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INTRMD UCTION

Preserving the nutritive value of fresh fruits and vegetables is
of national importance., (reat progress has been made in detemination
of nutritional values of food, in methods of cooking and proocessing to
preserve these values. There are few published papers concerning the
retention of quality of fresh fruits and vegetables utilizing crushed ioce
display as compared with room temperature display., The desirability of a
method of retaining quality in fresh fruits and vegetables is quite evi-
dent from observation of the produce displayed in most retail grocery
stores.

The retention of quality must be considered from the time of harvest
until the produoct reaches the consumer. Present methods of handling, due
to carelessness and lack of knowledge, result in heavy losses of food
nutrients prior to reaching the consumer. Local market gardeners and fruit
growers provide little protection from time of harvest to sale. Grocers
in most instances do not provide sufficient protection of the produce while
it is displayed for sale to the consumer. Shippers in some states, partic-
ularly California, have recognized that special methods must be used if
produce is to be acceptable when it reaches its destination. Extensive
use is made of oracked ice on produce shipped in trucks and refrigerator
cars. Protection is provided at the time of loading and maintained to the
destination point. However, it is not customary to ice prior to fimal
packing in the truck or car., As a result, there are serious losses in
quality before grading and packing ocour. This is particularly noticeable
when there is a delay in handling after harvest. In a like manner, serious
losses may also ococur when the products are not kept properly refrigerated

after delivery to the terminal market,



REVIEW OF LITERATURE
Factors Affecting the Nutritive Values

of Fresh Fruits and Vegetables

Fresh fruits and vegetables are the principal natural sources of
ascorbic acid (vitamin ¢) (29). Since Vitamin ¢ is unstable and quickly
disappears from fresh fruits and vegetables when stored and displayed under
average conditions (air temperature) (16), the development of a practical
method of retaining the Vitamin ¢ content would contribute to the conserva-
tion of nutritional values. The present methods of handling fruits and veg-
etables, which expose them to the effects of warm dry air, result in a de-
crease in Vitamin C content, change of texture, change of flavor, change
of color, dehydration, and decay.

In & report by Hauck (21) it is stated that authorities agree that
about one-fourth of the food produced is discarded before it reaches the con-
sumer. He also quoted Robert T. Oliver of Syracuse University at follows:

"vhat agriculturel economists have tended to call normal wastage

is draining away twenty to thirty per cent of all the foed our

farmers produce. One pound of food in every four that is grown

is destined for the garbage dump. Two hours out of eight worked

by our farmers, food processors, and distributors is time thrown

away., Twenty-five acres of every one hundred acres are ploughed,

planted, cultivated, and harvested with the produce to be finally

discarded as waste.”
Rough percentage estimates made by the War Food Administration indicated
(21) that losses in leafy, green and yellow vegetables were forty-three per
cent, tomatoes and citrus fruits thirty-three per cent and deciduous fruits
twenty-six per cent. This indicates the necessity fer reducing waste and
preserving quality of fresh fruits and vegetables.

Index of Quality
In order to measure quality & means of evaluation is required. As

stated by Fenton (16):



"yitamin C may be used on this general basis as a criterion

of quality in vegetables. If it is retained, all other at-

tributes known as quality, that is aroma, color, flavor,

texture, and nutrients will be retained. Of all the vitamins,

Vitamin C is most easily destroyed, and no other vitamin or

mineral is dissolved from vegetables more easily."”
Tressler (38) concluded that the Vitamin C content noticeably decreased
as vegetables became overmature. The Vitamin C content is fairly well re-
tained in fresh vegetables under refrigeration but at room temperatures
(70 Degrees Fehrenheit or above) the vitamin is rapidly lost. He states
that the Vitamin C content may be used as an index of quality in frozen
vegetables. As a result of these findings, Vitamin ¢ content is to be
used as the index of quality in this study.

Factors Causing Variation of Vitamin C
in Fresh Fruits and Vegetables

In England, Olliver (29) determined that the Vitamin ¢ content of
asparagus varied in the proportion of 1:3:6, in white stem, green stem,
and tips respectively. Feener et. al. (15) report that the greatest amount
of Vitamin C in asparagus is found in the green portion and thet mature
stalks were slightly lower than immature stalks in Vitamin C content.

Trescler et. ales (39) report that variety was a factor of consider-
able importance in the Vitamin C content of Green Snap beans, tomate and
spinach. The soil and growing conditions affect the Vitamin C content of
spinach. The Vitamin C content of tomatoes increases as they ripen. Wade
end Kanapaux (41),in a study of the ascorbic acid content of Snap beans,
ooncluded that the stage of maturity made only slight differences in the
ascorbic acid content. Tressler et. al. (39) supports the same view in
work with Snap beans,.

Olliver (29) found the distribution of ascorbic acid te be fairly even

throughout a single leaf of spinach but there were differences between the



leaves of the same plant. Feener et. al. (15),in the Boston area,found the
Vitamin C content of spinach varied more tﬁroughout the year than that of
any other vegetable, being higher in Spring and Fall and lower in Vinter and
Sunmer. Spinach stored at roem temperature lost Vitamin C rapidly, while
that under refrigeration held up well. They found the center leaves higher
in Viteamin content than the outer leaves and that crushed or broken leaves
lost Vitemin C rapidly, as much as 60 per cent was lost as compared with the
loss from unbroken leaves. Kifer and Munsell (22) report a variety differ-
ence in the Vitamin ¢ content of spinach and that the Princess Juliana var-
iety with heavily savoyed, bluish-green leaves, seemed slightly less potent
in Vitamin C than Virginie Savoy and Viroflay varieties. Tressler et. al.
(39) report that in New York,Fall spinach was slightly higher in Vitamin C
content than Spring spinach. The content was also greater in spinach from
upland soils than that grown on muck. Witwer et. al. (43) present evidence
that the amount of Vitamin € in leafy green vegetables increases as fertil-
ity of the soil with respect to nitrogen decreases,

