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ciences

Dr. Malcolm C. Smith
Head, Food Development Group
NASA/JSC (DE-5)
Houston, Texas 77058
RE: NAS9-12434
Dear Dr. Smith:

The annual progress report for the period of February 1977 to
January 1978 is herewith sipmitted. The histelogical work has given

excellent insight into the mechanisms of compression and rehydration.

The storage studies have yielded guidance as concerns temperature/
t me regimes and resultant product effects.
We now look forward to the tasks concerning utilization of anti-

oxidants and nutritive value.

Sincerely, B

18 T

E.E. Burns, Professor
Food Science and Technoiogy
Adriance Laboratory

EEB/kep

cc Dr. W.S. Barham, Head, Dept. of Horticultural Sciences
br. Neville P. Clarke, Director, Texas Ag. Exp. Sta.
J.H. Goldstein, R&T Procurement Branch, NASA
Francis M. Lucas, ONR Resident Rep., Austin, Texas

College of Agriculture

Texas Agricultural Experiment Station Texas Agricullural Extension Service
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I. JUSTIFICATION

Freeze drying ﬁas the advantage over other commercial preservation
methods of being able to more effectively retajn the natural flavor and
texture of the original product. In addition, it eliminates the weight
of water from the processed product, a factor of importance where trans-
portation is involved. However, volume reduction is practically nil; and
therefore, successful methods of compression are needed. Potential volume
savings may be as high as 16-1. Creation of successful freeze-dried com-
pressed products has significant impact where drastic food volume and
weight reduction are a necessity.

Characteristics of freeze-dried compressed carrots, such as rehy-
dration, volatile retention, and texture, have been studied. A need
exists to identify those treatments which will produce a product with
acceptable storage stability under varied conditions of storage and have
acceptable food quality. This relates to objective measurements and sub-
jective organoileptic evaluations. Limits of quality and acceptability
for each quality factor can thus be objectively and subjectively identi-
fied.

There is a need to determine the histological changes that occur as
a function of compression and relate these to textural qua1ify evaluation.
Sihce opfimum uti]ify requires that products be stored under a variety of
conditions, a need also exists to determine the effects of storage temp-
erature on the quality of freeze-dried compressed carrot bars. The ulti-
mate goal wouid be that of obtaining a product of optimum quality in terms

of rehydration characteristics, organoleptic properties and storage attri-

butes.
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II. HISTORICAL

FREEZE-DRYING, Freeze-drying is a commercially established process in the

food industry. Freeze-arying produces the highest quality preserved prod-
uct obtainable. However, the bulkiness of freeze-dried foods has presented
g storage and transportation problem.

In terms of product quality, freeze drying is generally superior to
other methods of food preservation. Reasons for the high quality of freeze-
dried products include rigidity of the frozen material, Tow processing
temperatures, lack of a liquid state, and the reduction of transfer rates
which control the loss of flavor and aroma (King, 1971).

Freeze-drying can produce foods that are shelf stabie, Tight in weight,
and have good color and flavor when rehydrated. Foods produced by freeze-
drying have Tess weight and a preserved flavor and structure; but volume
in terms of packaging, transportation and storage is not changed. 1In an
effort to alleviate this problem, different methods of compressing the
freeze-dried product have been developed to eliminate most of the void
spaces (King, 1971, Brockman, 1974). Two major advantages are: 75-94%
volume reduction and 60-90% weight reduction (Rahman, 1969).

In spite of the many advantages of compressed freeze-dried foods,
some problems do exist. Methods of plasticization involve procedures which
are costly and require extensive equipment use. Texture of reconstituted

products is still not comparable with foods processed by other metheds.
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COMPRESSION. The advantages of compression include a 75-94% volume reduc-

tion which benefits transportation and storage requirements. Other advan-
tages are a 60-90% wzight reduction resulting from moisture removed during
dehydration, and lower freight costs aTong with added convenience due to
volume reduction. There is also a reduction in the amount of packaging
materials required, and an increase in stability and shelf 1ife. Freeze-
dried foods have an average bulk density of 0.3 g/cc. With existing tech-
noTogy, it should be possible to compress most foods to a bulk density of
0.9 g/cc without hampering reversibility (Brockman, 1966).

The basic technique for producing compressed foods is to dry the
product to about 2% moisture, plasticize the product by the addition of
water, compress into bars or disks, redry to about 2% mojsture, and then
package. Several innovations to the basic procedure have recently been
developed. One involves simultaneous freeze drying and compression.
Another method entails drying the food to 10-28% moisture, compressing,
then drying to about 5% moisture and packaging. Still another method
involves freeze drying to 10-30% moisture, equilibrating the moisture
with microwave energy for upwards of one minute and then compressing
and drying to about 3% moisture and packaging. The compression pres-
sures used jn these technigues range from 100-3000 pounds per square
inch depending on product characteristics. .

In spite of the many advantages and high quality of freeze-dried
vegetables, the reduction of bulk by compression presents numerous
problems with certain products. Compressed vegetable tissue undergoes
irreversiblie phanges in original properties. These changes mpst often
manifest themselves as losses in texture and unacceptabie rehydration
times. In most cases, the length of time required for rehydration is

directly proportional to the pressure and dwell time utilized during the

compression phase (Lampri, 1967).




The reduction in bulk of freeie-dried products by compressionican
cause problems of fragméntation.in certain p%oduéts. IshTer (1965)
determined that d{fect compression without the aid of plasticizing agents
resulted in fracturing to the point of causing powders when high press
sures were used. Upon rehydration, unplasticized bars attained an un-
acceptable. puree'cdnsistency. However,.when properly preconditioned,
freeze-dried foods can be compressed with 1ittle to no fragmentation
(Hamdy, 1962). Treatments used to reduce the ffagmentation,,dther than
added moisture or micro-wave treatments, include spraying the product
with glycerine or propylene glycol prior to compression. These chemi-
cals act as plasticizing agents, allowing the cell walls to be com-

pressed without serious fragmentation.
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"'PLESTICIZATION. Plasticization with heat was first used by Proctor and

~ Sluder in 1943 in an effort to prevent the severe fracturing that resulted

from compression of dehydrated products. It was determined that plasti-

_cization should be carried out at an optimum high femperature to reduce

 fragmentation. The use of added moisture was deleterious because of the

~problems of removal after compression.
Investigations by Gooding (1957} at Aberdeen, determined that de-
_ hydrated.cabbage_should be humidified to 8% prior to compression. Pro-
éésSes developed to'reﬁove this added moisture were elaborate and resulted
in some deﬁerioration in quality. Further investigations showed that
cabbage with 4% moisture at 140—150°F became moderately plastic thus
eliminating the humidification and redrying steps.

Studies by Ishier in 1965 on methods to control fragmentation showed
that freeze-dried foods should be plasticized at the 5-20% moisture level
prior tc compression. Three methods of obtaining specific moisture levels
were evaluated: 1) addition of water by atomized spray, 2) stopping the
freeze drying process at a specific moisture Tevel, and 3) humidification
to a specific moisture level. Addition of water by spray was the chosen
method because stopping the freeze drying process at a desired moisture
was difficult and humidification required several hours.

Methods developed by Rahman et al. (1969) at the U.S.'Army Matick
Laboratories included subjecting vegetables to 1ive steam for 5 minutes
prior to compression. In related research, Rahman et al. (1970) found
that blueberries and cherries became thefmoplastic when heated for 10
minutes at 200°F. Recent work by Rahman (1976) indicate microwave radia-

tion is an effective method of thermal plasticization.
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Considering all quality attributes, the optimum pre-compression equili-

bration conditions for carrot slices are 7% moisture and 90°F (Rushing, 1975).

- MacPhearson (1973) found that carrot slices compressed at 170 pounds. per

square inch had improved rehydration and shedding times. In most cases,
the rehydration and shedding times have been found to be directly propor-

tional to the compression pressure and dwell times.

REHYDRATION. One of the goals of freeze-drying food is an end product

‘that is indistinguishable from the cooked fresh food. To insure a food-

stuff of satisfactory eating quality, it is essential that proper water

uptake occur (Hanson, 1961). The most widely used method for measuring

‘water absorption is the rehydration ratic. This ratio has been defined

by Simpson et al. (1955) as the weight of the rehydrated sample divided by
the initial weight. Measurement of water uptake requires that the sample
be immersed for a specific time in water at a specified temperature and
then drained, blotted free of excess water and weighed.

Temperature of water used for rehydration is important. Foeds con-
taining a high percentage of protein are rehydrated with cold water to
prevent coagulation and toughening. Freeze-dried vegetables are rehy-
drated in boiling water (Hanson, 1961).

Rehydration of some freeze-dried foods is often difficult. Research
by Gane and Wagner (1958) determined two important factors in vegetable
rehydration: heating reduces cell swelling power and/or elasticity and
destroys the cell wall osmotic properties.

