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SUMMARY

In spite of rather wide variations between seasons, sweet cherries
undergo a marked increase in weight and size during the ripening period,
and tonnage is materially affected by time of picking.

The decrease in firmness that occurs during the ripening of sweet
cherries is less pronounced than that manifested by most deciduous fruits.

The sugar and solid content of sweet cherries undergoes a material
increase during the ripening period. This increase is closely correlated
with maturity and quality.

The specific gravity of the juice and of the fruit itself increases
throughout the ripening period.

Although reduction is not always consistent, acidity decreases as
maturity approaches. This is shown by the figures for total acidity as well
as by those for hydrogen-ion concentration.

As indicated by taste and by the tannin and coloring matter con-
tent, there is a decrease of astringency as the fruit ripens.

The color of sweet cherries undergoes material change during
the time of ripening. Color, in the dark varieties, is definitely correlated
with maturity.

Cracking results from excessive water absorption either through
the root system or through the epidermis of the fruit itself. The fruit is
most susceptible to cracking just before it attains prime condition.

Time of picking does not seem to affect materially the shipping
quality of sweet cherries. Even when allowed to reach full maturity on
the trees the fruit usually holds up sufficiently well to permit shipment to
eastern markets.

Within the same orchard or even on the same tree, sweet cherries
may show considerable variation in degree of maturity.

Loosening of the stems or "shattering" is a factor with only the'
Lambert variety in fruit that has become overripe on the trees.

Increase in weight and volume, time of ripening, and rate of ripen-
ing are influenced more or less by season.

Aside from loss of weight and volume, sweet cherries undergo no
striking physiological or chemical changes immediately following removal
from the tree.

Time of picking has considerable influence on the quality and
appearance of the canned product.

The fully ripened fruit usually yields a product firmer in texture
than that which is more or less immature.

Time of picking affects considerably the sugar and total solid con-
tent of the juice of canned sweet cherries. the fruit of the later pickings
invariably yields a higher juice cut-out than that picked early in the season.
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There is a close relationship between juice cut-out and total sugars
of the juice in the cannd product.

A definite relationship also exists between juice cut-out and the
total solids of the raw juice.

Sweet cherries canned when fully ripened retain more of their
weight and volume than those that are canned in an immature condition.

The acidity of the juice in canned sweet cherries is somewhat more
pronounced in the case of the immature fruit than it is in the case of the
fully ripened fruit.

The concentration of the sirup at the time of canning has consider-
able influence upon the fruit cut-out of the canned product. Apparently,
the higher the concentration of the sirup, the greater the loss of weight arid
volume.

Suggestions are given relative to the harvesting and handling of
sweet cherries.

A test of maturity based upon the sugar and solid content of the
juice is described in detail.



Investigations Relating to the Handling
of Sweet Cherries with Special

Reference to Chemical and
Physiological Activities

During Ripening
By

HENRY HARTMAN and I). E. BULLIS

INTRODUCTION

While considerable attention has been given to the science and the art
of growing sweet cherries, very little experimental work has been done that
bears directly on handling operations. The literature contains no detailed
study of the life activities of sweet cherries during the period of ripening,
and it is generally conceded that under the present methods of harvesting,
storing, shipping, and processing, the best of quality is not always obtained.
Although the sweet cherry is potentially one of the finest of all fruits, the
consumer does not always have the opportunity of appreciating its real
worth.

Scope of investigations. The present investigations were undertaken
in 1924 and have been continued through five seasons. During this time an
attempt was made to determine the influence of such factors as climate,
season, locality, time of picking, and storage, upon the dessert, canning,
and shipping quality of sweet cherries. A study was made of some of the
chemical and physiological changes that occur during ripening, and an
attempt was made to perfect a test of maturity that can be used under
field conditions. While a great deal of the work was done at Corvallis a
considerable amount of it was done at Hood River and at The Dalles. Such
varieties as Napoleon (Royal Ann), Bing, Lambert, Republican, Tartarian,
and Wood were included in the experiments.

A preliminary report of the work was published in 1925 as Oregon
Agricultural Experiment Station Circular 61.

Terminology. In reporting upon the various phases of the experi-
ments a number of terms are employed that may require explanation. This
is true particularly of some of the expressions used in describing quality
and condition. The term "very good" is used to designate maximum flavor
and aroma and is applied only to the lots that possess full quality for the
variety. The term "good" is used to describe a product that is marketable
but that is slightly less desirable than that which is "very good." "Fair"
refers generally to fruit that is inferior in quality, while "poor" implies
that the product is hardly marketable. The expression "prime condition"

7



8 AGRICULTURAL EXPERIMENT STATION BULLETIN 247

as used here refers merely to the stage of maturity when the fruit is fully
ripened. It is not used to describe quality.

The terms "juice cut-out" and fruit cut-out" are expressions of the
canning trade and appertain to the canned product. "Juice cut-out" is used
to designate. the density of the juice while fruit cut-out" refers to the
weight and volume of the fruit itself. The term 'sirup" refers to the
solution of sugar in water that is used in the canning process.

GENERAL METHODS
Selection of samples. The fruit used in the various tests was gathered

from carefully selected trees of full bearing age. Pickings were made at
intervals of two and three days throughout the ripening period. From
eight to twelve pickings were made of each variety each year and during
this range of harvesting the fruit passed from a state of comparative
immaturity to one somewhat beyond the optimum picking stage. The
range of maturity represented by the various lots, however, was not
greater than that often found in sweet cherries picked under present com-
mercial methods.

To reduce error as much as possible care was exercised in the selection
of samples. Only representative specimens were used and an attempt was
made to have each picking represent a cross-section of the entire crop on
the tree. In the case of Napoleon and Lambert the fruit was taken from
the same trees for five successive seasons.

Extraction of juice. Although several methods of extracting the juice
from the raw fruit were tried, only one proved satisfactory. This consists
of crushing the fruit with a common food chopper (Fig. 1), and then
squeezing the pulp in a tincture press (Fig. 2) through one thickness of
common canvas. To obtain uniform samples by this method, however, it
is necessary to squeeze the pulp to a point where juice is no longer forced
out by added pressure. The cells from the riper specimens, or the riper
portions of specimens, give up their juice more readily than the cells from
immature tissue, and the sample is not representative unless all of the pulp
is squeezed to comparative dryness.

The method of freezing the tissue prior to extraction did not insure
greater uniformity in the samples of juice obtained. This method, more-
over, entailed delays that were serious since the juice of some sweet
cherries becomes thick and sirupy very quickly after it is released from the
tissue, especially with changes in temperature.

Determination of solids. The solid content of the fruit was determined
by drying freshly ground pulp to complete dryness in the Freas Electric
Vacuum oven at a temperature of 8O C. Weighings were made before and
after drying, and the figures given represent the percentages of total solids.

The total solids of the raw juice and of the juice of the canned product
were ascertained by means of a Balling scale hydrometer, readings in each
case being corrected to a temperature of 600 F.

Determination of total sugars. Total sugar was determined on suit-
able aliquots of fresh juice or canned juice as the case might be. The
official methods were followed, involving clarification with neutral lead



acetate and inversion of sucrose with hydrochloric acid. The cuprous
oxide resulting from treatment with Fehling's solution was titrated with
standard sodium thiosulfate solution. Total sugar was calculated as invert
sugar and the figures are given in percentages.

Fig. 1. Common food chopper used in

crushing fruit for juice extraction. Fig. 2.

The tincture press. A satisfactory device

for extracting juice from cherries.

Determination of hydrogen-ion concentration and total acidity. Sam-
ples of juice, each 10 c.c. in amount, were placed in a suitable electrode
vessel and diluted sufficiently with distilled water to prevent foaming
when hydrogen gas was passed through the solution. The hydrogen.ion
concentration was determined electrometrically, using a Hildebrarid-type
hydrogen electrode, calomel electrode, and the simple voltmeter.galvano-
meter circuit. A special millivoitmeter with a range of 0-1,000 millivolts and
accurate to two millivolts or about .03 pH unit was used for the E.M.F.
readings of the system. Schmidt and Hoagland's table4 was used to
convert the voltmeter readings to pH units.

For total acidity the juice sample used for the hydrogen-ion determina-
tion was titrated electrometrically to neutrality, using N/l0 sodium hy-
droxide. The acidity was calculated as percents of malic acid.

