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FUTURE
success or even the very existence

of the dried-prune industry of Oregon, in
common with that of other prune regions, is
dependent directly upon the ability and willing-
ness of the industry to place on the market a
higher-quality and better-standardized product.
The "cracker barrel" days of food merchan-
dising have gone. Consumers have learned to
expect uniform quality offered in convenient-
size packages. This publication presents obser-
vations and experimental evidence indicating
methods of improvement in present practices in
prune handling from orchard to market. With
the higher-quality product for marketing, pack-
ers must then improve their system of grades
and standards.



Factors for Consideration in Standard-
ization of Oregon Dried Prunes

By

ERNEST H. WIEGANO and D. E. BULLIS

RECOMMENDATIONS

The adoption of the recommendations tnade in this Bulletin is bound
to bring about substantial improvement in the market grades and quality
of dried prunes. in consideration of the present marketing difficulties only
a first-class product can Save the prune industry to the position of import-
ance it has heretofore held.

SELECTION OF PRUNES FOR DRYING

Fruit to be discarded. Under the present Federal and State food
regulations fruit that is diseased, filthy, spoiled, or contaminated will con-
demn any good fruit with which it is mixed. The law does not permit of
any tolerances of such condition. It is therefore necessary for the grower
to remove all traces of spoilage and contamination before delivery to the
packer. The packer recognizes all these conditions and will not accept
fruit that would be condemned under the food laws. In the production of
good marketable prunes rigid supervision of the orchard is essential. This
applies to pruning, spraying, cultivating, and harvesting. It is extremely
essential that fruit infected with brown-rot or mold or fruit partly decom-
posed, scabby, or dirty be removed from the orchard and destroyed. Fur-
ther inspection is necessary at the drier to give assurance that the finished
product will be of sound character and in merchantable condition.

Under-maturity. Immaturity, a condition often found because of the
manner of harvesting, lowers the quality of the finished product. To
eliminate easily and effectively the very green fruit, flotation in light brine
solution may be resorted to.5 This manner of separating mature from
immature fruit need not be costly. If applied in the proper way it is much
more economical than hand sorting. In fact, the process of flotation cart
best be utilized in removing immature fruit which otherwise might become

From Oregon Agricultural Experiment Station Bulletin 252:

GRAViTY SEPARATIONS APPLIED TO FRESH Fpuxp

At the laboratory salt solutions ranging in density from 400 o 600 salometert had been
prepared for use in the flolaiion part of the work. The fresh fruit as recetved on the day of
picking was Srst immersed in a salt solution of 40° salometer; those prunes which floated to
the surface were skimmed off. The prunes which sank in this 40° solution were next
immersed in a 500 salo,neter salt solution from which the floats svere likesvise removed. The
prunes which sank in the 50° solution of salt were again immersed this time in a 60°
salometer salt solution where sinks and floats were again obtained. These four gravity
fractions thereafter were known as 40° floats, 50° floats, 60° floats, and 60° sinks.

Results of fresh fruit separations. Results tabulated below show the proportions of
fruit which fell into each of the different gravity (Footnote conttntted on following page.)

5Degrees salometer represents the percent of saturation of the solution with respect
to salt.
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the predominating factor in spoiling the appearance of the finished pro-
cessed product.

Mature fruit. Mature fruit, making an acceptable finished product, is
firm in flesh, bright in color, and true to type. The characteristic color in
the Italian variety, which indicates complete maturity, is a deep purple
skin with a dark reddish golden colored flesh.

Dipped fruit. Fruit which has been dipped in lye is discriminated
against by the packer because of the presence of skin injury that later
may be a source of infection and spoilage. As another step in improvement.
in the quality of a dried prune, lye-dipping should be entirely dispensed
with and water, either hot or cold, used. Under proper drying conditions
there is very little advantage in lye-dipping.

Diseased and blemished fruit. Fruit that is diseased with brown-rot,
mold, and fermentation may not be marketed. It has been found that fruit
so infected can be removed effectively only by hand sorting. Such sorting
is best carried out on tables where the prunes may readily be examined or
on slowly moving belts especially designed for this work. Such belts
fractions. The conditions prevailing as to maturity of fruit at the time of each picking are
plainly to be correlated with the weight of each gravity fraction.

The combined weight of he 60 float and 60 sink fractions for the first picking was great-
er than that for any of the later pickings. The fruit harvested first, having fallen of its own
weight, was ripest. A portion of the 4O floats of this picking doubtless results from the
inclusion of over-mature and somewhat decayed fruits.

From second and third pickings, there were substantially larger amounts of fruit floated
Out by the 4O salt solution. This fact, however, is traceable to the inclusion of many im-
mature fruits that had been loosened from the trees by the vigorous shakings given them.
It will be noticed that the total time covered by the three pickings is short, too short in
fact to make possible a uniformly mature crop.

The weather conditions prevailing during the harvest of the 1927 crop were not
peculiar. The grower of prunes in the Willamette Valley is usually confronted with un-
favorable weather conditions at harvest time. 1-larvesting operations are therefore hastened,
with results to the crop that have just been pointed out. It is particularly necessary here
in the Willamette Valley to adopt a system of grading that will put prelerably riper fruits
into grades by themselves.

Relation of maturity to soluble solids. The physical examination of the various gravity
fractions showed at once that all the red fruits, whose color was due to uriderdevelopnsent,
had been floated out in the 40 salc solution. Verification of that conclusion is to be found
in the results of tests applied to the extracted juice from ihe several gravity fractions. The
expressed juices from portions of the first and second pickings svere tested with a Balling
hydrometer for soluble solids, with results shown below. The pectinous nature of the ex-
tracted juice from the last picking prevented satisfactory readings on the hydromeier scale,
for which reason they are not included.

1st picking 2d picking
Fraction salometer degrees Balling degrees Balling

In all cases but one, increase in density of fruit is accompanied by increase in percent-
age of sugar. In the 6O salt solution the prunes from the first picking gave a juice with
soluble solids of only 20.2 percent Balling. It was assumed that this one exception to the
general rule was due to the large number of over-mature fruits present in this fractio,i. It
has already been noted that many of that kind had been on the ground for some time
previous to the first picking and had passed the perfect stage of maturity for drying.