Clow and Marlatt (8) studied the effect of allowing field mature
green tamatoes to ripen at.TO Degrees Fahrenheit for three to four weeks
and found them to be as potent a source of Vitamin C as those allowed to
ripen in the field. Tressler et. al. (39) report that fully ripe tomatoes
contained twice as much Vitemin C as green ones. Tressler et. al. (39)
indicate that variety is a factor of considerable importance in determining
the ascorbic acid content of tomatoes. The Vitamin C content of the temato
increases as it ripens (39). Maclinn et. al. (27) found considerable vari-
ation in the ascorbic acid content of the varieties of tomatoes tested but
found no correlation between size and Vitamin C content. McCollum (26)
reports & variation in the amount of Viteamin C between varieties, the amount

of defoliation of the plant or exposure of fruits to sunlight. The lighted



side of the tomato was higher in Vitamin C content. Tripp et. al. (40)
found no consistent relationship between size of the tomato and its Vita-
min C value but did find a difference between varieties. Currence (10)
concludes that envirommental factors rather than the variety causes the
difference in the ascorbic acid content of tematoes.

Smith et, al. (35) found that the ascorbic acid content of the can-
taloﬁpe increases with ripening. Mosley and Satterfield (28) show that
overripe melons have a lower Vitamin C content than ripe melons. They
found no definite relationship between size of the cantaloupe and the ascor-
bic acid content. Some wvariation between varieties was noted. There were
large variations in the amount of Vitemin C between cantaloupe of the same
variety (28). Wheeler et. al, (42) found variation between the ascorbic
acid content of varieties and that ripe cantaloupes were higher in ascorbic
acid than green cantaloupes,

Schrader et. al., (34) report that in the peach the ascorbic acid con=-
centration was found highest in the skin, lower in the flesh just under the
skin, and lowest in the flesh around the pit. The ascorbic acid content
increases as the peach ripens being highest in the fully ripe fruit. The
Vitamin C content of the peach is not as high as that of citrus fruits or
tomatoes,

Mayfield and Richardson (25) report a seasonal variation of the
ascorbic acid content of the strawberry with the content decreasing as the
sensen progresses. A variation also ocourred from year to year. Satter-
field and Yarbrough (33) found differences in the ascorbic acid content
between seven varieties produced under the same conditions. Lineberry and
Burkhart (23) report that the Vitamin C content of the Klondike strawberry
was markedly affected by the enviromment, (sunshine and field location).

Burkhart and Lineberry (6) found the ascorbic acid content of sun-ripened



strawberry to be greater than that of the shade-ripened berry. They also
found that the Vitemin C content of ripe berries was greater than that of
green berries,
Effects of Storege Temperature

Many aspects of the problem of fruit and vegetable handling from the
field to the consumer have been thoroughly investigated but only limited
study has been made on the storage of fresh fruits and vegetables in cracked
ice. Gordon et., al, (20) compared the effects of snow ice and room temper-
ature handling on the retention of Vitemin C in fresh vegetables displayed
in a retail market. They found that ascorbic acid (Vitamin C) was rapidly
lost from leaf lettuce 21,7%, green beans 11%, and spinach 44.8% at room
temperature after an eight hour period. Ascorbic acid retention was much

better when the vegetables were displayed on snow ice. The appearance and
quality of vegetables on snow ice (display) was better than that of vegetables

held at room temperature. Zepplin and Elvehjem (45) came to the conclusion
in their study of effects of refrigeration on Vitamin C (ascorbic acid) re-
tention on chard, lettuce, spinach, broccoli and green beans, that packing
fresh vegetables in crushed ice is a practioal and effective means of pre-
venting quality deterioration during transportation and storage. This type
of storage combines the factors of humidity and low temperature. When vege-
tables were handled in this manner they retained their cheracteristic ecolor,
weight, and freshness. Tressler et. al. (39) found that spinach, snap beans
and green peas stored at 1°C. to 3°C. (34°F. to 38°.) lost little ascorbic
acid within three days, whereas those kept at room temperature lost approxi-
mately fifty per cent in the same period of time. Burrell and Elbright (7)
in a comparison of (1) freshly harvested and (2) market fruits and vegetables
found that garden fresh fruits and vegetables contained considerably larger

quantities of ascorbic acid than those obtained from the open market. Proctor



and Greenlie (32) who studied the effect of temperature on the Vitamin ¢
content of spinach found that spinach when held at temperatures below 40°F,
retained Vitamin C quite well, while at ordinary room temperatures it de-
teriorated rapidly. Thus, they came to the conclusion that low storage tem=-
perature, high humidity, combined with moderate air velocities, were desirable
for retention of Vitamin C and the quality of fresh vegetables. Platenius
(30) in his study of effect of temperature on rate of deterioration of fresh
vegetables stated that, "The holding of vegetables at 35 F. had no notioce-
able effect on the subsequent rate of breakdown when these vegetables were
later transferred to higher temperatures”, The rate of visible breakiown

axd rate of deterioration of eating quality were not necessarily the same
(80)s Work at Michigan State (1) indicated that the loss of ascorbic acid
in leaf lettuce, green beans and spinach at room temperature in a perioed of
eight hours was 22, 11, and 45 per ocent respectively, while similar lots on
snow ice lost only O, 3, and 4 per cent respectively, of their ascorbic acid
content. (1) Dunker and Fellers (13) found that spinach stored at 1°9C to 3°C,
(349F. to 389F,.) lost but little ascorbic acid in three days but when at room
temperature it lost 50 per cent in three and almost all, in seven days, Dun=-
ker et., al. (12) report that sweet corn at room temperature lost very little
ascorbic acid the first day, at the end of the third day 20%, and 50% after
four days. They found little loss in Vitamin C oocurred in corn after har-
vest and refrigerated storage in the husk for a few days. From studies in
Wisconsin (14) the ascorbic acid losses from vegetables in 48 hours were as
follows; Spinach 70%, Lettuoce 70%, Broocoli (flowers) 66%, Green Bean 25%,
and Swiss Chard 60%. All losses were greatly reduced by refrigeration (14).
Fitzgerald and Fellers (18) found that & storage temperature of 3;1%". allowed
e retention of 50 to 100% of the original ascorbic acid comtent of fresh

fruits and vegetables. Spiers et. al.