Working with carrots, Rushing (1975) determined that the interaction
of moisture and temperature had a profound effect upon bar rehydration.
Improved shedding and rehydration times for carrots as obtained by MacPhear-
son (1973) by compression at 170 psi. In general, the shedding and rehy-
dration times are directly proportional to the pressure and dwell time

(MacPhearson, 1973, Rushing, 1975).
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"Ihhérentrraw'mate?ia? characteristics such as total sugar content

oo A Pt

_zand ce11u1ose content plus stage of matur1ty.a11 have an effect on the
'f'rehydratxon rate of comprassed Freeze-dried carrots. Bennett (1976)
found that the rehydrat1on rates decreased as the maturity of the raw

'product 1ncreased and as ‘the tota1 sugar content 1ncreased He also

ey

showed that as cellulose content increased so d1d the rehydration rate.
Aé pre#iouSTy mentioned, the ﬁehydration'rate'can also be increased by

pre~proce531ng ﬁreatments such as 24 hour soaks in distilled water and

a]so in sa]t solutlons, whereas sucrose solutions have the opposite

} . effect. In an effort to decrease the time reguired for rehydration,

I, FFTITR T i
i

Haas et a] (1974) conducted 1nvest1gat1ons incorporating commercial

. surfactants into the water used as a rehydration media for selected

'freezeedr1ed products.

~The rehydrafion ratio, 1ike the rehydration rate, is also affected

el A 1 i

by the temperature of the water of reconstitution. Curry {1974) found

that optimum rehydraticn ratios were obtained at a temperature of 33°C.

R o R R g e B R AT
T P RV S S

with 3/4 inch thick‘s1ice$. Longan (1973) also found an inverse rela-
tionship between thickness of carrot sTices and rehydration ratios. He
also showed that an increased rate of freezing created less cell dis-
.ruptiondwhich resiited in decreased uptake of water on rehydration.
Bennett (1976) showed_thet carrot maturity was inversely correlated with
{ rehydration ratios. Curry (1974) investigating the effects of plasti-
cizing methods discovered that stopping the freeze drier at the Tevel

of moisture desired for compression resulted in higher rehydration ratios

than the surface spray equilibration method. He also found that as cook-
ing time increased,‘rehydration ratios also significantly increased,

becoming optimum at 8 minutes for 3/8 inch carrot slices.
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TEXTURE. Due to the cqmbined_effect_of bTanching and freezing, freeze-
dried vegetables sometimes possess a Tess firm texture than their fresh
counterparts. The-rate of freezing is recognized as a critical factor
in tissue damage. With rapid freezing ice crystals are small; however,
as the rate of freezing is reduced the size of the ice crystals increase
and severe damage to the cell structure is experienced due to the pene-
trating of cell walls by ice crystals.

Although rehydration of compressed foods can be macroscopically ob-
served, the actual mechanisms of rehydration and their effects on texture
can only be observed at the cellular level.

Histological observation of freeze-dried compressed carrot tissue
can be accomplished with the scanning electron microscope which offers
several advantages. First, the sample can be observed in the freeze-
dried state because no imbedding process is used. A second advantage
is the three dimeﬁsiona1 quality which allows a sense of reality to the
object being viewed {Everhart and Hayes, 1973). Since all forms of
microscopy supply different kinds of information, they compliment one
another rather than compete. Each type has unique characteristics that
can provide valuable information about the microstructure of biological

materials (Curry, 1974).

STORAGE. Each food system has, under the best of conditions, a maximum
storage 1ife. This potential may be conserved by judicious selection

and application of conditions of processing, packaging, and storage which
will protect and prclong the retention of desirable qualities in both the
product and its package. Comprehensive storage studies conducted by Cecil
and Woodruff (1962) determines that the most important factor affecting

the length of storage 1ife of preserved foods was the reduction of storage
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temperatures {(Desrosier, 1970). Each of the qualities of appearance,
aroma, color, texture, flavor, acidity, drained weight , and vitamins
responded favorabiy to refrigeration.

With increasing temperatures, the storage 1ife of dehydrated foods
is reduced by development of a brown discoloration which is Targely the

result of the Maillard reaction. In those cases where reducing sugars

are the 1imiting reactants, browning would be prevented by their removal.

Eggs mxy he stabilized by treatment with glucose oxidase before dehydra-
tion {Hanson, 1971).

Upon extended periods of storage, dehydrated vegetables tend to
alter in color and flavor, and in some cases become unfit for human
consumption. Such alterations in flavor, appearance, and odor are most
frequently the result of oxidation of different substances present in
the vegetables. Hence it has become standard practice in the food in-
dustry to treat dried vegetables with various antioxidants (Pintzuro,
1974). The reason low moisture foods are subject to oxidation is not
fully understood. Uri (1956) suggested that it may be associated with
the cataTytic effect of heavy salts or the free radical chain reaction
essential to the developement of oxidative rancidity.

- Several other féctcrs including method of blanch, method of dehy-
dration, moisture and sugar content can also have a profdund effect on
storage Tife. Concerning blanching, it has been found that as the con-
ceﬁtratidn of solutes leached into the blanch water increases, the Tike-
Tihood of browning is increased. The probiem does not arise when steam
scalding is used. If oxidation can be prevented, the lower the moisture
‘of the dehycrated product, the Tonger the storage life at high tempera-

ture.

F. SRSV
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BROWNING. It is important to avoid browning in processed vegetables.
The chief cause of browning is considered to be the reaction between re-
ducing sugars and amino acids. Using model systems of glucose and amine
acids, Lewis et al. (1949) found that nonenzymatic browning and carbon

dioxide production cccur at similar rates. In model systems, sugars

react in the following order of decreasing activity with respect to
browning: xylose, arabinose, galactnse, mannose, glucose, lactose, and

maltose. Sucrose shows no tendency to brown (Pomeranz et al., 1962).

OXYGEN. Atmospheric oxygen is capable of affecting the nutritive value

of foods. In general the effects are detrimental and it is desirable to

maintain certain types of foods at a Tow oxygen tension, or 2t least to
prevent a continuous supply of oxygen into the package. The reactions
due to atmospheric oxygen include the oxidation of fats and oils, deterio-

ration of the biological value of proteins, and the destruction of some

vitamins. The headspace gas and other gases dissoived in the food may
contain free oxygen. Within a few days of packing, free oxygen is used

up to produce anaerobic conditions.

NUTRITIONAL VALUE. Tressler (1958) discussed the major factors influen-

cing retention of nutrients in dehydrated fruits and vegetéb]es during
production and storage. Storage at refrigerated temperatures is favor- @ﬂ
able to flavor, color, and vitamin retention. Packaging under nitrogen U

or carbon dioxide assists in conserving ascorbic acid and carotene.

However, moisture content is a major factor affecting stability at 70°F

or higher. Use of an inpackage dessicant to bring moisture content to

1% or lower should permit storage of dehydrated fruits and vegetables

for 6 months at 70-100°F. without significant losses of vitamins.
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There seems to be Tittle information concerning the effects of com-

pression on the retention of nutrients in freeze dried foods. The freeze ﬁf

drying process will certainly cause some loss of water soluble vitamins.

The exclusion of oxygen during compression and packaging should enhance

retention of the fat sotuble vitamins during storage. However, much work

R

remains to be done in this area.
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III. EXPERIMENTAL

HISTOLOGY. This study detemmined the histological changes which occur

as a function of compression. Specifically, the study was designed to
compare a product compressed at 48% wmoisture with that produced by com-
pression at 12% moisture.

Carrots of the Imperator 58 varjety were obtained from Van de Walle

8 e v, S

Farms, San Antonio, Texas. The carrots were harvested the day prior to

arrival at Adriance Labaratory, Texas A&M University. Samples were stored ;iﬂ

at 1.7°C. until processing.

Carrots were peeled, trimned and cubed using an Economy Vegetable

Cuber, manufactured by the H.G.W. Young Co., Philadelphia, Pennsylvania.

The apparatus was equipped with a 3/8" die. After cubing, the sample

was sieved through a 7/16" screen to remove fines. The carrots were then
steam blanched for three (3) minutes and forty-five (45) seconds to a
negative catalase-peroxidase end point. The sample was inmediately

frozen by immersing in LNp, sealed in polyethylene freezer bags and

stored at -29°C. until freeze-drying.

Freeze-drying was accomplished using a model REPP sublimator, manu- -

factured by the Virtis Company, Gardner, New York. The samples were freeze

dried using a condenser temperature of -50°C. and a shelf temperature of

10°C.  The freeze dryer was stopped at intervals to obtain sawples at the
two moisture levels. The samples were resealed in polyethylene freezer i:ﬁ
bags and stored at -40°C. until plasticization and compression. W

Moisture content was determined upon removal from the freeze dryer
and after microwave treatment by the vactum oven method of Pomeranz and

Meloan (1971).
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~ Carrot dices were freeze dried to two moisture levels: 712% and 48%.