Determination of tannin and coloring matter. Samples of fresh juice,
each 5 cc. in amount, were diluted with distilled water and the tannin and
coloring matter determined according to the official method3 for such
determinations in wine. This involves the addition of indigo solution to
the sample followed by titration with standard potassium permanganate
solution. Another sample is decolorized with bone-black and then treated

HANDLING OF SWEET CHERRIES 9
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in the same manner. The difference in titration represents the tannin and
coloring matter oxidized. The combined astringency and coloring matter
is then calculated as grams of tannin per 100 cc. of juice.

Determination of weight and
volume. The weight of the speci-
mens at the time of each picking
was determined by weighing
1,000 specimens selected at ran-
dom. After repeated trials this
method was found to be fairly ac-
curate. The weight of the canned
fruit was obtained by weighing
the fruit after it had drained on a
copper screen for 2 minutes.
The volume of both the raw and
canned fruit was ascertained by
immersing the specimens in wat-
er and computing the amount of
displacement.

Determination of specific
gravity. The specific gravity of
the fruit was computed by divid-
ing the weight by the volume,
while that of the raw juice and of
the juice of the canned product
was determined by means of a
Balling-scale hydrometer and the
Westphal specific-gravity bal-
ance.

Determination of firmness.
The firmness of the raw fruit and
also that of the canned product
were measured by means of a
pressure tester (Fig. 3), consist-
ing essentially of a rounded glass
plunger 2 millimeters in diameter
and a Chattilon metric spring
balance. About 50 specimens
were used in each test.

Measuring stem adhesion. It
is a matter of common knowl-
edge that the stems of cherries
adhere more firmly to the flesh
when the fruit is green than after
it has attained full ripeness and Fig. 3. Special piessure tester devised (or

determining the firmness of cherries.the matter of shattering or
loosening of the stems in the ripe fruit is of considerable importance with
some varieties. Consequently, an attempt was made to determine the
stages of maturity at which 'shattering" becomes a factor and also to test
the possibility of using stem adhesion as an index of maturity. To measure
stem adhesion the device illustrated in Fig. 4 was perfected. This apparatus



Fig. 4. Apparatus used in determining stern adhesion.

Storage tests. A number of common storage tests were carried on in
the course of these investigations. Fruit picked at various stages of
maturity was kept, usually at a temperature of 650 F., and records were
taken of keeping quality, loss of weight, and changes in solids, sugars,
acidity, astringency, color, and dessert quality. In 1924 a test was con-
ducted to determine the effect of storage humidity and aeration on loss of
weight, comparable lots of Napoleon being subjected to (1) a relative
humidity of 50 to 60 percent, plus air-circulation, (2) a relative humidity
of 50 to 60 percent without air-circulation, and (3) a relative humidity of
80 to 85 percent, without air-circulation.

HANDLING OF SWEET CHERRIES 11

registers in a comparative way the amount of force necessary to pull the
stems loose from the flesh. About 100 specimens were used for each test
and the figures given represent the average of this number.

Testing canning quality. To gain information concerning the, influence
of time of picking on canning quality a part of the fruit from each picking
of Napoleon was processed according to accepted commercial canning
methods. This test was carried on during the seasons of 1924, 1925, and
1926. Part of the fruit from each picking was canned in standardized 40-
percent sirup and part of it was canned in water. Common No. 2 tin cans
were used in each case. Each lot was cooked for I1 minutes in the Ander-
son-Barngrover rotary cooker and was given an exhaust of 8 minutes in
water at a temperature of 1900 F. The weight and volume of the raw fruit
in each can was measured at the time of processing. Examination of the
canned fruit was made after the product had seasoned for five or six months.
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Observations of climatic conditions. A careful record of the temper-
atures that prevailed during the ripening period was kept each season. In
addition, observations were made of the amount of sunshine and the
amount of precipitation that occurred.

Testh relating to cracking. Tests relating to cracking in sweet cherries
were conducted in 1925 and 1926. An attempt was made to determine the
conditions under which cracking occurs. The relation of moisture to
cracking received considerable attention.

PRESENTATION AND DISCUSSION OF RESULTS

CHANGES OCCURRING BEFORE HARVEST

Increase in weight and size. The data presented in Table I and Figs.
5 and 6 show that, in spite of rather wide variations between seasons, sweet
cherries undergo a marked increase in weight and size during the ripening
period, and that tonnage and bulk are materially affected by time of pick-
ing. In 1926, for example, Napoleon showed an increase in weight of 62.5
percent and an increase in volume of 59.2 percent between June 4 and
June 22.

TABLE I. THE INFLUENCE OF TIME OF PICKING ON THE SIZE AND
WEIGHT OF NAPOLEON CHERRIES

Grown at Corvallis.

Analysis of the data shows that while a great deal of the increase in
weight and volume takes place early in the ripening period, the specimens
continue to gain until they are fully ripened. After reaching full maturity,
however, they show no further gain but may show at times a decrease in
both weight and volume owing to loss of moisture.

Temperature during the ripening period apparently has much to do
with the ultimate weight and size attained by sweet cherries. So long as
the weather remains comparatively cool, the fruit continues to grow, but a
few days of hot weather usually result in quick ripening and termination of
growth. This was clearly illustrated during the period covered by these
tests. In 1924 and 1925, hot spells came on during the ripening period
and Napoleon in these seasons showed total gains in weight of only 30.2
and 18.3 percent respectively, but in 1926 and 1927, when long periods of
cool weather prevailed at the time of ripening, this variety showed gains of
62.5 and 70.0 percent.

pn. cc.
1 6/ 4/26 5.48 .... 5.20 68.0
2 6/ 7/26 6.24 13.8 5.85 12.5 61.0
3 6/10/26 6.45 17.7 6.05 16.3 58.4
4 6/13/26 7.56 37.9 707 35.9 50.4
5 6/16/26 8.24 50.3 7.70 48.0 46.1
6 1/19/26 8.83 61.1 8.25 58.8 45.7
7 6/22/26 8.91 62.5 8.28 59.2 42.0
8 6/25/26 8.40 53.2 7.72 48.1 45.8

Number of
Average Average fruits re-
weight of Increase in volume of Increase in c1uired to fill

Lot No. Date of picking specimens weight specimens volume a No. 2 can
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Fig 6. The influence of season on increase of weight in Nspoleon cherries during the
ripening period.
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Fig. 5. Correlation between increase in weight and increase in volume.
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Changes in the firmness of the fruit. It is apparent from the figures
given in tables II and III that softening or decrease in firmness during the
ripening period is less pronounced with sweet cherries than it is with many
other fruits. In Napoleon, for example, the decrease in firmness for the
entire period in 1924 was but 17.3 percent, this in spite of the fact that
during this time the fruit passed from a stage of immaturity to one beyond
prime condition. Within the period when the fruit could really be con-
sidered as being marketable, the decrease in firmness was less than 4 per-
cent. Allowing the fruit to hang a few days longer on the trees, therefore,
does not materially affect firmness.

Poorly colored specimens such as those growing in the shade were
found to be softer in texture than those attaining full color for the variety.

TABLE II. THE INFLUENCE OF TIME OF PICKING ON THE FIRMNESS OF
NAPOLEON CHERRIES

Grown at Corvallis.

OF LAMBERT CHERRIES
Grown at Corvallis.

Changes in sugars and other solids. It is apparent that the sugar and
solid content of sweet cherries undergoes a material increase during the
time of ripening. As shown ip Table IV and Fig. 7, the total solids of the
fruit of Napoleon in 1926 increased from 11.8 percent on June 4 to 24.2 per-
cent on June 25. During this period (Table V) the total soluble solids
of the juice increased from 14.5 to 25.9 percent, while the total sugars of the
juice increased from 10.6 to 18.9 percent. Although the increase in sugars
and solids is consistent throughout the season, it will be noted that there
is a rather rapid increase as the fruit attains full ripeness. As shown in
Fig. 11, this final increase usually occurs after the fruit has reached full
size.

Lot No. Date of picking
Balling test of

raw juice Pressure test Maturity

6/17/24 12.1
Qm.

