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INTRODUCTION

nutrition research has shown that a certain amoint of

vitamin C is required regularly by each individual as a physio-

logical aid to good health. Fruits and vegetables are the

principal sources of vitamin C for the human diet and frequent-

ly they are purchased on this account. Tho value of any veg-

etable or fruit as a food product depends primarily upon its

composition and palatability. Both are generally influenced

by the stage of maturity at which tho material is prepared

for use.

While a vegetable is growing and coming to its optimum

state of ripening or maturity there la a continuous and rapid-

ly Increasing development of ascorbic acid or vitamin C. This

vitamin is most susceptible to adverse conditions of stor.

Much emphasis is plaoed at the present time on conservation

methods which may be used for preventing food losses and de-

struction of valuable nutrients in fresh plant products. In

vegetables, losses of vitamin C might well bo U3ed to Indicate

general decline in nutritive value and in other attributes such

as aroma, color, flavor, and texture, which contribute to

quality or taste appeal.

The time factor Influences to o:.tont and rate of vitamin

loss from fresh produce. Transportation and distribution of

fresh fruit and vegetable supplies from the areas ?;hore grown



to regions where consumed require tiiae. Conditions of tsm-

poraturo, humidity, and time of holding during marketing

May be responsible for additioral losses of this vitamin.

There are many factors which cause variation in food

value, particularly vitamin C before vegetables and fruits

reach the kitchen. Difference in v;a*iety, cultural condi-

tions and stage of maturity at harvest cause variation in the

ascorbic value at the time when produoe leaves the field.

Careless handling at the farm, such as permitting vegetables

to stand exposed to the sun, or holding them overnight in warm

quarter a, may make them lose over half of their vitamin C in

a few hours.

Fww results have been reported as to the protection which

ico, in direct contact with vegetables and fruits, may have on

nutritive value anJ quality.

It is the purpose of the present study to determine the

changes during temporary storaro of fresh produoe vhich had

been kept at room temperature as compared with duplicate lots

which had the protective effect of cracked, loe from tine of

harvest and during the period of time in which the testing was

being done.

The program of research work on retention of vitamin con-

tent and marketability of fresh fruits and vegetables was

initiated by the National Association of Ice Industries.

Projects are being sponsored by various state and regional

unit associations.



This project wa8 supported by a grant from the Kansas

Ioe Men's Association.

REVIEW OF LITERATURE

Many investi ators have studied toe source and magnitude

of the factors causing variations in vitamin oontent. Re-

sults indicate that there are several stages during which the

vitamin C content of a food Is subject to variation. Natural

variations in the vitamin content of tlo food as harvested

have been shown to result from the effects of various factors

during the time the crop is crowing. These factors Include

climate and soil, variety and degree of maturity and selective

concentration in different parts of the plant. Adams and

Smith (1944) discussed these factors in detail.

Fenton (1940) has found a close correlation existing be-

tween tho nutritive value of fruits and vegetables and other

attributes such aa aroma, color, flavor, ana texture which

contribute to quality or taste appeal. Once harvested, fruits

and vegetables are subjected to ascorbic acid losses when they

are beinr shipped, while thoy are hold In the market and while

they are held In the home until prepared for table use. Vit-

amin C content frequently is usod as the Index for determining

quality in fresh produce. This vitamin I3 probably not only

the most readily destroyed but also the most readily dissolved

of all tho vitamins.



Por years, many common fruits and vegetables have been

investigated to learn of aseorbie acid content. Tomatoes

have bean the subject of extensive research.

MoHonry and Graham (1935) found there was an Inverse re-

lationship between size and vitamin C content of ripe toma-

toes. They concluded there was no apparent advantage, so for

aa preservation of vitamin C content is concerned In holding

tomatoes at oold storage temperatures.

Maollnn, Buck and Fellers (1939) were able to find no

correlation between sise and vitamin C content in tomatoes.

They were In agreement with HcKenry and Graham (1935) in their

findings that storage of tonatcos at room temperature caused

no apparent loss In vitamin C after ten .lays. Results reported

by Currenoe (1959) were to the effect that tomatoes grown in

the greenhouse contained significantly lea 3 vitamin C than the

same varieties grown in the open field*

The literature shows some disagreement as to whether

vitamin C content is influenced by degree of ripeness. Krauss

et al. (1937) found a rapid increase in vitamin C content

during final softening of ripe tomato fruit but Kacllnn and

Fellors (1930) concluded that the degree of ripeness did not

influence vitamin C content. Tripp and Uatterfiold (1937) found

that soft and overripe tomatoes were lower in ascorbic acid

value than firm, ripe ones. Brown and Koser (1941) had con-

sistent results and reported tliat as the firmness of tomatoes

decreased the titration values for ascorbic acid increased.



With aoidio vegetables as tomatoes, Tres3ler, Mack and

King (1936) found alight losses of ascorbic acid from vege-

tables kept at room temperature for a week. Since certain

vegetables lose half their vitamin C content when held at room

temperature for three days with rate of loss much lower when

iced, these workers suggested prompt cooling of all except the

moro acidic vegetables for retaining full nutritive value of

the product. They also suggested that similar studies be

continued in order to determine the optimum storage condltiona

of all vegetables necessary to obtain maximum retention of

nutrients.

Haraner et al. (1045) reported that neither the nature of

the soil nor fertilizers exerted marked effect on vitamin C

content of tomatoes. Variations in ascorbic acid content

associated with differences in light intensity were relatively

great. The authors Inferred from their results that tl e light

intensity to which plants have been exposed Just prior to

harvest may be the dominant factor in determining ascorbic

acid content of tomatoes.

With carrots it has been found that the vitamin C content

varied in different portions of the same root, smith et al.

(1944) also reported that the very young pencil size carrots

had a higher vitamin C content than those of market size.

They found the Mailer alze to contain five to eight milligrams

of ascorbic per 100 grams whilo those of marketable size con-

tained three to six milligrams per 100 grama. No significant



difference was observed la content of ascorbic acid for

carrots planted in different months.

wit- asparagus done by Ollivor (1936, 1938) showed

that the concentration of ascorbic acid decreases progressive-

ly frcm the tips down the steia. Also that tie tips of the

asparagus shoots are consistently richer in ascorbic acid,

even before ohlorophyll or any other pigment is produced.

The high concentration of ascorbic acid found in green tissues

had suggested t) o association of chlorophyll with the produc-

tion of the vitamin. It seems probable that ascorbic acid is

connooted rather with metabolic activity than with pigment

formation. Fitzgerald and Fellers (1938) found tliat the fresh-

ness of the asparagus affects the vitamin C potency of the

product. Overmaturlty, which may be caused by hoi 'in;- after

cutting, may also be a deleterious factor.

King (1936) found that ascorbic acid reaohes a high

concentration In all rapidly growing stem or root tips, green

leaves, seeds and pod3. Its relatively higher concentration

in the tissues where metabolism is highest is further evidence

of an essential metabolic role. The close correlation between

photosynthetic activity and vitamin concentration points

toward an essential relationship, but since the vitamin precedes

the appearance of chlorophyll an,; other carotenoid pigments in

tho growing plant, it is concluded that vitamin synthesis la

only indirectly dependent upon photosynthesis.

For lettuce, Munsell and Kennedy (1935) reported that the



outer green leaves of the Ioeberg variety contained slightly

le33 vitamin C than the Inner bleached ones.

Wheeler, Tres3ler and King (1939) found that lettuce lost

ascorbic acid rapidly when held at common room temperatures in

summer. With Iceberg lettuce the loss was rapid even during

low temperature storage. Zepplln and Elvehjem (1944) found

that packing lettuce dlroctly In ice when harvested was ef-

fective ti preventing any loss of vitaral:: C during t'.e first

day. When the ice packed container was kept In a cold room,

less than ten per cent loss of vitamin C after six daye

storage was reported. The practice in retail markets of

sprinkling the room stored lettuce to keep It fresh was not

effective In preserving vitamin content} losses were 50 per

cent after 24 hours, and 70 per cent after 48 hours. No con-

clusive evidence of superiority of either mechanical or Ice

refrigeration on vitamin retention oould be given. The re-

tention of vitamin C In lettuce stored In the hydrator pan

was no greater than when stored on the open shelf of the

mechanical refrigerator.

For all vegetables studied, Zepplln and Elvehjem (1944)

reported ascorbic acid losses proceeding at a rapid rate after

harvest if measures were not taken to prevent this loss. They

found the rate at which losses occur to vary; relatively slow

for peppers, tomatoes, cabbage and root crops, and rapid for

leafy vegetables. Since the loss of ascorbic acid from plant

tissues is an oxidation process any means used for reducing



the rate of oxidation should be effective in inhibiting the

destruction of ascorbic acid*

Chappell (1940) concluded that the degree of metabolic

activity in the tissues greatly Influenced the aaiount of

ascorbic acid found in creen vegetables. All heart ste ,

leaves and developing tissues gave a higher result than outer

stems or leaves. Such experimental results indioate that

there is a higher vitamin content in the merlstematic parts

of the plant than in the older t'osues.

Green beans have received and continue to receive much

attention. It has already been shown by many workers that

storage affects the concentration of ascorbic aoid in plant

tissues. Tressler, Mack and King (1936) reported greater

losses of vitamin C from beans held three days at room tempera-

ture than from beans held at one to three degrees Centlcrade.