40 F 150 25.22 361.5 36.80 413 52.12
SOF 245 41.21 460.5 46.95 259 32.68
60F 134.5 22.63 145.75 14.85 111 1400
6 OS 65 10.94 13.75 1.40 9.5 1.20

40F 18.4 19.4
50F 21.5 20.0
6OF 26.2 26.0
60S 20.2 34.0

Fraction salometer

1st picking 2d picking 3d picking

Weight
Percent

of total Weight
Percent
of total Weight

Percent
of total

Pounds Pounds % Pounds %
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should not move faster than twenty-five to thirty-five feet per minute. The
complete removal of all diseased or spoiled fruit necessitates that all the
fruit be turned over on the sorting belt. Devices can easily be constructed
to do this work. Sorting platforms and belts will also assist in the remov-
ing of blemished fruit such as scabby fruit which oftentimes is present in
large quantities and operates to lower the quality of the finished product.
If all infected fruits are removed prior to drying in the orchard and on the
sorting belt additional drying space will automatically be provided for the
sound fruit in the drier.

IMPROVING THE DRIED FRUIT

It is possible when producing a high-quality dried fruit to have the
conditions of drying so nearly right that the finished product will not
require an excessive amount of resorting. Of first importance in this
connection are the temperature conditions recommended in this Bulletin.
The maintenance of a uniform drying condition means a more uniformly
dried product and therefore one of higher quality.

Under-drying, of at least part of the fruit, often occurs unintentionally,
but it is a factor to be considered in the process of improving the quality
of the dried prune. Tray sorting to remove the under-dried prunes is
imperative and growers not familiar with the character of dehydrated
fruit should have moisture tests made of their products to assure them-
selves that the moisture content does not exceed 20 percent. If a moisture
figure for the freshly dried prune is officially adopted it should not
exceed 20 percent for the flesh of the fruit because of the possibility of
bin spoilage.

If prunes are dried uniformly very little sorting will be required. The
presence of dobies, however, often causes trouble that may condemn an
entire lot of fruit. During sorting, both before and after drying, badly
cracked prunes should be removed and separately dried. For best appear-
ances of the finished product the skin is a natural protective agency and
should not be injured if best results are to be obtained in future handling
of the fruit.

PACKING PROCESSES ESSENTIAL

Size grading. The adoption of an increased number of sizes, especially
where grades have been split, should not be considered. From survey
work on the part of the Department of Agriculture5 it appears that a
reduction in the number of size grades would assist materially in market-
ing the product and decrease the cost of handling the fruit. The reduction
in number of sizes may materially increase the marketing possibilities of
the fruit. The blending processes used to obtain the necessary counts
show tile feasibility of increasing the number of points from ten to fifteen
for a grade size.

Processing. Quality standards cannot be improved greatly unless pro-
cessing is standardized also. The texture, flavor, and appearance of the
fruit is dependent in a large measure upon the processing procedure. In

U. S. Department of Agriculture Circular 416, 'Demand, Marketing, and Produc-
tion of Oregon and Washington Prunes," by Burke H. Critchfield.
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the first place the prune must be made sufficiently pliable in the processing
to give it luster and texture. Moisture is added in this process to soften
the fruit. Care should be used to see that the temperature is sufficiently
high to insure complete sterilization of the product, which means a tem-
perature of not less than 16O F. in the center of the fruit.

The fruit to be processed should be cleaned prior to processing. This
will prevent contamination of good fruit by odors and flavors carried into
the processing water. Sorting can be done to remove spoiled fruits not
detected in previous handling.

Moisture. The finished processed prunes packed in boxes should have
a moisture content not greater than 24 percent. This moisture content is
sufficiently low for all conditions under which the prune is usually shipped.
For sack prunes, however, lower moisture even than that recommended
for common storage is desirable.

UNITED EFFORT IMPERATIVE

This publication is based upon close observation on the part of the
authors over a period of several years and an abundance of experience.
The improvement of Oregon prunes is dependent in the main upon the
willingness of growers to adopt better cultural and drying practices. The
desired improvements are of the type that can be brought about only by
persistent effort on the part of the producer. His work must, of course,
be backed up by the packer. If united effort of this kind is not made, the
prune as a major crop in Oregon is doomed.

It is the purpose of this Bulletin to point out the various factors that
must be taken into consideration in the creation of higher standards for
the dried prune.

SANITATION

Of the many factors that must be taken into consideration in the
preservation of fruit products, sanitation is one of the most important.
The law is very clear on this subject and if surroundings in which a food
product is manufactured are not kept clean and sanitary the product is
subject to seizure and condemnation. In the prune industry this require-
ment of cleanliness applies to the drier, utensils used, water used for
washing the fruit, and employees.

Orchard sanitation. Sanitation should start at the orchard. Every
effort should be made to keep the orchards clean and free from disease by
thorough pruning and spraying. All diseased fruit is best removed and
destroyed to prevent further contamination of the orchard. The removal
of dcad wood and pruning to permit better ventilation will bring about
more vigor and help to retard the growth of brown-rot.
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Figure 1. Fresh prunes mummified by brown-rot.

fl
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Clean field boxes. Field boxes, which are usually a source of contami-
nation, would spread less disease if properly cleaned in a chlorine solution
or by live steam or even by dry heat. Brown-rot and mold are often car-
ried from the orchard to the drier or from the drier to the orchard because
no effort is made to rid the containers of this contamination.

Sanitary preparation equipment; The equipment used in preparing the
fruit for drying can readily be kept clean. Sorting belts, dippers, or wash-
ers and tanks used in cleaning the fruit should be cleaned and disinfected
daily to keep down the spread of mold commonly found in such surround-
ings. The washing water should be changed at intervals throughout the
day to reduce the spread of contamination. The finished product will bene-
fit from rigid adherence to such practices.

Drying equipment. There is no place in the whole handling process
where thorough cleanliness is of greater importance than in the drier. If the
fruit juices are allowed to accumulate, earth and other waste will adhere to
the trays and also to the fruit. This provides a breeding place for decom-
posing organisms which will affect the quality of the dry fruit. The liberal
use of hot water with lye or chlorine will keep the drier and trays in good
working condition, making the whole process of drying much more
effective and, in the end, most economical.