295.0 Immature
2 6/19/24 13.2 272.1 Immature
3 6/21/24 14.2 274.2 Immature
4.... 6/24/24 15.3 260.8 Immature

6/26/24 15.5 251.0 Immature
6 6/30/24 18.9 266.4 Slightly immature
7..._ 7/ 3/24 19.6 249.4 Matured
8 7/ 6/24 20.9 261.2 Matured
9 7/ 9/24 22.4 255.0 Matured

10 7/12/24 22.3 243.8 Over.matured

TABLE III. THE INFLUENCE OF TIME OF PICKING ON THE FIRMNESS

Lot. No. Date of picking
Balling test of

raw juice Pressure test Maturity

6/24/24 11.3
am.
294.8 Immature

2 6/27/24 11.8 272.0 Immature
3 6/30/24 13.8 270.4 Immature
4 7/ 3/24 15.0 243.8 Immature
5 7/ 6/24 16.2 249.4 Immature
6 7/ 9/24 17.8 244.8 Slightly immature
7 7/14/24 18.9 232.4 Matured
8 7/19/24 21.1 217.6 Matured
9..... 7/22/24 22.2 213.6 Slightly over-

matured
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Fig. 9. The relation of total solids to total sugars in the raw juice of Napoleon cherries
(1927 results).
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TABLE V. THE INFLUENCE OF TIME OF PICKING ON THE SUGAR AND
ACID CONTENT OF NAPOLEON CHERRIES

Grown at Corvallis.

Acidity of raw juice
Balling test of Total sugars of Total acidity cal-

Lot No. Date of picking raw juice raw juice culated as nialic pH.

TABLE VI. THE INFLUENCE OF TIME OF PICKING ON THE SUGAR AND
ACID CONTENT OF NAPOLEON CHERRIES

Grown at Corvallis.

Lot No. Date of picking
Balling test of Total

raw juice

Acidity of raw juice
sugars of Total acidity cal-

raw juice culated as malic pH.

6/23/27 10.8
%
7.4 .75 3.68

2 6/26/27 12.5 8.9 .82 3.65
3 6/29/27 12.7 9.3 .70 3.72
4 7/ 2/27 14.8 10.8 .80 3.72
5 7/ 5/27 15.0 11.3 .66 3.72
6 7/ 8/27 15.3 11.7 .65 3.77
7 7/11/27 16.9 13.1 .66 3.80
8 7/14/27 18.7 14.0 .68 3.80
9 7/18/27 l9.t 14.1 .65 3.82

10 7/20/27 19.2 14.3 .62 3.97
11 7/23/27 21.4 16.2 .71 3.96
12 7/26/27 21.7 16.4 .70 3.94
13 7/29/27 22.9 16.7 .74 3.96
14 8/ 1/27 22.7 16.5 .72 3.96

Lot No. Date of picking Wet weight Dry weight Total solids
Increase in
total solids

ens. pm.
1 6/ 4/26 100 11.8 11.8
2 6/ 7/26 100 15.6 15.6 31.8
3 6/10/26 100 17.0 17.0 45.6
4 6/13/26 100 17.6 17.6 48.7
5 6/16/26 100 18.1 18.1 52.6
6 6/19/26 100 19.9 19.9 68.9
7 6/22/26 100 21.1 21.1 78.9
8 6/25/26 lOU 24.2 24.2 104.6

%
1 6/ 4/26 14.5 10.6 .897 3.79
2 6/ 7/26 15.8 11.6 .817 3.72
3 6/10/26 17.1 12.1 .794 3.72
4 6/13/26 18.2 13.5 .642 3.79
5 6/16/26 19.3 14.1 .620 3.82
6 6/19/26 20.1 14.9 .646 3.85
7 6/22/26 22.8 16.5 .676 3.89
8 6/25/26 25.9 18.8 .712 3.81
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From the data given in tables V and VI and Figs. 8 and 9, it is clear
that there is a close relationship between the changes in total solids and
the changes in total sugars. This is to be expected, however, since the
increase in soluble solids is largely an increase of sugars. While it is true
(tables VII and VIII) that the non-sugar soluble solids show some increase
as maturity approaches, they are far more constant during the ripening
period than the sugars.

TABLE IV. THE INFLUENCE OF TIME OF PICKING ON THE TOTAL SOLIDS
OF NAPOLEON CHERRIES

Grown at Corvallis.
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TABLE VII. THE INFLUENCE OF TIME OF PICKING ON THE NON-SUGAR-
SOLUBLE SOLIDS IN THE RAW JUICE OF NAPOLEON CHERRIES

Grown at Corvallis.

Lot No. Date of picking

Lot No. Date of picking

Total solids of
raw juice
(Balling)

Total solids of
raw juice
(Balling)

Total non-sugar-
Total sugars of soluble solids of

easy juice raw juice

%

TABLE VIII. THE INFLUENCE OF TIME OF PICKING ON THE NON-SUGAR-
SOLUBLE SOLIDS IN THE RAW JUICE OF NAPOLEON CHERRIES

Grown at Corvallis.

Total sugsrs of Total non-sugar-
law juice soluble solids

It is interesting to note (Figs. 10 and 11) that the changes in sugars
and solids were consistent throughout the five-year period. Sugars and
solids, apparently, are influenced less by season than are the size and the
weight of the fruit.

Relation of sugars and solids to maturity and quality. A study of the
data given in tables IX to XIII inclusive shows that sugars and soluble
solids, as indicated by Balling hydrometer readings of the raw juice, are
closely correlated with maturity and quality. When the hydrometer read-
ings are low the fruit is invariably of inferior quality. It is undersized,
sour, astringent, and lacking in sweetness. As the total solids increase,
however, the fruit improves in quality, finally reaching full maturity and
full flavor as the hydrometer readings approach their maximum. In the
present experiments such varieties as Napoleon, Bing, and Lambert were
usually sufficiently matured for eating when the hydrometer registered
approximately 20 percent. Tartarian and Wood were usually well flavored
when the hydrometer registered approximately 16 percent, while Republi-
can was satisfactory when the juice gave a hydrometer test of 22 percent.

1 6/23/27 10.8 7.4 3.4
2 6/26/27 12.5 8.9 3.6
3 6/29/27 12.7 9.3 3.4
4 7/ 2/27 14.8 10.8 4.0
5 7/ 5/27 15.0 11.3 3.7
6 7/ 8/27 15.3 11.7 3.6
7 7/11/27 16.9 13.1 3.87/14/27 18.7 14.0 4.7
9 7/18/27 19.1 14.1 5.0

7/20/27 19.2 14.3 4.9
11 7/23/27 21.4 16.2 5.2
12..._ 7/26/27 21.6 16.4 4.9
13 7/29/27 22.9 16.7 6.5

8/ 1/27 22.7 16.5 6.2

6/ 4/26 14.5 10.6 3.9
2 6/ 7/26 15.8 11.6 4.2

6/10/26 17.1 12.1 5.0
4 6/13/26 18.2 13.5 4.9
5 6/16/26 19.3 14.1 5.2
6 6/19/26 20.1 14.9 5.2
7 6/22/26 22.8 16.5 6.3
8 6/25/26 25.9 18.8 7.1
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Fig 11. The relation of increase in size to increase in total sugars in Napoleon cherries.

TABLE IX. THE RELATiON OF THE BALLING HYDROMETER TEST OF THE
RAW JUICE TO MATURITY AND QUALITY IN NAPOLEON CHERRIES

Grown at Corvallis.

I
Jncreoce

[
in Total 'Sigai-s
in 'Size (%)

I
(%)

- - - Increase

..-

7,/.//

Balling test
Lot Date of of raw
No. picking juice

Quality
Maturity Color Sweetness Astringency Acidity rating

1 6/16/25 12.2 Immature Pale Not sweet Pronounced Pronounced Poor

2 6/19/25 13.2 Immature Pale Not sweet Pronounced Pronounced Poor

3 6/22/25 14.1 Immature Pale Not sweet Pronounced Pronounced Poor

4 6/25/25 16.3 Immature Full color Not sweet Pronounced Slight Fair

5 6/28/25 18.7 Slightly Full color Fairly Slight Not notice- Fair
imma- sweet able
ture

6 7/ 1/25 19.9 Ripe Full color Sweet Slight Not notice- Good
able

7 7/ 4/25 21.0 Ripe Full color Very sweet Not notice- Not notice- Very
able able good

8 7/ 9/25 24.1 Very ripe Full color Very sweet Not notice- Not notice- Very
able able good
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TABLE X. THE RELATION OF THE BALLING HYDROMETER TEST OF THE
RAW JUICE TO MATURITY AND QUALITY IN BLACK RE-

PUBLICAN CHERRIES
Grown at Hood River.