It was found by Hack, Tapley and King (1939) that the seeds of

beans contained three to four ti::;es as much ascorbic acid as

the seed pods themselves when considered on the fresh basis.

Their storage tests confirm results reported by Tressler, Mack

and King (1936) In which the rate of loss was less at lower tem-

peratures. Mack, Tapley and King (1939) reported 46 per cent

losses at 34 hours, increasing to a maximum of 78 per cent for

beans stored six days at room temperature. In comparison with

other vegetables, snap beans lose their vitamin C vary rapidly

in storago except at low temporatures.

Heinae et al. (1944) found pods from spring harvested beans



to be significantly higher in ascorbic acid content than those

of fall harvest. Similar findings were also reported by Wade

and Kanapaux (1943). It also was reported by '.'ade and Kana-

paux (1943) that a slight but highly significant decline was

found in the ascorbic acid content of spring crop for the

first two pickings over that contained in the third and fourth

pickings.

Zepplin and Klvehjem (1944) found small losses in as-

corbic acid froa green beans stored either at room temperature

or in the refrigerator. use of cracked ice, I3ri3on

(1945) reported slight loss from beans as compared with a loss

of 42 per cent for beans held at room temperature for three

days.

With the small fruits, Lineberry and Burkhart (194S)

found that strawberries grown in direct sunshine were con-

sistently higher in ascorbic acid than those ripened in the

shade. Satterfleld and Yarbrough (1940) reported that the half

of the fruit most exposed to the sun's rays and consequently

moro highly colored, gave a higher vitamin C value than the

other half. It was also found by these workers that the as-

corb.'.c acid contonts of strawberries show a definite varietal

difference.

Hansen and Waldo (1944) reported that blackberries picked

during periods of prevailing sunshino generally tended to be

higher in ascorbio acid than those picked during periods of

cloudy weather. In some cases with blackberries there was a
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decrease in ascorbic acid content as the season advanced.

Vitamin C content of sweet corn is little Mentioned in

tlie literature. From United data secured by Dunker, Fellers

and Fitzgerald (1937), it was found that sweet corn picked

early in the season had a somewhat higher ascrobio acid con-

tent than that picked at a later date. The practice of hold-

ing sweat corn in the husk for several days after picking

caused asoorbie acid loss as follows: less than ten per oent

at room temperature for 24 hour3{ 20 per cor.t after three day»

a d less than 50 por cent loss after four d;

Work with cantaloup done by "iheoler, Tressler and King

(1939) included vitamin C determinations on melons whicli had

been stored at different tenpor' tures for varying periods of

time. The greatest amount of vitamin C was present at optlnum

maturity. The green portion of cantaloup contained loss vi-

tamin C than the edible portion.

Similar findings by Smith et al. (1944) In Arizona like-

wise augcest that variability in ascorbic acid content of

cantaloup is associated with degree of ripeness and changes

during 3toraga. Some evidence which they obtained showed

that the soft inside portion of the cantaloup next to t: o

seeds was somewhat higher in both ascorbic acid and carotene

than the harder firmer portion next to V. a rind.

Floyd and Fraps (1939) found cantaloup to contain 84 to

37 milligrams por 100 grams, a larger amount of vitamin C than

figures reported by Daniel and Hunsell (1337).
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Trosslor and King (1930) reported vitamin C content to be 23

to 4G mllllgrans por 100 grans for cantaloup.

Testing of peppers by Floyd an.! Frap3 (193S), when work-

tag with vegetables and fruits In Texas, shocrod acne striking

variations in ascorbic acid content of the same fruit a:

vegetable. Poppers were high in ascorbic acid content, hav-

ing over 100 milligrams per 100 grams of vogetable. Ruby King

was the highest for all varieties of peppers studied. Tholr

results comparod with. Daniel and Munsell (1037) on ascorbic

acid content of groon peppers.

It seemed Justifiable, according to Kaynard and Beeson

(1943), to conclude that the accumulation of ascorbic acid In

plants Is a characteristic of sroc.'es and variety and that

this genetic influence stay overwhelm any differences due to

climato, soil or fertilisation. Of climatic factors, light

seemed to have tho greatest lnfluenco.

MATERIA ODB

Supplies of fresh fruit and vogetable products grown near

Manhattan, Kansas were secured direct from the grower at the

place of production. Advance arrangements were made so that

freshly gathered food saaples, uniform In quality, would be

available, then necessary, a washing and drying treatment was

done preliminary to weighing for test use. All products used

for these experiments were obtained direct from the fields at



12

tho stage of maturity considered suitable for harvesting

and marketing. The men who gathered the frosh produce were

growers familiar with Judging whether the products were ready

for market.

Carrots, cantaloup and aaparag-as were secured from local

market-garden growers and obtained direct from the fields.

Berries, green peppers, corn and string beans were

supplied from tho Department of Horticulture field gardens

maintained by the oolloge.

Leaf lettuce and tomatoes were grown in greonhouaes on

the college campus.

A te.jt series consisted of 19 samples examined in du-

plicate or replicate for securing data for this study. The

first sample which was placed in motapho3phoric acid solution

at the field was assayed upon return to the laboratory. This

served as the standard possessing tho nutritive value and

qualities with which the remaining samples were compared. Two

equal portions of t' o produce wore made up into samples of uni-

form weight when practical. One-half of these samples were

placed in ordinary trays or orates for storage on t e labo-

ratory counter, but having no protection of ice. The other lot

of samples aero packed imnediately in ice aftor being weighed.

A supply of cracked ice was always taken to the field for this

use. These samples had the protection of ice from the time of

harvest sad tiirough the experimental period} the un-lced

samples v.ere exposed to ordinary room conditions without undue
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exposure to strong sunlight or to direct air currents.

Records of room temperature v.ere kept.

Weights were again taken for each teat sample of fruit or

vegetable used before final cutting and analysis. Calcula-

tions which are reported represent computations made on the

moist weight basis of the fruit and vegetable produoe used.

As all of the products used contained a low content of dehydro-

ascorbic acid, the same testing technique was employed thro.: -

out the series.

Time intervals for the tests r.ere suggested by the Ration-

al Association of Ice Industries. The first sampling; was done

at six hour intervals during the first 24 hours ad once daily

thereafter for a total of six days (See sample data sheet).

Asparagus, Hary Washington variety, was harvested acccr -

lng to the oastom of the grower for the local zaarko,. las

for the test series wero made up into bundles weighing 100

grams and eontalnint a uniform number of ripears of freshly

cut asparagus*

Carrots, Chantenay variety, v.ere stored without removing

the tops. Three medium or two Large carrots were used for each

test sample. These were sectioned into eighths from top to

tip. Alternate sections from each carrot were used for the

test portion. It was not practical to try to follow woights

of carrots as previously bunched due to Inedible part which

was discarded.

Radial sectors vsere cut from each quarter section of an
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entire Hale's Beat cantaloup for the test 3nmple used. Tho

ediblo portion was aken down to the green part of the rind

after removing seed.

Strawberry, Howard variety; blackberry, El Dorado variety;

dewberry, Boysen varioty; were weighed at the field and placed

in individual chip board baskets in 50 gram amounts. Caps were

left on the strawberries until time of using. Berries uniform

in slae and degree of maturity wore used.

Sweet corn, Tonder Gold and Trlnoka varieties, was pro-

pared for storage by usinr the custom commonly employed in re-

tail market; that of cutting a 3hort portion from tip of oar.

Two ears of corn were used for each test sample. Alternate

two row sections were cut from tip to base of each ear, cutting

Just deeply enough to use the entire kernel, ^usks were left

on the corn until testing timo for oach sample lot.

An entire Huby King groon pepper was used for each test

sample, having a circular cut made around baso of stem to

remove core and seeds. v,elghts were taken after removal of

the inedible part.

Lettuce, Grand Rapids variety, was prapared for sampling

by using leaves taken from the outer and middle portion of the

plant. The small, immature inner leaves wero not included.

Five leaves were allowed for each sample, .eights of lettuce

bund""-: at timo of harvest ranged from SO to 37 grams. Kt

lltae of assay, weights wero recorded only on samples held at

room temperature.
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Throe medium or two large tomato fruit were allowed for

each sanplo. Cores were cut from the tomato similar to amount

discarded when preparing tomatoes for table use. Tomatoes

were sectlonod into vertical quarters after removal of core.

Alternate sections were used to have representative maturity.

The two varieties used were Michigan State and Y.altham.

String beans of uniform size and maturity were made up

into bundles weighing 50 grams which were weighed again at

time of using for the test. Tho 3ix varieties used were:

Tender Green, Strlngleas Green Pod, Bountiful, Pencil Pod,

Unrivalled Rax, and Golden Bountiful

Ascorbic acid concentration was determined by the ex-

tensively used 2,6 dichlorophonol-indophenol technique de-

scribed by Bessey and King (1933), modified by Hack and

Tressler (1S37) as described by Bessey (1039).