Storage bins. There is much good fruit spoiled by inadequate facilities
for storage. Unless bins used for storage are kept clean and free from
pests, contamination occurs here which is transmitted to the packing plants
and often to the packed product. A little care given to the product during
temporary storage at the drier will prevent possible trouble later. Samples
of fruit taken from driers in many cases have shown excessive contamina-
tion and were probably the source of later packing troubles.

Packing houses. The sanitary condition of packing houses is no less
important than that which applies to driers. In spite of every precaution-
ary measure taken by the grower up to the time of delivery of the dried
product to the packer it must not be assumed that all danger of contamina-
tion is over once the product has been delivered at the packing plant. The
packer himself must be on guard against the spread of disease by careless
handling of even slightly contaminated products. Storage conditions must
be arranged to permit fumigation and cleaning. If this is done less trouble
will be encountered later if it is found necessary to hold fruit in storage
because of market conditions.

GROWING AND HARVESTING THE FRUIT
The production of good fruit requires continuous application. Unless

the orchard is watched constantly, pruned, fertilized, cultivated, and given
proper attention, the result is a poor, inferior-grade fruit. The tremendous
increase in brown-rot is in a measure due to neglect on the part of the
orchardist. This disease cannot be eliminated by simply sorting out infect-
ed fruit during harvest time. A spray and pruning program should be
adopted and followed if lasting results are to be obtained.

Harvesting methods can be improved, but require more orchard super-
vision than is now given. The practice of putting all fruit, good or bad,



Figure 2. Indian meal moth and larvae common in stored dried prunes.
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into the same box causes unnecessary losses. When brown-rotted and
moldy fruit is placed in boxes with good fruit the result is obvious if the
boxes are not emptied at once. Under ordinary storage conditions such as
are found in driers the growth of brown-rot is very rapid.

Fruit unfit for drying should be removed from the ground but should
be placed in separate containers and destroyed to prevent spread of in-
fection.

PREPARING THE FRUIT FOR DRYING
Sorting. In order to insure that the fruit dried will pass food inspection

it must be sorted carefully before drying. Sorting cannot be carried out
properly unless facilities are provided making it possible for the operator
to see the bad fruit. Sorting belts Or tables should be provided with ade-
quate lighting so that those doing the sorting can actually see the brown-
rot, mold, or other bad fruit which should be removed.

Light. Most drying plants do not have adequate lighting provisions.
The windows are few and small. If larger openings were cut in the walls
near the sorting tables better lighting facilities could thus be cheaply
provided.

Artificial light such as gas or electricity can be provided and so ar-
ranged as to give proper and sufficient light forcareful sorting. Cost of
installation is small. Where night traying is practiced careful sorting
should be carried on so that all infected fruit is removed before dipping.

Dipping or washing. Fruit which has been properly handled in har-
vesting does not require any pretreatment other than washing. For wash-
ing, either hot or cold water can be used. A plentiful supply of pure water
should be provided so that the wash water can be changed frequently and
the prunes rinsed before traying.

The use of lye causes skin injury and its use is not advisable. If thor-
ough washing with water only is practiced the color will be brighter and
the fruit will be more glossy after drying.

Removing undermatured fruit. To improve the quality of the finished
product the undermatured fruit can be removed before drying. This can be
done by following the directions given herein.

Experimentally the flotation process for removing undermatured fruit
was not found effective in removing brown-rotted or other diseased fruit.
It is therefore necessary to recommend rigid hand sorting to rid the pack
of all infected or spoiled fruit.

Traying. To obtain a uniform dried product the fruit should be trayed
one deep only. Wher too much fruit is placed on the tray the drying is
spotty and many underdried prunes are carried into the stack unless hand
sorting is resorted to.

Sorting for brown-rot cannot be done effectively on the tray, as it is
impossible to roll the fruit over as is done on belts or tables. The traying
operation is an operation in itself and is best not used for sorting purposes.

Storage of fresh fruit. During the harvesting season and at times when
the fruit comes off the tree faster than the driers are capable of handling it,
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Figure 3. Comparison between washed and lye-cut fruit,
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the storage of such fruit under natural conditions is not satisfactory as
indicated by experiments. Experimentally, the loss in handling such fruit
in common storage has exceeded 30 percent in practically every case. With
cold-storage facilities, however, fruit has been retained in its original con-
dition for periods as long as three weeks. Cold storage, however, is not
always feasible at present low prices for the finished product. It might be
utilized where cold-storage plants are in close proximity, provided the
price of the finished product warrants the payment of from 84 to 104 per
sixty-pound bok of fresh fruit.

In holding the fresh fruit for future use experimentally (Table VI) it
was kept in cold storage at 30° to 31° F. The first lots placed in storage
came off the trees in a very badly cracked condition, but were handled
with sufficient care so that contamination did not take place to any great
extent. This fruit, after being held in storage for twelve days, was removed
and sorted. Of the total 275 pounds, 224 pounds was perfect fruit and 51
pounds was made up of splits and rots. Less than one-half of one percent
of these, however, were actually molded or rotted to any appreciable
extent.

Other lots were placed in storage and held two and three weeks. The
first lot, which was held for two weeks, had only 9 pounds of spoiled fruit
out of a total of 240 pounds. Of the 9 pounds, 90 percent were cracks due
to rain at the time of harvesting and were in good condition when removed
from cold storage. The remaining 10 percent had decayed. The second
lot held for two weeks consisted of eight boxes and had a total of 21
pounds of spoiled fruit. Here again most of this moldy fruit was cracked
be(ore harvesting and was thus especially susceptible to infection.

These storage experiments were made to see whether cold storage
would actually prevent spoilage for the time being. After the fruit was
removed from storage it was ripened in common storage. Excessive spoil-
age resulted. Results on all lots of fresh fruit held in cold storage for
periods ranging from seven days to three weeks indicated the feasibility of
cold storage for handling excessive amounts of fresh fruits during the
peak of the drying season provided costs could be reduced so as to warrant
cold storing. If held in cold storage the fruit should go immediately to the
drier to prevent loss through spoilage.

DRYING IMPORTANT OPERATION
Good fruit is often spoiled by the use of improper drying methods.

After a thorough preparation, which is necessary to obtain a fruit accept-
able for drying, the next step to obtain a superior finished product is to
dry it under proper temperature, humidity, and circulation conditions.
Owing to poor drier operation, however, much of the good fruit is scorched
or burned in the drying process.