(36) using the Mary Washington variety of asparagus in refrigeration tests,
(with moderate or heavy icing around the butts) found that the quality was
maintained in excellent condition for & week with very little moisture loss.
At the same time, asparagus held at room temperature deteriorated and was in
poor condition after three days. Vhen heavily iced, the asparagus retained
81% of its original ascorbic acid content at the end of five days (36).
Brasher et, al. (4) fourd that the freshly harvested appearance of corn, toma-
toes, cantaloupes, and kale wes well preserved by the use of cracked ice and
by ioe refrigeration. A similar condition for tomatoes resulted in deteriora-
tion after the fourth day., The palatability of produce was better in these
vegetables held in snow or cracked ice than in those stored at room tempera-
ture. Sweet corn and cantaloupes at room temperature were unfit for food
after two days, and tomatoes at the end of four dayse. Their results indie
cated that the use of oracked ice or ice refrigeration offers a way to reduce
losses due to shrinkage and spoilage and to allow greater retention of
Vitemin C, freshness, and palatability (4). Gilligan and VWoodmansee (19)

in their experiment found that even though the destruction of ascorbic acid
in the cantaloupe was delayed by the use of chopped ice or refrigeration
there was no significant loss at room temperature in four days. Olliver

(29) in England reported that with vegetables stored et room temperature,
under conditions approximating those in retail shops, as much as 78% of the
Vitemin G of spinach was destroyed in two days, with an 80% loss from the
tips of asparegus in four days. The results of Feener et. al. (15) with
vegetables held at 1-3°C. (34° r, to 38° F,) indicate very little Vitamin C
loss for long periods of storage, while that held at 21° ¢, to 22° C.

(70° Fo to 72° F.) lost from 50 to 90% and was not marketable after 72 hours.
Their data suggests that by proper refrigeration throughout the marketing

period the Vitemin C content could be retained during the normal marketing



period (15)s Similar results were obtained by Yaroshenko (44)e Brown
and Morse (5) report no loss of ascarbic acid when tomatoes were held

as long as eighteen days either at refrigerator temperauture (44° r.) or at
laboratory temperatures ( 75° F. to 88° F.).

Lineberry snd Burkhart (23) found no loss of ascorbic acid from strawe
berries stored at 60 C. (41° r.) for two days and concluded that strawberries
free of mechanical injury and under good shipping conditions do not lose
an appreciable amount of Vitemin C (ascorbic acid) within forty-eight te
seventy-two hours after harvest, lmyfield end Richardson (25) report no
appreciable loss in ascorbic acid content of fresh strawberries when held
either for five days in a mechanical refrigerator (40° r.) or for two days
at roam temperature (750 Ja)e

It is apparent from the variability of the reports on the use of re-
frigeration and of cracked ice that an investigation to obtain data under
Oklahoma conditions is desirable. The condition of vegetables sold in most
produce markets end the general high temperatures prevailing during the
Oklahoma marketing seascn further indicate study of quality retention would
be of value to the publice /A method that would allow for higher Vitamin
C retention, for palatability, and for better sppearance in fresh fruits and
vegetables would be desirable from the standpoint of the producer, the grocer,
and the consumer., The reports of the amount of food wasted due to trime
ming and spoilege that occur on the farms, in the markets, and in the con=
sumer's home prior te its ultimate use presents a challenge to investigate

and devise means to reduce the losses from these factorse
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METH® OF STWDY

In this study the following horticultural crops were used; Mary Wash-
ington asparagus, Hale's No. 36 cantaloupe, Burpee's Stringless Greenpod
bean, Tendermost Sweet Corn, Southern Giant Curled mustard, Elberta Peach,
Bloomsdale Spinach, Blakemore Strawberry, and Stokesdale tomate.

The methed of determination of ascorbic acid content was essentially
that of Bessy and King (8) modified to the extent of using three per cent
metaphosphoric acid for extraction recomnmended by Bessy (2) and use of the
waring Blendor recommended by Davis (11). Analyses were made to determine
the Vitemin C content at six hour intervals for the first day and then
daily. At each analysis, samples were also taken to determine dry weight,
changes in texture, flavor, and color were noted at each time interval and
herein reported. Texture evaluations were made by the bite test, that is,
biting with the teeth to determine if the produce is firm, soft, crisp,
or tough. Flavor evaluations were made on the basis of odor and taste as
described by Crocker (9). Color was determined by matching with coler
gradient Plates of Maerz and Paul (24).

Following harvest or purchase the vegetables and fruits were brought
into the laboratory and treated as indicated.

(a) ¥Freshly harvested material obtained in the field.

(1) Iced at harvest, maintained in cracked ice display case.
(2) Uniced at harvest, maintained in regular (room temperature)
display case,

(b) Material obtained from Local Retail Markets or handled by ordi-

nary methods prior to test.
(3) Iced in laboratory and maintained in oracked ice.