All determinations for vegetables and fruits were made on

raw products. In carrying out an analysis the food product was

prepared according to description given as to method of sam-

pling. Motaphosphoric acid was used for each sample, w!

when made up to 500 mlllilitor volume represented a three per

cent concentration. A thorough blending of the acid and food

sample was generally completed in one to two minutes in the

Caring blendor and was never prolonged to the point of heating

of the mixture. When the blending was complete, the material

clinging to the sides of the mixing cylinder was washed down

with distilled water; transferred to a flask and made up to
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500 milliliter volume before filtering. A five or ton rallli-

liter aliquot of the filtrate was used in duplicate or trip-

licate for titration. In thia study all titrations were made

rapidly on the acidified samples, in no c»3e using a maximum

of more than two minutes so the total titration value is re-

ported as aaoorbic acid oontent. A faint pink coloration

which persisted for ten seconds was the end point to which

the titrations were made.

The dye solution was prepared by dissolving 0.1 gram of

2,6 dichlorophenol-indophenol (Eastman Kodak) with successive

portions of hot distilled water, filtering and diluting to 200

milliliters with thorough blending and cooling beforo use.

Dye solutions were freshly made every three days; refrigerator

storage was uoed for the dye solutions.

The dye solution was standardized by titration against

aliquots of pure ascorbic acid solution of known concentra-

tion, prepared in the sarae acid medium as that used for the

extracts of food. The standard solution of ascorbic acid was

made fresh each week. A five milliliter aliquot of the prepared

pure ascorbio acid solution was titrated with 0.01 normal

iodine solution until a permanent bluing of the starch indicator

resulted. The iodine solution was standardised with arsenious

oxide made according to Association of Agricultural Chemists

standards. Since one milliliter of the 0.01 normal iodine

solution reacts with 0.88 milligram of ascorbic acid, the

ascorbic equivalent of the dye solution was readily calculated.
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Titrations for standardization wero carried out so that the

end point was reached in ten seconds or I033.

All samples were analyzed in duplicate or triplicate

acoording to the above procedure and the results of the analy-

sis were averaged. Calculations were made to show rallligraraa

of ascorbic acid per 100 grams of vegetable or fruit as har-

vested.

Determinatio 3 for dei.ydro-ascorbic were deemed unnec-

essary because no foods studied contained appreciable amounts

as reported by Roo and Costerling (1944).

Results of each test assay were recorded on data sheets

which were a modification of ones suggested by ?. B. Gillian,

Research Director of National Association of Ice Industries

(See sample data sheet).

In each case the freshly harvested vegetable packed in

oracked ice at the field was compared with the same vegetable

not iced which had be ;n stored at room temperature.

Supplementary Tests

Variability in aseorbic acid values for the peppers tested

suggested the possibility that environmental factors as well as

plant yield might influence vitawip. C content. More than 125

peppers were examined from various aspects.

Additional experiments v.oro conducted as follows:
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1. AH poppors from a single plant which war© consid-

ered of marketable maturity were tested.

2. Plants yielding many peppers were compared with

plants having but a few to ascertain whether those plants

bearing few peppers might store greater amounts of vitamin C

per individual pepper than plants supporting greater yields.

3. Investigations were made to determine the effect

on ascorbic value which intensity of sunlight might have

according to position of peppers on the plant. Peppers matched

as to size and maturity from the same plant and having equal

amount of exposure to sunlight were tested.

4. Stem end and blossom end portions of peppers were

tested as thi3 might be representative of portions of popper

which would be an individual serving for meal U30.

In a single lettuce plant there could be noted differ-

ences in size of leaves as well as Intensity of ooloring.

Additional experiments were conducted as follows:

1. Using all of the leaves from a slnglo plant.

2. Usir.f. leaf portions aelooted according to the po-

sition of growth. This latter grouping consisted of:

a. Large size leaves representing the outside dark-

er green colored ones.

b. Medium slzod loavos which were Intermediate in

position according to plant location, development, and with

much lighter ooloring.

c. Small leaves representing the immature, almost

colorless leaves of the innermost portion of the plant. These
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likely would be discarded due to size and color if leaf

lettuce were being used principally as a base for aalad U3e.

With string beans a 3tudy of throe green pod varieties

were nade. Harvesting of beans was done at three different

periods*

DISCUSSIOJJ

A report of temperature and rainfall for the six months

period was obtained from the local station of the United

States veather Bureau maintained by the College Physics De-

partment* For the six-month growing period the following

information is submitted:
Fahrenheit Fahrenheit

Inches I Mean maximum : Mean minimum
rainfall s temperature : temperature

April 7.47 66.06 43.77
Hay 4.45 73.40 48.93
June 7.93 70.76 59.16
July 7.53 07.93 65.51
August 2.25 00.54 GG.45
September 4.58 81.70 57.27

The 1945 growing season was abnormal, rainfall waa

approximately 50 per cent creator than normal. Excessive

rainfall and cool weather delayed the growth and development

of plant products; harvesting was done at dates later than

normal for such products.

A soil survey map of Riley County supplied data for

areas from which crops were secured. Laurel silt loam waa
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the soil type at tl o Horticulture form where supplies of

dewberries, strawberries, blackberries, green beans and

sweet corn trere obtained, "arshall silt loam was the soil

type in the campus garden where green peppers, and snap beana

were grown. Wabash silt loam was soil type on the farm

which supplied the asparagus. Laurel fine sandy loan was soil

type of truck garden producing the carrots and cantaloup. It

was not possible to classify the soil type used in the green-

house vegetable beds.

Carrots were considered to be of marketable size three

weeks before they were harvested for testing. Delayed

harvesting was considered advisable due to lack of sufficient

moisture during August for carrots to be taken easily from

the ground. Tho truck farmor who raised the cantaloup re-

ported that the seed secured in 1945 was an impure strain.

This lack of uniformity of seed also resulted in a lack of

uniformity of maturity when the crop was harvested.

Storage in cracked i- e kept the products at not to ex-

ceed 34° P. Room temperatures as recorded by a Taylor ther-

mograph ranged from G6.5° F. to 07.8° P. Ordinarily the

temperatures did not drop below 70° P. There was no really

hot weather during the course of these experiments.

Data in the tables give the ascorbic acid content for

each vegetable and fruit used on tho fresh weight basis.

Comparisons are shown for each product tested when (a) fresh-

ly hfl.rve.tied, (b) stored at room temperature, and (c) packed
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in cracked ice.

T3ata, Table 1, show Initial ascorbic acid contents for

asparagus cut on two different dates to be similar. For room

temperature storage, the per cent of loss at the 18 hour tin*

period was double that occurring at 12 hours. The rate of

loss of ascorbic acid was rapid, with less than SO per cent

remaining by the end of the second day. The rate of loss was

consistent for both series during the first 48 hours. Average

losses of ascorbic acid were as high as 80 per cent by the

end of the fourth day when asparagus was considered inedible.

The asparagus stored in ice rotalnod most of its as-

corbic acid for tho first throe days. The average apparent

gains made any time during the test week never exceeded four

per cent. During the last threo days both series were mak-

ing consistent losses with maximum losses reaching over 40

per cent by the end of the test wook. The average amount of

ascorbic acid retained by the end of the experiment for as-

paragus stored in ice was approximately the same as that found

in tho room stored asparagus at the end of 24 hours.

Asparagus stored in ice for eight days was considered to

be in bettor condition than sample which had been stored in a

mechanl al refrigerator for the corresponding time. After

14 days storage in ice tho vegetable had good color, was fresh

in appearance and crisp.

Plate I shows asparagus after eight days' storage.



EXPLANATION OF PLATE I

Mary Washington Asparagus

A - Initial aaiplo.

B - ,a;:pie aftor eight days* storage
in cracked ice.

C - Sample after eight days' storage
in mechanical refrigerator.

- .'.a-Tiple aftor sight days' storage
at room tempers;t-.iro.
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PLATE I

/A H f
/} H-TS-J
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Data for snap beans* Table 2, were analyzed by statis-

tical methods. The variables Included: three varieties each

of yellow and of green pod beans, threo harvest ;atos, and

two storage troatraonts,

Ico storage significantly retarded the loss of ascorbic

acid for all varieties; and likewise for all periods.

The sampling variation changed significantly from one

date to another. This may be due to the number of pickings

gathered prior to the experiment.

Varieties and periods produced significant differences

in reduction of ascorbic acid eontrntj but those differences

were not consistent between the twp types of treatment: room

temperature u-.d ico storage. Varieties, for example, showed

significantly different losses of ascorbic acid under room

temperature and also under ioe storagej but the varietal

comparisons were quite different under the two diffe:

treatnenta.

Rankings made of varieties for each testing period show:

Total per cent ascorbic acid lost per nir.o units testing time

Room toiaporature Iced

Bountiful 320 Stringless Green Pod 74
Stringless Creen Pod 335 Bountiful 115

July 20, Unrivalled '\ax 360 Pencil Pod 100
1945 Golden Bountiful V.ax 372 Unrivalled Wax 292

Pencil Pod 434 Tender Green 273
Tender Green 456 Golden Bountiful Wax 283

August 2, Tender Green 304 Tender Greon 59
1MB Stringless Green Pod 303 Stringless Green Pod 100
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Room ter.iparct:ira c 1

1

"tringloss Grnen Pod 223 t n-less Green oC -13
August 0, Bountiful 248 Tender Green 26
1945 TeriJor Green 302 Bountiful 41

Varlotal rankings are not consistent. Difference in

vitauln C content between green and yellow beans is not sig-

nificant for either iced or room temperature storage, which

may be due to irregularity of ranking of Tender Greon variety.

Tender Greon is significantly poorer than other green varieties

of snap beans.