Balling test
Lot Date of of raw QualityNo. picking juice Maturity Color Sweetness Astringency Acidity rating

1 6/16/25 16.4 Imrnatui-e Reddish Not sweet Pronounced Pronounced Poor
2 6/19/23 18.0 miniature Reddish Fairly Pronounced Slight Poor

purple sweet
3 6/21/25 19.3 Slightly Reddish Fairly Slight Noticeable Fair

irnma- purple siveet
ture

4 6/25/25 23.3 Ripe Purple Sweet Not notice- Not notice- Very
able able good

5 6/28/23 23.3 Ripe Black Very Not notice- Not notice- Very
sweet able able good

6 7/ 1/25 24.2 Ripe Black Very Not notice- Not notice- Very
sweet able able good

7 7/ 3/25 24.1 Very Black Very Not notice- Not notice- Very
ripe sweet able able good

TABLE XI. THE RELATION OF THE BALLING HYDROMETER TEST OF THE
RAW JUICE TO MATURITY AND QUALITY IN BING CHERRIES

Grown at The Dalles.

Balling test
Lot Date of of raw QualityNo. picking juice Maturity Color Sweetness Astringency Acidity rating

1 5/28/25 14.6 Immature Reddish Not Pronounced Slight Poor
sweet

2 5/31/25 16.4 Immature Reddish Not Pronounced Slight Poor
sweet

3 6/ 1/25 18.1 Reddish Fairly Pronounced Slight Fair to
Immature purple sweet good

4 6/ 3/25 19.2 Slightly Reddish Fairly Slight Not notice- Fair to
irnrna- purple sweet able good
ture

5 6/ 5/25 19.6 Slightly Purple Fairly Slight Not notice- Good
imma- sweet able
tore

6 6/ 7/25 20.0 Slightly Purple Fairly Slight Not notice- Good to
imnla- sweet able very
lure good

7 6/ 9/25 21.7 Ripe Dark pur- Sweet Not notice- Not notice- Very
pie able able good

8 6/11/25 24.6 Ripe Black Very Not notice- Not notice- Very
sweet able able good

9 6/13/25 27.5 Very ripe Black Very Not notice- Not notice- Very
sweet able able good

10 6/15/25 32.1 Overripe Black Very Not notice- Not notice- Fair
sweet able able



Increase in specific gravity. As may be inferred from the results on
sugai-s and solids the specific gravity of sweet cherries increases as the
fruit attains maturity. It will be noted (Table XI\7) that during the ripen-
ing season in 1926, the specific gravity of the juice of Napoleon increased
from 1.059 on June 4 to 1.110 on June 25. The specific gravity of the fruit
and juice together increased from 1.053 to 1.089 during this period.

Changes in acidity. As shown in tables V and VI, acidity in sweet
cherries undergoes change during the ripening period. Although not
always consistent, there is a reduction of acidity as maturity approaches.
This is shown by the figures for total acidity as well as by thcsse for hydro-
gen-ion concentration The data for 1926, for example, show a total acidity
of .897 percent for the juice of fruit from the first picking and .712 percent
for the last picking. Figures for hydrogen-ion concentration in 1926 show
a pH value of 3.72 for the second picking and 3.89 for the seventh picking.
In both 1926 and 1927, however, the lowest acidity was recorded at the
time the fruit first reached prime condition. As it became fully ripe or
overripe a slight increase in total acidity and hydrogen-ion concentration
was noted.

Of the several varieties studied Napoleon showed the highest acidity
at any comparable stage of maturity. Its total acidity was generally from
25 to 30 pet-cent greater than ti-tat of Bing or Lambert. When fully ripened

Balling lest
Lot Date of of raw
No. picking juice Maturity Color Sweetness

Quality
Astringency Acidity rating

%
1 6/24/24 11.3 Immature Reddish

purple
Not

sweet
Pronounced Pronounced Poor

2 6/27/24 11.8 Immature Reddish
purple

Not
sweet

Pronounced Pronounced Poor

3 6/30/24 13.8 Immature Reddish
purple

Not
sweet

Pronounced Pronounced Poor

4 7/ 3/24 1i.0 Imiiiature Reddish
purple

Not
sweet

Pronounced Not notice- Fair
able

5 7/ 6/24 16.2 linniature Reddish
purple

Not
sweet

Pronounced Not notice. Fair
able

6 7/ 9/24 17.8 Slightly
m ma.
tuie

Purple Fairly
sweet

Slight Not notice. Fairly
able good

7 7/12/24 18.0 Slightly
im nia.
ture

Purple Fairly
siveet

Slight Not notice- Good
able

8 7/14/24 18.9 Ripe Purple Sweet Not notice- Not notice- Good
able able

9 7/17/24 20.4 Ripe Dark
purple

Sweet Not notice. Not notice. \Tery
able able good

10 7/19/24 21.1 Very ripe Dark
purple

Sweet Not notice. Not notice. Very
able able good

11 7/22/24 22.2 Very ripe Black Very
sweet

Not notice- Not notice. Very
able able good
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TABLE XII. THE RELATION OF THE BALLING HYDROMETER TEST OF THE
RAW JUICE TO MATURITY AND QUALITY IN LAMBERT CHERRIES

Grown at Corvallis.



TABLE XIII. THE RELATION OF THE BALLING HYDROMETER TEST OF THE RAW JUICE TO MATURITY IN NAPOLEON
CHERRIES OVER A FIVE-YEAR PERIOD

Grown at Corvallis.

z

1

lv
PS
-I

z

1926 1927 19281924 1925 . . .

Date Balling test Maturity Date Balling test Maturity Date Balling test Maturity Date Balling test Maturity Date Balling test Maturity

% %

6/17 12.1 Immature 6/16 12.2 Immature 6/4 14.5 Immature 6/26 12.5 Immature 6/15 13.1 Immature C-i

6/19 13.2 Immature 6/19 13.2 Immature 6/7 15.8 Immature 6/29 12.7 Immature 6/20 14.2 Immature
6/21 14.2 Immature 6/22 14.1 Immature 6/10 17.1 Immature 7/2 14.8 Immature 6/23 14.6 Immature -I

6/24 15.3 Immature 6/25 16.3 Immature 6/13 18.2 Immature 7/8 15.3 Immature 6/25 15.5 Immature
6/26 15.5 Immature 6/28 18.7 S1ihtly

imma-
ture

6/16 19.3 Slightly
imma-
ture

7/11 16.9 Immature 6/30 15.8 Immature I
lv

6/30 18.9 Slightly 7/1 19.9 Ripe 6/19 20.1 Ripe 7/14 18.7 Immature 7/5 17.5 Immature <
1.0

imnia-
ture

1'l

7/3 19.6 Ripe 7/4 21.0 Ripe 6/22 22.8 Ripe 7/20 19.2 Slightly
imma-
ture

7/10 18.6 Slightly
imma-
ture Pt

z
7/6 20.9 Ripe 7/9 24.1 Very ripe 6/25 25.9 Overripe 7/23 21.4 Ripe 7/13 20.3 Ripe H

7/9 22.4 Ripe 7/29 22.9 Ripe 7/16 23.1 Ripe (1)

7/12 22.3 Overripe H

-1

0
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its pH value was usually about 3.90 while that of certain lightcolored
seedlings from the Station orchard averaged 4.14 when in prime condition.
This probably accounts for the fact that the fruit and juice of Napoleon
tends to remain clear after canning while other white sweet cherries often
yield a canned product bluish or dark in color. Anthocynan pigments often
change to a blue or violet color as acidity is decreased. Experiments have
shown that a slight decrease in hydrogen-ion concentration may bring this
change about.

TABLE XIV. THE INFLUENCE OF TIME OF PICKING ON THE SPECIFIC
GRAVITY OF NAPOLEON CHERRIES

Grown at Corvallis.

Lot No. Date of picking
Balling test of Specific gravity Specific gravity

raw juice of raw juice of fruit

Loss of astringency. In all varieties of sweet cherries there is a de-
creasc of astringency during ripening. The improvement in quality that
comes with maturity, in fact, is in a large measure due to loss of astringen-
cy. As shown in Table XV there is a decrease of tannin and coloring mat-
ter, especially during the early stages of the ripening period. This change
in tannin and coloring matter seems to be closely associated with the
changes in astringency that are detectable to taste as the fruit ripens.

Changes in color. The color of sweet cherries undergoes considerable
change as the fruit ripens on the tree. Within the picking season covered
by these experiments, the color of such varieties as Bing, Lambert, and
Republican usually changed front a reddish purple to deep purple or black.

1 6/ 4/26 14.5 1.059 1.053
2 6/ 7/26 15.8 1.065 1.066
3 6/10/26 17.1 1.070 1.067
4 6/13/26 18.2 1.075 1.069
5 6/16/26 19.3 1.080 1.070
6 6/19/26 20.1 1.084 1.071
7 6/22/26 22.8 1.096 1.076
8 6/25/26 25.9 1.110 1.089

TABLE XV. THE INFLUENCE OF TIME OF PICKING ON THE ASTRINGENCY
OF NAPOLEON CHERRIES

Grown at Corvallis.