(4) miced in laboratory in regular display.
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In sampling, & relatively large amount of material was prepared, and
a twenty-five gram sample weighed for analysis. Dry weight determination
was also made using a similar sample. Three per cent metaphosphoric acid
solution was used in the extraction of ascorbic acid from the tissues.
Maceration was accemplished by use of Waring Blendor operating for two or
three minutes depending on the type of material. The Blendor breaks the
cellular structure thus making it possible for the metaphosphoric acid to
dissolve the Vitamin C. The blended material was filtered through a mmber
twelve Whatmen folded filter and a five cubic centimeter portion of the
filtrate withdrawn and pipetted into a white porcelain eveaperating dish.
The filtrate in the evaporating dish was titrated with a standardized
Sodium, 2, 6 = Dichloro-benzencneindophenocl dye (Eastmen). The dye was
edmitted from an automatic Zero burette until a faint pink endpoint was
reached and the reading was recorded. The dye was standardized daily with
United States Pharmacopoeia Reference Standard Ascorbioc acid.

The dry weight of each twenty-five (25) gram sample was determined by
drying in a Thelce Thermostatic Controlled Oven. The material remained in
the oven twenty-four hours at a temperature of 200° F, The beakers were
then removed from the oven and placed in & desiccator until weighed. Dry
weight is equal to the weight of the tared beaker and dried material minus
the weight of the tared beaker. |

Calculations of ascorbic acid content were made on the dry weight basis
as herewith indicated;

Known dye concentration . Enown dye concentration
Known ascorbic acid strength Unknown ascorbic acid solution

— 88corbic acid expressed as milligrams per cubic centimeter.
Total weight of sample and solution minus dry weight (sample) times

nilligrams of ascorbic acid per cubic centimeter of test solution divided
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by dry weight of sample === Milligrams of ascorbic acid per grem (dry weight
basis).

¢alculation procedure for formulation of graphs and tables;
The averages of the ascorbic acid values per time interval (0, 6, 12, 18,
24, 48 hours, etc.) per treatment were determined. Expressing the average
zero reading of ascorbic acid content as one hundred per cent, determined
the percentage change per time interval. The graphs as prepared, indicate
the average ocumulative loss, the average rate of loss, and the average room
temperature for each treatment of the respective fruit or vegetable. Data
are recorded in chart form and so used in reporting results of these experi-

ments.
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RECULTS OF STWDY

Losses in the Ascorbic Acid (Vitamin C) content of the fruits and
vegetables were greatest when displayed at room temperature. Freshly
harvested mustard and asparagus, at room temperature, lost 85 and 83% of
their original ascorbic acid content in six days. That stored in aracked
ice lost only 31 and 41%, respectively, in the same period of time.
Spinach at room temperature lost 62% of its original ascorbic acid content
in five days, while that on crushed ice lost only 24% in five days and
26% in six days,

The data in Tables I, II, III, and IV show the average changes in
Vitamin C and moisture content. The graphs, numbers 1 to 18, chart each
of the following factors;

(a) Average room temperature.

(b) Cunulative average loss of Ascorbic Acid at room temperature.

(c¢) Cunulative average loss of Ascorbic Acid on cracked ice,

(d) Average rate of loss at six-hour intervals at room temperature.

(Red dashed line).
(e) Average rate of loss at six hour intervals for cracked ioce.

(Black dashed line).
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THE EFFECT OF TIVE AND TEMPERATURE ON CHANGES IN ASCORBIC ACID CONTENT
OF FRESHLY HARVESTED FRUITS AND VEGETABLES*

~ Holding Noe Ave. Ascorblc Acid Mg/grem (Dry Welght Besis)
Condition of "Hours DaEys
VEGETABLE Tests 0 6 12 18 1 2 3 4 6 6
Toed B De27 D5e28 BeIl 4,80 | 4,564 4,10 3.80 3.47 3.358 3.08
Asparagus uniced 3 5.27 4,51 4,11 362 3410 2,562 1.60 l.42 0.92 086
iced 6 1.97 1,96 1.5'5 1,84 la,g I.=4 1!_33 1.59 I.Bﬁ Ioss
Green Snap Bean uniced 6 1,97 1480 1.68 1462 | 1lo49 1,22 1,01 0,84 0,768 0,66
iced g Oo‘fg_ Qe4b Oe ® * L ° 0 . O,
Green Sweet Corn uniced 6 D.46 0.42 0+,40 0.3 0.38 033 0,27 0.21 0.186 0.11
Toed 3 B.94 B. . . o800  7e30 Te20 B.08 Be2% Bol18
Mustard uniced 3 Be84 T3l 6494 6,74 | 6446 5.14 Te28 2,61 2,32 1.26
Tced S De20 Del0 B.I0 4.87 | 2.78 4,98 4,50 4.2& 4,02 3.82
§pin|.ah uniced 3 5.25 4,17 4,00 3,67 3062 363 2,98 2,67 2407 =
iced 3_ 404 [ . » m m _3011 m
Tomato uniced 8 4,34 388 3.66 3449 3.39 3. 3+06 300 2.88 2.68
Toed T BeBL Be28  BeIB  BeII [ 3.0I 2.82 2.82 2,82 2.18 2.68
cantaloupe uniced 4 Be31l Bs10 2,96 2,92 | 2,88 2,82 2,73 2.42 - =
FRUIT
Toed 8 0.9 0.90 0.87 0.82 ;| 0,79 076 078 0.68 0466 0,60
Peach uniced 6 0.91 0.88 0.81 0.74 0.66 0.62 0.59 0.54 0,51 -
Tced 4 5,81 D.063 D5.38 b.27 . p .72 4.38 4,03 3.82
Strawberry uniced & 5e81l De45 5,18 4,99 | 4482 4.456 4,27 - - -

* Such material is herein referred to as "Field Samples"”, expressed as F.S.

