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THE RECONSTITUTION CHARACTERISTICS OF SNAP BEAN
VARILIES WITH SOME ASCORBIC AC VALUES

Introduction

With the advent of this war, as during the last, a

great deal of emphasis agáinwas placed on the dehydration

of foodstuffs. When certain foods can be successfully

dehydrated, their production in this form 8hOUld be

stressed. A great deal of research is being done to do..

termine more suitable products, along with the conservation

of nutrients and the retention of high palatability.

The snap bean is grown throughout the United States.

The acreage, both for the fresh market and for processing,

has increased. The United States Department of Agriculture

announced in the Western Canner arid Packer Yearbook for

1943 (13) that of the goal for the pack of dehydrated

vegetables, snap beans constitute 12,500,000 pounds.

Snap beans were dehydrated in 1917-18 but were not

satisfactory. In the suier of 1942 a few varieties were

dehydrated at the Food Industries Department of Oregon

State Agricultural College and these upon reconstitution

the following winter proved unsatisfactory. The beans ro-

niained wrinkled and were rubbery in texture. Because of

the results of these few refreshing tests a plan of re-

search was set up to study the various varieties in rela-

tion to their adaptability to dehydration. The appearance

and palatability of the rehydrated bean varieties were



2

essential points in this study. At various intervals of

storage the ascorbic acid content of some of the varieties

was assayed.

Snap beans are comparatively simple to handle under

commercial methods. The dehydration of snap beans is not

a complicated process from the standpoint of control. The

rehydration of the snap beans is not well understood even

though the actual dehration is successful.

The purpose of this study was to find, if possible,

which bean varieties were suitable for dehydration and to

determine the effect of dehydration and storage on the

ascorbic acid content.



Review of Literature

Stil1nn, Watts, and Morgan (11) found that on re-

constituting dehydrated snap beans the unbianched product

had an objectionably strong taste and woody texture, but

the color was good. Pressure blanching, they showed, tended

to preserve the green color. When they split the bean pods

lengthwise there was better rehydrat ion. An hour of soak-

ing was needed to give a good product, but the beans were

of a flabby texture after rehydration. The beans were

never soaked longer than eight hours, and usually the soak-

ing time was from one to three hours The authors stated

that the palatability was improved when the dehydrated

beans were soaked before cooking. In the comparison of

canned and rehydrated product the best of the dehydrated

snap beans was superior to the canned snap beans.

Stevens (10) in reporting a preliminary study of

conditions affecting the nutritive values of dehydrated

vegetables stated that blanching causes an apparent de-

struction of peroxidase. The correlation between the

severity of blanch and vitamin loss was not apparent. The

ascorbic acid and carotene content of snap beans were not

as well retained as the thiamin. The suggestion was made

that a minimum amount of liquid should be used in the re-

hydration of vegetables to conserve the small amount of

3
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vitaininC which remains; there was little carotene lost in

the liquid portion of reconstituted foods.

Cruess, Friar, and Balog (4) in their paper "The

Dehydration of Snap Beans reported the vitamin C loss to
be heavy during dehydration both in the untreated and in

the blanched beans There was a much smaller loss of

carotene during dehydration and in this case retention was

bettor in the blanched than in the untreated sample. The

B vitamins were well retained Flavor and color deteriora..

tion of the dehydrated snap beans was slow even when the

product was held at room temperature and in air for a

period of four years. The variety that proved best for

dehydration was the Stringless Green Pod.

Wade and Kanapaux (12) in a study of the ascorbic

acid content of 48 varieties of ànap beans, report the

average range of both spring and fall harvests to be 17.7

to 27.5 rng. per 100 grams. There was not much difference

between the immature and mature pods, although the least

aecorbic acid occurred in the beans of the mature market-

able stage. This is the intermediate stage neither i-m-

ture or overmature The varieties with large pods ranked

highest in ascorbic acid content, but some of the smaller
podded varieties also ranked high.

Mack, Tapley, and King (18) report the ascorbic acid

content of snap beans to be between 0.09 and 0.24 mg. per
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gram. The earliness of maturity appeared to have a favor-
able effect upon the ascorbic acid content of the beans.
This effect is superimposed upon the varietal character-

istic. The differences in ascorbic acid content at the

various stages of maturity of the snap beans were ascribed
to the distribution of ascorbic acid between the shell and
the seeds in the pod. The seeds contained two to three
times as much vitamin C as the pods. The finiiiturs and

overxnature samples of any single variety bad a higher

vitamin C content than the mature marketable sample. With
the advance in maturity the per cent of seeds to pods in-
creases.

Heinz ot al (6) reported that of the 39 varieties
of snap beans studied, the ascorbic acid content tended to
remain in the same relative order both in the spring and
fall harvests. Uniformity was more pronounced in the bush

type than in the pole type varieties The average for the
spring harvest of 19 varieties of bush beans was 27.7 mg.
per 100 gms. and for the fall harvest was 23.6 ing. per 100
gins. The mean for both spring and fall harvests was 25.7

mg. per 100 gins. For the 20 varieties of the pole snap

beans, the average of the spring harvest was 26.1 mg. per

100 s. and for the fall pickings 21.9 mg. per 100 gms.

The range for the spring pickings of the bush type bean

was 23.0 to 33.2 mg. per 100 gins. and for the pole type
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beans was 21.6 to 38.2 mg. per 100 gms. The fall harvests

gave a range of 16.2 to 33.]. mg. per 100 is. for the bush
type beans and 17.9 to 31.2 mg. per 100 gins. for the pole

typo beans.

Farrell and Fellers (5) In their study of the Bounti-

ful variety of snap bean reported that the freshly dehy-

drated beans contained 15 mgs. of ascorbic acid per 100

is. of dehydrated material, indicating a loss of 95 per

cent. When the dehydrated beans had been stored for one

year in glass in the dark there were 12 mg. of ascorbic
acid per 100 gins. remaining or a loss of 96 per cent. The

dehydrated beaus lost little of their vitamin B1 and B2

even on long storage. The beans were dehydrated at 1300

to 1450 F. for 36 hours in a trnnol-type, hot-air drier.

The moisture content of the dehydrated beans was 2.9 per

cent.

Beckly and Notley (1) report the ascorbic acid con-

tent of very young beans as 19 to 19.6 ng. per 100 gms.;

more mature pods (strings beginning to form) 24.7 to 26.0

mg. per 100 gins.; older beans 24.1 to 26.2 mg. per 100

gins.; and very mature beans 27.7 to 29.4 mg. per 100 gins.

The beans were dried at 130° F. Half of the sample was

blanched for three minutes, and the other half was un-

blanched. The ascorbic acid content of the blanched dried

beans was 74.5 mg. per 100 gins. and the unbianched dried
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beans contained 95.]. mg. per 100 gms. unexpectedly, blanch-

ing had a deleterious effect on the ascorbic acid content.