Natural-draft driers. Natural-draft driers require considerable atten-
tion to make them dry properly. Fluctuation in temperature, owing to the
kind of fuel used, is a common occurrence. For successful operation and a
fine finished product these driers should never be operated at temperatures
in excess of 175° F. If the heat is kept between 150° and 160° F., a much
more acceptable product is obtained with much less waste through drip
and scorching.
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To operate a natural-draft drier effectively the factors of circulation
and temperature must be taken into consideration. The temperature used
will not create rapid drying unless a good brisk circulation is established
that will carry off the moisture. For this purpose plenty of air should
enter the pit at all times. Obstructing the passage of the air through the
throat or tunnel and thus retarding upward movement of the partly spent
air through the stack are common practices which delay drying. A brisk
movement of the air at all times is extremely essential when drying is to
be speeded up.

Mechanical circulation. The adaptation of fans to the natural-draft
drier places it in a position similar to the dehydrater where all factors are
under the control of the operator. Such an adaptation improves the fruit
by enabling the more accurate control of all conditions of drying that
might affect the quality.

It has been found by experiments at the Oregon Agricultural Experi-
ment Station that a maximum temperature of 165° F., 15 to 25 percent
humidity with a circulation of 650 to 750 lineal feet per minute, will give an
excellent product, free from scorching, bright in color, and exceptional in
flavor.

The construction of such a unit is not difficult and the illustration
(Figure 4) will clearly show the manner in which the change from the
old-type drier can be made.

Figure 4. Natural-draft drier remodeled into recirculated drier.
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Dehydraters. \'Vith the newer types of dehydraters the principle is
identical except that the fruit is trayed and placed on cars. This makes
handling much simpler and more economical. This method of handling is
illustrated in Figures 5, 6, and 7.

Figure 5. Building elevation of U.S.C. recirculaijon dehydrator.

Temperature, circulation, and humidity conditions are identical with
those found in the remodeled type of drier previously described. The main-
tenance of these conditions is extremely important if the product is to be
of high quality.

It has been found that when growers operate dehydraters they often
increase the temperature of the air to speed up drying. Increasing the
drying rate can be brought about best by dropping the humidity slightly
and is done by recirculating less of the air. 'vVhen the return-air intake
from the tunnel to the heating chamber is partly closed the fan begins to
take in more fresh air and to exhaust more of the partly saturated air, thus
creating a lower humidity condition within the drying tunnel.

Case hardening. Extremely dry air will cause case hardening or sur-
face drying. When the surface of the fruit dries too fast and the cells
become hard there is very little interchange of moisture from the cells
within the fruit to the outer layer. To prevent such a condition, humidity
should be increased in order that surface drying may be slowed up. Ex-
cessive surface drying spoils the texture and quality of the dried fruit.
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Moisture content. Fresh prunes normally contain about 75 percent
moisture. In the drying process all but 20 percent should be eliminated.
Often, however, the fruit is not evenly dried and considerable variation in
moisture content exists. Case-hardened fruit may appear to be dry enough
yet often contains in excess of 20 percent moisture which later causes
spoiling in storage. Care should be used to have the fruit dry enough to
keep the total moisture under 20 percent. If this is done spoilage in storage
will not occur.
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Tray sorting. Regardless of the type of drier or dehydrater used tray
sorting of dried prunes should be practiced. Regardless of how uniformly
the fruit may have been dried there are always some prunes present that
are underdried and they should be removed from the properly dried fruit.
Much of the bin trouble is traceable directly to fruit from dehydraters
which has not been tray sorted.

Sh.'et N
OA.C. IHPPOVrD RSCIPCIJLAT/ON OEHYDR.4TQj?
Ooço,, A9',cc,ifura/ Stc,fio,,
rtcte/t,,,-e Products Section

Nd.....f On- .S,./j

Figure 7. End elevation of 2-tunnel and 3-tunnel dehydrater.

Binning. The practice of binning fruit before delivery, while good in
principle, is often misunderstood by growers. Binning is not a cure for
underdrying. Its purpose is not transferal of water from one prune to
another but an equalization of moisture conditions within each fruit. As
before mentioned the fruit during the drying process dries faster on the
surface and, in consequence, the surface cells become hardened. Such a
condition gives the fruit an appearance of poor texture. When binned,
however, and after the interior moisture has had an opportunity to equalize
moisture conditions throughout the entire fruit, the exterior texture chang-
es and a fine soft prune is obtained. This is the main purpose of binning.
When binning is practiced processing is easier and more successful.

Dobies and other underdried fruit should be rigidly eliminated before
binning takes place. The presence of such fruit encourages mold growth
and fermentation. Excessive moisture as shown by tests should be a warn-
ing of the presence of underdried fruits.

The practice of mixing the fruit in the bin improves the general texture
and equalizes the moisture content of the fruit. It prevents lumping and
gives a more uniform appearance to the finished product. Where mixing



Figure 8. Some scabby prunes can often be sorted from the trays after drying.
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Figure 9. Bin mold, an infection present where storage conditions are unsanitary and fruit
is too moist.
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is resorted to, the fruit should not be piled too deep and ample space
should be provided to facilitate the turning of the fruit.

Sacks for transporting dried fruit. It is customary to use sacks for the
purpose of transporting prunes from the drier to the packing plants and
also for export shipment. Only cleaned and sterilized sacks should be used.
The use of the poorer grades of sacks should be discriminated against.
Hemp and jute bags impart flavors and odors to the fruit and also shed
fibers which are not entirely removed from the fruit in the washing and
processing.

ACCEPTANCE OF FRUIT AT PACKING PLANT

The adoption of more rigid acceptance requirements by the packers
necessitates more care in sorting by the grower. Heretofore it has been
customary to receive fruit which had been contracted without subjecting
it to a close examination at the delivery platform. When the packer accepts
a grower's lot of fruit he is immediately made liable for any condition
which does not meet the regulations of the pure-food law. The packers
have therefore made a ruling that fruit which does not meet the require-
ments of the pure-food laws will not be acceptable to them. This means
that brown-rotted, moldy, wormy, or partly decomposed prunes will not
be accepted. It places the burden of proof on the grower and he must have
his prunes in condition to pass inspection at the door of the packing plant.

Underdried and unsorted prunes will be discriminated against as
moisture tests of the fruit are now being made by some of the packers in
order to guard against future bin spoilage. For this purpose some are
using the official oven methods, others Toluene* or Xylene* moisture
testers. The two latter will give results accurate enough for drier or the
packing plant provided some competent person is assigned to operate
them.