Beans stored at room temper turo deteriorated greatly in

quality by the end of three days. ark spots were developing

on the pods, and oonsiderablo shrinkage In weight had result-

ed due to dehydrated condition of the beans. The smaller,

less matured beans wilted more readily than these more ma-

tured.

Accompanying the vitamin losses were fading of color and

development of hay-like flavor in the beans when cooked.

Beans stored in cracked ice retained criepness, bright green

color and characteristic flavor. Their condition was accept-

able after two weeks storage in ice.
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Reduction of ascorbic ncid content of beans

Analysis i of Variance^

Sources of
... ... . n

Degree of
fPM - 1 .~ice Probability

Varieties 5

7/20

003. 13
{ >.050
l<.001

Treatment 1 12,214,00 <.001

Periods 8 2,902,13 J<.001
I =.003

VXT
VxP
TxP
Remainder

5
40
e

40

208.03
45.97

273.72
24.29

^.001
^.050
^..001

Total 107

0/2

Varieties 1 110.37 >ns
I ns

R.C01
<<.001
ft .001
U.oio

Treatment

Periods

1

8

13,459.00

1,202.70

VxT
VxP
TxP
Remainder

Total

1
8
8

62
09

112,96
79,06
17£ .

73.19

8/8

ns
ns

<.050

Varieties

Treatment

Periods

2

1

8

107.54

19,087.00

3,621.23

I>.500
t<,050
f<C.050
U.ooi
(^.001
(<.050

VxT
VxP
TxP

minder

2
16
8

70

226.50
;xj.18
619.25
47.71

.010
ns

<.001

Total 107

1 Analjsla of Yariance worked by Dr. n. C. Fryer,
of "athonatics, Kansas State Colloco.

Professor
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Results for carrots. Table 3, show as much as 20 per cent

difference In ascorbic acid content for initial testing. By

t o end of the experimental week there were large differences

for the series hold at room temperature. One teat series

showed an apparent gain at the end of tho test period. Looses

were noted for each of the other two series after only 12

hours of storage. The results representing averages for

t' ree series show losses to be increasing for Mm carrots held

at room temperature. For the two series harvested on the same

date there was uniformity In vitamin C content at time of

initial sampling wit); a difference as great as 26 per cent

at the end of the test .xsrlod.

For carrots stored la ice there were apparent gains In

ascorbic acid content by the end of the test period, with an

average gain of 18 por oent. For all test series a loss In

asoorblc acid oontent was noted at the 72 hour testing time

with no regularity In losses for any other period tested.

Carrots packed In Ice retained flavor, crisp condition

and firm texture with no withering of the tops during the

period of storage. Carrots without ice protection were too

wilted and tough for use after four days} decline in flavor

was quite evident after three days storage.

Results for sweet corn, Table 4, show that the onn lot

of Tender Gold variety oontained approximately 20 per cent

more initial vitamin C than did tho one of Trinoka variety.

Irregular losses In ascorbic acid content occurred at room



temperature storage for both varieties during the first 10

hours with groat Increase in losses during the remaining

periods. At the stage deemed inedible to Tender Gold variety

had approximately 66 per cent higher vitamin C content than

did the Trlnoka variety. Although the percentage differences

are great for the two varieties, the ascorbic acid content is

low. By t'.o end of the experiment the ascorbic acid figures

were in olose agreement for the two varieties. Tender Gold

variety of sweet corn was consistently higher In ascorbic

acid content than the Trlnoka sweet corn throughout the tost

week.

Por corn packed in ice, the Tender Gold also showed

superior vitamin C retention qualities over Trlnoka corn.

Losses of ascorbic acid ocourred for each time period but with

no regularity. 311ght differences existed in the retention of

vitamin G for iced corn as compared with that at room temper-

ature by the end of three days. Tender Gold corn contained

a higher initial ascorbic acid contont than was found In

Trlnoka as well as creator content at the end of the experi-

mental week, ftith continued storage corn protected with ice

showed higher retention of ascorbic acid than that at room tem-

perature.

The corn stored at room temperature was Inedible by t e

end of three days. A dented condition of kernels was evident

by the second day with noticeable flavor change by t e end of
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12 hours* Iced corn contained some characteristic sweet

flavor aftor five days of storage, kernels remaining plump

and with no dents at t; o end of the test period.

Data In Table 5 for six test lots of greenhouse grow: let-

tuce show considerable variation In Initial vitamin C content,

the highest being about 50 per cent greater than the lowest.

After storage at room temperature there was also great varia-

tion at the and of the experiment but not in the same order.

For most of the series there were losses at the end of six

hours; with losses reaching 15 per cent after 24 hours storage*

Ieo packed lettuce showed apparent gains In ascorbic acid

content at the and of six hours, such gains continuing during

the first day. With Increase in stora; o time tho rate of

apparent gain deoreased. An average maximum loss of ton per

cent oocurred at the third day. For two series there ware ap-

parent gains In ascorbic acid content at each of the testing

periods. Tho final content of ascorbic acid was approximately

the aane as the initial content*

Lettuce was the only leafy vegetable studied. Tho rate of

vitamin C loss agreed with that reported by Zepplin and Elve-

hjom (1944); at no time did losses exceed ton per cent. While

the practice of sprinkling with water to retard wilting was

effective. It failed to prevent vitamin losses. In the pres-

ent experiment a 50 per oont loss had occurred in lottuce hold

at room temperature by the end of four days. By the and of the

third day when oonsiderou too wilted to be edible the vitamin
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losses were approximately 40 per cent. The apparent gains In

ascorbic acid content which seemingly occurred with the Iced

lettuce nay be due to certain physiological processes not

Inhibited by low temperatures,

Plate II shows lettuce after four days' storage time.

Results with green peppers found ir* Table 6 show variation

in Initial content of ascorbic acid to be great J tho largos*

approximately twice that of tho smaller with almost as much

variation at the end of the experimental week but not for the

same aanplea. Tho Irregularity of ascorbic acid content for

peppers stored at room temperature for t'-o various periods

could not be explained. In all series there was an apparent

gain in ascorbic acid content by the end of the experiment.

This did not represent a regular ohange as In each series

there were periods at which losses were noted*

Vitamin losses with the iced peppers occurred irregularly.

There was a great range in final ascorbic acid content for

peppors stored In icoj the highest being about 100 milligrams

per 100 grams greator than the lowest. For four series

there were losses in ascorbic acid content by the end of the

teat period with the one series showing gains which were not

consistent with the original content. Final figures showed

an average loss of six per cent.

Peppers at room temperature beoame wilted with general

toughening and decline in flavor by tho end of four days.

Poppers packed In ice were crisp, tender, firm and accept-



EXPLANATION OF PLATi: II

Greenhouse grown Grand Rapids Leaf Lettuce

A - Initial sample.

B - Sample after four days* storage at
room temperature

.

C - Sample after four days' storage in
cracked lc-s.
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able for lnnediatc U30 throughout tho experiment.

Data for spring oni fall greenhouse grown Yaltham and

Michigan State tonatoea are shown In Table 7. At no tlma

did ascorbic acid lo:i3es exoeod two per cent for tho Bal-

tham variety stored at room temperature.

With the VTeltham tc;nntoe3, it wa3 found that:

1. The spring crop showed higher initial ascorbic acid

content than did those from tho fall crop.

2. Those gathered in Uay and in June showed a continued

gain in vitamin C content under both conditions of storage;

greator gains resulting for those held at room temperature.

At room temperature storage, the gains were as great as 35

per cent. For tomatoes stored in ice the gains were as high

as 18 per cent.

5. Tho ;e gathered in May and June showed higher ascor-

bic acid content at the end of the experimental week than on

the day of harvesting.

4. December gathorod tomatoes showed almost no gain in

ascorbic acid content whether held at room temper' ture or in

Ice storage.

5. The December crop showed distinctly lower ascorbic

acid content at tho end of the experimental week, as compared

with the initial content.

For the Michigan State variety of tomatoes , June har-

vested, it was found:

1. Increases in aacorbic acid content resulted with
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tomatoes held at room tenperaturo. At moat, thin increase

was 21 per cent. A period of cloudy weather prior to rip-

ening of tomato fruit as well aa differences in variety say

account for some of these differences, as compared with the

VValtham variety which was harvested within a short time.

2. For tomatoes stored in ice almost no increase in

asoorbic acid content occurred*

Room temperature conditions of storage for tomatoes

favored vitamin retention aa found in this experiment. How-

ever, when tomatoes were kept iced ascorbic acid losses were

much lower than for the majority of other products, at no

tlrao exceeding five per cent. Iced tomatoes remained firm

with less Juice leakage when sliced. The natural protective

skin of the tomato may be effective in retarding vitamin

losses from the iced fruit.

According to Table 8, cantaloup showed Irregularities

in vitamin C content of Initial samples. The highest figure

was more than 80 per cent greater than the lowest. Similar

differences were found at tho ond of the test period for tho

cantaloup stored at room temperature. Gains may be noted

for most of the time periods with a I03S of approximately

sovon per cent In the average of all cantaloup at the ond of

tho test weok. Tho maximum gain in ascorbic acid content was

found to occur after 40 hours.

For iced oantaloup it may be noted that three aeries

showed losses of ascorbic acid at the end of the test period
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while the average for five series was an apparont pain

amounting to six per cent. Only at the six hour testing was

there loss in ascorbic acid content in the average for five

sories. The apparent gains for cantaloup whether Iced or

kept at room temperature showed close similarities.