On cooking the blanched beans were tough, hard and brown in

color, while the unbianched beaus were quite normal in tex-

ture and a green color. The flavor of the unblanthed beans

was distinctly better. There was no difference in flavor

of cooked beans with or without pro-soaking. The reoonen-

dation was made that beans should not be pro-soaked but

dropped into boiling water. The evidence presented in the

above report is contrary to the findings of other workers.

Caldwell and Culpepper (3) in their study of
thirteen snap bean varieties as to their suitability for

dehydration placed in the first rank (best): Asgrow-

Stringless Green Pod, Lazy Wife (White Cranberry or White

Cherry), and Dwarf Horticulture (Speckled Cranberry). In

the second rank (good) was Bountiful, Asgrow Stringless

Valentine, and Stringless Kidney Wax. In the third rank

(poor and unsuitable) was Blue Lake, Ideal Market,

Kentucky Wonder, Kentucky Wonder White Seeded Rust Re-

sistant, Pencil Pod Wax, Tennessee Green Pod, and U. S.

No. 5 Refugee. The beans before dehydration were separated

into stages of maturity designated as I to V. The stages I

and II were tender, very iimniture pods. Stage III had most

desirable texture, while stage IV had best flavor but was

less tender. Stage V represented the upper linit beyond
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which the increase of fiber in the perioarp would prevent

the use of the entire pods. Stages III and IV were con-

sidered of major importance. The study indicated that

there were unanticipated differences in texture between

varieties, even in like stages of maturity. Those differ-'

encos were not evident in the material as canned or cooked

fresh. The length of the precooking period had no appre-

ciable effect on texture, The texture of the pericarp is

rather definitely correlated with the amount of water ab-'

sorbed in the soaking arid cooking. Water absorption is

minimum in amount in the tough varieties and maximum in the

tender varieties, and intermediate in the other varieties

which are also intermediate in texture. Variations in

method or length of presoaking did not materially increase

water absorption, or improve the texture of the tough

varieties, Difference in water absorption and consequent-

ly in firmness and texture appears to be due to inherent

differences in the compo8ition and character of the pen-

carp in different varieties at comparable stages of de-

velopment. When texture of the penioarp is the factor

considered, the number of acceptable varieties is narrowed,

as some have at all stages of their growth a poricarp which

does not fully rehydrate and consequently is tough and

leathery, though its flavor may be agreeable. The authors

conclude that the factors upon which suitability for
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dehydration depends appear to be inherent characteristics

of the varieties and these are not subject to much modif 1-

cation by the conditions under which they are grown.

Buston (2) in a study of the nature, distribution,

and development of certain cell-wall constituents of green

bean pods showed that there is a steady development of both

pectin and hemi-cellulose throughout the whole period of

the experiment. The very young pods contain relatively

less pectin than the older pods, in which both pectin and

hemi-cellulose remained at a fairly constant level. Both

substances seemed to be produced throughout the whole

period of development.

Kooiman (!7) in the monograph on the genetics of

Phaseolus shows that in most wild leguminous plants the pod

walls are parchmented. This parchment consists of fibers

which run obliquely across the pod wall from suture to

suture. In young pods it is at first absent, but develops

gradually as the pod matures In beans this must have been

the original condition. There is, however, a wide range of

variation in the development of this character. Some races

are predominently parcbmented, others are tender, develop-

ing no parchment at all or only late in their growth. Be-

tween these extremes, different stages of parchment de-

velopment occur.

Stark and Mahoney (9) in their study of the
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development of the fibrous sheath in the side wall of the

pericarp of two varieties of snap beans, Giant Stringless
Green Pod and Bountiful, found that it develops as a result
of the multiplication of cell layers and thickening of cell
walls of the iiner mosocarp. The development of this tis-
sue begins much earlier in the development of the pod in

Bountiful. Also the amount of thickening of the cell walls
is much greater in that variety. When pods of like size of

the two varieties are compared the rate of development of

this fibrous sheath is greater in summer than in the fall

weather. The external factors appear to be responsible for

the amount àf thickening in the cell walls of the Inner

mesocarp of these varieties, with cool temperatures and

high rainfall having a depressing effect on the Increased

cell wall thicess. Of the pod characters Influencing

edible quality, the most Important character Is the "tiber

of the side wall."



Methods

Twenty-five lots of the various snap bean varieties
grown by the Oregon State A.gricultural College Horticulture

Department in the summer of 1943 were dehydrated. The snap

bean varieties were dehydrated in the large dehydrator at

the Food Industries Department. A few of the varieties

from those selected for dehydration were assayed for as-

corbic acid. The ascorbic acid values were determined on

the fresh beans, the freshly dehydrated beans, and at in-

tervals during the eight-month storage period. Preliminary

reconstitution experiments were carried out to set up a
standard method. Then each variety was reconstituted fol-

lowing the standard method devised. From these data the

per cents of rehydration were calculated. Finally a panel

of judges was chosen to score the reconstituted samples of

each variety.

Not over four lots of freshly harvested beans were

dehydrated in one day. In preparing the beans for dehydra-

tion the ends were snipped off and the blemished pods dis-

carded. The remaining beans were cut into sections of ap-

proximately one and one-half inches in length, divided into

two lots, weighed, washed, and put on the dehydrator trays;

then steam blanched for either five or fifteen minutes. The

prepared beans were in the dehydrator within four hours of

11
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harvesting. The beans were dehydrated in the modified

tunnel-type dehydrator of the Food Iidustries Department.
The temperature during the dehydrating period was 1450 F.

The dehydration of the beans was completed in eight hours.
After dehydration the weight of each lot of beans was taken
to be used in the calculation of the dehydration ratio for
each variety. This ratio was calculated by dividing the
weight of the fresh beans by the weight of the dehydrated
beans. Each separate lot was put into properly labeled
paper bags. The paper bags were stored in large five gal-
lon metal cans such as are used for packaging of large lots
of finished products. The cans were stored in the labora-

tory at room temperature. The atmosphere within the cans

was air.

The extraction of the ascorbic acid from the beans

was accomplished by grinding them in a Waring blendor, with

350 in]. of 1% meta-phosphoric acid. Fifty gram samples of

the fresh beans were used and the blendor run for three

minutes at high speed. Ten gram samples of the dehydrated

beans were allowed to soak in the i% meta-phoaphoric acid

f or half an hour before grinding in the blendor for five

minutes. After disintegrating the material was filtered

through dry filter paper. The first 10 ml of the filtrate

were discarded and 15-20 ml of the filtrate were collected.

The filtered extracts were kept in the refrigerator until
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analyzed.

Into each of three colorimeter tubes 1 ml portions

of the extract were pipetted. To one tube 9 ml of dis-

tilled water was added. This tube was placed In the Bvelyn

photoelectric colorimeter and the instrument set at 100.

To the second and third tubes 9 ml of the dye were added

rapidly, the tube was placed in the colorimeter and the
reading taken 15 seconds after the addition of the dye.