Keeping of definite records on each man's delivery is an important
phase of packing-house procedure. These records in addition to sizes
should contain a definite statement of fruit condition, appearance, quality,
and moisture content. In regulatory work carried on by inspectors infor-
mation regarding unsatisfactory lots which are held by growers is recorded
and filed. If the packer will keep such records on file it will prevent
difficulties later on when shipping occurs.

GRADING FRUIT TO SIZE
Fruit accepted by the paker is graded to size on the ten-point system.

The grade sizes usually range from 20 to 30 prunes per pound to smaller
sizes 90 to 100 prunes per pound. In the past few years, however, many
prunes have been graded and marketed on the five-point system. The use
of the many size grades merely complicates the marketing system and
makes the process of standardization more difficult. Adoption of fewer
sizes and more attention to the character of the fruit within these size
ranges would doubtless improve the quality of the pack and even save
considerable money in the handling and packing operation. The use of the

Refer to Oregon Agricultural Experiment Siaiion Circular 82.



22 AGRICULTURAL EXPERIMENT STATION BULLETIN 291

ten-point system is so complicated that it was suggested at one time that
grade sizes below the sixty count be shipped only as bulk prunes in bags.
Such a procedure has merit in both packing and marketing.

From the standpoint of the consumer, the many size grades mean
nothing. The Federal Prune Survey* pointed out that in many instances
even the trade was not familiar with the sizes and bought the fruit mainly
on appearance.

Blending. Oftentimes in grading prunes to size, blends of two sizes
are made to obtain the desired count per pound. Where blending is re-
sorted to, adjacent sizes should be used for the purpose of changing the
size grade rather than to incorporate a small-sized fruit to bring the grade
to the desired point.

Sorting at grader. The practice of hand sorting at the grader should
be practiced if the quality is to be improved. Undoubtedly there are many
prunes thatshould be eliminated from the bins and can best be taken out
at the grader. Some packers have equipped their graders so that each

°.e grade will have individual picking belts. With such a system of sorting
the grades are greatly improved and any brown-rotted or spoiled fruit
that may still remain can here be eliminated.

Binning the graded fruit. It is customary to bin the fruit in open bins
at the packing house. This practice does not make it possible readily to
treat individual lots for insect infestation. If the bins were designed SO
they could be closed tightly, however, fumigation with ethylene oxide
and carbon dioxide could be practiced to keep down any infestation that
might otherwise arise.

Reconditioning the fruit. Fruit that has started to spoil cannot be re-
conditioned and still meet the provisions of the pure-food law. If mold
growth or fermentation has started it is too late to save the material. Any
treatment which fruit may need to hold it until consumed must be given
before actual spoilage sets in.

To prevent mold growth and fermentation, dry steam at 2120 F. is
effective in sterilizing the fruit. After such a treatment it should not be
binned in a deep pile but spread over a large area and allowed to dry out.
Sugaring, a characteristic of dried prunes, can be treated in this way.
Steaming will also prevent infestation by mites.

The essential feature in holding dry fruit is to have a well ventilated,
cool (5O06O0 F.), clean, and sanitary storage room. The fruit must be stored
with a low-enough moisture content to prevent fermentation 2nd spoilage
of all kinds. Again it is emphasized that the flesh moisture of dried Italian
prunes should never exceed 20 percent. Underdried fruit should be elimi-
nated to prevent focal points where infection and spoilage might start.

PROCESSING AND PACKING PRUNES

Prunes after processing are packed according to the grade size desired.
In the original sizing process they often size to a seven point, which will
allow of some absorption of moisture. The amount absorbed will depend

U. S. Department of Agriculture Circular 416. April 1927.



Figure 10. Characteristic brown-rot infected prunes which should be removed from the pack.
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Figttre 11. Sugaring of dried prunes, found in fruit that has been stored for a long time.



on the fruit and type of processor. Experimentally it has been found that
prunes will absorb from a fraction of 1 percent to 6 percent water during
processing. In water processors the absorption is considerably more than
in steam or vapor processors as the fruit comes into direct contact with
the water. In the steam units the water is sprayed on to the fruit and the
time and thoroughness of contact are reduced so that less moisture is
absorbed.

Sterilization effect. Three important improvements are brought about
by the heat treatment given the prunes in processing.

The prunes are heated sufficiently to sterilize and kill all eggs,
yeasts, molds, and contaminating organisms. If this process is carried on
properly so that a temperature of not less than 1600 F. is reached in the
center of the fruit, the fruit should keep well under ordinary storage
conditions.

The process is one of cleansing action as well as sterilization. In
the steam processors hot water is usually sprayed over the fruit to remove
all adhering earth and sirup. In the water processors the cleaning and
sterilizing take place together.

A distinct softening occurs in the heating process which improves
the general texture and appearance and also slightly increases the moisture
content.

Wash fruit before processing. Because processing vitally affects the
final condition of the fruit, the processing should be carried on properly if
a high-quality finished arficle is to be obtained. Processing the fruit in
stagnant water does not improve the quality of the fruit. All processors
should be equipped with washing apparatus to remove adhering earth and
sirup before the fruit actually enters the steam or hot water. If this is
done the prune is of better flavor and is not filled with foreign odors or
flavors which it has absorbed with the water.

Sorting fruit after processing. Before boxing, a final sorting is of
advantage. This sorting is best done on wire conveyor belts rather than
on the shaker which usually conveys the fruit to the bin. If the fruit is
conveyed smoothly past the sorters it is possible to remove more effective-
ly the inferior grades of fruits.

Boxing prunes. Prunes are packed for the trade in standard 25-pound
boxes. In filling these boxes with freshly processed fruit, the packers
usually add from 1 to 2 ounces to the weight to allow for possible shrink-
age in cooling. The grade sizes are indicated on the ends of the boxes by
stamping these sizes into the wood. For export it is required that the box
be wired to prevent breaking in handling in transit.

Heat during boxing is important. It is very important to maintain the
prunes in a hot condition until they are actually in the box. This assures
complete sterilization and will prevent mold growth later. If the fruit is
not raised to a high temperature in the processor there is danger of mold
growth after packing. This is particularly true if the fruit is to be shipped
through the Canal Zone, where temperatures and humidities are high.