T



THE EFFECT OF TIME AND TEMPERATURE ON CHANGES IN MOISTURE CONTENT

TABLE II

OF FRESHLY HARVESTED FRUITS AND VEGETABLES#*

19

Holding  Ro. Ave, Moisture Content in Per cent
Condition of DEYE
VEGETABLE Tests 0 6 12 18 1 2 3 4 6 <]
iced S 92,1 92.3 9246 923 927 9269 93.0 92,1 92.1 92.7
Asparagus uni ced 8 92,1 92,6 92,2 92,8 | 92,3 92,4 92,3 9142 90.4 89.9
Toed B BE.6 BB.0 ©B8.2 ©BB.8 | 88,4 88, . . . .
Green Snap Bean uniced 6 8845 8843 88,0 88,1 86,6 87,1 85,1 85.4 86.2 84,0
= - 10Qd 6 _71.“ 7-0.9 3 L] ..E._B_ 59.8 m a-g_il 6-9.‘ L]
Green Sweet Corn uniced 8 7Tl.4 69.8 69.8 69.2 | 68,7 67,0 6566 64,2 6le.8 6845
Toed "8 B7e8 8746 0B7e2 B6,9 | 86e7 B7el B7e2 B7+2 87.8 8745
Mustard uniced 3 8748 86.4 85-8 85.6 85.6 85-1 79.8 79.4 73.2 78.2
iced 3 . ® ® . 55.0 33;9 88eY 580_3 ° °
Spinach uniced 3 89.2 877 87.4 8667 8646 86.6 85.4 86,2 8l.6 =
Toed 8 O8.0 08.8 98,7 093.7 | 0%, . . . . .
Tomato uniced 6 98,9 93,7 93,4 93,3 | 93,3 93,4 93,6 93.4 93.2 93.2
iced 4@ 02,2 92,8 92,7 9247 | 92,6 92,83 92456 02,4 091.9 92.1
cantaloupe unioced 4 92,2 92,1 92,3 92,2 | 9244 92,0 92,6 92.7 - -
FRUIT
Tced 6  B6.8 B0.8 008eb BO0.Z | B6.0 86,2 B8b.1 Bb5.8 B85.6 8be2
Peach uniced 6 86,68 8665 8840 86,8 86.4 86.4 86,4 84,6 84,5 -
Toed € 90.1 90.0 . .8 | 80.8 00.8 089.4 B89.6 89.8 89.7
Strawbcrg unioced 4 90,1 80,0 89,7 89,7 89,6 89,9 90.2 - - -

* Such material is herein referred to as "Field Samples", expressed as F.S.

ST



TABLE III

THE EFFECT OF TIME AND TEMPERATURE ON CHANGES IN ASCORBIC ACID CONTENT OF
FRUITS AND VEGETABLES SECURED FROM LOCAL PROD UCE MARKETS#*

Holding No. ve, Ascorbic t Bas
Condition of Hours Days
VEGETABLE Tests 0 6 12 18 1 2 3 4 5 [
iced 3 3,06 2.86 2.786 2.62 2,24 2,04 2,14 2,11 2,08 1,95
Asparagus uniced 3 3.06 2,32 2,07 1.98 1,83 1443 1,21 1,06 0.92 0469
Toed T8 1,68 1468 1,60 1.44 | 1.48 1.82 1,18 1.10 0,97 0.94
Green Snap Bean uniced 8 1,58 1.44 1.38 1,26 1417 088 0,76 0s71 0,63 0,63
Toed 6 0.4l 0.41 0.40 0.40 O ° ” . U.24 U238
Green Sweet Corn uniced 6 O¢4l 0.40 0.40 0,38 06356 0e32 0424 0,17 0,13 0,09
Tced 3 B.77 Delb  2.48 .78 | 4.26 4Z.18 4,00 3.88 3,58 S.98
Mustard uniced 3 5,77 4.62 4,45 3,42 3.20 2,09 1,27 0.61 - -
1ced o SOW—B:W_W . . ° . '] .
Spimch unioced 3 390 2,73 2483 2.25 258 1,51 1,36 - w -
1ced 68 8,62 3,45 3.34 3,22 B.08 2499 2498 2,88 2477 Le08
Tomato uniced 5 3,62 3.26 3,10 2,96 2,93 2,86 2,78 2,69 2,656 2449
1ced & 3.02-—-5.00 » ™ m mﬁ m Eozg 205! 20!3
C&ntalo‘upo uniced 4 3.02 2085 2.72 2.72 2.54 2.39 280 2,08 - -
FRUIT , _ ~
~1oed B 0480 0.80 0478 0.71 | 0466 0462 0.64 0,67 0.656 0.51
Peach uni ced 6 0,80 0,73 067 0,62 g = =
iod 4 5.?0 5.& 5.85 5.19 5.11 5.03 4.54 4.40 5.90 3.?8
Strawberry uni ced 4 6,70 5,45 5,18 5,08 | 4,88 4,30 4,12 = = — T

* Such material is herein referred to as "Store Semples", expressed as S.S.

o1



TABLE IV

THE EFFECT OF TIME AND TEMPERATURE ON CHANGES IN MOISTURE CONTENT OF
FRUITS AND VEGETABLES SECURED FROM LOCAL PR(DUCE MARKETS*

17

Holding NoO. Ave, Moisture Content in Per Cent

Condition of Duys
VEGETABLE Tests 0 8 12 18 1l 2 3 4 5 6

iced 3 92,7 9348 983 93¢68 | 93¢5 934 93,3 93,1 93,1 92,9
Anparagua uni ced 3 92.7 92.4 93.2 930 92.9 92.6 928 92.0 02.4 90,0