Lack of purity of seed may account for these wide dif-

ferences In vitamin C values. Ascorbic acid values for can-

taloup showed apparent gains rather than losses. This is not

in agreement with the findings at the Delaware Experiment

Station made by Brasher et al. (1945). The apparent in-

crease may have been due to degree of maturity Instead of

storage conditions.

Cantaloup ripened readily at roam temperature and by

the end of five days was past its prime though still edible.

Flavor was impaired due to overripe condition. Cantaloup

packed in ice ripened less readily and had good retention

of flavor with the added advantage of being thoroughly ohllled

for immediate serving.

Data for strawberries in Table 9 show Initial vitamin C

content to be higher than for other borries studied. Tho rate

of vitamin C losses from strawberries, whether Iced op kept

at room temperaturo, was slower than with other berries. At

the time considered inedible, strawberries contained a great-

er amount of ascorbic acid than did either of the other

berries.

When the berries were considered inedi le at the end of
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three days they were dark in color and wilted. Fruit and

stems of berries stored In loe reamlned fresh and bright in

color throughout the testing period. Rodiiced losses of vit-

amin C in iced fruit were accompanied by a water soaked con-

dition. Different technique in the amplication of ice needs

to be developed for praotical use.

In amounts commonly enjoyed, strawberries could contrib-

ute generously to the day's supply of vitamin C. Loss of vit-

amin C from the iced fruit never exceeded 20 per cent for the

test period. The berries which were kept at room temperature

retained only 75 por cent of ascorbic acid by the end of 24

hours. The retention of ascorbic acid in iced berr'es was 85

per cent for this same period of time.

Results of two series of blackberries given in Table 9

show similar initial ascorbic acid contents. At room tem-

perature the rate of loss as well as the extent of a30orbic

acid losses v.ere great; the rate of loss being moat rapid

during the first 24 hours. Throughout the experiment results

for berries stored at room temperatures were similar for

both series.

Berries 3tored in ice also showed the most rapid losa

of ascorbio acid during the first 24 hours. The vitamin

co tent at the end of tho test week were similar for the two

series*

Blackberries deteriorated rapidly at room temperature

with masses of mold developing among the berries which were



considered inedible aftar four days. Iced berries remained

firm and free from mold and at no tlae seoned overripe.

Flavor was leas pronounced at the end of the test period

probably due to water absorption from ice*

Results for dewberries in Table 9 show a high initial

content of vitamin C which undergoes rapid and extensive

losses, whether stored at room temperature or iced. The

losses of vitamin C from this fruit vare regular under each

storage treatment.

The initial content of vitamin C was slightly less for

this fruit than for strawberries but tho rate of loss was

much more rapid, ".old development made berries inedible

after three days storage at roon temperature. The condition

of the iced fruit remained good throughout tho test with

change only in flavor thought to be due to water absorption.

Data, Table 6A, show that differences were noted when

comparing ascorbic acid values for peppers harvested accord-

ing to direction of exposure to sunshine. Those from the

south portion of tho plant which wera les3 shaded wer<i con-

sistently higher In vitamin C than were peppers harvested

from the north or more shaded pari plant. For the

plant yielding 15 peppers, the highest vitamin C value for

any pepper from the southern exposuro was 73 milligrams per

100 grams pepper with 60 milligrams representing the highest

value from the shaded aide.

Prom the plant yielding seven peppers the high and the



low values for vitamin C content were 63 ar.<' 37 milligrams

respective?.?.

Prom the plant yielding 11 peppers the high and the low

values for vitanin C content were 110 and 31 milligrams por

100 gram3 of popper.

I the part of the pepper eaten the difference

in ascorbic value for blossom end an? stem end portions was

negligible.

Poppers tiering greater maturity with visible pink in

fleshy portion tested higher in vitamin C value than those

peppers les3 maturo. The amount of seed Bad core development

seemed to have no direct relationship to ascorbic value.

Likewise, there seeaed to be no rolation between vitamin C

values ar:.i thickness of tho floah of the peppers.

According to lata in Table 5A when the ontiro lattuoe

plant was used, there was found no appreciable difference in

ascorbic acid content.

Great differences were noted, as found in Table 5A aa

influenced by the size or maturity of the leaf. Tho large,

fully developed leaf with green coloration had lower vitamin

value than tho small, immature, innermost leaves which were

almost entirely lacking In color. The small leaves were more

than twice as rich a sourco of vitamin C than wore the outer

loavo3. This corresponds to findings reported by Munsoll and

Kennedy (1935) as these inner leaves represent the most

actively growing portion of the plant.



Data In Tr.blo 10 show the percentage losses In weight

for only the un-lee d vegetables. In the rotall market those

vegetables whloh are sold on the weight basis would undergo

much weight shrinkage and spoilage Incident to storage*

The rapidity In whloh weight was loat at room tempera-

ture storage was moat striking for leaf lettuce and string

beans. Losses in weight would probably have beon greater

for lottuoe If methods of sprinkling with water had not

been used. Quality also deteriorated rapidly, but at the

end of three days, when tho vegetables were 3till fit for

human consumption, string beans had lost 25 per cent and leaf

lottuoe 15 per cent of initial weights.

Peppors loat weight leas rapidly than did the lettuce

and beans; tomatoes lost almoat no weight.

when stored under cracked ice all products ahowod an

apparont gain In weight or remained constant during the six

day period.

Vegetables and fruits held at room temperatures show

Important loss of ascorbic acid during the first 24 hours.

The nwiTlwiFi loss In ascorbic acid for any one vegetable under

such conditions of storage was 38 per cent. A much greater

loss was austainod by fruits. Thero were apparent gains In

nscorbic content for one product, maximum during the 24 hours

being slightly more than 15 per cent. After three days at

room tomporature storage, when moat products were still edible,

the maximum ascorbic acid loss from any one product waa 68 per
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cont. Tho final three experimental lays brought still fort

losses.

Retention of ascorbic acid was greater in iced produce

in most instances than with the corresponding sanplos kept

at room temperature. Two of the fruits had high losses even

though iced; 46 por cent and 36 por cent respectively for the

first 24 hours of storage. Losses of ascorbic acid from veg-

etables were not as high as from fruits during the correspond-

ing tine; 23 per cent boin^ the maximum loss. Losses from two

of the vetetables were negligible during this time period. >

Por three of the vegetables there were apparent gains with 15

per cent as maximum during the first 24 hours. With the ex-

oeptlon of sweet corn, dewberries, an>! blackberries, all

other vegetables and fruits hold In Ice storage showed a loss

no greater than 21 per cent of the total ascorbic acid content

after four days. With tho exception of asparagus, aweet corn,

dewberries and blackberries, tho losses were not great even

at the end of tho olx day period.

Tho conditions of harvesting, transportation, storage,

and displaying of fresh produce from the time of harvest un-

til It roaches tho ultimate consumer allows chances for much

deterioration to occur la quality as well as In nutritive

value. Variations in tenq>erature, humidity, exposuro to

light or air currents may each be counted on having a part in

the diminution of palatabillty and nutritive from freah fruit

and vegetable products.



Tho destruction of ascorbic acid or vitamin C Is gen-

erally parallel with injury to othor food qualities such as

flavor, color and othor vitamins which add importance to the

problem of maintaining ascorbic val:

Hate and extent of vitamin C losses from fresh products

can be greatly reduced by using' cracked ice for the entire

time from the period of harvest until used; tho time at which

cracked ice is applied effectively prevents such losses of

nutritive value and general palatability than can be retained

under ordinary conditions of storage without ice.

Application of cracked ice at tho garden areas prevents

the initial losses from ao-.e vegetables which may bo great

during the first six or 12 hours. Cracked ice protection dur-

ing transportation to iarkot insures food maintaining optimum

qualities* Also losses due to weight shrinkage are kopt to

a minimum. During storage at the warehouse or at other

- its of holding of fresh produce until used, cracked ice

is considered beneficial. The conditions of low temperature

storage with its accompanying moisturo favor3 retention of

nutritive and quality values not possible under dry storage

conditions*

While vegetables and fruits are on display waiting se-

lection by the housewife or other ultimate user the protective

quality of cracked ice holds to a minimum such losses as

nutritive value, spoilago, weight shrinkage and deterioration

of general physical condition.



From theso exporiaenta it may bo inferred that the use

of cracked ieo with froah produce 13 a desirable and recom-

mended practice for retention of ascorbic acid, for reducing

losses due to weight shrinkage and spoilage and for enhancing

the freshness and general palatabllity for Mb* entire time

from harvesting until being served.

"



43

># to LO •tr- o o o CO
c- to (0 et 10 10 o r-l

< • • • • « • • •

m OJ to o *• o> CM i-l

H C> CM r-l CM tl
«>

I .,

1 cm CD tO 55 to CM o t-
E i-i t- o o to to o
1 g « • • • • • • •

P. ..

.