Investigations conducted on factors influencing spoilage of fruit in
transit have shown that perfectly sterilized fruit will transport without
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spoilage. This is true even when the moisture content is higher than that
recognized as safe for shipping. In every case where the fruit temperature
during packing did not reach 1500 F. some mold or fermentation occurred
during transit.

This spoilage condition was not brought about by the type of storage
on board ship but by the condition of the prunes shipped east through the
Canal Zone. These test prunes were placed with lots from the various
Northwest packers and lots sterilized at both low and high temperature
were shipped together under identical ship-storage conditions.

Cooling processed prunes. The procedure used in cooling freshly
packed prunes is important. Most of the fruit packed in the Northwest is
transported to market by boat. If prunes are stored in the hold of a ship
when hot, sweating and consequent spoilage may take place. It is to the
interest of the shippers to see that all freshly packed prunes are cold before
being delivered to the dock so that conditions will be favorable for safe
shipment.

For proper cooling, fruit should not be piled in tight stacks. Space
should be allowed between each row and an offset allowed between each
box so that there will be circulation between the boxes at all times. It has
been found that under normal conditions of handling, it takes a box forty-
eight hours or longer to cool while in the stack. Where insufficient air
circulation was provided, it took three days to bring the temperature down
below 1000 F. Prolonged heating is injurious to the quality of the fruit.
It removes the gloss, injures the texture, and makes the fruit soft.

Inspection of prunes. The inspection of dried prunes is maintained by
the Northwest Dried Fruit Association. Certificates covering this inspec-
tion are issued by the inspector and are recognized by the trade.

All defects recognized by the State and Federal Government are in-
corporated in the regulations of the Dried Fruit inspection service. Toler-
ances are allowed for blemishes that cannot be wholly removed by the
packer. Maximum moistures for good shipment are recognized although
no definite regulation has been adopted for this particular fruit designating
a. maximum permissible moisture content.

During these investigations a number of experiments have been made
to determine whether it is possible to detect by physical means the quality
characteristics of prunes separated by gravity. To determine the quality a
volumetric method was used whereby a given weight of prunes would
displace a certain volume of water. The results of these tests are shown
in Table I (Appendix). They indicate that such tests will actually show
the different qualities. There is so small a variation in the specific gravity
reading, however, that use of a volumetric method for quality grading is
not recommended at this time.

CONCLUSION

Incorporated in the foregoing discussion are the various factors that
should be considered in the promulgation of new standards for dried
prunes. The adoption of a new quality standard is essential when com-
peting with other prune-producing sections. To produce such a standard,
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however, prunes must be handled carefully from the orchard to the packed
box. The production methods employed are fully as essential to obtain this
as the other factors of harvesting, sorting, drying, binning, and processing.
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Tabulations of Data
TABLES I-Vu

DISCUSSION OF EXPERIMENTAL DATA

Table I illustrates the effect of varying densities of salt solution em-
ployed in separating prunes into grades of maturity. The increased ma-
turity characteristics are indicated by the increase in specific gravity of the
sample. Low-gravity grade prunes are immature, medium-gravity grade
are average medium fruit in lower-density solutions, and high-gravity
grades contain both mature and overmature fruit.

The data in Table I show an increase in specific gravity of fruit
sinking in the heavier salt solutions. In some of the heaviest fractions a
decrease is shown that illustrates the presence of overmature fruit. This
is particularly true in the first picking. The second and third pickings,
however, are more uniform and the overmatured fruits have been removed
and here fruit sinking in the heaviest salt solution is not influenced by the
presence of overmatured prunes.

It will be further noticed that the wider the range of density of the
salt solutions the wider the gravity range in the grades. Although the
gravity difference seems slight the contrast in quality between the grades
after separation is very apparent.

The count of fruit per pound is also affected by the varying density of
the solutions. The decrease in count indicates improved qualitya firm
fruit with high sugar content.

Table I illustrates clearly that the original maturity separation is
maintained after the fruit has been dried. The dried fruit, again separated
by flotation in sugar solutions of high gravity, shows a preponderance of
light prunes in the lighter grade, which verifies again the original results
obtained by gravity separation. The fact that some prunes are floated out
in solutions of lower densities in the second flotation indicates the effect
of light pits and porous flesh as cited in Bulletin 252*

Oregon Agricultural Experiment Station Bulletin 252, page 16:
Effect of the pit on gravity separation. In the course of the examination and separation

of the fruit into the various gravity fractions perfectly good fruit was often found in the
lowe, gravity grades. The physical exansinaiiott of this fruit indicated that it rightfully
belonged in a higher gravity fraction. The flesh \vas firm in texture, no porosity of any
consequence existed, and the fruit was of excellent color. Unable to account at once for this
variation, an examination of the pit was made, with the following results. The fruit which
had sunk in a 6O Balling sugar solution was pitted and the pits were Iloated separately.

4U solution-50% of the pits floated
5O solution-40% of the pits floated
6O solutionlQ% of the pits floated

29
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Table II illustrates the effect of processing on the specific gravity of
separated prunes. Prunes which have been experimentally processed have
a lowered specific gravity owing to imbibition of water. This is also char-
acteristic of fruit that has been processed in the regular commercial way.
The difference between the light and heavy fractions illustrates what
occurs through mixing of maturities. An actual variation of from 2 to 10
percent occurs in the count per pound between light and heavy fractions
from the same screen. The system for making the grade sizes more uni-
form in quality is that of separation by flotation as described in Agricul-
tural Experiment Station Bulletin 252. (See excerpt above, page 5.)

In Table III the effect of varying brine densities used in separating the
green fruit before drying is shown. The fruit was separated with a low-
density first solution in the first and second picking lots. It will be noticed
that the count of the dried fruit is much the same, with only a slight vari-
ation in the specific gravity. It will be noticed also that in the more dense
solutions the specific gravity of the fruit increased somewhat, indicating
greater maturity.

In the storage experiments analyses were made to determine whether
chemical change took place. Fruit did increase in sugars in common stor-
age as was indicated by results of Table IV. Where the fruit was separated
in 40° salometer brine after storage the difference between the stored and
unstored fruit from common storage was quite pronounced.