Lot No. Date of picking

Astringency as grams of
tannin per 100 cc.

of raw juice
Astringency as mdi-

cated by taste
I 6/23/27 .1664 Pronounced
2 6/26/27 .1456 Pronounced
3 6/29/27 .1269 Pronounced
4 7/ 2/27 .1248 Slight5.._ 7/ 5/27 .1165 Slight
6 7/ 8/27 .1206 Slight
7 7/11/27 .0873 Not noticeable
8 7/14/27 .0895 Not noticeable
9 7/18/27 .1144 Not noticeable

10 7/20/27 .0906 Not noticeableIi 7/23/27 .0918 Not noticeable
12 7/26/27 .1173 Not noticeable
13 7/29/27 .0978 Not noticeable
11 8/ 1/27 .0832 Not noticeable
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The juice of these varieties, likewise, changed from red to dark purple.
Without doubt there is a correlation between color ana maturity in the
dark varieties of sweet cherries. They are matured only after a deep
purple color has been attained. Color in the dark varieties apparently
develops independently of sunlight. Specimens that grow in the shade of
the leaves or that are covered develop color almost as readily as the ones
that are exposed to the sun.

Light-colored varieties such as Napoleon, Wood, and Waterhouse
differ considerably from the dark sorts in their color development. In
these varieties the "ground" or "under-color" changes from green to pale
yellow during the ripening process. Ground color is not materially affected
by sunlight but seems to be directly associated with maturity. The "red"
or 'over-color" of the light varieties, on the other hand, is affected by sun-
light but is not directly associated with maturity. Usually the red color
gains in intensity until about mid-season and then shows no further change
The juice of the light varieties undergoes practically no color change
during the ripening season.

Cracking of the fruit as related to maturity. It has long been known
that sweet cherries are subject to cracking as they approach maturity. The
present experiments have shown quite conclusively that this trouble may
occur as a result of excessive water absorption, either through the root
system or through the epidermis of the fruit itself. This means that crack-
ing may result from too much moisture in the soil or from exposure of the
fruit to rain. Increased osmotic pressure due to increases of sugar and
other soluble solids, doubtless, has much to do with the increased tendency
of the fruit to absorb water as it ripens.

Sweet cherries, apparently, are most susceptible to cracking just before
they attain full ripeness. When immature or when thoroughly ripe they
are less subject to the trouble. While all varieties are susceptible some
sorts are more apt to crack than others. Bing, for example, cracks more
readily than Lambert or Napoleon.

Maturity in relation to shipping quality. According to the results of
these experiments, time of picking does not seem to affect materially the
shipping quality of sweet cherries. Even when allowed to reach full
maturity on the trees the fruit usually holds up sufficiently well to permit
its shipment to eastern markets. Rough handling, moisture, and decay
organisms appear to have much more influence upon the shipping quality
of sweet cherries than does time of picking.

Variations in degree of maturity. It is apparent that sweet cherries
within the same orchard, or even on the same tree, may show considerable
variation in degree of maturity. Within the same orchard it is often possi-
ble to find specimens that give a Balling hydrometer test of 20 percent or
more, while other specimens may give a test of only 12 or 14 percent. In
terms of time this may mean that the riper fruit may be from 10 to 15 days
ahead of the greener fruit. As a rule the lightly-loaded trees are more ad-

vanced than the heavily-loaded trees. The fruit on the lightly-loaded
branches is usually more mature than that on the heavily-loaded branches
of the same tree. Specimens growing singly are usually riper than the
specimens growing in clusters. Trees that are devitalized from drought,
winter injury, or gummosis usually mature their fruit ahead of those that
are normal and healthy.



"Comparative amount of force requited to pull stems from the flesh.

THE INFLUENCE OF SEASON ON MATURITY ACTIVITIES

Analysis of the data obtained in the five years covered by these experi-
ments shows that some of the activities of maturity are influenced con-
siderably by season. As already pointed out, increase in weight and size
during the ripening period may vary considerably from year to year. The
time at which the fruit reaches full maturity also fluctuates from one season
to another. As shown in Table XIII, for example, Napoleon cherries on
certain trees in 1926 were fully ripe on June 20 but did not attain full
maturity in 1927 until July 14. The number of days required for the fruit
to pass through the ripening period may also vary one year with another.
In 1926, for example, Napoleon passed through this period in 21 days but
in 1927 required 29 days. While these are extreme cases, they nevertheless
illustrate how season may affect the ripening of sweet cherries.

CHANGES OCCURRING DURING STORAGE

Aside from losses of weight and volume, sweet cherries manifest no
striking physiological or chemical changes immediately following removal
from the tree. This is true even when the fruit is held at comparatively
high temperatures. As shown in Table XVII, Napoleon held for 17 days
at 65° F. showed practically no change in the total solids or total sugars of
the juice. The juice, during this time, showed a slight increase in acidity,
but this was probably due to increased concentration following transpira-
tion. The firmness of the fruit, according to pressure-test determinations,
showed practically no change during the storage period.

No improvement in quality after picking. Observations from repeated
tests have given no indication that sweet cherries ever improve in quality
after picking. In no case was there an apparent increase in sweetness or
amelioration of acidity. 'vVhile the chemical analysis (Table XVIII) re-

Grown at Corvallis.

Lot No. Date of piclsing Stern adhesion test" Maturity

6/4 29.9 Immature
2 6/7 25.4 Immature
3 6/10 26.7 Immature
4 6/13 22.1 Slightly immature
5 6/16 25.0 Slightly immature
6 6/19 27.1 Ripe
7 6/22 21.4 Ripe
5 6/25 18.4 Overripe
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Relation of stem adhesion to maturity. Loosening of the stems or
"shattering" was found to be a factor only with the Lambert variety in
fruit that had become overripe on the trees. Very little shattering" oc-
curred in immature fruit or even in fruit that was in prime condition. As
indicated in Table XVI, the amount of force necessary to pull the stems
loose from the flesh decreased but slightly during the entire ripening
period.

TABLE XVI. THE RELATION OF STEM ADHESION TO MATURITY IN
NAPOLEON CHERRIES
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vealed a decrease of tannin in storage, this was not accompanied by a cor-
responding loss of astringency or bitterness. The fruit showed practically
no change in color after picking, this being true of both the light, and the
dark varieties.

TABLE XVII. THE INFLUENCE OF STORAGE ON THE SUGAR AND ACID
CONTENT OF NAPOLEON CHERRIES

Grown at Corvallis. Stored at 65° F.

Acidity of raw juice
Total acidity

Date of picking Date of Balling test Total sugars calculated
Lot No. and storing examination of raw juice of raw juice as malic pH.

TABLE XVIII. THE INFLUENCE OF STORAGE ON THE ASTRINGENCY OF
NAPOLEON CHERRIES

Grown at Corvallis. Stored at 65° F.

Date of picking
Lot No. and storing

Astringency as grains
Date of cx- 01 tannin per
amination 100 c.c. of raw juice

1 7/20/27 7/20/27 .1206
2 7/20/27 7/30/27 .0978

Astringency
as indi-

cated by taste

Very slight
Not noticeable

Loss of weight after harvest. The figures given in Table XIX show
that loss of weight after harvest may be a factor of considerable import-
ance. It will be seen that even at humidities of 80 to 85 percent without air-
circulation, Napoleon cherries lost 11.1 percent of their weight in 28 days.
When held for a like number of days at humidities of 50 to 60 percent, with
air-circulation, they lost 76.4 percent of their weight and were practically
dried at the end of the period. Fruit picked in a premature state lost con-
siderably more weight than the fruit harvested when fully matured.

TABLE XIX. THE RELATION OF HUMIDITY AND AERATION TO LOSS OF
WEIGHT IN NAPOLEON CHERRIES

Grown at Corvallis.