The readings were recorded as G.. To prepare the dye solu-

tion, 12 mg of 2, 6-dichlorophenolindophenol were dissolved

in a liter of distilled water. To standardize the dye

solution 1 ml portions of the 1% metaphosphoric acid so1u

tion were pipetted into each of two colorfineter tubes. The

colorimeter was set at 100 using a tube containing dis-

tilled water. To each of the tubes containing the meta'

phosphoric acid, 9 ml of the dye solution were added

rapidly, the tube was inserted in the colorimeter and read

in 15 seconds after the addition of the dye. The reading

was recorded as G1. Using the following formula, the as-

corbic acid content of the sample was calculated:

350 plus ml. of water
10.54 x (log a2, - log Gi) x in the saiple =

weight of the sample

mgs of ascorbic acid per 100 gms of original tissue. The

figure 10.54 is the calibration factor for the Evelyn

photoelectric colorimeter used in these determinations.
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The freshly processed beans were analyzed within 72

hours after dehydration was complete. All ascorbic aoid

determinations were run on the Evelyn colorimeter except

those on the freshly dehydrated samples, for which a Klett

colorimeter was used. The method followed for the Klett

oolorimeter is somewhat different from that described for

the Evelyn colorimetep. A dilute solution of the 2,

6-'dichlorophenolindophenol (about 34.4 mg per liter of

distilled water) was made up so as to read about 175 when

diluted with an equal amount of a sodium citrate buffer

solution of a pH of 3.6. To standardize the dye solution

5 ml of the dye were added to 5 ml of the buffer solution,

the tube was inserted in the colorimeter and a reading was

taken 30 seconds after the addition of the dye to the buf-

fer solution, A crystal of ascorbic acid was added to the

tube to decolorize the dye completely, ad a second reading

was taken on the decolorized sample. The second reading

was subtracted from the first reading and the remainder was

multiplied by the factor for the colorimeter; the product

is the dye factor.

The extraction of the ascorbic acid from the dehy-

drated bean samples was the same as described under the

first method using the Evelyn colorimeter. Five ml of the

filtered extract was made up to 50 ml with the buffer so1u

tion. A five ml aliquot of this dilution was pipetted into
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a colorimoter tube and five ml of the dye added, the con-

tents of the tube were mixed and the tube was inserted

in the colorinieter. The reading was taken 30 seconds after

the addition of the dye. A crystal of ascorbic acid was

added to decolorize the sample and another reading was

taken. The second reading was subtracted from the first

and the remainder was subtracted from the dye factor to

obtain the corrected reading. The corrected reading,

multiplied by the colorimeter factor, corresponds to the

micrograms of ascorbic acid in the aliquot. To calculate

the amount of ascorbic acid in the original sample the

following formula was followed: 70 x 10 x 10 x micrograms

of ascorbic acid in the a].iquot xO.0Ol equals the milli-

grams of ascorbic acid in 100 grams of the dehydrated

sample. The dilution factor, accounting for the 5 ml

aliquot of the 350 ml of meta-phosphoric acid is 70.

The correction for the dilution of the 5 ml aliquot made

up to 50 ml is 10. To obtain the ascorbic acid content

of 100 grams when a ten-gram sample is used it is neces-

sary to multiply by ten, and by 0.001 to convert micro-

grams to milligrams.

A series of preliminary experiments were conducted

to develop a uniform or standard method for the reconstitu-

tion of the dehit1rated beans. In these preliminary experi-

ments variations in size of sample, method of drain, and



* Statistical Methods, Chapter 9,
Snedecor, George W.

** P value (probability of occurrence with seven degrees
of freedom) is 1.239. Therefore these P values of
0.5613 and 0.49. are greater than the P value 0.99,
so no treatment effect exists.
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length of pre-soak were oonsidered.*

To test whether length of pro-soak exerted any sig

nificant effect on rohydration of dehydrated snap beans

Chi square tests were made on several varieties, both

with 5 i and 10 gin samples, with four pre-soaking times.

If a significant treatment effect (pre-soak) existed then
the value of Clii square should be sufficient to give a

value of P of 0.05 or less, and to be highly significant

a P value of 0.01 or less. In no instance Was the Clii

square value sufficient to give a value of below 0.99,

therefore no treatment effect (preaoak) existed and vari-

ations were due solely to chance sampling fluctuations.

The following Clii square test for the Black

Valentine variety is typical and similar results were ob-

tained with the other varieties tested.



Chi Square Test

Cooked weight for various pre-Boak8

Black Valentine Variety

Observed Expected
Treatment (soak) weight weight Clii square

5 gram sanple3

No soak 26.1 24.8 0.0681
No soak 22.6 24.8 0.1951

Half hour 22.9 24.8 0.1455
Half hour 25.6 24.8 0.0258

One hour 24.8 24.8 0.000
One hour 25.9 24.8 0.0487

Four hours 26.3. 24,8 0.0681
Four hours 24.3. 24.8 0.0100

Total 0.5613

10 gram samples

No soak 47.1 45.9 0.031
No soak 43.4 45.9 0.136

Half hour 43,9 45.9 0.087
Half hour 46.3 45.9 0.003

One hour 45.6 45.9 0.002
One hour 48.8 45.9 0.183

Four hours 47 3 45.9 0.043
Four hours 45.4 45.9 0.006

Total 0.491

17
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The standard method evolved was as follows: ten-

gram samples were coo]ed without pro-soaking in 400 ml

covered beakers, in 150 ml of distilled water. The con-

tents of the beakex's were brought to the boiling point in

approximately 5 minutes. The samples were gently boiled

for 30 minutes and immediately drained through a Bucimer

funnel for one minute with gentle suction. During the last

half of the minute the funnel was tipped and rotated slowly

for more uniform drainage. The sample was immediately

weighed and the per cent of rehydration was calculated.

If a sample is 100% rehydrated then the weight of the

sample multiplied by the largest figure in the dehydration

ratio should be equal to the weight of the fresh sample.

To calculate the per cent of rehydration, the weight of the

reconstituted sample multiplied by 100 is divided by the

weight of the sample if 100% rehydrated. For example, if

a sample has a dehydration ratio 6:1 and a ten-gram sample

on reconstitution weighs 45 grams the per cent of rehydra-

tion is calculated as follows: 10 x 6 60 i if 100%

rehydrated, 45 x 100 = 4500, 4500 divided by 60 equals 75%

rehydration. During cooking the samples wore held under

the water by small wire screens. Four samples of each

variety were reconstituted.

A fifty-gram sample of each variety was reconstituted

for scoring by several judges. The samples were cooked in
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400 ml of distilled water in 600 ml beakers for 30 minutes,

then turned into white enamel pans for ease In judging.

The reconstituted sales were judged for uniformity of

color, appearance, texture, and taste.



Results and Discussion

Ascorbic Acid

Eight of the twenty-th.reo varieties of snap beans

included in this study were assayed for ascorbic acid.