The increase is further shown in analysis of the dried sample indicated
in Table V. Samples AlA are fruits that have been brine separated from
lots At and show the increase noted in Table IV on the fresh product. The
other lots indicated show separations in brine solutions of varying density
and consequent segregation into high- and low-maturity lots.

The most important consideration in storage is spoilage. Table VI
shows the results of storage with reference to cold storage and later com-
mon storage. It will be noticed that common storage was extremely detri-
mental to the fruit. The loss in some cases reached 46.10 percent. This
indicated the impracticability of this form of storage. Cold storage, on the
other hand, was effective in holding the fruit over a long period. After cold
storage the breakdown was rapid, owing to the absorption of moisture
from the air by the cold fruit. In a moist condition the fruit spoilage
increased, owing to the presence of brown-rot which grew rapidly under
these conditions. Common mold was also present on fruit that had
cracked or was injured in handling. Where fruit is placed in cold storage
it should be dried immediately upon removal from storage if the best
results are to be obtained.

Table VII indicates the shrinkage that took place in drying the
samples placed in cold storage as indicated in Table VI. It will be noticed
that the fruit separated in the solutions of higher gravity had the lowest
drying ratio.
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TABLES I-Vu
NOTE: in. the tables the letter F indicates floa2ing fruit; S, sinking fruit.

TABLE I. EFFECT OF FRACTIONAL SEPARATION ON SPECIFIC GRAVITY
OF FRUIT FOR DIFFERENT SCREEN SIZES

Unprocessed Fruit

40t represents uiideciiiature truic which floated in a 40 as ometer salt solution.
6SF represents fruit which sank in a 40 salometer solution but floated in a 60

solut ion.
fScreen number refers to the sizes indicated as follows:
No. 1-over 29/16 inch. No. 4-18/16 inch. No. 7-15/16 inch.No. 2-20/16 inch. No. 5-17/16 inch. No. 8-14/16 inch.No. 3-19116 inch. No. 6-16/16 inch.
IFruit separated after drying by flotation in 45 and 55 Balling sugar solutions.

Picking
Flota-
tiorin

Screen
Count

per
pound

Specific
gravity

Number of prunes per fractionf

4SF 5SF 55S

Percent.
age
light

SI
2 40F 1-2-3 40 1.3072
2 60F 1-2-3 40 1.33 16

2 40F 4 41 1.313 2 17 63 23.20
2 60F 4 41 1.3 30 10 68 13.90

2 40F 5 44 1.3 06 7 26 54 37.90
2 60F 5 43 1.323 14 74 16.85

2 4SF 6 50 1.305 7 13 79 20.2
2 60 F 6 I 50 1.3 29 4 9 84 13.40

40F 7 50 1.288 7 18 79 24.05
2 60F 7 56 1.326 0 10 100 9.09

2 4SF 8 63 1.298 12 29 85 32.55
2 60F 8 65 1.319 11 112 13.84

4SF 2 39 1.308 18 64 26.45
3 60F 2 44 1.3 22 3 18 62 25.90

3 40F 3 45 1.302 4 23 67 28.70
3 6SF 3 38 1.3 18 14 64 17.90

3 40F 4 45 1.3 13 8 13 70 23. lO
3 60F 4 42 1.3 14 2 18 65 23.60

3
3

40F 5
6SF S

53
53

1.299
1.317

2
0

15
19

86
86

16.50
18.0

3 40F
I 6 67 1.303 7 39 81 37.30

3 60F 6 66 1.3 18 3 26 95 23.40

3 40F 7 79 1.237 28 57 73 53.80
3 60F 7 72 1.308 6 45 94 35.20
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TABLE II. EFFECT OF PROCESSING ON COUNT AND SPECIFIC GRAVITY
Fruit Processed March 28, 1930

"Refer to Table I.
tRefer to Table I.

TABLE III. SPECIFIC GRAVITY OF FIELD-RUN SAMPLES OF THE VARIOUS
PICKINGS AFTER SEPARATION IN SALT SOLUTION

"Refer to Table I.

Picking Flotation" Screent

Count
per

pound
Specific
gravity

40F 4 42 1.305
6SF 4 41 1.315

4SF 5 53 1.306
6SF 5 47 1.314

4SF 6 64 1.297
6SF 6 61 1.312

2 4SF 4 44 1.306
2 6SF 4 41 1.321

2 4SF 5 45 1.301
2 6SF 5 44 1.316

S 4SF 6 53 1.302
2 6SF 6 49 1.324

3 4SF 4 45 1.301
3 6SF 4 42 1.316

3 4SF 5 54 1.306
3 6SF 5 50 1.316

3 4SF 6 68 1.301
3 6SF 6 62 1.301

Solution and picking

Flotation,"
fresh sepa-

ration

Dried fruit

Count per
pound

Specific
gravity

30° and 40° salooieter salt solution
3SF 52 1.312
4SF 49 1.330
40S 50 1.321

2 3SF 52 1.320
2 4SF 51 1.329
2 40S 48 1.330

300 and .50° salonieter salt solution
3SF 59 1.296

"I
5SF4 53 1.319

350 and 55" salometer salt solution
54 1.3132

5SF2 55 1.334

40" and 60" salorneter salt solution
6SF 49 1.315
65S 47 1.343



TABLE IV. ANALYSIS OF FRESH FRUIT AFTER VARIOUS PERIODS
OF COLD AND COMMON STORAGE

Refer to 'table 1.

Sample
number

No. of days
stoi age

5"
.0 *
'0

2
0

a
Co

Fresh fruit Juice of fresh

'0

prunes

a
a

CO

'O

U

a'00
2"?
5'
o

U 15.

a

0

0
.0
a

Degrees Grams % Degrees
Al 12 39.3 95.62 4.38 80.49 18.6 3.48 .76 11.03
Al 12 40S 32.9 94.87 5.13 77.26 21.9 3.75 .75 11.80
Al 12 40F 35.6 95.61 4.39 79.86 19.2 3.52 .78 11.50
Al 12 37.3 95.49 4.51 80.35 20.3 3.55 .72 12.21
Al 12 6 40S 33.1 94.69 5.33 76.58 22.2 3.65 .76 12.95
Al 12 6 40F 37.3 95.28 4.73 79.09 19.9 3.62 .70 12.79

