and 70°F samples
(Figure 146)., The atmosphere effect was also not significant
(Figure 147}. Nonfat milk contains only ca. 0.7¢ fat (Watt and
Merrill, 1963).

Navy beans: Table 19 lists the treatment means from the
navy bean taste panels. All samples were tested at all time periods.
Flavor, color, texture and overall acceptability were all rated
significantly lower in samples stored at 100°F (Figure 149).
Differences were greatest for texture; beans stored at 100°F did
not soften with extended cocking. There were no significant dif-
ferences between navy beans stored at 40 or 70°F. The effect of

atmosphere on navy bean acceptability was not significant (Figure 150) ,
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TASTE PANEL — MACARONI
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Figure 142 - Effect of storage time on dry macaroni
Significant differences, p = .05 indicated by different letters
above treatment.
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Figure 143 - Effect of storage temperature on dry mecaroni accept
ability. Significant differences, p= .05 indicated by different
letters above treatment.,
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Pigure 148 - Effect of storage time on dry navy bean acceptability.
Significant differences, p = .05 indicated by different letters
above treatment.

TASTE PANEL — NAVY BEAN

TELPEMATURE EFFELT

7

o

A

%

0

MMM

W

NS
N

AN

Y,

N
%

Y

7N

s Bl S I iy 7 o

Figure 149 - Effect of storage temperature on dry navy bean
acceptability. Significant differences, p = .05 indicated by
different letters above treatment. '
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Figure 150 - Effect of interior can oxygen on dry navy bean
ility. Significant differences, p = .05 indicated by
different letters above treatment.

Qatmeal: The oatmeal taste panel treatment means are listed
in Table 20. All samples were tested at all time periods. Browning
was not detected even in 100°F samples stored for 36 months.
Samples stored at 100°F were rated significantly lower than 40 and
70°F samples in flavor and overall acceptability (Figure 152).
There were no color or texture differences due o temperature.
Atmosphere effects were not significant (Figure 153) in spite of a
rather high fat content of ¢a. 7% in dry oats (Watt and Merrili,
1963) .

Peanut, butter: Table 21 1lists the treatment means for the
peanut butter taste panels. All samples were tested at all time

periods. No increase in brown color was evident even in 100°F

samples stored for 36 months. A slight temperature effect on

160
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