£> M< ir c- o c- &H CO CM CM CM CM
01

§
"

P CO CD CO o O o to H
|

'•' • O r> CM C- 'J' 0>
9 • • « • • • • •

wi a o © a to en H 10
A H c~ to CM to r-l

2 ..

p
h - 8 §

•*
cm 8

to
ca

to
c-

to
to

I F • • • • • • • •

a «* 0> r-l CO 10 to CO to
i

«H H to * 10 to +

c o
•

u •« o CJ a o o to o
m 1 i ! 3 <a to 0> o to to to •*

a E -.' p • • • • • • • •
tc o ci f- c- CM to H t- o
»H p fc r-l H i-l 13 *" to to 4-
• m O •a
:-

U
"

I
A o © o 9 CS O M O CO t- <•

to . <* p to CD S to >* to CM
i a ( ; • • • • • • • •
K

& §8 w CO to o to o
<-i 01 03 to to 10 » 1-1

o o

1 H " £5

o CO O CM CM o to

8 a l-I cm H to H CO to CO
H • • • • • • •

5 w 10 rt> to H to c- o
CM CM to if to W +

1 ,.

«* to LO 10 to CM 1 to
«• r\ 1-1 o o o O H
c c: • • • • 1 • • •

e r 1 * c- o CO CO to r- op
o

m CM to r-l 10 to to

o "

« *> to w tO CO <«• to t-
•H o o to CO H H to to
O O • • • • • • • •
0) • •j to o CO o C- CO to
a to CM (0 H >* to to

+o «*•

HOI ••

.Ol-I
E to •. o to «l o
25 to r-l *• 01 to H M>O • • • to • • • a
a t- f- c- o*-^ c- t» t- o—
••' 10 « 10 H4>

o 8
o

to 10 to
B
o•

H
O P Oi H

CJ 3ft
let

o H
CM

to

t 1 °H a) E E d p,3 D t>> h e p—
1?

>> © p-^
4 a 0) > «H

1
> H

rr« :; : < > :. «s >



CO C3 to o o a CO m a 01 to •

"

c- cs •* o to rH CM to r-i to * to
V' • • • • • • • • • • •
rj as o c- o

s
t- >* CO CI o f

rH o H o H t-t to w n« cj ••.'

"
t~ CO i-l CO «1 01 >* "? £ & £ o
to CO cn to «* l> CO •» c-

o • • • • * • • • • • * •

i to O to to CO t- CM CO V CM
lO

H t- rH o rH 10 H 10 1-1 If

•
to

os

••

a § 01
to •0

to
H

CI
Cs

O
r-l 3 0>H to 10 9

H Si • • • • 1 • • • 1 • • •

f. to H
3

m to CO H co CM 0» t-

g E- H H r-t to r-l •"C H 5f

*
a rH f «H t- o to CM t> •» 5 g a •

§
c. O lO CO a to H O H OJ r-

|
F • • • • • • • • • • • •

i CO
rH i8

to
H

to
§ : t-4

01
CO CO •* 8

3h ,,

o tt

o OS *.".

£ *t * rH OS a "C to to CO «-l

M :. »*» *1 CO 0> H o to t- CO * H rg

i E
9

•p
•

0)
•

4
•

t-
•

--0

•
CO

•

8
•

<0
• • •

H to
•

I
«H 1 H o •H ^ c-l *»• l-t CM 01 CM » O

i
*j E •0
a »• i I

5 >M i H t- Q c- CO
o

tO H o to «l< f> CO CO 1a w I CO (0 to fr- 10 es c5 CM O rt to at

I
C- -JJ • • • • « • • • • • • r-l

a o o w CO 8 CO H !> to c- to O
S

n
1

-

H to CM 01 10 CM rH 01 r-l 01 CM O
:; ••

o
01 H 01 to CO CO § CM to to lO O M*

8
»T e- o 01 to o t- •;• C- H to

H • • • • • • • • • • • • 4*

rH O 01 If 1> t- lO to 01 rH o to o
8-0! 01 01 01 01 01 1-4 ii to r-l

>0 3 01 to to CO to 01 O e- to -r o
to •* to ** H o e» to lO o * 1

c 9
• • • • • • • • • • • • r-l

I C- U
o m w H to CM a e- o> r-l rH

m H 01 H CM W 01 r-l CM 01 01 2
a >

ft
o ••

I
•« to o •O' m 01 o CO • O f OS P
*4 O CO c- to 01 to to c- to 10
a i • • • l 4 • • • • • ^-*

a o H o 0! to
a

* r-4 O CO to «
o
«4

03 01 to to i-4 r-l 01 CM *-*

%, -d
E C3 o os CM O a o
o •* t- a 0» « I1 a C- a cn to K
o .:: • a • a • a • • a •

to o--~ H o— to — to o--~ H O— to o~ rH
< 01 rH4i

a
o

10 H*3

o

to

io o
o

01 r-4+>
ao «>

i

to H-PIO
C

C.1 o
1

r-l+»

_ o

•H

|•

N o a f*

1" a ft,

cm t! &

It
3 *<

•rf *• 3 *<

5 h « d a a Is "a II "2 it( II "a
41 H *>— w p

—

+S *>

—

+j^^^- ~-*

1 3 mi •H •H «4 •H <rl

Eh » • > 1 > '.: > $ > « > * > -



45

1 f I-l 10 co o § to » H c~ to CJ
»-* <0 to o H to 10 CM H to to—
• • * • • • • • • • •• H iH o H H w o •* to t> to CJ

rt i-( l-l r-t H H to 1-1 01 CM OJ CM OJ

"
10
to

Oo 1
to
01

CO
01

CO
01 § § 8 to

01O • • • • • i • • • • • •
9 q to 3 ^ a to CJ to lO 10 <«• COH H 1-1 r-1 10 OJ OJ CM OJ CM 1-1

• 8 <0
o to 8 H

01 3 9 0>o to
CM 9 1

CO

• • • • • • • » • • • •
CM o to 10 <* to r-» en fr- to

I
to

r-l H H H i-l to CM CM CM CM I-l

CM
to to

CO
CO t

CO
tO § CO

to g to
10

c-o 9 to
to

;- • • • • • • • • • • • •
i-t •* 03 t> O 1-1 H C- 10 to t- o
CM OJ H H 01 to to 01 01 CM CM

I p tf> O O to to
8 CO t> o CJ I lO& 8 10 D- to CO 10 1> 10 f- A

•-' t> • • • • 1 • • • • • • •
i *> o n C- 01 o 1-1 1-1 CO

OM
CO o> <mo U CM H H 01 to to cm 01p i •a

CO •»

a EtO «0 H 0J to
6

to
a 8 0) t>

o O «3" t> to t> t> to o o HP • • • • • « • • « • • •
0)

5 I
8 o

to 3 CM-

to
01

1-1

H CO
01

01
to

H
to

CM
to

o
to

01
+

.9
.. O

CE

to 8 o
10

to
F B 01

8 o
tO

to
to 8 01 toH • • • • • • • 1 • • • •

c- o If Q K
o to to 1-t CO to

CM 01 01 10 1-1 to 10 to to 10 +

to
eo t-

01
to r-i

COo : 8 01 o to
to 1

9
•

t- 3 •
t-

•
CO

•
CO

•
nt

• •
LO

• • «
to

CM to CM OJ 01 « to OJ to +

*• «• C- rH o to CO c- !0 r-t to <&
to o O to * to o 01 to to 10
• • * • • * • • • • • •

CO w
8

to CO m o o lO CO to

•
CJ OJ 01 to to 0! 01 01

•
••

i CI
o
t>

lO
•*

-
H 8 a

m
a 0> lO to

o o • • • • • a • • • • K
1 H H C» CO o o~-- H f-l ca CO o o^- •

to to CM 01 to i-t-p
c

o
to 10 01 to 1-1 *i

co a
r-t

2
o CO 05 CO

o o CO CO CO o i

12
o p

i

OJ

• • • 1 3t
OJ

• • • 1 1Q H
P

to
3 9 If t

*>—
3 $ 9 3 ? mi

(0

E-< •-a < < < < > n < < < < > •



M

1

«> H o> to e- 0> CO O O CO a 01
o V CO a> IO o CO f- tO 01 10 (0 >* o

>•« • * • • i • • • • • • • • 1
V 0) 3 10 r-t o H *• •* <°. l~ o rH 0>

H H r-l i-i r-l H to w H H 03 01 03 H

•

8 8 o
to
lO 8 fc 8 8 r-l 8 too a

to

o • • * • • • • • • • • t • •

a H «0H
to
1-t a

«0H o
10

to
01

03
03

o
01 B

tO
01 01

o
r-l

"

(O CO to > o to •J t- O H c- rji co ao tO 50 •H o O H to LO O * O 'T
Qi • « • • • • • • • • « • • •

0) 10 f lO *• •* t- r-t fi H 03 to 01 10

H H r-l H r-l r-1 * 0! 01 eg 0) 03 r-l

c. CO r- 00 o CO to *J< e- tf <* CO o r-l

c. to cH to o a tO > 03 t- o 01 to to

F * • • • • • • * •
H#

• • 1 •

c- CO *
s to •* (0 o o to to *e t-

l-l I-I 1-1 r-l r-1 m to 03 03 01 CJ 03

10 a CR o o 01 JO 01 i-l H CO to 8 C4

9 gn CO iO o to LO o CO O O o CO o
L-

• • • « • • * • • • • • •

3 co to C "6 01 c- !2 w H H H to to
a

|->

4» r-l

Ft

r-t /-I r» 01 H to _ oi

I

03 C-; 01 01 01

•'

o
r- h t-1 o 8 1

lO i-t m e 01 CO •S
* CJ Li

b « oi CO to ^ t> t' to 0> H f-l H to
u H o • • • • • • • • • • • • • •

a o O CO l> LO a to CJ o r-t H co LO to
H r-l H H 0) i-i 01 01 01 CJ 03 01 01

S • • I
•

; . K g r-l O o LO to LO t> 03 » c- H H
: © H LO o f H «* t- <* 01 CO O
r 1 • • • • • • • 1 • • * * •

•* o CO t- m o * to 8 1
** r-I CO rH

01 !- r-l r-1 01 01 01 «0 03 •0 01 +
••

o «0 !0 ^ o 10 to 01 «-« q CJ 10
10 10 o l-t o H 01 o C- tO to to 01

a
• 1 « • • • • • I • • • * •

01 C3 o 8 C- to a
r-l r-t H 1-1 c- »)• t>

CI H 03 01 01 to 01 01 03 03 03

i ©1 03 lO to 9 CO t> to to CO to 8
to r-1 t

oi t- to a1 10 to 03 •* to to to * d
o • « * • • * • 1 • • « • • • o

H CJ m **> 01 to »• o 8 CO * to o £
•

10 CJ 0! 01 02 o 03 01 01 01 +-
C

^—

.