= 103_ B tHe0 ° o @ . ® ™ ° . @

Green Sn&p Bean uniced 6 89.5 39.2 3901 83.7 83.4 86,9 8662 8202 8‘.5 84.2

iced 6 eB  Tled TO0e7 T0e2 | 7T0e2 6948 70s8 7056 T0s2 70e6
Creen Sweet Corn uniced 8 TleS Tle2 T0eb TO40 | 6940 681l 665486 62s4 60,6 5544

iced 3 89448 8849 89.0 8844 | 8846 89,2 69.8 89,7 08946 8946
Nustard uni ced 3 89s4 BBes2 87,5 85,4 | 86,3 8ls9 78.6 7640 - -

iced 3 90,0 89,9 89,6 89,5 89.8 8867 88,6 8847 88.6 8844
Spinach uni ced 3 90,0 8942 8843 87.5 | 87.9 B85.9 86.0 - - -

iced 6 98,6 93,7 9346 93.4 933 9363 93.4 03.4 93.3 933
Tomato uniced 6 93,6 937 93,5 93.2 9§ ol 93.§ 0345 93.4 93.4 9343

Toed ' 9248 02,8 02,56 0244 | 9244 0242 02.4 09245 092.6 9247
cantaloupe uniced 4 92,6 92,5 02,5 92,3 92.2 92,5 9265 92,6 - -
FRUIT

Toed [ B6.4 006.4 80,0 0b.b | 65, = . . . .
peach uni ced 8 86e4 8645 85.2 8448 | B4.7 83,7 83.5  82.9 -

iced 4 9l.1 91,0 90,5 80,7 90,6 90,6 90.8 90.5 90,0 90,0
stu‘bm uniced & 91,1 90,7 90.6 90.6 90,5 00,3 90.4 - - -

* Such material is herein referred to as "Store Samples", expressed as S.S.

LT
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Plate 1 Green Snap Bean on Cracked Ice
Store Sample Field Sample

Plate 2 Green Snap Bean at Room Temperature

a6



Plate 3 Portrays "Weathering" Effeoct on Green Snap Beans
that appeared in Twenty-Four Hours at Room Tem=
perature After Six Days on Cracked Ice Display.



&b

’

Plate 4

Green Sweet Corn

Left; 6 Days at Room Temperature
Right; 6 Days on Cracked Ice

Plate §

Green Sweet Corn

left; 6 Days at Room Temperature
Right: 6 Days on Cracked Ice
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Plate 6
Tomato
Left; Store Sample 6 Days on Cracked Ice
Right; Field Sample 6 Days on (racked Ice

Plate 7
Tomato
Left; Store Sample 6 Days at Room Temperature
Right: Field Sample 6 Days at Room Temperature



Plate 8

Peach

Field Sample

6 Days on Cracked Ice

Plate 9

Peach

Field Sample

6 Days at Room Temperature

10



Plate 10
Peach
Store Sample 2 Days at Room Temperature



Moisture changes

Average changes in moisture content of fruits and vegetables ocourring

in six days unless otherwise indicated: =

Product FIeld Sanple Ttore Saple
Joed Uniced Iced Uniced
Oogz 4+ I8 nOrs.
Aspm_giut O|§% + 2.2% - 0.2% 4 2.7% -
Green Snap Bean 0+5% = 1.5% = 0.3% = 5¢3% =
Green Sweet Corn 244% = 12,9% = 1.0% = 1661% =
4 Days
Must&!‘d O-s% - 9- - 0.1% £ 5.4 -
Fﬁyl S Days
S_pimdl 0.4% - ?.6% - 1.% - 400% -
Tomato 006% - 0_.3% - O.S}! b 00?% -
4 Days 4 Days
cantaloupe 0.1% = 0.5% & 0.1% & 0.0% =
P“dl 1.4% - 2.1_& - 1-9% - 305% -
1 Day 3 Days
Strawberry 0.4%7 = 0.6% = 1lel%Z = 0.7% =
3 Days 3 Days
0-1%‘ 0.5% -

* 4 = Inorease in per cent moisture.
- = Decrease in per cent moisture.

As indicated in above table, the moisture loss was greater in pro=
duce held at room temperature. There was very little difference between
icing and room temperature with respect to the tomato, cantaloupe, and
strawberry. The greatest loss of moisture occurred with leafy vegetables

and preen sweet corn at room temperature.



Color Chenges

chenges in color of the fresh fruits and vegetables were determined
by matching with the color plates of the Dictionary of Color (24).
Results;,

Asperagus: Mary TWashington

Iceds Little or no change in color. (Plate 20, K-4 to E=5)

Uniced; The color became lighter and in some stalks changed to a
near white. (Plate 20, J=1 to K=7).
Green Snap Bean: Burpee's Stringless Creenpod

Iced; No eppreciable change in color. (Plate 18, I=6 to I=7).
Then the samples were removed from ice at end of six days and left at
roon temperature for one day, brown spots appeared on the pods. Tais con=-
dition was due to a physiological breakdown which has been called "weather-
ing" (31). This often appears on green beans that have been held for same
time in cold storage (31). Tests with similar green beans stored in a
refrigerator for one day did not show this condition.

Uniced; Developed a lighter color. (Plate 18, E-6 to B=3).

Green Sweot Corns Tendermost

Iceds Very little change in the kernel (Plate 10, I=3 to I-4) or
husk color.

Unioceds Slight change in kernel color. (Plate 10, I=3 to J=3). The
husk faded from green to white and to dryness of the husk of mature corn.
Mustards Southern Giant curled

Iced; No appreciable change in color (Plate 21, K=7 to K=8).

Uniced: Changed to a lighter green color and in limited instances a
few of the leaves became completely yellow at the end of six days. (Plate

21, K=7 to L=3).



A

Spinach: Bloomsdele Longstanding

Iced; Developed a slightly darker green color. (Plate 22, k=7 to
E=8)e

hiced: Developed e slirhtly lighter green color. (Plate 22, K=7
to K=1).
Tomato; Stokesdale

Joed;: A deeper red color developed but at a slower rate than in
those at room temperature. (Plate 3, (=12 to H-12).