Sixteen (16) gram samples were plasticized with a 40 second microwave ex-

¥ . - posure in a Litton 420 Microwave oven. After 15 seconds equilibration, the

dices were quickly loaded into & 1 x 3 inch compression cell. Compression
was accomplished using a LOCAP testing machine manufactured by Tinjus Olsen,
Willow Grove, Pa. with force and dwell controlled manually. Ten bars of

each moisture level were prepared utilizing a compression force of 500 psi

g} s ekt T S T T
i i o e g SR T

5 with a 20 second dwell time. After compression, the bars were freeze dried

;; : to a final moisture level of 2.5%.

Evaluation of the samples included determination of rehydration ratios,

histological examination and evaluation of sensory texture characteristics.

Rehydration ratios of the freeze-dried compressed bars were determined
after 10, 20, and 30 minutes. Each bar was blaced in a 600 mi beaker con-
taining 250 ml of water at 60°C. After the allotted time the sample was
removed from the heaker, allowed to drain and weighed. Rehydration ratios
were calculated by dividing the rehydrated weight by the initial freeze
dried weight.

Histological examination of freeze-dried compressed carrot tissue was

P L N SR TR TR T T NS SR T T I T W PR T
A WD SR p Rt SR

conducted utilizing a JSM-U3 scanning electron microscope, manufactured by

the Japanese Electron Optical Laboratory. Tissues were examined in the

compressed state and after rehydration. Samples were coated with 50-100

BN INOSE T U

NM carbon, followed with 150-200 NM of 40% paladium/60% gold alloy. This

preparation was necessary to prevent surface charging of the sample material,

e g

thus allowing quality pictures.

P AP T £ R 1 Y0
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Sensory evaluation of the texture characteristics of food is important

because of the re]atidnship to final product acceptance. The mechanical -

R ¥R

characteristics, describing the manner in which the.fbod handles in the

mouth include the following: a3
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Hardness: the force necessary to attain a given

deformation. £

Cohesiveness: the strength of the internal bonds %'[

making up the body of the product.

Elasticity: the rate at which a deformed material
goes back to its undeformed condition after the

deforming force is removed.

Chewiness: the energy required to masticate a

solid food product to a state ready for swallow-

ing. It is a combination of the primary para-

U B e S L R e B e R L s e e

meters of hardness, cohesiveness, and elasticity.

Sensory texture characteristics of carrot material similar to that for

the histological studies were rated by a 7 member panel. A 9 point hedonic

i g o, 1

rating scale was used to define the descriptive terms of hardness, cohesive-

ness, elasticity and chewiness. A sample score sheet is shown in Figure 1.
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SAMPLE RANKING
N
@

FIGURE 1.
Score sheet for rehydrated freeze-dried and compressed carrots.
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Results. The relationship between precompression moisture and water up-
take can best be understood by examination of both the rehydration ratios
(Table 1) and the Photomicrographs 1 through 6. The sample which is
compressed with low moisture results in one that has considerable struc-
tural damage from compaction and a lower initial water uptake capacity
when compared to one compressed at 48% moisture (Table 1). A sample
compressed with a high moisture content undergoes only slight struc-
tural damage and rehydrates quickly.

Final product texture is also related to the damage resulting from
compressiaon. This results in a product that when completely rehydrated,
contains large structural voids filled with water. These voids do not
exist in products compressed at a high moisture level. Thus, the high
moisture product has increased firmness.

The scanning electron microscope was shown to be a useful tool for
examination of freeze-dried food. Differences in rehydretion and tex-
ture could easily be related to the processing methods studied. Cellu-
Tar disruption as a result of compression at low moisture levels was
found to be the main reason for rehydration and texture differences.

Results from the evaluation of the selected sensory characteristics
of hardness, cohesiveness, elasticity and chewiness, as affected by mois-
ture content are shown in Table 2. Products prepared at 48% moisture
was rated above those produced at 12%. The product prepared from carrot
cubes having 48% moisture compared favorably with a freshly cooked pro-
duct in cohesiveness and elasticity, but was considered slightly harder
and more chewy. The reduced scores for the product prepared at 12%
moisture demonstrate the relationship of structural damage and water
content to sensory textural quality. Sensory texture characteristics
of rehydrated carrots determined that products compressed at a high

moisture level were superior to those produced at a lower level.
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TABLE 1. ié .
Rehydration ratios of freeze-dried compressed carrot bars as affected by

moisture content.

g St b n Coet iy T L o . . v
e v SR a8 S Bty e - o AN e

Nk

Precompression Rehydration Rehydration Rehydration

Moisture Ratio Ratio Ratio

% 10 winutes 20 minutes 30 minutes

12 3.40 6.31 7.45
48 5.96 6.68 7.01




Photomicrograph 1: 100X
This shows the compression stage of carrot
tissue compressed at a low moisture level
(12%). It was found that compression at low
moisture levels disrupts the cell structural
integrity. This becomes apparent when low
moisture compression tissue is rehydrated.
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Photomicrograph 2: 75X
This picture shows the disruption that occurs

when carrot tissue compressed at a low moisture
level (12%) is rehydrated. The rehydration ratios
show that this product has a slower and lower
initial water uptake when compared to tissue
compressed at a higher moisture level.
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‘ Photomicrograph 3: 450X {3
} This shows the actual cellular disruption that §
E occurs upon rehydration of carrot tissue com- 1
,E pressed at a low moisture level (12%). The ex- i
; tensive structural damage caused to the cell by i 3
? low moisture compression causes textural problems : j
7 which affect organoleptic acceptance. Upon com- i i
g plete rehydration, the large voids where cells g §
| were ruptured are filled with water resulting g é
k| in a softer mealier product. - £ 9
k| ORIGINAL PAGE 3
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Photomicrograph 4: 100X

This picture shows the plastic surface that
occurs with compression. This carrot tissue was
compressed at a high moisture level of (48%).
The external layer of over-compressed cells

was reported by Curry (1974) and is considered
a barrier to water during rehydration.
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|
Photomicrograph 5: 100X
This is a rehydrated carrot dice with the cell-
ular constituents still in place. The tissue
was compressed at a high moisture level (48%).
The rehydration ratio shows that this tissue
compressed at a high moisture level rehydrates
faster.
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Photomicrograph 6: 500X
This is a close-up of rehydrated carrot tissue
: : compressed at a high moisture level (48%) show-
LA ing that very little cell disruption has occured.
This product has a firmer texture than products
compressed at lower moisture levels thus it
i scores higher organoleptically.
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TABLE 2.

Sensory texture comparison of fresh cooked carrots with freeze-dried
carrots compressed at two moisture Tevels.

Moisture Texture Descriptiond

Content
(%) Hardness Cohesiveness Elasticity Chewiness
12% 4,67 3.42 5.65 6.02
48% 7.25 4,57 4.15 3.76

Fresh

Cooked 6.23 4.50 3.55 2.87

3 Rated by a 7 member trained taste panel on a 9 point hedonic scale.

24

e

. ¥

e

S eepmnriuiny




STORAGE. This study determined the effects of various storage temperatures
on the quality of freeze dried compressed carrot bars.

Carrots were washed, peeled, blanched for 8 minutes in 5 times their
weight of boiling distilled water. They were then chilled in jce water,
drained, frozen and freeze-dried in a Virtis freeze drier for 48 hours to
approximately 3% moisture content. The freeze dried carrots were spray
plasticized to 8% moisture, equilibrated for 2 hours at 90°F. in a forced
draft hot air oven, and compressed intoe 1 x 3 x 3/8 inch bars at 200 psi
for 30 seconds.

The bars were then placed in #303 cans, sealed under vacuum, and stored
at one of four temperatures, -20°F., 35°F., 70°F., or 110°F. After 9 months

the bars were removed from the cans and evaluated as follows.

Evaluation. Bars were rehydrated in 143°F. water. Bars were drained, and
weighed at 10 minute intervals. Rehydrated carrots were then evaluated
organoleptically by a trained panel using the evaluation sheet of Figure 2.
Fifty grams of carrots were then tested in the Allo Kramer shear press, using
the 13 blade multiple purpose shear compression cell. Then, 150 ml. water
was added and the mixture was blended for 1 minute. The resultant puree was
then evaluated in the Gardner Color Difference Meter using the Sweet Potato
Color plate as the standard. Water holding capacity was measured by centri-
fuging 20 grams of rehydrated carrots for 10 minutes at 1000 rpm. The volume
of water lost was then determined. Rehydration ratio was determined by divid-
ing the weight of product after 30 minutes rehydration by the weight of the
original denydrated product.