The varieties assayed fall into four groups according to

their ascorbic acid content calculated on the basis of

100 gins, of dry weight: first group, the Round Pod Kidney

Wax and the New Kidney Wax, 264 and 25? mg respectively;

second group, Pencil Pod Black Wax and Asgrow Stringless,

183 and 182 mg; third group, Burgess Stringless and the

Striped Creaseback, 144 and 142 mg; and the fourth group,

White Seeded Kentucky Wonder and the Oregon Giant, 132 and

126 mg of ascorbic acid respectively. Samples of both

blanch times were assayed. For data see Table I.

The greatest loss of ascorbic acid occurred during

dehydration. Approximately two..thirds was lost. The next

greatest loss came within the first two months of storage;

at the end of eight months of storage there were no sig-

nificant difference8 between the varieties as to their

ascorbic acid content. During storage there is an indica-
tion that slightly more ascorbic acid was retained by those

beans blanched for 15 minutes than by those beans blanched

for 5 minutes, though the difference was not siifioant

in the freshly dehydrated beans. For the statistical

20
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analysis of the data presented see Table VI and VII.

When the per cent loss of ascorbic acid is con-

sidered it was found that approximately 90% of the original

content was lost on eight months' storage. The 90% loss

occurred by the second month of storage in some of the

varieties. See Table II.

The ascorbic acid values determined in this study
should be considered only as preliminary values,as the
number of samples of each variety studied, and the amount

of the dehydrated product for sampling was limitod. It

would have been desirable to analyze for ascorbic acid

throughout the growing season, but this preliminary study

was limited to only one, and in a few cases two, pickings

of each variety. It would also have been desirable to

1iow the stage of maturity, by some criterion, so that the

results would be comparable.



Table I

Average Ascorbic Acid Values of Beans Before and After Dehydration
Expressed in mg per 100 gms of Dry Material

Sample Code No. Blanch Fresh
Freshly

Dehydrated
Storage Period

2 mo. 5 mo. 8 mo.

9832 (Round Pod Kidney Wax) 5 mm. 264 33.9 24.8 14.8 23.7
15 " 46.5 32.5 21.8 18.1

9553 (New Kidney Wax) 5 miii.
15 "

257 56.7
60.5

24.2
35.7

23.6
24.3

17.6
18.6

9931 (Pencil Pod Black Wax) 5 mm.
15 "

183 50.4
52.8

21.6
24.8

26.9
18.9

19.1
19.1

9833 (Asgrow stringless) 5 miii.
15 "

182 43.2
39.2

20.8
23.9

17.8
23.7

13.9
17.6

9972 (Burgess Stringless) 5 miii.
15 "

144 49.0
48.4

23.9
36.1

18.8
29.2

18.7
22.5

997]. (Striped Creaseback) 5 miii.
15 "

143 46.2
47.2

23.7
24.6

20.1
18.8

18.6
23.7

K W (Kentucky Wonder) large 5 miii.
15 "

132 41.3
37.8

23.0
24.7

47.4
21.2.

19.3
23.1

small 5 " 132 61.9 29.4 22.3 21.9

15 " 50.4 26.9 19.1 26.6

O 0 (Oregon Giant) S mm.
15 "

126 40.6
49.0

18.8
19.9

48.3
52.4

12.4
16.6



Table II

Average Per Cent Loss of Ascorbic Acid on Dehydration and Storage*

* (Based on ascorbic acid content of fresh beans)

Sample Code No. Blanch
On

Dehydration
Storage Perioas

2 mo. 5 mo.. 8 mo.

9832 (Round Pod Kidney Wax) 5 miii. 87.2 90.6 94.4 91.0
15 " 82.4 87.7 91.8 93.2

9553 (New Kidney Wax) S miii. 78.0 90.6 90.8 83.2
15 " 76.9 86.2 90.6 92.8

9833 (Aegrow Stringless) 5 mm. 76.3 88.6 90.2 92.4
15 miii. 78.5 86.9 87.0 90.3

9931 (Pencil Pod Black Wax) 5 miii. 72.5 88.2 85.3 89.6
15 " 71.2 86.5 89.7 89.6

K W (Kentucky Wonder) large 5 miii. 68.7 82.6 64.1 85.4
15 " 71.4 81.3 83.9 82.6

9971 (Striped Creaseback) 5 miii. 67.7 83.4 85.9 87.0
15 " 67.0 82.8 86.9 83.4

0 0 (Oregon Giant) 5 miii. 67.8 85.2 61.9 90.2
is 61.2 84.2 58.4 86.8

9972 (Burgess stringles8) 5 miii. 66.0 83.4 87.0 87.0
15 ' 66.4 74.9 79.8 84.4

K W (Kentucky Wonder) suiall 5 miii. 53.1 77.7 83.1 83.4
15 " 61.8 '79.6 85.5 79.8



Reconstitution

The suitability for dehydration must be determined

by the quality of the reconstituted product. The varieties

studied showed marked differences in their reconstitution
ability.

The calculation of the per cent of rehydrat ion for

the varieties shows a variation of 42.1 to 92.6 per cent

(see Table III). This wide difference maybe ascribed to

several things. Perhaps varietal characteristics as to

size, shape, and texture of the pods may be a factor The

smaller podded varieties tend to remain flattened and
usually show wrinkling. How much the factor of maturity

Is superimposed on varietal characteristics, such as the

development of the fibrous layer, is a thing for future

study. The stage at which this layer develops Is a vari-

etal characteristic. The stage of development of this tis-

sue appears to have a great influence on the appear&ice of

the reconstituted beans. The more mature pods contain well

formed seeds. In some varieties the seeds are larger than

others at a comparable stage of maturity. No attempt was

made to judge the maturity of the fresh beans, except that

if the beans would not snap or break easily when sectioned,

they were discarded as overmatupe. It is felt that none of

the beans sampled f or the ascorbic acid determinations 'u1d
have been Inedible if cooked when fresh.

24
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uadruplicate samples were reconstituted to calcu-

late the percentage of rehydration. The sampling differ-
ences were 'eat both between and within varieties. This

can be attributed to the stage of maturity and the varietal

characteristics such as pod size. If the beans were quite

mature with seeds well formed, the Seeds made up a large
part of the weight of the sample. A ten-gram sample of

rather mature dehydrated beans had fewer pieces of bean

pods and a higher percentage of seeds, while a sample of

the same weight of rather immature beans contained a sinai-

ler percentage by weight of seeds and a larger number of

pod sections.

Whether or not pretreatment such as the length of

blanch has any effect on the percentage rehydration is not

known at this time.