Tniced; A deeper red color developed at a more rapid rate than in
those on oracked ice. (Plate 3, (=12 to K~12).
Cantaloupe; Hale No. 36

Iced: No appreciable change in internal flesh color. (Plate 11,
B=8 to B=9),

Uniced; Slight change to a lighter internal flesh color. (Plate
11, B=8 to E=9).
Peach: Elberta

The light colored side of the peach was used for the color determin=-
ation as the changes were more noticeable on that portion of the fruit.

Iced; No appreciable color change. (Plate 10, E-10 to E=1l1).

Uniced: Color developed slightly deeper. (Plate 10, E-10 to G=10).
Strawberry; Blakemore

Iced: The color faded and in a few berries changed to a near white.
(Plate 2, L=9 to J=3).

Uniced; The color changed to a slightly darker red., (Plate 2, L=9

to 1~12).



TFlavor changes

In general, the flavor of the fresh fruits or vegetables in the oracked
ice display ocase changed very little from the start of the test until the
end of the six day period with the exception of the following: strawberry,
in which the flavor was good until mold developed by the third to fourth
dey; peach, in which slight deterioration of flavor was noticeable by the
end of five days. Green sweet corn lost its fresh flavor within four or five
days as the starch content increased. Generally, the flavor of the store
’_aamplas chenged one day earlier than that of the field samples,

The flavor of the fruits and vegetables at room temperature changed
noticeably within two to three days with the exception of the tmaﬁ which
held for five days. Frequently, spoilage acted as the principal factor
affecting the flavor changes, Other factors may have been chemical changes

occurring within the plant tissues and loss of moisture.
Texture Changes

Scale of Evaluation of Texture
l. Firm, crisp, tender, milky.
2. Slightly firm, slightly crisp, slightly tough,
slightly starchye.
Se Slightly soft, wilted, medium tough, medium starchy.
4, Soft, flabby, tough, starchy.
6. Very soft, shriveled, very tough, very starchy.

== Produce Spoiled (test terminated).



Effect of Time and Treatment on Texture of Fresh
Fruits and Vegetables

Test ICHD ROOM TEMPERATURE
Material Days 1 2 8% 4 5 6 1 2 38 4 5 6
_F.s" 1_ 1 1 1 1 1— 1 2 5 ‘ -
Asparagus SeSe* 2 2 2 2 2 2 2 2 & &6 =
Green Sn&p [F.S. I I I I T 1T T 3 4 4 € 14
Bean S.S. 2 2 2 2 2 2 2 4 4 4 4 5
Green Sweet F.o. I % % ¥ & = T 2 8§ 4 & b
corn S.S. 2 2 2 2 2 8 2 3 4 65 5 b
Faba 1 1 1 1 1 1 1-3 4 4 65 =
Mustard S.5. l1 1 1 1 1 1 1-3 6§ § =
FeSe T I I I I 1 IS 2 8 4 ©§ =
Spinach S8 2 1 1 1 1 1 2 3 4 =
Fobe T 1 3 I Z % I ¢ T F T 2
Tomato SeSe I ¥ 3 1 % I 1 1 2 3 4 &
F.S. ¥ I 1 L 1 I T I % 2 § =
cantaloupe S.S. 1 1 1 1 1 1 1 2 4 5 =
FeSe 1 1 1 1 1 1 T 1 8 & § -
Peach SeSe 1 1 1 1 1 1 1 3 4 5 =
FoS. 1 1 2 8§ &5 = Z 8§ & =
Strawberry S.S. 1 1 2 3 5 = 3 5§ =

*FeS8e Field Sample

*Se.Se Store Sample

The terms firm, slightly soft, soft, and very soft apply to the fleshy
fruits and vegetables, while flabby and shriveled refer specifically to
green snap beans,.

The terms orisp or wilted apply to the leafy vegetables and to asparagus.

The terms tender, milky or tough refer to green sweet corn,



Effect of Time and Treatment on Retention of

Market Quality of Fruits and Vegetables

Test Lmterial

ICED UNICED
F.S. SeSe Fee SeSe

Asparagus - 2 Days 2 Days
Crecen Snap Bean - 3 Days 2 Days
Green Sweet Corn - 2 Days 2 Days
lustard - 2 Days 2 Days
Spinach - 2 Days 2 Days
Tomato - 5 Days 4 pays
cantaloupe - S=4 Days 3 Days
Peach - S=4 Days 2=3 Days
Strawberry 4~5 Days 3=4¢ Days  1-2 Days 18 hrs.=-lDay

FeSe Field Sample

SeSe Store Sample

- Did not become wmarketable within the S-day period.

Spoilage

None of the iced produce, except strawberry, spoiled within the six

days of the test. The produce displayed at room temperature spoiled with-

in the period indicated,
Asparaguss Field Sample
Store Sample
Mustard ; Field Sample
Store Sample
Spinach; Field Sample
Store Sample
cantaloupe: Field Sample

Store Sample

3=-6 Days
3=-4 Days
4-6 Days
3-4 Days
3=5 Days
3 Days

4-5 Days

3=~4 Days



48

Peach; Field Sample 5 Days Brown rot
Store Sample 4 Days Brown rot
Strawberry: Field Sample S Days
Store Sample 2=3 Days

Green snap bean and green sweet corn apparently were not affected
by decay organisms during the test periode Tests indicated that freshly
harvested produce remained in good condition fram one to two days longer
than samples purchased locally fram stores. This result is, in part, due
to the difference in time of harvest as well as to previous handling and
storage conditions. Vhere spoilage (produce became unsuitable for food)

occurred due to decay organisms, the display case was cleaned with formalin

solution following the test,
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DISCUSSION

The effect of cracked ice on both freshly harvested and store pur-
chased produce was beneficial from the standpoint of retention of Vitamin
C, color, flavor, and texture, which remained excellent for six days of
the test period except for strawberries and peaches. The strawberry on
cracked ice changed to & lighter color and a few berries changed to a near
white. This chenge in color reduces the merket value of the strawberry.
In the peach there was a slight deterioration of flavor noticeable at the
end of five days which did not meke the peach ummarketable.