A2 15 37.8 95.48 4.52 77.80 21.9 3.80 .65 14.11
A2 15 39.3 95.42 4.48 78.30 21.5 3.79 .59 13.14
A2 15 22.3

A2 and 15 6 40S 35.0 95.12 4.88 76.85 22.3 3.72 .66 13.57
A2 and 15 6 40F 36.3 95.04 4.96 77.28 21.8 3.89 .56 12.97
A2 and 15 4 40S 36.1 94.67 5.33 76.75 23.1 2.81 .72 12.63
A2 and 15 4 40F 38.9 95.22 4.78 78.41 21.4 3.08 .68

A3 15 3SF 39.7 95.22 4.78 79.00 20.1 3.58 .63 12.57
A3 15 6 35S 33.7 94.50 5.50 74.64 24.8 3.82 .67 14.22
A3 15 i 35F 36.8 94.78 5.22 78.39 21.5 3.45 .63 12.81
A3 24 39.2 95.19 4.81 78.00 21.5 3.28 .86 12.88
A3 24 3 21.5
A3 24 4 40S 37.1 94.91 5.09 76.76 22.7 3.72 .61 13.20
A3 24 4 40F 39.5 95.29 4.71 78.67 22.4 3.52 .60
A3 24 4 35S 37.9 94.98 5.02 78.37 21.7 3.48 .59 12.87
A3 24 4 3SF 39.6 95.13 4.87 79.66 20.6 3.92 .57 11.64
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TABLE V. ANALYSIS OF SAMPLES FROM TABLE IV AFTER DRYING

Refer to Table I.

Numberof days
storage

Analysis dry
Dried prunes basis

Sample a E . . - '
number L) U" i Ia Ia - to

Decrees Grams % % % I

Al 12 I ..... 10.1 85.32 14.68 20.38 3.65 4.11 55.75

AlA 12 4 40S 9.3 84.00 16.00 14,76 3.55 3.78 52.30
AlA 12 4 40F 8.8 83.38 16.62 15.93 3.58 4.11 59.60

A2 15 6 40S 9.6 85.33 14.67 14.42 3.68 3.45 60.15
A2 15 6 40F 9.8 85.42 14.18 12.69 3.65 3.42 54.25

A3 15 6 40S 10.9 84.94 15.06 12.83 3.75 3.19 54.60
A3 15 6 40F 10.5 84.36 15.64 13.56 3.75 3.18 54.40
A3 15 4 35S 11.0 85.50 14.50 18.60 3.79 3.21 58.50
A3 15 4 3SF 10.4 84.61 15.39 18.74 3.79 3.09 62.00

A4 14 4 40S 10.8 85.79 15.21 14.83 3.72 3.26 54.35
A4 14 4 40F 9.8 84.63 15.37 15.18 3.68 3.24 58.85
A2 and 4 24 4 40S 10.7 85.79 14,21 19.09 3.82 2.96 57.50
A2 and 4 24 4 40F 10.5 85.09 1491 19.22 3.82 2.98 S9.85

AS .... . 40S 10.5 85.64 14.36 17.37 3.65 3.53 55.30
AS .... .. 40F 9.5 85.27 14.73 17.11 3.62 3.68 58.30

AS! .... 4 40S 9.3 84.15 15.85 14.81 3.79 3.23 57.60
A52 .... 4 40F 9.9 84.30 15.62 16.94 3.79 3.43 66.90

AS .... .. 35S 11.9 86.40 13.60 20.65 3.72 3.16 64.10
AS .... .. 3SF 11.0 85.53 14.47 20.49 3.65 3.67 62.50

AlO .... .. 30S 10.3 84.99 15.01 19.79 3.62 3.09 67.00
AlO .,.. .. 30F 9.2 83.99 16.0! 17.22 3.62 3.30 67.70

A14 7 .. 40S 1!.S 86.87 13.13 23.02 3.68 3.17 63.80
A14 7 .. 40F 11.1 85.88 14.12 22.84 3.62 3,57 64.50



TABLE VI. SPOILAGE IN RELATION TO STORAGE TIME

\'ai'iations in weight due to seeming loss in storage are caused by wet boxes and not
by moisture loss from fruit. Moisture loss during cold storage is negligible.

TABLE.VII. EFFECT OF STORAGE ON SHRINKAGE AND DRYING

Prunes in this column were separated in brine of the various densities nd cated. The
densities are recorded in degrees salometer.

ã
En;u

Cold
30-31°

F.

Com-
mon

5S-6O
F.

Original
weight

After
stoi' age Perfect Cracked Rotted Spoilage Rots

Pounds Pounds Pounds Pounds Pounds %
Al.... 12 285 275 224 50.75 0.25 18.45 .11

A2... 15 296 44 35 8.10 0.90 18.42 2.05
A2.... 15 126 94 32.00 25,40
A2.... 15 94 66 27.00 34.80
A2... 15 33 19 14.00 42.40

A3.... 15 38 37 33 4.00 10.80
A3. 15 32 31 18 13.00 41.90
A3... 24 164 162 105 52.00 5.00 32,10 3.09
A3.... 24 105 61 38.00 36.20

A4.... 14 95 93 76 16.50 0.50 17.74 .54
A4.... 14 75 44.5 30.50 40.65
A4.... 14 4 46 33 12.00 1.00 26.10 2,17
A4.... 14 4 33 20 11.00 33.33

4 187 161,5 111.5 50.00 32.25
4 242 206 140.0 66.00 31.20
4 404 332 179.0 153.00 46.10

Sample
number

Number of days
storage

Separated
by flotation
salometer

Dried prunes

Cold
3O-3l F.

Common
S5-60 F.

Original
weight

Dry
weight Shrinkage

Drying
ratio

Degrees Pounds Pounds %
Al 12 40S 10.00 6.00 40.00 1.66:1
Al 12 40F 46.00 16.00 65.20 2.88:1

A2 15 6 40S 8.41 2.23 73,5 3.78:1
A2 15 6 40F 8.88 1.91 78.5 4.65 : 1

A4 15 4 40S 14.05 3,75 19.9 3.33:1
A4 15 4 40F 27.20 6.57 75.8 4.14:1

AS 4 40S 64.00 19.50 69.5 3.28:1
AS 4 40F 46.00 13.25 71.2 3.47:1

AlO 30S 13.00 4.80 63.1 2.71 :1AlO------30F 7.75 I 1.87 75.9 4.15:1

Number of
days storage Fresh fruit before and after storage
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