Date of Number Condition of the
picking of days Temperature of Relative humidity Loss of fruit at end of

I..ot No. arid storing in storage storage room of storage room weight storage period

1 6/26/24 28 66° F. 50-60 with air 76.4 Practically
circulation dried

2 6/26/24 28 66° F. 50-60 without 48.2 Much
air circulaiton shriveled

3 6/26/24 28 66° F. 80.85 without 11.1 Plump and
air circulaiton turgid

6/15/26 6/15/26 18.3 13.1 .605 3.85
2 6/15/26 6/19/26 19.1 13.5 .686 3.79
3 6/15/26 6/22/26 18.8 13.8 .742 3.77
4 6/15/26 6/25/26 19.2 13.7 .704 3.89
5 6/15/26 6/28/26 18.0 13.2 .651 3.84
6 6/15/26 7/ 2/26 18.2 10.2 .735 3.72



gm.
6/17/26 Ripe 1 89 32° F. 287.8

2 86 90° F. 201.6 29.9

TIME OF PICKING IN RELATION TO CANNING QUALITY

Quality and appearance. Time of picking has considerable influence
upon the quality and appearance of canned sweet cherries. In general
(Table XXI) cherries picked prematurely yield a product that is small in
size, more or less flat in taste soft in texture, and displaying more or less
shriveling. Those canned when fully matured have a lively appearance, are
full-sized for the variety, are firm in texture, and have a pronounced cherry
flavor and aroma. Those canned when slightly past prime condition are
exceptionally good in quality but may show more or less "leathering" or
blemish.

TABLE XXI. THE INFLUENCE OF TIME OF PICKING ON THE QUALITY OF
NAPOLEON CHERRIES CANNED IN 4.PERCENT SIRUP

Grown at Corvallis. Canned in No. 2 cans. Examined 3/12/26.

Date of Balling
picking test

Lot and of raw
No. canning juice

1 6/16/25 12.2
2 6/19/25 13.2
3 6/22/25 14.1

4 6/25/25 16.3

5 6/28/25 18.7

6 7/ 1/25 19.9

7 7/ 4/25 21.0

8 7/ 9/25 24.1

Maturity

Canning quality

Color of Texture
juice of flesh

Blemish
or dis-
cobra-

Flavor hon
Quality
rating

Immature Clear Soft Flat None Poor
Immature Clear Soft Flat None Poor
Immature Clear Soft Flat None Poor
Immature Clear Some.

what
soft

Flat None Fair

Slightly
imma-
ture

Clear Fairly
firm

Fairly
strong

None Fair to good

Ripe Light
pink

Firm Fairly
strong

None Good to
very good

Ripe Light
pink

Firm Full
flavor

None Very good

Very ripe Light
pink

Finn Full
flavor

Slight Very good

Degree of Number of de- Temperature Pressure Decrease in
Date maturity Lot No. terminations of the fruit test firmness
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THE INFLUENCE OF TEMPERATURE ON FIRMNESS

Hawkins and Sando° found that in cherries and certain cane fruits the
firmness of the epidermis and cortical region varies considerably with
temperature. Hartman° found that in pears the pressure test on the same
specimens was several pounds higher when the temperature of the fruit
was 51° F. than when it was 90° F. These observations are borne out by
the results of the present experiments. Sweet cherries, apparently, are
much softer and more susceptible to mechanical injury when warm than
when cool. As shown in Table XX, ripe specimens of Napoleon were 29.9
percent softer at 90° F. than they were at 32° F.

TABLE XX. THE INFLUENCE OF TEMPERATURE ON THE FIRMNESS OF
NAPOLEON CHERRIES
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Firmness of the product. It will be noted (Table XXII) that the
riper cherries consistently gave a product that was firmer in texture than
the fruit that was more or less immature. In the case of Napoleon canned
in 40-percent sirup, for example, the firmness of the canned fruit from the
first picking as indicated by the pressure test, was 63.1 grams, while that
of the fruit from the last picking was 94.4 grams. Similar results were
obtained with the lots canned in water (Table XXII), the fruit of the first
picking yielding a product with a firmness of 35.0 grams and that of the
last picking a firmness of 71.7 grams. The differences in firmness between
the lots canned at various stages of maturity were sufficiently pronounced
to be apparent from casual observation.

It is interesting to note (Table XXII) that the fruit canned with sugar
was consistently firmer in texture than that canned in water.
TABLE XXII. THE INFLUENCE OF TIME OF PICKING ON THE FIRMNESS

OF CANNED NAPOLEON CHERRIES

Sugar and solid content of the juice. Time of picking affects consider-
ably the sugar and solid content of the juice in canned sweet cherries. The
frutt of the later pickings invariably gives a higher juice density than that
picked early in the season. As shown in Table XXIII, for example, the
juice cut-out of Napoleon canned in 40-percent sirup in 1926 ranged from
25.5 percent for the fruit picked and canned on June 4 to 30.9 percent for
that picked and canned on June 25. The total sugars of the juice in these
lots ranged from 24.4 percent to 28.2 percent. Similar differences were
observed in the product canned in water. 'fable XXIV, for example, shows
that in 1926 the juice cut-out of Napoleon canned in water was 9.0 percent
for the fruit picked on June 4 and 14.3 percent for that picked on June 25.
'I'he total sugars of the juice of the water-canned fruit ranged froin 5.6 per-
cent for the first picking to 9.6 percent for the last picking.

TABLE XXIII. THE INFLUENCE OF TIME OF PICKING ON THE SUGAR AND
ACID CONTENT OF NAPOLEON CHERRIES CANNED IN 40.PERCENT SIRUP

Fruit grown at Corvallis. Canned in No. 2 common cans. Examined 4/11/27.

Pressure test

Acidity of juice after

Lot No.
Date of picking (Total

and canning

Juice cut-out Total sugars canning
solids) of juice Total acidity cal-

(Balling) aOer canning cttlated as malic pI{.

6/ 4/26 25.5 24.4 .401 3.82
2 6/ 7/26 26.6 23.3 .414 3.82
3 6/10/26 27.1 25.2 .372 384
4 6/13/26 27.3 25.3 .327 3.91

6/16/26 27.6 26.3 .300 3.96
6 6/19/26 28.2 26.4 .318 3.96
7 6/22/26 29.7 27.4 .312 4.01
8 6/25/26 30.9 28.2 .312 4.06

Lot No.
Date ol picking
and canning

Canned in 40-
percent sirup Canned in water

ole. fl-in.

1 6/17/24 63.1 33.0
2 6/19/24 61.9 36.7
3 6/21/24 . 73.0 56.1
4 6/24/24 s2.2 55.1
5 .6/26/24 83.1 60.1
6 6/30/24 90.3 72.4
7 7/ 3/24 91.4 75.0
8 7/ 8/24 94.4 71.7



TABLE XXIV. THE INFLUENCE OF TIME OF PICKING ON THE SUGAR AND
ACID CONTENT OF NAPOLEON CHERRIES CANNED IN WATER

Fruit grown at Corvallis. Canned in No. 2 common cans. Examined 4/11/27.

It is clear from Figs. 12 and 13 that there is a close relationship be-
tween the juice cut-out and the total sugars of the juice in the canned
product. Carrying the comparison further (tables XXV and XXVI, Figs.
14 and 15), it is also apparent that a definite relationship exists between
the total soluble solids of the raw juice and the juice cut-out. Repeated
tests have shown this correlation to be constant from year to year and that
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Fig. 12. The relation of total solids to total sugars in the juice of Napoleon cherries canned
in 40-percent sirup.

TABLE XXV. THE RELATION OF TOTAL SOLIDS TN THE RAW JUICE TO
JUICE CUT-OUT IN NAPOLEON CHERRIES CANNED IN 40-PERCENT SIRUP

Grown at Corvallis.

Thial &J,ds
Thibi %5ogors

(%
(%)

B//rngi- -

-,----"

1 6/ 4/26 9.0 5.6 .420 3.s9
2 6/ 7/26 11.0 7.1 .433 3.84
3 6/10/26 11.2 7.0 .390 3.94
4 6/13/26 11.4 7.3 .346 3.96
5 6/16/26 11.5 7.7 .336 3.98
6 6/19/26 12.0 8.0 .307 4.01
7 6/22/26 13.1 8.8 .358 4.06
5 6/25/26 14.3 9.6 .352 4.12

Lot No.
Date of picking

and canning Date of examination

Total solids
of raw juice
(Balling)

Juice cut-out
(Balling)

%
1 6/ 4/26 4/11/27 14.5 25.5
2 6/ 7/26 4/11/27 15.8 26.6
3 6/10/26 4/11/27 17.1 27.1
4 6/13/26 4/11/27 18.2 27.3
5 6/16/26 4/11/27 19.3 27.6
6 6/19/26 4/11/27 20.1 28.2
7 6/22/26 4/11/27 22.8 29.7
5 6/25/26 4/11/27 25.9 30.9

Acidity of juice after
Juice cut-out Total sugars canning

Date of picking (Total solids) of juice Total acidity cal-
Lot No. and canning (Balling) after canning culated as malic pH.
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with a given Balling hydrometer test of the raw juice and a given sirup
concentration before canning, it is possible to predict quite closely what
the juice cut-out will be.
J2in OZn iJZ'ne 2,nc Jrne J2rne Th#e JZrne4 7 /0 /3 /6 I 22 zc

Tot0! Jo//dc 1% Bo//rng)
Total jcigor (%)
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Fig. 13. The relation of total solids to total sugars in the juice of Napoleon cherries canned
in water.
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Fig. 14. The relation of total solids of the raw juice to juice cut-Out in Napoleon cheri les
canned in 40-percent sirup.
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Fig. 15. The relation of total solids of the raw juice to juice cut-out in Napoleon cherries
canned in water.