The rehydration ratio is calculated by dividing the

weight of the drained rebydrated sample by the weight of

the dehydrated sample used for reconstitution. It is noted

that the ten-gram samples of the varieties when reconsti-

tuted all weigh between 41 and 53 grams; these represent

rehydration ratios of 4.1:1 and 5.3:1. The dehydration

ratio spread was from 4.5 to 11.1; there is much greater

variation in the dehydration ratios than in the rebydra-

tion ratios. This variation may be ascribed in part to the

stage of maturity and to varietal characteristics, as those
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beans which are more fleshy and succulent, and containing

more moisture, have a wide dehydration ratio. If the

difference between the dehydration and the rebydrat ion

ratios is small, the percentage rehydration is high, and

conversely, if the difference in the ratios is large, the

percentage of rebydration is low. In order to eliminate
this great variation of per cent of rehydration, for
future work, the beans might be dehydrated so as to have

comparable ratios. This will mean the more succulent

samples will contain more moisture on completion of de-

hydration than the less succulent varieties.

The samples of dehydrated beans used in the re-

constitution studios were those blanched for fifteen

minutes. This was also true of those rehydrated for

scoring.



Variety

Table III

Dehydration and Rehydrat ion Ratios of the Different Varieties of Snap Beans

9958 Streamline
9832 Round Pod Kidney Wax
9960 Red Valentine
9962 Black Valentine
9827 Black Valentine
9956 Gold Standard

Black Valentine
9931 Pencil Pod Black Wax
9553 New Kidney Wax
983 Aegrow Stringless
9973 MoCaslon

Blue Lake
9963 Medal Refugee
9975 White Creaseback

Striped Creaseback
Kentucky Wonder

9972 Burgess Stringless
9968 Decatur

Blackseeded Blue Lake
9948 Delicious Giant

Decatur
White Seeded Kentucky Wonder

$mall
Large

Kentucky Wonder
9971 Striped Creaseback

Oreou Giant
* x = no .er; xx some .er; xxx = f

Pole (P) or
Bush (B)
Type

B
B
B
B
B
B
B
B
B
B
P
P
B
P
P
P
P
P
P
P
P
P

P
P
P
rous

Dehy-
drat ion
Ratio

Rohy- *
drat ion % Rehy- Amount
Ratio dration of fiber

4.7:1-
4.7:1
4.5:1
5.3:1
6.01
6.3:1
6.1:1
6.8:1
6.8:1
7.1:1
7.0:1
7.1:1
8.7:1
7.5:1
7.4:1
7.4:1
7.6:1
8.1:1
9.2:1
8.8:1
9.7:1

9.3:1
9.0:1
9 01

11.1:1
10.4:1

xxxx = very rous.

4.4:1 92.6
4.4:1 91.75
4.1:1 89.2.
4.5:1 83.0
4.7:1 76.0
5.1:1 74.8
4.6:1 74.7
4.8:1 69.2
4.5:1 68.4
4.6:1 64.8
4.5:1 63.6
4.4:1 59.9
5.3:1 59.3
4.4:1 58.7
4.3:1 58.0
4.3:1 56.1
4.3:1 55.3:
4.4:1 53.2
5.0:1 53.1
4.8:1 52.4
5.1:1 51.7

4.5:1 48 5
4.3:1 48 3
4.4:1 47.9
5.2:1 46.6
A A.- . -. 42 1
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The coefficient of correlation between the dehydra-

tion and the rebydration ratios was calculated and found to

be 0.482 ± 0.105. This exceeds the 0.05 level of signif' i-

cance by only a trifle. It is therefore doubtful whether a

definite relationship exists between the ratios. See appen-

dix, Table VIII.

Scoring of Rehyth'ated Samples

The scoring of a reconstituted sample of each vari-

ety was based upon the following characteristics: appear-

ance, texture, and flavor.

The appearance of the reconstituted sample was

judged as to uniformity of color within the sample and gen-

eral attractiveness, consideration being given to the fact

that dehydrated foods have a distinct color differing from

that of the fresh product. Also the appearance of the pods

as to smoothness or degree of wrinkling was judged, and

whether or not the pods were plump or flattened when re-

constituted.

The texture of the cooked samples was judged for

firmness and for presence of fiber. Some beans were found

to be very fibrous so that it was impossible to chew the

pods. None of the samples showed sponginess; a few were

somewhat leathery. The samples that had excellent appear-

ance usually were so fibrous as to be inedible. For this
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reason the greatest weight was given to texture in the cal-

culation of the final score. Since no attempt was made to

judge the maturity of the fresh beans before dehydration

it is possible that some of the varieties might have been

placed in the first rank had they been of a suitable stage

of maturity.

The flavor of the beans on a whole was typical and

none of the varieties had a definite toff? flavor or were

undesirable. The weight of the total score allotted to

flavor was equal to that given to appearance.

The judges were given a sheet on which the charac-

teristics of the reconstituted beans to be judged were

listed. Each characteristic had five subdivisions as to

quality of that factor, except flavor under which there

were only four subdivisions. The judges checked the

description which most suited that characteristic. These

check sheets were then used to calculate the average score

for each characteristic. A numerical weight was given to

each factor. The figure one was given to the ideal quality

and less desirable factors were graded downward to five in

all cases except that of firmness where the lowest value

used was three.
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If under the group on pod appearance a judge had

given the approximately per cent of beans showing the suit-

able characteristics, as 50% somewnat wrinkled (3) and 50%

CHECK LIST FOR RECONSTITUTE]) DEHYDRATED SNAP BEANS

Appearance Score
Color

Excellent
Very good 2
Good 3
Poor 4
Very poor 5

Pod appearance
Smooth 1
Slightly wrinkled 2
Somewhat wrinkled 3
Moderately wrinkled 4

5Very wrinkled

Plump 1
Moderately plump 2
Slightly flattened 3
Flattened 4
Not reconstituted 5.

Texture
Too firm 3
Firm 2
Moderately firm 1
Soft 2
Very soft 3

Not fibrous 1
Somewhat fibrous 3
Fibrous 5
Leathery
Spongy 4

Flavor
Pleasing 1
Moderately pleasing 2
Lacking in flavor 3
Undesirable or 'off' 5
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very wrinkled (5), the total score for that group was calcu-

lated using the per cent weight. (50% of 3 is 1.5 and 50%

of 5 Is 2.5; total score is 1.5 plus 2.5 or 4.) The aver-

age weight of eac±a characteristic was calculated. The total

score for each variety was arrived at by allowing the fol-

lowing weights for each characteristic: color 10%, ap-

pearance 20%, texture 50%, and flavor 20%. Those varieties

that had a total score of less than 2.1 were considered

excellent, those of scores between 2.11 and 2.49 were con-

sidered good, and those of scores more than 2.5 were poor.

The varieties that scored highest in color on rehydration

were the Striped Creaseback, MoCaslon, Gold Standard, ariA

the Round Pod Kidney Wax. All these varieties were either

in the first or the second rank.