Results. The results of these analyses are as follows.




FIGURE 2.
Taste panel evaluation

sheet.
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St&%iétiaaﬁ Analysis. Computer analysis of the data using a general linear

model procedure was conducted with a statistical model consisting of tempera-

ture as the independént variable and all other variables such as taste panel

scores, Gardner color values, etc. as the dependent variables (Appendices

II-XI11).
STATISTICAL MODEL

| T =a + by{TPC) + bp(TPO) + bg(TPF) + bg(TPT) + bg(TPA) + bg{GC'L') +
by{GC'a') + bg(GC'b') + bg(@C'a'/'b') + byg(RR) + byp(WHC) + bya(SH)

where: T = temperature, °C.
'ﬁf? V a = a constant
'}i bi.12 = response parameters
: TPC = Taste panel color scores

TPO = Taste panel odor scores

TPF = Taste panel flavor scores
TPT = Taste panel texture scores

f?; TPA = Taste panel appearance scores

GC'L'. = Gardner Colar Difference Meter 'L' values

GC'a' = Gardner Color Difference Meter ‘a' values

e S T P et U S Y X [

——

GC'b!' = Gardner Color Difference Meter 'b' values

GC'a'/'b*' = Gardner Color Difference Meter 'a' values divided by

N A e

Gardner Color Difference Meter 'b' values

RR
WHC

1

Rehydration ratios

Water holding capacities

SH = Shear values

T T TV R SRR

Of these, taste panel coler, odor, flavor, texture, and appearance

scores, Gardner color 'b' and 'L' values and shear values were significant

with temperature. Relative significance is shown in Table 3.

e




TABLE 3.

Level of significance of dependent variables from the
statistical model :

l.evel of significance Dependent variable

0.5% Gardner 'L' values
Shear values

1.0% Taste panel flavor scores
Taste panel appearance scores

2.5% Taste panel color scores
Taste panel texture scores
Gardner 'b' values

10% Taste panel odor scores
Not significant Gardner 'a' values

Rehydration ratios
Water holding capacity
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A Duncan's multiple range test was then performed on those signifi-
cant dependent variables with respect to temperature in order to effect

means separation (Appendices XIV-XXI). Results are retabulated in Tables 4 and 5.

Significant Correlation. (Appendices XXII-XXIII). Temperature was most

positively correlated with shear and most negatively correlated with taste
panel appearance, flavor, color, and odor. Highest correlation was be-
tween taste panel color and flavor. Taste panel color was also most posi-
tively correlated with appearance, odor, texture, Gardner 'b' and 'L* val-
ues, and negatively correlated with shear. Taste panel odor was most
positively correlated with appearance, color, flavor and texture and nega-
tively corraelated with shear. Taste panel flavor was most positively
correlated with Gardner *b' values, taste panel appearance and texture,
and negatively correlated with shear values. Taste panel texture was most
positively correlated with Gardner 'b' values and negatively correlated
with shear. Taste panel acceptance was positively correlated with Gardner

*h' values and Gardner ‘L' values and negatively correlated with shear.

Discussion of Resuits. The highly significant positive correlation of taste

panel c¢color and flaver values suggests that taste panel flavor scores could
have been influenced by the color of the product as perceived by the panel-
ists. The largest number of significant positive corre]atioﬁs between taste
panel attributes and objective measurements invaolved Gardner 'b' values,
which were positively correlated with all taste panel attributes. Taste
panel color was most highly correlated with Gardner 'b' values, with taste
panel texture a close second. Also, shear values correlated most highly
negatively with each taste panel attribute. Rehydraticon ratiec and water
holding capacity were nonsignificantly correlated with any other variable.
7 Gardner color difference meter values ‘a‘', 'L', and a/b ratio were non-signi-

ficantly correlated.
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TABLE 4.

Separation of means of significant taste panel variables
by storage temperature.

;

ATTRIBUTE TASTE PAMNEL SCORE® g
storage temperatures i

~20°F. 35°F. 70°F. 110°F. :

Color 6.8a 4.6a,b h.Ba,b,c 3.0c ?
Odor 6.2a 4.0b 4.1b 3.3b ?
Flavor 5.7a 3.5b 4.4a,b 2.1c _%
Texture 5.4a 3.8b 4.8a 3.7b ‘i
Appearance 7.2a 4.2b 4.9b,c 4.0c¢ j

Note: Means with the same Tetter are not significantly lﬁ
different.

® Taste panel scores ranging from 1 to 9, 1 being extreme-
1y poor, 9 being exceilent.
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TABLE 5.

Separation of significant Gardner Color Difference Meter
and shear attributes by storage temperature.

ATTRIBUTE VALUES

storage temperatures
~-20°F. 35°F. 70°F. 110°F.

Gardner 'b! 29, 3a 27, 3b 28.7a 27.0b
Gardner ‘LY 50.0a 50. la 50.8a 46, 7b
ShearB 220 ¢ 246 b 250 a,b 263 a

Note: Means with the same Tetter are not significantly
different.

B Force in pounds
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No s1ng1e character1st1c can be re11ed upon to ldentlﬁy one storage

'temperature from another over the ent1re range of storage temperatures.

HoweVer, at 1ower temperature ranQES taste pane1 odor, taste pane] appear-'

ance, and shear appear to be the best 1nd1cators of d1fferences 1n product:.:

qua]1ty due to dlfferent storage temperatures (TabTe 6) At high tempera-

tures taste paneT flavor and Gardner 'L' values appear best.

e




P B L R S NI
L R A Tl

33
~ TABLE 6.

Swgn1f1cant d1fferences in organc]ept1c, Gardner colar and shear values of
carrot bass stored at-spec1f1ed temperatures when compared to other storage

- temperatures~ s

ek T

SPECIFIED  COMPARISON  STGNIFICANT DEPENDENT VARIABLES

TEMPS. . TEMPS.
o T T T T T & & S TOTAL
P P P P P C C H
¢ 0 F T A Bt 'L
-20°F. - 35°F, S T + 6
- 70°F.. + + + 3
110°F, + o+ F + * + + + 8
_ * * *
359F, -20°F. T + o+ + 6
116°F. 4 + * + o+ 5
70°F.  -20°F. + + + 3
© 35°F, | + + 2
T10°F. + o+ + 3
CT10°F. -20°F. T T T 8
. 35°F.. + + + + + 5
70°F. v+ + o+ 4
’ ® *

+  the specified temperature is significantly different from the other temp-
- erature with respect to this variable.
* solely significantly different from the other temperatures with respect

- to this variable.

TPC = Taste pane] color score means

TPO = Taste panel odor score means

TPF = Taste panel flavor score means

TPT = Taste panel texture score means

TPA = Taste panel appearance score means

GC'b' = Gardner color difference meter 'b' value means
GC'L! = Gardner color difference meter ‘L' value means
SH = Shear value means

[
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In general the -20°F. storage resulted in the best values ih every
instance. In six of the eight categories of significance storage at
-20°F, gave signifiéant]y better results than the next storage tempera-
ture (35°F.). However, in three of these {taste panel flavor, texture,
and Gardner 'b' value) the -20°F. values and the 70°F. vaTlues were not
significantly different. In two categories, taste panel color and
Gardner 'L' value, the -20°F., 35°F., and 70°F. results were not signi-
ficantly different. The least number of differences was noted between
35°F. and 70°F. which differed significantly only in taste panel texture
and Gardner 'b' values. The 110°F. scores were significantly different
from 70°F. in taste panel f?avof and texture, Gardner 'b' and 'L' values

(not significantly different from 35°F. in taste panel texture and Gard-

ner ‘L' value).
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IV. SUMMARY
Textural Characteristi¢570f‘food are extremely important to final
product acceptance. .In this study samples compressed at low moisture

'exhibited considerably more structural damage than those compressed at

a higher moisture level. Samples compressed at high moisture rehydrated
morg quickly and the texture of the final product was more acceptable in
terms of hardness, cohesiveness, elasticity and chewiness.

The organoleptic attributes as well as Gardner 'L*' and 'b’ values

i
:
%
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generally decreased for carrof bars as the temperature of storage in-

creased. However the reverse was true for shedr values which suggested

increased toughening at elevated storage temperature. The most common

differences in indicators of carrot quality between carrots stored at

14 ~2N°F. and those stored at higher temperatures were found to be taste

e panel odor and acceptance scores and shear values. The most common
I o

'%é differences between carrots stored at 110°F. and those stored at lower
% temperatures were taste panel flavor scores and Gardner ‘L' values.