Fruit cut-out. Cherries canned when fully ripe retain more of their
weight and volume than when canned while in an immature condition. It
will be noted (Table XXVII) that the fruit cut-outs were consistently
higher for the fruit of the later pickings. Napoleon cherries picked and
canned in 40-percent sirup on June 16, for example, lost 12.9 percent of their
weight and 14.S percent of their volume, while those picked and canned
on July 9 lost only 6.4 percent of their weight and 6.7 percent of their
vol urn e.

To77/ JoI/d5
J2iice

in qy JZie
Cot-Oiít( % 8a'//thg)

(% 5a//itgI
-

-I

-,
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Lot No.
Date of picking
and canning Date of examination

Total solids
in raw juice
(Balling)

Juice cut-out
(Balling)

6/ 4/26 4/11/27 14.5 9.0
2 6/ 7/27 4/11/2 7 15.8 11.0
3 6/10/26 4/11/27 17.1 11.2
4 6/13/26 4/11/27 18.2 11.4

6/16/26 4/11/27 19.3 11.5
6 6/19/26 4/11/27 20.1 12.0
7 6/22/26 4/11/27 22.8 13.1
8 6/25/26 4/11/27 25.9 14.3
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TABLE XXVI. THE RELATION OF TOTAL SOLIDS IN THE RAW JUICE TO
JUICE CUT-OFT IN NAPOLEON CHERRIES CANNED IN WATER

Grown at Corvallis.
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TARLE XXVII. THE INFLUENCE OF TIME OF PICKING ON THE FRUIT
CUT-OUT OF NAPOLEON CHERRIES CANNED IN 40-PERCENT SIRUP

Grown at Corvallis. Canned in No. 2 corilnion cans. Examined 2/12/26.
(Each lot represents the average of 5 cans)

It is interesting to note (Fig. 16) that in the case of the early picked
lots the loss of volume in the canned product is considerably greater than
the loss of weight, whereas, in the case of the fully ripened fruit, loss of
volume and loss of weight are practically the same.

/6
J&ne .Trne JZrne iJZ#ne J/5

Fig. 16. The i'elation n loss of weight to loss of volume in Napoleon cherries canned in
40-percent sirup at various stages of maturity.

Acidity of the juice. The acidity of the juice in canned sweet cherries
is somewhat more pronounced in the case of the early-picked fruit than in
the more matured fruit from the later pickings. This is shown (tables
XXIII and XXIV) by the figures for total acidity and also by those for
hydrogen-ion concentration. Apparently the canning process does not
materially affect the original acidity of the fruit, for fruit which shows a
high acidity at the ttme of canning shows a comparatively high acidity in
the canned product.

-
1.

Loss in Weig%t
Los,s it, Va/ume(

LU__
(%)
%)- -

Lot No.

Weight of Weight of
Date of picking raw fruit canned fruit

and canning per can per can

Volume of Volume of
Loss of raw fruit canned fruit
weight per can per can

Loss ot
volume

gin. gm. % r.c. cc. %
6/16/25 371.6 323.6 12.9 350.8 299.6 14.5

2 6/19/25 379.6 330.0 10.0 351.0 305.2 13.1
3..._ 6/22/25 381.4 341.0 10.5 353.2 305.0 13.6
4 6/25/25 383.0 343.2 10.4 354.8 306.2 13.76/28/25 384.4 346.7 9.8 352.8 308.5 12.5
6 7/ 1/25 385.6 362.0 6.3 351.4 320.2 8.8
7 7/ 4/25 385.6 362.2 6.3 352.8 327.7 7.1
8 7/ 9/25 390.2 365.2 6.4 354,4 330.2 6.7
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It will be noticed (Table XXVIII) that the total acidity for the fruit
canned in water was somewhat higher than that for the fruit canned in
40-percent sirup, but that the hydrogen-ion concentration of the sirup-
canned fruit was higher than that of the water-canned fruit.

TABLE XXVIII. THE INFLUENCE OF SIRUP CONCENTRATION BEFORE
CANNING ON THE ACIDITY OF THE JUICE IN THE CANNED PRODUCT

(Each lot represents the averag.e of 40 cans from eight different pickings)

Lot No.

Concentration
of sirup Acidity of juice after canning

before canning Total acidity cal-
(Balling) culated as malic pH.

SIRUP CONCENTRATION IN RELATION TO FRUIT CUT-OUT

It appears that the concentration of the sirup at the time of canning
has considerable influence upon the fruit cut-out of the canned product.
Fruit canned in. sirup of fairly high concentration may lose considerably
in both weight and volume while that canned in water may actually show a
gain in weight and volume. As shown in Table XXIX, for example, the
fruit canned in 40-percent sirup in 1925 showdd an average loss of weight of
7.5 percent and an average loss of volume of 12.9 percent, while the fruit
canned in water showed a gain in weight of 1.2 percent and a gain in volume
of .8 percent. Apparently, the higher the sirup concentration the greater
the loss of weight and volume. This is undoubtedly due to the fact that
osmotic pressure is increased with increased concentration of the sirup.

TABLE XXIX. THE INFLUENCE OF SIRUP CONCENTRATION ON THE
WEIGHT AND VOLUME OF THE CANNED FRUIT

(Each lot represents the average of 40 cans from eight pickings)

Sirup con-
centration

before Loss Loss or
canning Weight of Weight of or gain Volume of Volume of gain in

Year Lot No. (Balling) raw fruit canned fruit in weight raw fruit canned fruit volume

PRACTICAL APPLICATION

Time of picking affects quality. From the data presented it is obvious
that time of picking exerts a pronounced influence upon the ultimate quali-
ty of sweet cherries. This is true whether the fruit is marketed in a fresh
state or sold as a canned product. There is but little doubt that, in many
cases, the reputation of the sweet cherry has suffered because the fruit was
harvested at the wrong time. The impression current in some places that
canned sweet cherries are flat in taste is doubtless due to the fact that
cherries for canning have often been picked too soon.

% gut. gui. % fli. tim. %
1925 1 40 374.0 345.9 -7.5 351.8 306.2 -12.9

2 0 380.4 385.3 +1.2 354.4 357.4 + .8
1926 3 40 379.7 350.8 -7.3 354,9 311.9 -12.1

4 0 379.5 385.1 ±1.4 354.5 357.5 + .8

40.0 .344 3.92
2 0.0 .367 3.97
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In this connection it must be borne in mind that sweet cherries do not
improve in quality after harvest. In other words, they develop quality only
while they are attached to the tree. After picking they show no increase in
sugars and practically no decrease of acidity or astringency. It is highly
essential therefore, that they be fully flavored at the time of picking.

Loss of tonnage results from picking at the wrong time. Since sweet
cherries undergo a marked increase in weight and volume during ripening,
it is clear that loss of tonnage results when the fruit is harvested too soon.
There is but little doubt that in past years growers in certain sections have
sacrificed much of their crop by picking too early. On the other hand,
when cherries are left on the trees to the point where they become overripe,
a loss of both weight and volume may occur, and the product is also apt
to be damaged by blemishes arid internal breakdown.

Increase in weight and size overcomes loss from cracking. Much of
the premature harvesting of sweet cherries that takes place, especially in
the region west of the Cascade Mountains, is due to fear of cracking in
case the fruit becomes wet from rain. While it is true that cracking may
be a factor in some years, the present experiments have shown that the
increase in weight and size that comes when the fruit is allowed to become
fully ripe more than makes up for occasional loss from cracking.

Variations in maturity must be taken into account. Since it is true
that sweet cherries within the same orchard, and even on the same tree,
may show wide variations in maturity, it is evident that a uniform product
cannot be obtained when the fruit is harvested all at the same time. To
insure a product of uniform ripeness it is necessary that the picking season
be extended and that the fruit be picked only as it attains maturity. This
necessitates segregation of the riper trees from the greener trees and, in
some cases at least, two pickings from individual trees. Growers who use
this system have usually found that the increase in weight and bulk that
results from allowing all the fruit to size and ripen more than pays for the
cost of segregation.