For appearance the difference In scores between the

varieties was large. The varieties ranking highest were

the Black Valentine which was of excellent appearance but

so very fibrous that it was impossible to bite through the

pods. Another sample of Black Valentine, Round Pod Kidney

Wax, Red Valentine, Gold Standard, and the Streamline Bean

had identical scores for appearance and ranked 01080 to the

highest. The other varieties ranged downward with con-

siderable variation. The wide differences in the scores

on the appearance of the rebydrated beans is probably due

to the degree of wrinkling of the pods. The degree of
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wrinkling may be associated with the stage of maturity ansi

more work needs to be done.

The texture of the cooked beans was sometimes diffi-

cult to judge. If the fibrous layer was well developed the

beana were firm. The outer tissues of the pods of some of

the varieties were thick, especially those beans that are

naturally fleshy. If the layer of fiber was well developed

the first reaction to the sample would be that of firmness

and secondly that of tough fibrousness. A few of the 1311-

mature samples were firm to bite and rather chewy. It is

possible that a number of the varieties that were ranked

III by the method of evaluation used might be successfully

dehydrated and reconstituted to give a desirable product

If the fibrous layer was not so well developed.

The flavor of all the samples reconstituted was

typical and none were of an 'off' flavor. The difficulty

in judging the flavor was that the samples had to be

judged as soon as possible after cooking, as on standing,

even though the samples were kept hot, the flavor deteri-

orated and a bitterness or astringency developed. The

highest ranking variety, Round Pod Kidney Wax, was judged

the best for flavor of all the varieties by the majority

of the judges.



Variety

Table IV

Average Score of Reconstituted Beans
Weighted score*

Round Pod Kidney Wax
Medal Refugee
Red Valentine
Striped Creas'bac1
Oregon Giant
DelioiOue Giant
White Seeded Kentucky

Wonder (small) 0.31
AagroW Stringless 0.27
MoCaslon 0.21
Kentucky Wonder 0.27
Black Seeded Blue Lake 0.30
Gold Standard 0.22
Burgess Stringleas 0,23
White Creaseback 0.26
Decatur_ 0.32

Poor WHie Seee Kentucky
Wonder (large)

Pencil Pod Black Wax
Striped Creaseback
Black Valentine
Streamline Bean
Decatur
Black Valentine
Black Valentine (9827)
New Kidney Wax

* Color l0, appearance 2O, texture 5O, flavor 2O

Weighted
Color Appearance Texture

0.23 0.26
0.30 0.56
0.27 0.26
0.2 0.U4
0.33 0.76 0.75
0.34 0.68 0.85

0.31 0.64
0.35 0.52
0.28 0.56
0.28 0.28
0.28 0.26
0.38 0.84
0.26 0.20
0.26 0.26
0.37 0.60

0.85
0.75
1.10
0.63

: .25
1.20
1 30
1.55
1.65
1 10
1 95
1.80
1 50

Flavor Total

0.22 1.56
0.40 2.01
0.40 2.03
0.4 LTi
0.28 2.12
0.32 2.19

O 32 2,35
0 56 2 3?
0.58 2,37
0.38 2 37
0 32 2 39
0,36 2.9
0 38 2.40
O 34 2.46
0.46 2.49

0 32 2.52
0.50 2 57
0.44 2.58
0.48 2.59
0.46 2.65
O 48 2.76
0.38 2 .'79
0.54 2.86
0.48 2.95

0.72 1.00
0.44 1 10
0.58 1.00
0.42 I 30
0.62 1.05
0 26 1.55
0 54 1.25
0.56 1 30
0,56 1.15

Rank

Excellent
U

if
Good

ft
It
'p



Summary and Conclusions

Twenty-three varieties of snap beans were dehydrated.

Eight of the varieties were assayed for ascorbic acid in

the fresh and dehydrated state. The dehydrated beans were

reconstituted and grouped as to their desirability as edible
products.

Of the eight varieties of snap beans assayed for as-
corbic acid the varieties ranking highest were Round Pod

Kidney Wax and the New Kidney Wax. The varieties contain-

ing the smallest quantity of ascorbic acid in the fresh

state wore the Kentucky Wonder and the Oregon Giant. The

values varied from 264 mg to 126 mg per 100 gms of material
on the dry basis.

The greatest loss of vitamin C occurred during dehy-

drat ion. At the end of the eight months of storage period

there was no significant difference between the varieties

as to their ascorbic acid content. Approximately two-

thirds of the ascorbic acid present in the fresh state was

lost on dehydration and 90% was lost on eight months of
storage.

The dehydrated beans were reconstituted by soaking

in water at room temperature for one-half hour, then bring-
ing to a boil and cooking for one-half hour. The color

change in the snap beans due to dehydration is also appar-

ent in the reconstituted product but it was not undesirable.

34
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The least color change apparent was within the wax vari-

eties. The flavor deterioration was not great but recon-

stituted beans developed a strong and somewhat bitter taste

on standing when kept hot. The texture of the reconstitu-

ted beans varied considerabl1 and was due mainly to the

variation in the stages of maturity of the samples as well

as varietal characteristics. On calculation of the per

cent of rehydration great varietal differences were shown.

These differences may be due to varietal characteristics
and also to the stage of maturity of the samples reconsti-

tuted.

The varieties that ranked highest or excellent in
this study wore: Round Pod Kidney Wax, Medal Refugee, and

Red Valentine. The rank of good was assigned to: Striped

Creaseback, Oregon Giant, Delicious Giant, White Seeded

Kentucky Wonder (small), Asgrow Stringless, McCaslon,

Kentucky Wonder, Black Seeded Blue Lake, Gold Standard,

Burgess Stringless, White Creaseback, and Decatur. Those

considered poor were: White Seeded Kentucky Wonder (large),

Pencil Pod Black Wax, Striped Creaseback, Black Valentine,

Streamline Beau, Decatur, Black Valentine, Black Valentine

(9827), and the New Kidney Wax.

The study of the varieties of snap beans as to their

suitability for dehydration is difficult because of the

many varietal characteristics that may play a role. A few
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of the characteristics that may be important are: the time

of development of the fibrous layer, the extent of thts
layer and stringiness, and whether or not the pod is succu-
lent and fleshy. For future work the beans to be dehy-
drated should be of a 1iown stage of maturity. It would

be desirable to ow the fiber content of the fresh beans
as well as that of the dehydrated sample.



APPENDIX

Code

The code is used in the following tables.
9972 Burgess Stringless

9971 - Striped Creaseback

9832 - Round Pod Kidney Wax

9833 Asgrow Stringless

9931 Pencil Pod Black Wax

9553 - New Kidney Wax

O.G. - Oregon Giant

K.W. - Kentucky Wonder (White Seeded)

L.K.W. - Large Kentucky Wonder

S.K.W. - Small Kentucky Wonder

3,7



Table V

Ascorbic Acid Content of Fresh Beans*
mgs per 100 gins on dry basis

Variety

F for 2 and 14 d.C. at 0.05 equals 3.74 and 0.01 equals 6.51.
F for 7 and 14 d.C. at 0.05 equals 2.77 and at 0.01 equals 4.28.