Greatest number of significant changes in indicators of carrot quality

occurred between -20°F. and 35°F. and between 70°F. and 110°F. Least

differences in indicators of carrot quality were encountered at storage

temperatures of 35°F. and 70°F.
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23
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o

Temp TPC
1
1
2
2
3
3
4
4

Obs Temp GCA GCB

"GCAB

22.8  28.9
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20.9  27.3
22.2  27.2
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21.4  26.9

01O O ) PN =t
ol L0 LD P DN et et
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Appendix II. : E
STATISTICAL ANALYSIS SYSTEHM 15315 MONDAY, FEBRUARY 27, 19T8 . 2
GENERAL LINEAR MODELS PROCEDURE -
DEPENDENT VARIABLE: TRC
SCURCE oF SUM OF SGUARES MEAN SGUARE F VALUE PR > F RS QU ARE CaVe
L MCOEL 3 388400000000 129.33233333 14,37 0.0131 04915054 1240000
g ERRDQ : a 36.00000000 9400000000 5TD DEY TRC MEAM
;' s CURRECTED TATAL 7 424,00000000 3.00000000 " 25.00000000
Lo : A
L :
2 ) SGURCE DF TYPE T SS F VALUE PR > F OF TYRE IV 55 F VALUE PR > F
E;- TEMP 3 388.00000000 14,37 0.0131 3 388.00000000 14437 00131
S Ca5ERVATION COSERVED PREDICTED RESIDUAL
Voo VALUE VALUE
g ;' { 35.00000000 34.00000000 0.0003€0000
P 2 34,00000000 34.00000000 0403 60000
o 3 23.00000000 23,00000000 0.00:3C0000
o 4 7 " 00000000 23. 00000000 0.003C0000
S 5 25.00000000 28.,00000000 =3.001%C00C0
. & 31,00000000 28.00000000 3.007C0000
. 7 18, 00000030 15.00000000 3,00)C0000
g 8 12. 030202330 15.00000000 =3,00340000

B

1
i

S5UM GF RESIDUALS 0. 00200C0000
SUM CF SOUARED RESIDUALS 36400209000
Su™ GF SQUARED RESIDUALS = ERROR SS 0.0020G00600

FIRST ORDER AUTOCORRELAT
DURBIN=wWATSON D

ION

-0,283567513
2,252300000




Appendix III.

STATISTICAL ANAMLYSIS SYSTEM 15315 HMONDAY. FEBRUARY 27. 1978 3
GENERAL LINEAR MOUELS PROCEDURE
DEPENDENT VARTABLE: TFO
SOURCE oF SUM OF SCUARES HEAN SQUARE F VALUE PR > F R=SGUARE CeVe
MODEL 3 235,00000000 78,33333333 5.50 0. 0666 0.804795 1701587
; ERROA 4 57.00000000 14.25000300 STD DEV TPO NEAN
CORRECTED TOTAL 7 292.,00000000 3.77491722 22.00000000
SQURLE 0OF TYPE [ SS F VALUE PR > F DF TYPE IV S5 F VALUE PR > F i
TEup 3 235.00000000 5450 0.0666 3 235,00000000 5250 D.0666 X
03SERVATION OBSERVED PREDICTED RES 1JUAL :
VALUE VALUE 5
3 t 32.06000000 31.00000000 1.00¢ 00000 :
L 2 34.00000000 31.00000000 ~1.00002000 ,
! 3 17.00000000 20,00000000 +«3.00000000 .
4 22, 00000000 20. 00000000 3,000C0000 X
S 18.00000030 20. 50000000 ~2. 50000000
6 23.0000Q000 2050000000 2.50100000
T 20. 00000000 16« 50000000 3.500860000 * i
8 12. 00000020 16450000000 ~3.500C0000 -
SUM OF RESIDUALS 0,000C0000 g
SUM OF SCUARED RESIDUALS 57.063¢3000
SUM CF SQUARED RESIDUALS = ERAOR 55 =0.0061¢0000

=0+48121905
22561342105 .

. FIAST ORDER AUTQCORRELATION
b DURBIN=WATSON D

T

R T SR
R

e o
i




- . Appendix IV.

STATISTTITCAL AM ALY SIS SYSTERSNK

15315 WOKDAY, FESRUARY 27, 1978 4 g

o

GEHERAL LINEAR AGDELS PRDCEOURE

BEPENDENT VARLABLEZ TPF
R=SQUARE =  CaVe

i
e T AOn La

Wk
ﬁ SOURCE DF SUM CF SOUARES MEAN SIUARE F VALUE PR > F
J ' . :
i - MODEL . 3 344.37500000 114,791506667 1954 040075 Ne93IE120 - 12,3508
il A .
ot
: % - ERROR & 23,50000000 - S.87500000 STD DEV TRF KEAN
i 7 CORRECTED TOTAL r 367.87500000 2242383993 19462500000 3
ol -
%i # SGURCE DF TYPE 1 SS F VALUE PR > F OF TYPE LV 55 F VALUE. PR > F 4
Pl . : :
(o TEuP 3 344,37500000 19.54 0.0075 3 344437500000 19.58 0 +D075 -
b, . ]
he CSSERVATION CBSERVED PREDICTED RESIDUAL f
VALUE VALUE
L4
L 27.,00000000 28450000000 «1.50030000
2 30.090030000 28.50000000 1.50000000
- 3 1 74 00000000 1750000000 «0. 50000000
a 18,00C00000 17.50000000 0.50000000
5 19+ 20060630 22,00000000 ~3,00030000
» o 25,00C06000 22. 00000000 3.0G030000
7 11.00003500 10.50000000 0.50050000
EY 10.000C0000 10.50000000 «0.50050000 .
- Sun OF RESIDUALS 0.G0030000
SyUu OF SOUARED RESIDUALS 23.50090000
- SUM CF SCUARZD RES[DUALS ~ ERROR S5 ~0s0C000000
v . FIRST OROER AUTOCCRAELATION w0.5£236601
i J DURB IN=AATSON D 2. 95744681 B
. ) :
[ 1; &
o . .
L
5
¥ -




B e N

o

et

DEPENDENT VARIABLE: TFT

Appendix V.
L

STATISTICA

ANALY SIS

P et ————

SYSTEM

GENER AL LINEAR MODELS PRUOCEDURE

MEAN SCUARE

SUURCE . DF SUM OF SCUARES
MODEL 3 10043750000C 33.45833333
ERRQOR 5 - 8.50000000 2,12500200
CORRECTED TOTAL 7 108.875000C0
SCURCE DF TYPE 1 SS F VALUE PR > F
TEMP 3 100.37500000 15.75 0.,0111
COSERVATION CBSERVED PREDICTED RESIDUAL
VALUE VALUE

1 z/+.0Q0000000 27,00000000 0« 00200000

2 27.00C000000 27,00000000 0.,0026Q0000

3 17.000Q0000 19.00000000 ~2.00200000

3 2100000000 19. 00000000 2.00000000

5 2%« 00000000 24. 00000000 0. 00000000

& 24,00000020 24 .C0000000 0.003000000

7 19.00GCA000 18.,50000000 0.50000000

g8 .18,00000000 18.50000000 =0.50310000

r
SUM OF RESIDUALS
" SUM OF SOUARED RESIDUALS

sSuM OF SCUARED RESIDUALS =~ ERRDR 5SS

FIRST OROER AUTOCORRELATION
JUFBIN=WwATSON D

2. 000300600
8.50032000
0.0CO000000
=0,50731922
2.970588B24

F VALUE

1575

DF

e e el s r———— b

L5315 MONDAY, FEBRUARY 275

-

PR > . ReSQUARE Ceve
040111 0+921929 &.5886
STO DEV TPT HEAR
L.457T3797 ;22»[2500U§D
TYPE 1V Ss F VALUE PR > F
100437500000 15475 D.OLL1

.
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E
e Appendix VI. o - N _
' STATISTICAL AMNALYSIS SYSTEHM 15215 MONDAYs FEHRUARY 27¢ 1978 &
GEMERAL LINEAR MODELS PROCEDURE
1o DERENDEKT VARLABLE: TPA
SOURCE . DF SUM 0OF SQUARES MEAK SQUARE F VALUE = PR > F - R=SOUARE B L CaYe
= MODEL . 3 258437500000 156.12500000 23,57 0.0053 LIS-EY-2 ¥4 1046690
- ERROR 4 26,50000000 6462500000 - STD DEV "TPAHEAN
CORRECTED TOTAL 7 494,87500000 2.57390754 2412500000
Eor . ' ‘
' SOURCE DF TYPE 1 55 F VALUE’ BR > F DF TYPE IV SS F VALUE PR > F
TEMP 3 468,3T500000 23.57 0. 0053 3 468437500008 23.57 " 0.0053
-t "
‘ O8SERVATION OSSERVED PREGICTED RES TDUAL
VALUE VALUE
e
1 37.00000000 36,00000000 1.0023G0000
2 35, 00300000 36. 000006000 ~1.00060000
- 3 20.00000000 21.60000000 =1.003c0000
& 22,00000000 21.0C000000 1,00300060
5 26400003000 24,50000000 1.50360000
e & 23.00000000 24 s 50000000 ~l+50J300000
. 7 1H.00000000 1S. 00000000 3.,003C0000
a 12.00000000 15.00000000 =3, 00300000
‘.ﬂ
' SUM OF RESIDUALS 0.00200000
SU% OF SCUARED RESIDUALS 25.,50300000 .
- Su™ OF SCUARED RESILUALS = ERROR 5SS =0,30300000 .
: FIRST ORDER AUTOCORRELATION =0.72190613
DURBThewATSON D 2.77358491