• I a
• IDp %' o c- t- 01 ** « o t> £- 01 • £
a H 1.0 CO a 10 10 n r-t LO co 53 to LO e>

O f • * • • • • • • • • •

° H r-l to to to to O" H H to o to o~ in

10 03 0! 01 CI 01 H-P
K
o

to 01 01 03 01 03 iH+>
co o

_ o

a
©H
to»

w O CI OJ CJ CO o
It

O C3 01 01 CO c

t

03 to tl ** •H

(3 ; . • • • • II ft
3

• • • •
1 it ftP

\
i r-1

3 £ 9 | I
3

§
to
3

to
3 >

CO

h* 3 < < < < < > > < < < < < > *



47

T* oi o e» iH to
1 o to to CO o H HH o Ci CO <0 o I-l <0 ^1 10 CO 10 01

<f • • I • • • • • • • • • • •
*? rH (0 1-1 i-l i-t iH t- tH to to H 01 O
r-l H rt H |H M H 10 «-t Ci CO 01 Ol 01 01

"
01 r^ O » lO f a> V t» g s

to CO
ffl o in o O CO o fH m w CO lOo • • • • • • • • • • • • • •

Ci rH i« 10 CO H 03 *p o CJ c-l to to H
r-( i-l l-l rt H H rH to H iH CI 01 CO CO 03

"

H 01 to O •-- O CD 93 10 to 01
c § §O O i-l tO l-t CO ** c- o o e~

• • • • • • » • • • • • • •
O CO in CO s

t? t> o 01 CO to to COH H H H 1-t cf rH rH 01 01 0) 01 iH

t- r-l o
e:

CO
t

•s. O CO to a to Q
to C: e- CO H to CS a> 10 (0

F • • • • • • • • • • • • • •
01

a
C- 10 f t- ^ o s t

«* 10H i-t iH H l-i •* 0! 09 Ol t-t

10 H o 8 » to CJ Co CO
Si

CO t- o> LO

g B O lO 01 c- 10 c: V If c- C- c- 10 o
1 9 52 • • • • * • • • • • • • •

1 CO O' Q LO lO SO to o o c- to «* Ol
-: +> rA rH H rH 1-t r\ "» 01 03 CO 01 CO 03 H

i *)
~5 m E 1

I aH CO CO 01 01 <° to M CO * CO to * H H' H rH O o o o C: a 0> H a H
o • • • • • • • • • • • • • •
4J CD tO CO lO "? o CO * 8 h 8 CO o V

09
.. H H H CO ci 01 01 01 « 01 01

U
3 • • B

8
:.: v «f H co 10 (0 O CO u- 01

S:
to 01 t-

0> 10 £> •X1 CO to * f t- 01 CO o
.-' • • • • « • • • • • • • •

0) o to •#
8 o to to 10 w H o CO fH fl i-l 01 01 CO CO CO 01 » to 01

'*

§ 03 CO C3 II iH LO CO
£ o o V CO 0>

t> «0 Ol H O to CO CO 0> CO CO 01
• • * • • • • • • • • • • 1H CM CO CO to CO i-l 03 c tc lO lO o CO to

oi H 01 CO CO 01 O! OS 01 to 01 01 +

CO <* t- r- oa CO 10 o c to 0) 01 to o
« o W o CO C- OH to to H to t- t-l
• • • • • • • • • • • • • «K to CM 10 •* to m «• t- 10 e» CO t> 01

'^ CO CO 03 CO Ol 01 i-t 0! co 01 01 01 03

• •*

O to CO 3> c- «o o to
8 fr- C- CO CO •

to •0 *• <B to o> a o ^< 0> to a a
o • • • • • m • • • • • • • a C
o

a
Ci c~ c- t- o-- •0 Ol o c- t> o

—

i
^—

•

01 0) CO 01 co i-i*> H CO 01 c~ 01 03 ft+» (4

aO ID

O
a O

• u
01 o

01
CO CO CO CO e

3ft
o
01

01 01 CD CO

Si 5
•
•-t

m
s » • • • •

1
K §£ *> • • • • 91 1

I
ft
3

3>
3 3 a 3

o
> ft

H
3 3

to
3 9 >

*>— F.

3 < < < < < > >-> < < < < < > •



48

8 s to <*
to

to
0> 59. Cl

o
c-

IO 01
IO

p • • • • • • • • • •

V «0 01 to c* H to ..0 K
• ]

-1 r-1 H f-l

in +•
*
o IH to c- CO to •* t- rt to CO m

co r* to o- CO 3) o 01 o>

cj • • • • • • • • • •

•H a
H

to 10 to to to
m

a to -0 c-
+

°>

*»
O ••

1 1
to 05 01 t- to l» 01 CD t-

9 H o o H to 01

o • : • • * • • • * *
io * « m o to to o t- lO

N •* +•

1

1
"

CO CO to H <f 0> to Cl 01

a
'. to 01 t- O o to •* CO 01
> • • • • • • • • • •

lO to * o
10

to to U5 IO •*
l-l

u •

o o

<• 1
'

5 01
3 01

•
0>

03
<*

H
i-l o

f-l
•* to o

to
0)
t-l

i
E •< • • • • • » * • «

(J o tr to to LO l- to o to t-
«4 •p 1 01
• I a
p • • g. c

o
;

1 q
(O

a
01 8

1
C» M 10
o to

to
0>

CO
^3

l-t

01
o

5

a
8*

•
lO

•
co

•
to

• •
CO

9 •
lO

• •

m
+•

I
••

o 10 *• a t~ q 01 50 9 to

8 e- H to H C» i-t to 0» t-
,-•. • • » • • • • • • •

1
t- o If to 01

.-t

0> 01
to
+-

4» 3 8
F-l

to
tO
co 3 3 c-

10
019

§ 9
• • • •

to
•

to
• •

>
• •

to
•

m
•P

« ••

O r> 10 to CO * oi
8

IO •* t-
•H o o- 01 to t- H 01 CO >*

t> a • • • • • • • • • •

§ o t- lO c» 1-1

f-l

c- CO m to o
O +
-H •

fO Ol
10 3 CO ID

01
to

o
•* S c-

CO :l

o « • • • i * • • • a
a c- t> LO to o—

.

c- c- to o-»
<

1• * •• o o U O
• l-t r-t * „ o •H rt •* o

to Cv! 01 o a 01 01 o c

o . • c^ • • 1
9 t*

B O
rM J If • 1 3 p. •P •U 1 d a,

/» 9 P. a o +>w a p. u £ ***^
1 <s « o > rt e o o > •4

K cs to N o < > to 10 o < >



49

o m a> CO 3 CO * 01
* to i-i W to o in

3 • • • • • • 1 •
to

1
tO * a* & c-H CO to to

••

3 CO o CJ B •J
<• s

|H
CO

• o • • • • • • • •

a
1> »0 to ci o I-l

««• c- CO i-l «• to

rH
n

s o § 8 e 0)
to
03 § I-l

r-l

o • • • • • • 4 •

1
O

o "* CO o UJ
.