Highly significant difference at 0.01 level of F.

Least mean difference at 0.05 equals 12.98 and at 0.01 is 18.01.
* Chapters 11 and 15, Statistical Methods, Snedecor, 0. W.

Code No. 9972 9971 9832 9833 9931 9553 0.G. K.W. Sum Mean

Sample 1 156 136 268 187 195 255 122 128 1447 181
Sample 2 137 136 257 182 175 248 126 126 1387 173
Sample 3 137 154 265 177 181 265 129 141 1449 181

Sum 430 426 790 546 551 768 377 395 4283

Mean 143.3 142.0 263.3 182.0 183.6 256.0 125.6 131.6

Analysis of Variance
Source of
Variation

Degrees of
Freedom Sum of Square Mean Square

Total 23 63471.96
Sublots 2 310.33 155.16 2 27
Varieties 7 62386.29 8912.23 161.77
Error 14 771.34 55.09
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The differences in ascorbic acid content of the

fresh beans were in several cases highly significant.
Varieties Round POd Kidney Wax (9832) and New Kidney Wax

(9553) showed highly significant differences in their

favor over all other varieties assayed. Asgrow Stringless

(9833) and Pencil Pod Black Wax (9931) likewise showed

highly significant differences in their favor over Burgess

Stringless (9972), Striped Creaseback (9971), Oregon

Giant (0.0.), and Kentucky Wonder (K.W.). Burgess String-

less (9972) and Striped Creaseback (9971) showed signi-

ficant differences in their favor over Oregon Giant
(0.0.) and an approach to significant difference over
Kentucky Wonder (K.W.).



Table VI

Ascorbic Acid Content of Fresh Beans, After Dehydration and on Storage
mgs per 100 gms - dry basis

Variety 9972 9971 9832 9833 993]. 9553 0.0. Sum Mean

Treatment

Fresh 143.3 142.0 263.3 182.0 183.6 256.0 125.6 1295.8 185.1
Freshly dehrated 5 miii. 49.3 46.5 33.9 40.2. 50.4 56.7 40.6 317.6 45.4

15 " 59.5 55.6 46.5 39.2 52.8 60.5 49.0 363.1 51.9
2 mo. storage 5 mm. 23.9 23.6 30.2 ?0.8 21.6 24.2 8.8 163.1 23.3
2 mo. storage 15 mm. 36.1 24.6 32.6 23.9 24.8 35.8 19.9 197.7 28.3

5 mo. storage 5 mm. 18.8 20.1 14.8 17.8 26.9 23.6 48.4 170.4 24.3
5 mo. storage 15 mm. 29.2 18.8 21.8 23.7 18.9 24.3 52.4 189.1 27.0

8 mo. storage 5 miii. 18.8 18.6 23.8 13.9 19.1 17.6 12.5 124.3 17.8
8 mo. storae 15 miii. 22.5 23.7 18.1 17.6 19.1 18.6 16.6 136.2 19.5

Sum 401.4 373.5 485.0 379.1 417.2 517.3 383.8 2957.3

Mean 44.6 41.5 53.9 42.1 45.3 57.5 42.5



Source of Degrees of

Table VI (Continued)

Analysis of Variance

F for 8 and 48 degrees of freedom at 0.05 equals 2.14 and at 0.01 equals 2.90
F for 6 and 48 degrees of freedom at 0.05 equals 2.30 and at 0.01 equals 3.20

Since a highly significant treatment effect is shown, lot comparisons nay be made as
follows: ## highly significant. Exceeds F value for 0.01 level. F value (d.f.,
1 and 48) fOr 0.01 level = 7.19. # Significant. Exceeds F value for 0.05 level.
F value (d.f., 1 and 48) for 0.08 level 4.04.

Variation Freedom Sum of Squares Mean Square

Total 62 178,839.59
Treatments 8 157,650.85 19,706.36 49.62 ##
Varieties 6 2,127.65 354.61 0.89
Error 48 19,061.09 397.10
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(1295.8 - 317.6)2
=

=

68348.23

62137.10 F

68348.23 172.122 (7)
(1295.8 - 363.1)2

397.10 or

62137.10
2 (7) 3g7.lo 156.48 H

(1295.8 - 163.1)21
91643.52 91643.52 230.78 H2(7) 01'397.10

(1295.8 - 197.1)2 = 86224.40 =
4.

86224.40 217.13 H2(7) or397.10

(1295.8 - 170.4)2 = 90466.08 F - 90466.08
2(7) 397.10 or 227.82 H

(1295.8 - 189.1)2 = 87484.63 87484.63 or 220.30 ##i
2(7 ). 397.10

(1295.8 - 124.3)2 98029.44 F = 98029.44 or 246.86 H2(7) 397.10

(1295.8 - 136.2)2 96048.01 F 96048.01 241.87 H2(7) or397.10

(363.1 - 317.6)2 147.87 F = 147.8! 0 3722(7) oil397.10

(363.1 - 163.1) 2857.14 -F 2857.14
2(7) 01' 7.195 H397.10

(363.1 - 197.77)2 = 1954.08 F = 1954.08 4.922(7)1 397.10

(363.1 - 1770.4)2 - 2652.38 F = 2652.38 6.68 #2(7) or397.10

3.1 - 189.1)2
2162.57 F 2162 .7

2(7) 397 10 ox' 5.46

(363.1 - 124.3)2 = 4073.24 -F 4073.24
2(7) 397.10 or 10.26 H

(363.1 - 136.2)2
= 3677.40 -F 3677.40

2(7) 397.10 or 9 26 H
(317.6 - 163.1)2

= 17705.02 F 1705.02 or 4.292(7) 397.10
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(317.6_ig7.7)2 1026.57 =F or 2.58

(317.6_170.4)2 1547.70 F = 15: or 3.89

(317.6 - 189.1)2 = 1179.45 1179.45 or 2.972(7) F - 397.10

(317.6 - 124.3)2 = 2668.92 - 2668.92F - or 6.722(7) 397.10

(317.6 - 136.2)2 2350.42 2350.42F or 5.912(7) - 397.10

(197.7 - 163.1)2 85.51 F = 85.51 or 0.2152(7) 397.1
(197.7 - 170.4)2 53.23 53.23F or 0.1342(7) 397.1
(197.7 - 189.1)2 528 -F 5.28 or 0.0132(7) 397.1

(197.7 - 124.3)2
384.83 = 384.83F or 0.9692(7) 397.10

(197.7 - 136.2)21 270 .1 - 270.10F - or 0.6802(7) 397.10

(189.1 - 163.1)2 48.28 - 48.28-F or 0.12152(7) 397.10

(189.1 - 170.4)2 24.98 F = 24.98 or 0.0632(7) 397.10
(189.1 - 124.3)2

299.46 - 299.46P or 0.7542(7) - 397.10

(189.1 - 136.2)2
= 199.88 199.88 or 0.5032(7) F = 397.10

(170.4 - 124.3)2
- 151.80 151.80 0.3822(7) F - 397.10

(170.4 - 163.1)2
3.81 3.81 or 0.0092(7) F 397.10



(170.4 - 136.2)2
= 83.542(7)

(163.1 - 124.3)2
2(7)

(163.1 - 136.2):2
2 ('1) 51.69

(136.2 - 124.3)2
= 10.112(7J

83.54
397.10 or 0.210

107.53 F
=

or 0.271

51.69
- 397.10

- 10.11
397.10

01' 0.130

Or 0.025

Since no significant varietal difference after de-

hydration and storage is shown, there is no need to make
variety comparisons. However for example for the greatest
difference between varieties:

(617.3_373.5)2
1148.44

F = 1148.80 Or 2.89 is considerably loss than the 0.5 level
397.10

of significance.