At room temperature all fruits and vegetables deteriorated rapidly
with oonaiderabie loss of Vitamin C and moisture. The color, flavor, and
texture changes were noticeable within one to three days. Store purchased
produce usually deteriorated one day earlier than freshly harvested
material.

The produce on cracked ice display, except for strawberry, r emained
marketable for the six day test periods On room temperature display the
produce became ummarketable within one to three days. The losses from
spoilage in room temperature display of fruits and vegetables was serious,

Cracked ice was effective in mainteining & higher Vitamin C content,
moisture content, and in preserving the freshly harvested appearance of
the fruits and vegetables studied (except for strawberries).

As shown in charts one to eighteen ( pages 18 to 35 ) the peak rate
of loss ocours within the first twenty-four hours of storage. After this
peak is reached the rate declines and remains nearly constant. In freshly
harvested produce on room temperature display the peak rate of loss is
reached at the first six hour period. On oracked ice the peak waes reached

at the first twelve hours. In store purchased produce the time at which



50

the peak rate of loss ocourred was six to twelve hours later than in fresh-
ly harvested produce. In nearly all instances, the rate of loss was higher
in produce on room temperature display than on aracked ice display through-
out the test period. Perhaps the lower temperature decreased the chemiocal
activity or enzymatic action which increased the amount of time required
for the peak rate of loss to ocour.

The moisture content of freshly harvested asparagus on cracked ice
increased 0.5% in six days. All other produce lost from 0.4% to 2.4% mois-
ture. Produce obtained from a local grocery and placed on cracked ice in=
creased in moisture content; asparagus 0.2% to 0.9%, mustard 0,1%, end
cantaloupe O.1%. Tests of freshly harvested produce at room t emperature
indicated an increase in moisture content; cantaloupe 0.5% in four days
and strawberry 0.1% in three days. These inoreases may be due to sampling
error as both were in poor condition after three to four days at room temper-
ature. Freshly harvested produce in room temperature display showed moisture
losses of 0.6% to 12.9% in five to six days. Store purchased produce lost
0e3% to 16.1%e This shows a greater loss in moisture content in room temper-
ature display as compared to cracked ice display.

The fresh color was retained in all produce on oracked ice display,
exocept strawberries. In this instance the color faded end a few berries
changed to a near white. Produce at room temperature lost fresh color rapid-
ly in comparison with that on oracked ice.

Flavor, texture and market quality are apparently somewhat interrelated
as indicated by tabulated results which show fairly close agreement. On ice,
the produce retained flavor, texture and market quality, with the exception
of strawberries. Produce at room temperature deteriorated in flavor, tex-

ture, and market quality within one to four days.
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Of the iced produce none, except strawberry spoiled within the test
period. Strawberry spoiled within two to four days, depending on time of
harvest and treatment. The produce at room temperature spoiled within two
to five days, except snap bean and sweet corn which were not affected by

decay orgenisms within the test period.
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CONCLUSION

These date indicate the beneficial effect of cracked ice that may be
expected on fresh fruits and vegetables at harvest, during transportatien,
and while displayed in the retail markets., This effect is due to greater re-
tention of Vitamin ¢, improved appearance, and keeping quality. Thus it is
shown that freshly harvested spinach (for example) on oracked ice display
lost 14% of the original Vitamin C content in three days, Similar spinach
at room temperature lost 42%. Iced spinach retained the freshly harvested
appearance and was in good condition at the end of six days., At room tem-
perature storage the freshly harvested appearance was lost in one day and
was unfit for food in three to five days,

Cracked ice combines the factors of low temperature and high humidity
which aid in retaining the nutritional value and appearance of the produce.
The result is more apparent in leafy vegetables. The loss of moisture was
less and the amount of waste due to trimming and spoilage was reduced when
the vegetable was stored on ice,

The groucer will benefit by use of oracked ice on fresh produce which
reduces shrinkege (moisture loss) and waste due to trimming and spoilage,
Freshly harvested sweet corn when iced lost 2.47 moisture and retained the
fresh appearance and was salable at the end of six days. Similar sweet
corn at room temperature lost 12,97 moisture and was unsalable at the end of
two days; at the end of six, the kernels were dented and very toughe

A higher rate of loss of Vitamin C occurred with room temperature dis-
play as compared to oracked ice display. As scon as harvested, produce
should be placed in cracked ice and the protection thus afforded maintained

throughout the transportetion and marketing period.
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SUMMARY

1. Cracked ice preserves the freshness and food value (ascorbic acid)
of fruits and vegetables at harvest, during transportation, and on sales
display.

2. Moisture loss from fruits and vegetables was less in cracked ice
storage than in room temperature storage,

3« The losses of Vitamin C and color, flavor, snd texture changes
were greater in produce at room temperature than when produce was displayed
on cracked ioce.

4, The rate of loss of Vitamin C from the produce was higher at room
temperature than at the temperature of aracked ice,

5. Cracked ice storage was more beneficiel with mustard, spinach, as-
paragus, and peach than with tomato, snap bean, sweet corn, cantaloupe, and
strawberry.

6+ The strawberry lost its fresh color and remained in good condition
only one day longer on cracked ice than at room temperature,

7e The data indicate losses from spoilage are negligible where cracked
ice is used, with the exception of strawberries. The loss from spoilage
at room temperature was serious.

8. The expense of io:l.ng may be offset by higher retail prices due
to better appearance and reduction in losses due to spoilage. The possibil-

ity of greater sales volume should not be overlooked.
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