»> q C-
H to to l-t to H m

~

O £
to 0> CO to *i

e 01 t> * H o CO o **

i
t- • • • • • • • •

m © IO t> rH H
H to H to l-t rf

o
1

•

%
co CO

03 g CJ
to

co
CO 8

{ E +> » • • • • • • •
o a t> o l-t H «* *} w

A •n fcrt CM H •J H m H to
« in o '3

1
in

*9

y«
•

| •*
01 O S M 8 0>

10

i
) 0) » • * • • • •

i gg 10H a
to
SO

COH CJ
c:

toH OJ
O

1.
" K

£ 10 (0 H CM CJ to H
8 H o tf to cc i-l CO

H • 1 • • • • •
f-l 10 :0 o CO to 3 to

S l-t 10 H r\ i-l C3 CJ

B "
o» •* tc< t~ to IO * CO

*> 10 19 O e- i»t CO •

C a * • • • • • • •
51 H o to H OJ o ^"

m CJ r-I t-I to l-t H i-l 01 o

§ 5
1 ••

o •0 O to to 3 c: to nH ID a> 03 t- to ir 0] to <^*>

o O « • • • • • • • m
Si •* o o t- o CO

CI + 03 to 0) i-t OJ

m + 13
XI i-l

*<
O to to

C<
',:

l-l

to - 9 n 1o « to * • r • 09

BJ * o--« o o^-. f o--^ o o-~ k
«s 01 i-t*>

ao o
o

CI H-P
ao t>

o

01 i-l+>
ao o
u

CJ l-t *>
co o
o

5
•

** to a a
!*

Eh
i-l * u ri *« -* u

o .r—

»

' ,—

^

K © ^^. '
- »«•-% s o •—>

•

I-l • 3 r. e c? p. «t a o. f* a p. d
,o

|
1^" «»— *J— 4J— 43—

1 •h <«H «H •H
M < • > tr > * ft •:• > •



50

«0 o CS w CO o c- t-
« 10 a> o (0 1-1 eg o 10m m • • • • • • • •V . to <M IO 0) «0 to 10 >

CO H to
r-l

c .,

*~t to to rH *• c» (0 CO 10
to 00 l> o 0» t»a • • • • • • • •

O ;: <# «* 10 •<*• * •* IO
3 r-l IO
+»
+>
• •

r-l

1 o «o o 8 CO CO
H
CO Sa • • • • • • • • •

p.
10 * to o * o IO

$
1
i -

•0 o cs 0> * *» o 8 a>
fi * H CO CO to to e»
1 c- • • • • • • • •
K io lO IO to IO t- to LOo 1?

u ..

o •
3 to

(0 H IO 01 r-l to «3«P i to o c- *r at CO CO

i
E • p • • • • • • • •
o a! m 03 IO t> c- 10 to <SH p K (0

1
O

•. a
o ioA r-I CO CD 9

t> to CM
'- •P o C- t£> to CD LO CD

^ J

0} H • « • * • • • •
"

1 r-l

03 a l> f- CO
r-l

o o

s w "

m IO IO CO o H to §8
:: cm IO H c- CM IO CMH • • • • • • •

rH o C~ r-l H o o o CO
*> i-i r-t H r-l r-l r-l

1 "
cm <* «0 H CO O o lO

•p r-t IO IO 10 10 t> to to
c • • • • • • • •
• H q 9 o o o O o IOP
Bo

i-4 H ft H H

o
•a CM tO •* o 01 to to to
•H H «0 O CD to O 1" r-lO • • • • • • • •
a OH s

1-4

r-l

0) en
r4

o
r-l

c-

o
••

CO 0> a to CO •V <*
o 10 1- T IO *« o CMo • • • • • • 1
• 10 s 01 CO o en r-l o^< H r-l l-l r-l r-l-P

c
• om 1.0 IO IO c- t- C- a
a
r-l

1p
CO

•

cm

•

01

•

cm

•

CM

•

CM

•
1
u hA a) •p p •P •p p •P o P—

o o O o o O > rl
E-> o o o o o o < >



^^^M

51

01 CJ 0» CI CO to <0 c-
c- H •* to o in Cl I-l

<* • • • • • • •

m oi to o CO to o> H o
t-i rH r-l l-t H H +

o "* 1-1 to w
p

0> a<0 o> o o <D <*
a • • • • • • • •

s
V O O o o 01 H
r* H 1-1 H I-l H +

s
«* to CO *

8
10

I w to t~ CO in CO
: • • • • • • • •

CO Ob O) ^ to
a

H CJH H r-l +

i-l to to (0 CJ S3 O
H CD H CD o to CJ o
F • • • • • • • •

o O 05 a CO t-\ o oH H r-l r-l r-1

5
• »

10 CJ Ok r-l CO CO O ca

i 9
C- t- o lO CO to H Cl

o • • • • • • • •w o
a a o o o r-l 1-1

i H H 1-1 l-t r-l

•Ou •* •
o i
.

M 1-1 H CO (0 en 1< 0> in
V- * •* to H S to o> to

g
M • • • • • • • •

a 10 to
21

H
1-1 a 01

r-l i-i

M
..

4-

H 09 CO
8 CJ CO O HV O 10 to ca 5 OH • • • • « •

r4
•

O i-l o CJ to H inH 1-1 1-1 H H i-l H +
"

a
O IO to m O * CO
0> H i-l 0> in CO 01

M • • • • • • • •
rH in tO « 3 o a CJ >*

i-l H i-l I-l H I-l

*•

•

10 10 03 -I CO to £> 1-1

01 CJ r- CO in •* 0> tou • • • • • • • 4
•<J< CJ to 1-1 «* to a •fH i-H i-l r-l 1-1 i-I 01

• .. +

« CO O » O $ * «*
4i (0 a in O CJ a

a • • • • • • •
o to CJ CJ Cl o o rH o^
o i-l l-t 1-1 H H i-i -pw

j
•

lO W in m t- K t- •
1 01 CM CJ CJ Cl to •rf *«

© m I I I
£1 B <f •p «-> p 4J p © I*
1 o o o o o o p «rl

Eh o o o o o o < >



52

Table 5A. Ascorbic acltl content aic/100 ga fresh T/oicht
rand Rapids lettuce.

Leaf si: '. position of growth
•IViHno

ict;
1, Inner :"ediun, cLarco, Outer: plant

A

B

C

ID. 62

15.

13.59

0.05

0.35 6.67

6.19

7.30

5.34

5.87

Averoce 13.34 . 6.01 6.17
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Table 6A. Ascorbic acid content nr-/100 [pa fresh
of Ruby Kinc poppers.

weight

Plant yield
• •

, , Position of growth

15 poppora | 11 peppers' 7 m
| ; North South

73.18 110.30 • G5 J

•
~C 75.19

60. .75 .00 57.47 60.38
60.30 78.73 49.95 57.40 50.37
58.37 75.29 46.01 36.31 57.41
57.47 .43 39.19 35.27 52.44

.41 66.93 .03 31. 50.31
57.40 59. 2e 37.27 19.70 29.74
52.44 58.57
50.31 49.99
44.31 39.36
36.31 31.41
35.27
31.08
29.74
10.70

Teat lot:

Edible portion
: Total per

fitem 3 raossota 1 pepper

East 50.812 50,,99 50.90

'

48.800 54,,82 51.80
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Table 10. sight loss on percentage basis.

Product
Hours of stc

I
:<: 40 72 06 120 144

Lettuce

Beans

Tonatoes

:ps

2.35 10.0G 15.46

17.80 24.30

1.90 1.90

4.63 7.58

22.65 38.76 43.48

33.00 37.00 45.00

2.50 3.46 5.00

13.41 19.60 27.56
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SUMMARY AND COHCW3SIOH3

Chances occurring lr. ascorbic acid content, wei

and general quality of locally grown fresh vegetables and

fruits during temporary storage were investigated. Prodaicts

packed in cracked ice from tine of harvest were compared

with those stored at roam temperature for periods up to 3ix

Calculations were made to show the milligrams of asoor-

bic acid per 100 grams for 11 different vegetables and

fruits assayed whon (a) freshly harvested, (b) stored at

room temperature, and (e) packed in cracked ice. This study

represented a total of 50 test series.

For most vegetables and fruits, the rate of loss of

ascorbic acid was appreciably grontor at roam temperature than

at the temperature of cracked ice.

Of products studied, vegetables lost less ascorbic acid

than did the fruits.

An apparent increase In ascorbic ael.i content was shown

by enrrota, tomatoes, and cantaloup when stored in cracked

ice.

Two products, to.-atoos arid green peppers, made apparent

gal s in ascorbic acid content when stored at room terapora-

turo.

Spring crop greenhouse grown tonatoes showed a higher
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Initial ascorbic acid content than did those from the fall

orop. The spring tonatoos contained more ascorbic acid at

the end of the experimental period tlian on the day of har-

vest! .

No significant difference was found indicating any

superiority of green over yellow varieties of snap beans re-

garding vitamin retention for eithor ice or room temperature

storage.

Sweet corn, whether iced or kept at room temperature,

showed similar vitamin looses during the first three days.

Prolonged storage in ice was effective in reducing rate of

loss ar.d retention of quality.

Ice packed leaf lettuce showed benefits in vitamin re-

tention and quality during storage.

Asparagus retained its quality during ice storage and

at the end of the test period load vitamin content equal to

that of room stored asparagus after 24 hours.

All berries showed vitamin retention and quality to be

favorably affected by the use of ice. Methods for using ice

with small fruits need further testing.

For vegetables and fruits studied, icing was considered

on effective means for retarding decline in nutritive value

and /or quality, during transportation and storage for periods

not to exceed si* days in longth.
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TEST LATA

Kind of Fruit or Veg.

Growing Location

Hov Protected from Harvest to Laboratory

Date and Hour of Starting Tests

Location of Produce during Tests

Ascorbic Acid Expressed in Int. units

Variety

Date of Harvest

Weight of Test Samples

, Milligrams , Micrograms

Un-lced—Normal Boon Temp. Time Packed in Cracked Ice

Ascorbic Acid
Content - Wgt. Total Weight

Room
Temp.

Ascorbic Acid
Content - Wgt. Total Weight

Start

6 Hours

12 .

18 1

2k .

48 ,

72 1

96 I

120 I

144 1

Texture Flavor Color Time Texture Flavor Color

Start

6 Hours

12 .

18 '

24 ,

1*8 .

72 .

96 1

120 1

lW» t

General Observations:

—

Test Number , Plotted on Chart Number

Signatures of Analysts