Product should be handled when cool. As already pointed out, sweet
cherries are much softer in te.xture and hence more susceptible to mechani-
cal injury when warm than when cool. This being true it is highly desir-
able that handling operations such as picking, hauling, grading, and
packing be performed while the temperature of the fruit is relatively low.
Whenever possible picking should be done in the morning while the fruit
is cool from the night temperatures. In cases where picking cannot be
done in the morning it is often advisable to leave the fruit out of doors
overnight before hauling to the packing house or cannery. From 30 to 60
percent of the original heat of the fruit may be eliminated in this manner.

DETERMINATION OF MATURITY BY THE SUGAR TEST

It should not be difficult under ordinary circumstances to determine
time of picking in sweet cherries. In the main, they are ready for harvest
when they are fully flavored and have attained their size and color. In
actual operations, however, the matter is not so simple. Often there is a



HANDLING OF SWEET CHERRIES 35

desire to rush the fruit to market as soon as possible and, in some cases, a
tendency to let it hang on the trees too long, with the result that sweet
cherries, in actual practice, are being harvested at widely varying stages
of ripeness. The human element often enters in and controversies and
differences of opinion arise. There is need, therefore, for a standard or
test of maturity in sweet cherries.

Of the several tests of maturity considered in the course of these
experiments no other has proved equal to the so-called sugar or specific-
gravity test. This test, while not ideal in all respects, appears to be fairly
reliable, and affords a basis for a greater degree of standardization than is
now obtained in the harvesting of sweet cherries.

The sugar test is simple in principle and is not difficult to apply under
field conditions. It is made by applying a hydrometer to a small quantity
of raw juice extracted from selected samples and is based upon the fact
that the changes in sugars and other solids, during the ripening period, are
closely correlated with maturity and quality.

Selection of samples. Obviously, the selection of samples for the
sugar test must be guided somewhat by the objects in view. When it is
desired merely to ascertain the average maturity, the sample chosen should
be a cross-section of the whole, including specimens in as many stages of
ripeness as the lot contains. When it is desired to ascertain the range of
maturity presented by a given lot, two samples should be selected, one
representing the greenest fruit, the other the ripest fruit. The amount of
fruit required for the test depends largely upon the size of the hydrometer
and container used. In the case of the smaller hydrometers about one-half
pound of fruit is sufficient for each determination, while average-size
hydrometers require about one pound of fruit.

Extraction of the juice. If the sugar test is to be at all reliable a
standardized procedure must be followed in extracting the juice. Variation
in the results are apt to occur unless this is done. The following procedure
is recommended: First, grind the entire sample in a common food chopper
(Fig. 1), using one of the coarser blades. Seeds and stems need not be
removed for this operation. Second, extract the juice by pressing through
a single thickness of common canvas. Pressing may be done by means of
any small press, such as a common jelly press or a tincture press (Fig. 2).
The pressing operation should be done slowly and should be continued
until practically all the juice has been extracted. This is necessary since
the juice squeezed out at the beginning of the operation often has a differ-
ent sugar content from that squeezed out at the end of the process. Juice
extracted in the foregoing manner contains a certain amount of insoluble
matter such as pulp and sludge, but this does not materially affect the
results. It is not practical to filter or clarify the juice.

Hydrometers. A hydrometer is merely an instrument for measuring
the specific gravity or total soluble solids of liquids. In its usual form
(Fig. 17) it consists of a hollow glass body terminating at its upper extremi-
ty in a hollow, slender stem, inside of which a paper scale is sealed. For
sugar determinations either a Balling- or Brix-scale hydrometer is used.
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'I'hcse hydromcters indicate in direct percentages the amount of sugar
present.

Balling or Brix hydrometers are
supplied in a variety of forms. For
approximate work instruments with
graduations of 0.30, 30-60, and 60-90
and divided into 0.5 or 0.2 degrees
may be used. The forms in most
common use, however, have a range
of only 10 degrees, 0-10, 10-20, 20.30,
etc., graduated into 0.1 degrees. Ei-
ther type is satisfactory for the
sugar test on cherries, on condition
a range from 15 to 30 degrees is
provided.

Cylinders or juice cGntainers.
To use the hydrometer effectively a
tall, narrow vessel is necessary as a
juice container. Glass cylinders of
the type shown in Fig. 17 are very
satisfactory, provided they are suf-
ficiently deep and wide to accommo-
date the hydrometer.

Making the test. After the
cylinder or container has been filled
with juice, the test is made by care-
fully lowering the hydrometer into
the solution in such a way that the
surface of the stem above the liquid
is not moistened. The hydrometer
should float freely, not adhering to
the sides nor touching the bottom of
the container. The reading is madeFig. I?. Balling-scale hydrometer and cylin

dec used in making the sugar test, by bringing the eye upon a level
with the surface of the solution and
noting where the border-line inter-

sects the scale, the film of liquid drawn up around the stem by capillarity
being disregarded. Raw cherry juice soon jellies or thickens after ex-
traction and for that reason the test should be made quickly.

Temperature correction. With increases of temperature, sugar solu-
tions expand in volume and specific gravity becomes correspondingly less.
This being true, the temperature of the solution affects somewhat the
hydrometer readings. Hydrometers are usually standardized at a given
temperature, and, unless the solution to be tested be of this temperature, a
correction must be made. Table XXX gives the temperature corrections
for hydrometers standardized at 60 degrees F. It will be noted from this
table that when the temperature of the solution is below 600 F. the cor-
rection must be subtracted from the observed hydrometer reading, but
that when the temperature of the solution is above 60° F. the -correction
must be added to the hydrometer reading. Suppose, for example, that the
hydrometer reading is 18.4 percent and the temperature of the solution is



50.0 10 .26
52.0 11 .22
53.5 12 .17
55.5 . 13 .12
57.0 14 .08
59.0 15 .02

Correction
Add to observed percents

61.0 16 .02
62.5 17 .08
63.5 17.5 .11
64.5 18 .14
66.0 19 .20
68.0 20 .26
70.0 21 .32
71.5 22 .38
73.5 23 .45
75.1 24 .52
77.0 25 .56
79.0 26 .65
80.5 27 .72

Picking standards. In the course of the present experinients several
hundred determinations were made with the idea of correlating hydrometer
readings of the raw juice with maturity and quality. These were made on
fruit of the leading commercial varieties as grown at The Dalles, Hood
River, and in the Willamette Valley. While the conclusions arrived at may
not settle for all time the matter of picking standards for sweet cherries,
it is thought that they at least offer a tentative basis for the use of the sugar
test.

Bing, Lambert, and Napoleon are usually well sized and fairly well
flavored if picked when the hydrometer registers 20 percent. With 20
percent as a minimum for these varieties, the consumer would be assured of
a good-quality product, whether the fruit was canned or sold as fresh
fruit, and the grower would be certain that he is making no undue sacrifice
of tonnage. All the fruit of the foregoing varieties, whether grown in the
Willamette Valley or in the regions east of the Cascade Mountains, will
show hydrometer readings considerably higher than 20 percent if given
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500 F. The correction, according to Table XXX, is .26 and must be sub-
tracted from 18.4 percent. The corrected reading, then, is 18.4 - .26 or
18.14 percent. On the other hand, suppose that the hydrometer reading is
18.4 percent and the temperature of the solution is 700 F. According to
Table XXX the correction is .32, and must be added to 18.4 percent. The
corrected reading, then, is 184 + .32 or 18.72 percent.

Although hydrometers are standardized at various temperatures, it is
suggested that for work with cherries a hydrometer standardized at 600 F.
be obtained. With this instrument, a common Fahrenheit thermometer
can be used to ascertain the temperature of the juice.

It is not advisable to attempt temperature correction by changing the
temperature of the juice itself. As already pointed out, changes in temper-
ature and delays of time often result in thickening or coagulation of the
juice

TABLE XXX. TEMPERATURE CORRECTIONS TO READINGS OF BRIX OR
BALLING hYDROMETERS STANDARDIZED AT 600 F.

Temperature Correction
Degrees F. Degrees C. Subtract from observed percents
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additional time to hang on the trees. Early varieties of sweet cherries
such as Tartarian and Wood are usually well sized and well flavored when
the hydrometer registers 16 percent or more. Republican is generally
matured sufficiently for eating when the fruit gives a minimum hydrometer
test of 22 percent.
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