- DEPENDENT VARIABLE:
g SOURCE .
B .
E JES MODEL
L . j
BTy ERROR
Lot
LS CORRECTED TOTAL
SDURCE
TEMP
OBSERVATION
: t
B “
N 3
. e 2
S 5
- 6
. 7
: e

P
.
i

T

et
i

N T L T T

A e i b L

+

=

SuM (3R
FIRST O=On® AUTCCORRELATION
DURBIN=#ATSON D

GCA

oF

- DF

CSSERVED
vaLue

22.80005000
22, 10800000
20.53000000
22.20£€A000
22.600C0000

»"1. 30000000

33048000

4, . 400600800

PP s L R
% . At
afdf}% g

ZD RESIDUALS
~ERD RESILCUALS

S

S TATIST11IEC AL

Appendix VII.

A M

ALY SIS

SYSTEM

GENERAL L INEAR MCDELS PROCEDURE

SUM OF SQUARES

3,08375000

111500600

4. 19875000

TYPE 1 SsS

3,08375000

PREDICTED
VALUE

22.45000C€00
22.45000000
21.550C0C00
21.55000000
20. 70002000
20.70000000
21 +45000000
21«45000000

- ERROR 55

HEAN SQUARE

‘1.027918867 ,

Da27875000

F VALUE PR > F

Ja£9 0.1199

RES IDUAL

0.35000000
= 3S0C0000
=)s 65030000
0.65023000
~0.10020000
0.10000000
0405030000
«0, 05630000

Q..20070000
131900000
G.C5U30000
~0.37114589
2.56744355

F YALUE

3.69

oF

PR.> F
0.1199.
STD DEV

0.52796TE0

TYPE IV SS

308375000

15:15 MONDAY: FEBRUARY 27+ 1978

HeSQU ARE :.C.Q¢

0.73¢4§5 ' z'z;gsaa
: éé;{%EAﬁ,f

g:.simanop

b 95L¢5 P§:>yr'

3359 f,os1199




Appendix VIII. : - SRR
D STATISTICAL AMHALYS IS 5YSTEM 15315 ‘MONDAYy FEBRUARY 27, 1978 . -8
GENERAL LINEAR MODELS PROCEOURE )
DEPENDENT VARTABLE: GC8 .
" SOURCE OF SUM BF SUOUARES MEAN SQUARE F VALUE , PR > F - ' ReSOUARE g ¢rV¢
: i MDDEL . 3 7221000000 2440333333 16429 00105 " 0,924359. L 143682
{F‘¢ ER2OR & 0.55000000 "0.1475000C - STO DEY GCB HEAN
1o CORRECTED TOTAL 7 T.800Q00000 A 038405729 ' 28.05000000
F [ - . N . s .
g' SOURCE OF TYPE I S8 F VALUE PR > F DF TYPE IV S§ F VALUE PR > F
3 i ) . . Lo
f g I TEMP 3 7.21000000 16429 . D.0105 3 T.2100000Q° 1629 - 0a40105
3 1+ ) : .
E : -
y B Lad -
S CHESERVATE IN CBSERVED PREDICTED RES JDUAL
P VALUE VALUE
: . [RE .2 ] '
L f L 28.50000000 29, 25000000 “ys 353¢0000
O 2 29,60020000 29,25000000 0. 35203000
. 3 27,30000000 27.25000000 0~ 05360000
o 4 27.20000000 27.25000000 «0s053C0000
" 5 28, 32003000 28,70000000 ~0.403C0000
P e 8 29, 10000090 2B. 70000000 C-403C0004Q
f 7 27410000000 27.00000000 0+102C0000 .
r . 8 26.50000000 27,00000000 ~Qs 10300000
[ ' .
ey SuUM OF RESIDUALS 0.002C0000 .
P SuM OF SOUARED RESIDUALS 0.59J00000
4 ‘ SuM BF SGUARED RESIOUALS = ERROR SS =0.00300000 -
P FIANST QRGCER AUTOCCRRELATION -0.4i7E£9036
. DURBTN=%ATSCN D 2.51271186&
Pl e
Lo
L
i '
L
=
ar .
o . -
PERY
bl el - . .
cof o
bo
|

T T




Appendix XIV.

STATISTIGCAL ANALYSIS

DUNCANTS MULTIPLE RANGE TEST FOR YARIABLE TPC

© MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENTs

ALPHA LEVEL=.i05 . EF=4
GROUPING . . MEAN
A 34..000000

A
B A . 28.000000

. 3 ]

8 c . 23.000000

c
c 15.000000

TERP

TE M  15:15 WONDAY, FEBRUARY 27, 1978 -

. 'AMW




Appendix XV. -
STATISTICAaAL AN ALYSI!IS S YSTEM 15215 HOKDAY. EEERUAR¥ 27+ 1978. 23

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE TRO

MEANS WwITH THE SAME LETTER ARE NOY SIGNIFICANTLY DIFFERENT.

. ALPHA LEVEL= .05 . OF=a MS=14025

= GROUPING ' ME AN N TEMP | ' )

N . A '~ 31.000000 z 1 R

;- i 8 2C.500000 2 3 ] T

C 8 :

P 8 2Ce 000000 2 2 i

o B ) L

Fo . 8 i£+500000 2 4 . o
1




u,.r,—.“r.,_”f,r_vrh
.
i

Appendix XVI.

STATISTYLCAL ANALYSIS SYSTEM 15215 MONDAY, FEBRUARY 27, 1978 24

DUNCAN'!S MULTIPLE RANGE TEST FOR VARIABLE TPF

MEANS wITH THE SAME LETTER ARE HET SIGNIFICANTLY DIFFERENT.

NP TS ERES CA

ALPHA LEVEL=.05 DF=4  M5=5.875 .
GROUPING : HEAN N TEMP
A 28.500000 2 ' L
. A

B A Z2.000000 2 3:

8 .
a 172500000 2 a
c 10.500000 2 . %

:
z

o e

T

i
:
d

—T 5 WY




3
g.

STATISTICA AL

Appendix XVII.

ANALY SIS SY S TEM®M 15215 HOKNDAY

DUNCANT'S PULTIPFLE RANGE TEST FOR VARIABLE TPT

MEANS WITH THE SAME LETTER ARE NOT SIGNIFJCAMTLY DIFFERENT.

ALPHA LEVEL=,05

GROUPING
A

A

A

. 8
B

B

DF=4 - HS5=2,125
ME AN N TEWP
27.0000?0 2 1
24.000000 2 3
192.,000000 2 . 2
18.500000 2 4

FEBRUARY Z7.

1678

25

P e A ey




Appendix XVIII,

STATISTILICAL ANALYS IS S Y S TEH 152185

DUNCAN'*S MULTIPLE RANGE TEST FOR VARIABLE TPA

MEANS wITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALPHA LEVEL=.05 OF=4 H5=6.625
GROURING ' ME AN N TEMP
A 36.000000 2 !
B 24 ,500000 2 3
B
c 8 21.000000 2 2
c ) )
c 15.000000 2 . 5

HONDAY »

FEBRUARY 27

1978

26




Appendix IX.

18215 MONDAY. FEBRUARY 27, 1978 9

STATIST!CaA AL ANALY SIS SYSTEMH
GENERAL L INEAR M3DELS PROCEDURE
LESENDENT VARIASLE: GCAB
SOURCE oF SUM OF SQUARES MEAN SQJLRE- F VALUE - PR > F R=5QUARE CaVa f
1
. 5
MO0DEL 3 G« 00859500 0. 00217833 3291 Uel 04 0745703 3.0838 0
T £3R0R % 0.00224900 0.00055225 STD DEV GCAB MEAN 1
CCRRECTED TOTAL 7 G.00884500 0023711812 Q76900000 :
" SOURCE o TYSE [ SS F VALUE PR > F oF TYPE tv S5 F VALUE PR > F 3
H TEMP 3 0.00659500 3.91 0.1104 3 0.00659500 "3.91 01104 5
& . . 3
i C3SERVATION CBSERVED PREDICTED RES IDUAL, 5;
‘ VALUE VALUE 3
L 1 0.78900000 0, 76800000 0.021 30600
: 2 G+ 74700000 0,76800000 -0,0213C000
” 3 0. 75600000 0479100030 ~0,02530000
o 4 OxB16C0000 D«79100000 0.0252C000
; 5 0.732230000 0.72250000 0.,00752000 B
= & 0.71500000 0.72250000 =~0.00750000 . :
7 0.793C0000 0:75450000 =0,00150000 |
Iy 8 D 79600000 D.79450000 0.00150G00

SUM OF RESIDUALS

SUM OF SCUARED RESIDUALS

o SuUM DF SCUARED RESIDUALS =~ ERROR S5
; FIRST DRDER AUTCCORRELATION

0.0003L000
J0.20224900
=G« 00030000
=0+ 1982688

] . DURSIN~WATSON D

2415925302




STATISTICAL

Appendix X.