When the ascorbic acid values of the freshly dehy-

drated beans blanched for 15 minutes were compared with the

values for dehydrated samples after all the storage

periods, significant or highly significant differences in

favor of the freshly dehydrated beans blanched for 15

minutes exist; and in only three instances did the freshly

dehydrated beans after five minute blanch show significant

difference in their favor. These instances are at the two

month storage for the 5 minute blanch time, the eight

month storage period for the 5 minute blanch, and the

eight month storage period f or the 15 minute blanch time.

The analysis of the data showed that the per cent
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loss was highly significant between the fresh beans,
freshly dehydrated, and the stored samples, while the
difference in losses among the varieties wore significant
in the samples that had been blanched for 5 minutes. The

samples of beans that had been blanched for 15 minutes

showed highly significant differences in losses among
varieties as well as among the fresh beans, freshly de-
hydrated, and the stored beans.



Table VII

Per Cent Loss of Ascorbic Acid from Dehydrated Beans Blanched for 5 Minutes

F for 3 and 24 df at 0.05 equals 3.01 and at 0.01 equals 4.72
F for B and 24 df at 0.05 equals 2.36 and at 0.01 equals 3.36
Least mean difference at .05 = 9.36 and at .01 = 12.69
* Significant

** Highly significant

Variety 9972 9971 9832 9833 9931 9553 0.0. L.K.W. SIK.W. Sum Mean

Storage period
0 66.0 67.7 87.2 76.3 72.5 78.0 67.8 68.7 '53.1 637.3 70.8
2 mc. 83.4 83.4 90.6 88.6 88.2 90.6 85.2 82.6 77.7 770.3 85.5
5 mo. 87.0 85.9 94.4 90.2 85.3 90.8 61.9 64.1 83.1 742.7 82.5
8 mo. 87.0 87.0 91.0 92.4 89.6 83.2 90.2 85.4 83.4 789.2 87.6

Sum 323.4 324.0 363.2 347.5 335.6 342.6 305.1 300.8 297.3 2939.5
Mean 80.8 81.0 90.8 86.9 83.9 80.6 76.3 75.2 74.3

Analysis of Variance
Source Degree of Freedom Sum of Squares Mean Square F

Total 35 3552.89
Sub lots 3 1532.01 510.67 12.3 **
Varieties 8 1029.69 128.71 3.11 *
Error 24 991.19 41.29



Table VII (Continued)

15 Minute Blanch

F for 3 and 24 degrees of freedom at 0.05 is 3.0]. and at 0.01 is 4.72
F for 8 and 24 degrees of freedom at 0.05 is 2.36 and at 0.01 is 3.36

Least mean difference at .05 7.53 and at.Ol = 10.21

* Significant
** Highly significant

Variety 9972 997]. 9832 9833 9931 9553 O.G. L.K.W. S.K.W. Sum Mean

Storage period

0 66.4 67.0 82.4 78.5 71.2 76.9 61.2 71.4 61.8 636.8 70.7
2 mo. 74.9 82.8 87.7 86.9 86.5 86.2 84.2 81.3 79.6 750.1 B3,3
5 mo. 79.8 86.9 91.8 87.0 89.7 90.6 58.4 83.9 85.5 753.6 83.7
8 mo. 84.4 83.4 83.2 90.3 89.6 92.8 86.8 82.6 79.8 782.9 86.9

Sum 305.5 320.1 355.1 342.7 337.0 346.5 290.6 319.2 306.7 2923.4
Mean 76.4 80.0 88.8 85.7 84.2 86.6 72.6 79.8 76.7

Analysis of Variance

Source Degree8 of Freedom Sum of Sqares Mean Square

Total 35 2970.92
Sub lots 3 1382.53 460.84 1'7.2 **
Varieties 8 945.35 118.17 4.4 **
Error 24 643.04 26.79



T&Je VIII

Coefficicnt of Correlation beteen Dehydration Ratio and Fehydration
for 24 Varieties of Snap Beans

Dehydration hatio (y)

- (1.04 x 0.25)
rxy = 24 - 0.482

3.182 x 5.804

0.6745 (1 - (0.482)2) 0.5178
Er

4.89 - 4.99 -

rxy = +0.482 ± 0.105

If the coefficient of correlation is at least six times its probable error it usually is said to be a highly ign1ficant

correlation; in this case it is 4.59 times itc probable error and barely exceed3 the 0.05 level of significance.

Statistical Technique in Agricultural Research, P. D. Paterson, Chapter V.

4.5 4.8 5.1 5.4
7 .O .3 5.6

5.7 6.0 6.3 6.6 6.9 7.2
5.9 6.2 6.5 6.8 '7.1 7.4
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7.7

7.8 3.1
8.0 8.3

8.4 8.7 9.0 9.3
8.6 8.9 9.2 9.5

9.6
9.8

9.9
10.1

10.2 10.5 10.8 11.1
1O. 10.7 11.0 11.3 f d' Id' fd'2

16 36

0 0
12 -2

7 -1

0 0
2 -5
4 -8
18 9
0 0

25 30

72 30

49 91

64 40

4.11
4.2

4.4 2

4.5 1

4.7

4.9

51

5.3

2

1

1 1
1 1

1

1

1

1

1 1 1

1

1

1

1-4-6
o-3 0

3 -2 -6
1 7 -1 -730 021 212 2

2 3 6
0 4 0
1 5 5

2 6 12
1 1 7 7

1 8 8

1 3 0 1 0 0 2 1 2 3 2 2 0 1 0 2 2 0 1 0 1 0 0 1 24 +25 269 220

= 5.804

d' -9-8-7-6-5-4-3-2-1 012 35 678 910111213
0 013+6

100 0 0 16 810

010jr: 0700-8-3-4-3020301012,0
0 32 9 8 3 0 2 0 9 0 50 72 0

8

64 0fd'2243 0 49 0

Rehydratton Ratio Cx) Dehydration Ratio (y)

Cy==+0.25

S.D.x - (1.04)2 = 3.182 S.D.y V'4
- (0.25)2
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