AN ALYSTIS

SYSTEMN

GENERAL L INEAR MDDELS PROCEDURE

. F VALUE

53.87

MEAN SOLARE

6473333333

0e12530000

RES IDUAL

=0.35200000
0. 359C0000
~0,052300000
0. 05300000
=0, 352C0000
0.35)3G4000
=0, 05)00G00
D, 0523C0000

0. 00JC0000
0,503¢c0000
-0,002360000
=0e 69302401
2.9623C3000

PR > F

Da.0O1l1

F YALUE

53.87

DF

- BR > F
0.0011
SYD DEV

035355339

TYPE IV S5

2020000000

152158 MUNDAY}VFEBRUARY_ZTb 1978 134

R=SOUARE CeVa

0.975345 GeTl64
GCL. MEAN

49435000000

F VA&UE PR > F
53487 0.0011

i

RS
S
i
S, DEPENDENT VAR, ABLES GCL
d SIURLCE ofF SUM OF SCUARES
MIDEL 3 20.20000000
ERROR A 0«5000Q000
CIRRECTED TaTaL T 20.70G00000C0
. SOURCE DF TYPE I SS
Y
L TEMP 3 20200000600
¥
j .
iy
CRSERVATION CBSERVED PREDICTED
VALUE VALUE
o~
1 L5,60000000 45,95000000
2 S5J«300C0000 49, 55000000
‘ . 2 S0. 00000060 50.05000000
4 50. [CUAQC000 50405000000
=] 53. 40000000 5075000000
- 4] S51.19089030 S0.75000000
7 AGs. 60000000 4bH« 65000000
a 46.700000Q0 465+ 55000000
[ ] .
Sy% OF RESIDUALS
SUM COF SOUARED RESIDUALS
- SUM GF SCUARED RESICUALS = ERROR S5S
FIesT QOROER AUTOCARRELATION
. JURRIA=WATSON O
5]
| £
H
i
il &
A
!
M
i
Tl o
i,
i.p‘q
H
) [}
S S

S ol i o SN Sty o

Ak g ki e AR 4 i S,

s P | il endnkdn, s ol doklinra




T Tt T T ST e T T ar T S e

-

o

DEPENIENT V

SAURCE

MGDEL

ERROR

CORRECTED T

ORSERVATION

O=~0MH N -

ARIABLE: AR

GENERAL L INEAR MODELS PROCEDURE

oF SUM OF SOUARES
3 0s30ET0000
4 i6.71210000

aTaL 7

BF

CBSERVED
VALUE

259000000
G« 5C0C00D0
EBe 75000000
) 6497000000
F+540000030
502000000
Ga730C2020
6. G7000000

Suit OF RESIDUALS

SUM OF SQUARED RESIDUALS
SuM OF SOQUARED RESICUALS « ERROR SS
FIRSY ORDER AUTGCORRELATIGN
DURBIN~WATSON D

17.01760000

TYPE I SS

0.30550000

PREDICTED
VALUE

8.24500000
B.245000040
7. 86500000
7.86Z00000
Te G8000000
7.93000000
8,35000000
8435000000

AN AL

FEAN SQUARE

0.10183233

4417802500

F VALUE PR
g.02 0.9
RESIDUAL

1634500000
wil.34500000
0+ B9S€O0QO
=0,895C3000
1«96¢CCDDC0O
=1.9600000C0
1.380092000
=1, 380C00GC0

0,000G0000
16.712210000
=C. 000360000
~0e,943£9112
Jea5548585

Appendix XI.

STATISTIICAL

¥ys5 I8

SYSTEHM

F VALUE

D« 02

> F DF
941 3

TR ESST

. PP > F
0«9941
STD DEV

2. 08402177

TYPE 1V &5

030550000

15215 MONDAY, FEBRUARY 27, 1978 LT

Ce ¥
25:2037
R HEAN

Bs11020000

PR > F

09941

e

N Ty ———
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: ’ Appendix XII. I s
: STATISTICAL A4ALYSIS SYSTEH 15215 KOMDAY, FEBRUARY 27. 1978 12 i
. i
94 GENERAL LINEAR 4ODELS PROCEDURE 3
' |
i ' DEPENDENT VARIABLE: WhC =
! 1
' SUURCE ‘ DF SUK DF SCUARES MEAN SIUARE F VALUE PR > F R=SQUARE. Ca Ve .
i . 1
L MODEL . a 1.73000000 0.57650L667 1435 0+3774 0.502907 37.3620 i
: i : : H
i £RACA 4 1.71060000 0042730000 + STD OEV WHC ME&N _
i - H
Q CORRECTED TATAL 7 3444000000 Dy 65383464 1.75000000
f;I ) . ' -
H .
o SQURCE oF T#PE 1T 5% F vaLug PR > F BF TYPE 1V 5S F YALUE PR > F E
1 :
5 TEMP 3 1.73000000 1435 0.3774 3 1+73000000 1.35 Qe37TA :
: CdSERVATLIN CBSERVED PREDICTED RES IDUAL -
% VALUE VALUE "
i 1 1+30000000 1465000000 ~0,350C0000 . ‘ § o
_ 2 2. 33600000 1.65000000 0. 35660000 " 7
- 3 0s £0C00000 1. 05000000 ~Ga. 45000000 -
4 1.50000000 1,05000000 0445050600
5 2. 5000C000 2,30000000 0.200C0000 <
6 2.10CC0000 2. 20000000 ~0.20040000 b
. 7 130000000 2,00000000 =0,70000000 . :
: 8 2.70000000 2,00000000 0s 70000000
SUM OF RES IDUALS 0. 00000000 i
SUM OF SOUARED FESICUALS 1.71040000 B
] SuM OF SCUARED RESICUALS =~ ERRODR S5 =0. 0C000000 i . L
FIRST ORDER AUTDCORRELATION =0a55227343 o
DUREH I N=wATSGN D 2.55701754
j
i
it
H
P
7

s Gt

N

_\.;:"_r._«__uj___.,_rs;.:...-.——m.,---,.:,..-:‘.r;f.szﬁta;.L.:;-,vus.u.—-—':hh\_._.“" TR b i

B . ot fei L, F
g, S A

| A
=3
3
:




o L, T

DEPENDENT VARITABLE:

SQuURCsE
MODEL

ERROR

CSRRECTED 7OTAL

SCOURCE

TEMP

OBSERVATIIN

BN EAPWN -

St

STATIST I CaAL

Appendix XIII.

ANALYSIS

GENERAL LINEAR MOOELS PROCEDURE

OF SUM QF SCUARES

3 6759413750040

4 332,62500000

T 7092.03875000

DF TYPE 1 S5

3 6759441375000
CISERVED PREDICTED

VALUE VALUE

42 r+300C0000

415, 65C00000

404,00Q00000 41565000000
46150000000 4621020000
462+ S6CSC000 4G2.2000C000
47£,00000000 A72.50000000
467.C04000000 47250000000
496.000028002 465+.50000000

495.50000000

495, 00000000

SU¥ OF RESIDUALS

SuM OF SOUARED RESIDUALS

SuM CF SCUARSD RESIDUALS = ERROR 58
FIAST ORDES AUTOCORARELATION
DURBIN=WATSON D

F VALUE PR > F
27T.10 G041
RESTDUAL

MEAN SQUARE

2253.13761667

83.15525200

11.65000000
~1l1.65000000
=0,3000C3000
O. 300C3000
S«590CQ000
=5.500G0000
0. 509C0000
=0, 50450000

0. 00030000
332.635C0000
~0,00000000
~0o6407454E
2.5781323

F VALUE

27«10

oF

SYSTEMN

PR > F
0.0041
STD DEV

S«11900488

TYPE IV 55

675941375000

15315 MONDAY.

F VALUE
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CeVse

19761

SH MEAN

46l 46250000

PR > F

J.0041

—-r

3
3

< dfa

i

3.

ek e

RS ST I = SR W,
B a

ol

AR IATLL i s At s WS e AR




Appendix XIX.

5S5TATILIST!ICAL

ANALY SIS

SYSTEM 1S5 MONDAY, FEERUARY 27, 1978 27

DUNCAN®S MULTIPLE RANGE TEST FOR VARIABLE GCB -

MEANS wWITH THE SAME LEYTER ARE NOT

ALPHA LEVEL=405

GROUPING

>

.
wom

DF=a

WEAN
25,250000
ZB.700000

£7,250000

E27.000000

SIGNIFICANTLY DI ERENTe.

K5=0.1475

N TEHP
2 1

2 2

2 . 2

2 A )




STATISTI1ICAL ANALY SIS

DUNCAN'S MULTIPLE RANGE TESY FOR VARIABLE GCL

Appendix XX.

SYSTEH

HEANS ®ITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERSNTS

ALPHA LEVEL=.05 CF=4

GROUPLKG MEAN
A : 59,730000
A
A 52.050000
A
A a5 ,95C000
B8 454650000

MS=04 125

TEHR

15215 MONDAY,

FEBRUARY 27, 1978

28
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Appendix XXI.
ST AT I STTICAL ANdALY SIS SYSTEMW 15215 MONDAY S FEBRUARY 274« 19786

DUNRCAN'S MULTIPLE RAMNGE TEST FOR VARIABLE SM -~

MEANS wITH THE SAME LETTER ARL MOT SIGNIFICANTLY DIFFERENT.

v

ALPHA LEVEL=.05 DF=4 MS=83. 1563
GRAQUBING - MEAN - N TEMP
A 435,50C000 2 5
8 : 472.500000 2 3 .
: 552.200000 2 2
c 5154650000 2 . !

25

T

Lhe e

pemam b

PPN Sy vy

TR

o B Lsa



L")

SEREN

wy

[

VARIL ASLE

TERP

TPC

TPO

TPF

iPT

TRA

6Ca

GCB

GCA

173

GCL
RR

aHC

TEMP

THd

-t
L)
~t

TPA

GCaA

M

TEMP
1+ 30000
040000

=J. 7G8SE
Q0175

“J.7GS TS
dso182

=0.81E12
00135

~J.H2128
Jd.1001

=Js HASEQO
G.3041

~3.5%3 16
J.1204

TRC

=0a79358 =Q.79575

D.017¢

1.00000
C.2000

0.,87252
Ve0UGT

097738
0O.u001

0,47038
JeD089

0.916R9
Q.0013

0.33131
Q.472¢C

HEAN

2«50000000

25. 00000000

22+ 000000040

19+ 62500000

22.12500000

24412500000

21453750000

28, 05000000

376930000

4935000040

8411000000

1.75000000

4€1,436250000

CORRELATIDN COEFFICIENTS / PROB >

TPQ TPF
=3.816¢2

00,0182 Ge C1 38
0« 87250 0.97736
0.0057 0« 0001}
103000 Da25631
G« 2000 0. 0069
G.85431 i«00000
Q,30869 0.0000
Ce83127 0s9852¢%
JsJOB3 J«3034
0. 91283 0900858
Q3015 0.0023
0. 72255 0s+3560%4
0.0429 0D.386¢C

TRT

0.87035
Ce008%

0.84127
QJde.0048

O« 83629
0.0038

1.00000
Ce Q00D

0-9.0417
0+0C20

O0ea1G1d
0.,3012

Appendix XXII.

STATISTICAL

STD DEV

1,19522881
7e«78276484
6445865975
?-2&93842{
J. 54380165
8.40811583
.0.??4&8!3;
1.05569733
0+ 03554874
1.71963458]
1+55919393

0.70101967

3l .82999203

TRPA

0.c0H1

031689
0.0013

D.91283
0.0015

0« 90CH6
020023

0.90417
D002

L. 20000
00000

05388655
d.16382

ANALYSIS

GCA

m0,62123 ~0.84530 ~2.59416 =0,50011
Cel0C01

Dsl204

Je 33181
0.4220

Je 72258
Ge2429

Je 35654
Cs 3B8EC

}J. 41918
GeldD12

J«53R8BS
La.l6E2

l.0J000
t.0000

SUM

2000000000

200+00000000
176.00000000
157.00000000
177.00000000
193.00000000

172.,3000Q00Q0

224.4 0000000

615200000

3%48.80000000

64.88000000

14.00020000

369170000000

GCB

0.1158

0s31639
0.0014

0.,75643
‘QeD298

DsGatBl
D.0005

Q«914 50
d.0015

0.83295 =0,256577
V5247

D.0f02

Uel18250
U.8652

SYSTE

GCAB
0.03699 =0:63944
Q9307

~0e49007
02176

=0 05409
0.8802

~0eA8298
0+21838

=0 ¢41879
043056

0.61079
01077

" HINILHUM

1.06000000
12.00000000
13.06000C00
10.00000000
17.00000000
1Z2«00000000
20.60000000
26490000000

Oe71l1500000
46460000000

5.+02000000

0.50000000

404400000000

IR] UNDER HO:RHO=0 / N = B

GCL RR WHC
0,03296 0439215

U.0878 Ds92382 Gs 3JES
0eT7067 =040665] =0.15972
De.0252 0.8757 0.7055

0aAa437S =0.02355 —=0,23033

0. 2707 D«95SE59 O0«5832
QeTHAF2 ~0021321 ~0D.03233
0. 0270 Dab6122 Qe93G4a
0455716 =0.0367T1 024544
041514 0.9312 025575
057552 0416694 =D.13451
0. 1355 D.6928 J.7508
~02093806 =0+00710 =~D.245602
D.8251 0.9867 0« 5570

I5:15 MONDAY. FEBRUARY 27. 1978 14

MAX TMUM

4400000000
34.00000000
32.00000000
30.00000000
27.00690000
37.00000000
22.80000000
25,6000000Q
0.81500000
51410060000
9.946 00000
2470000200

4965. 00000060

SH
Ce 938220
D« 0006

~0s B48%92
Q0077

~0.85751¢
D« Q065

=0«.8%907
0e 03024

=“Qe74536
0.0338

=0.,88724
00033 o

=J.58262
0. 1296

e Pt

PR e oy

EE Y Lo



-~y

GCAB

CCL

wril

5

TEMP

~Je®0311
cC del1Se

Qe 03695
0.9307

~3.635448
2.0378

Jau 3256
0.5%382

s 3G215
0.33686

0938290
00008

Tz

0.91639
040015

w0:49007
02176

077067
00252

=3+ 06ES1
0.8757

~0+ 15672
0.70586

~0.83892
1+0077

CORRELATLON COEFFICIENTS / PROH > [R| UNDER HOIRHD=0 / N

TRD

Oe 75€03
Qe 0298

~0,06509
DsBEO02

D.a8375
p.2707

—~0.02355
0.95Z3

~Ca 23033
0.5832

=0.8BE751
0.00685

Appendix XXIII.

ANALY SIS

STATISTICAL

TRPF

2a34a381
0. 0005

~0.45898
N«2188

0.76492
0.0270

~Ds21321
Q.6122

~D,03233
0.5394

=0.89907
0.0024%

TRY

Ge91450
0.0015

=0.4157G
0e 3056

0.55716
Da1S14

~0.03671
U.9312

024554
0«557%

=“C.T4E36
0.0338

TPA

0.83293
de. 0102

=0, 26577
045247

0.57552
041355

Q. 16694
0.45928

-3e 13451
CGe7508

=0.88723
0.0033

GCA

(0+18260
Qe 6652

De6L079
Ga 1077

= 0538E
0.8251

-{1s 30710
0.+3867

=)a 24602
05570

“.s53262
021296

GCB

L. 00000
Q0«0030

m) 66668
g.Q710

085477
0. 0781

-0 .18236
QuB656

Qe 18726
D.&65TQ

=0 7£848

Q+0259 .

SYS5STEM

GCAB

~0.66658
0e0OT710Q

1.00000
0400600

~0.59738
0.1179

0.12960
07597
~0as321863
04372

017915
0a6712

=8
GCL

0. 565477
0.0781

=G 53738
0. 1179

100000
0.0000

~“Q,23347
05779

-0 08177
De 8474

-0e57122
O« 1351

15215 MONDAY s

RR

“0.18236
D. 6656

0« 12960
0a7597

=0s23347
D.5779

1.00000
0.0000

=0+ 34008
D.%098

015682
D.7308

WHC

Qe l1AT2E
Re 570

-0 a321 63
Oea372

=0.08177
Do 84T4&

~Js34A00CE
D.4098

1.00000°

0. 0Q00

Qs15780
Ca63846

FEBRUARY 27, 1978

SH

~Ds THEAR
0.0259

0.17915
0.6712

=0,57122
Qs 1391

. 15682
D.7108

0«19786
0.6366

ls00000
0«0000
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