AN .A3STRACT OF THE THESIS OP

for the

WILLIAM H. MA.RTIN

MASTER OF SCIENCE

(Name)

Date Thesis presented
Title

in HTICULTURE

(jôr)

(Degree)

ày 15, 1935.

CERTAIN PHYSICAL AND CHEMICAL CHANGES DURING GROWTH, STQRAGE
AND RIPENING OP BOSC PEARS

Redacted for Privacy
Abstract APProved:

This investigation was undertaken to determine, from a dietetic
standpoint, the amounts and proportions of dextrose, 1eviJ.ose

are.

sucrose present in Boac pears, and to furnish information that might
be of value in the development of by-products from the off-grade
fruit of this variety.

The attempt was made to carry out this work in such a way that
fundamental information might be obtained concerning the physiological
changes occuring during growth, storage, and ripening.

Such infornia-

tion, it was hoped, might lead to a better understanding of the pbyeiolor of pears, and.

in addition,

shed some light on the

dynamics of

carbohydrate changes in fruit.

The investigation has been carried on for two seasons and mr
be divided, into three general parts:

(1) a

study

of the physical and

chemical changes occuring during the latter stages of growth; (2) a
study of the chemical changes occuring during storage; and. (3) a

stwy of the chemical changes occuring during the ripening process.
(1)

The results of the study of the physical and chemical

changes during one growing season show that the amounts of dextrose

remain

approximately constant during growth while the amounts of

levulose increase steadily during most of this period, but decrease

mkedly during the last week on the tree.

Sucrose is present in

increasing amounts during the last seven weeks on the tree and increases very rapidly during the last week.
(2)

The results of the study of the chemical changes as ob-

served during two storage seasons, show that there are marked differences between pears of two successive seasons ani that the sugar
content of fruit may show quite different changes during storage,
depending upon the time of picking.

it is apparent, however, that

levu1ose increases during storage, in most cases, and that dextrose
either remains constant or increases slightly.

The behavior of

sucrose appears to dQpend, to a considerable extent, upon the time
of picking.
(3)

The results of the study of the ripening of pears show

that chemical changes

Qok place during ripening of fruit that at-

tained prime eating condition, which are quite different than those
which were observed during the ripening of fruit which developed
mediocre eating quality.

These changes were studied during two sea-

sons and indicate that the conditions associated with the inversion
of sucrose during ripening are correlated with the physical and.
chemical changes involved in attaining good. eating quality.

The

chenical changes involved in ripening inciwie a hydrolysis of some

undetermined carbobydrate to yield sucrose which may or may not be
inverted.

Levulose increases in all cases, while dextrose either

remains constant or increases, depending upon the extent of inversion of sucrose.

The identity of the material yielding the increas-

ing amounts of sugars, observed in ripening, was not determined.

It

is suggested that the substance is a soluble non-sugar carbohydrate
which is transformed into sugar during the ripening process.
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INTROJCTION

Since it has been shown that pears contain levu].oso and other

sugars valuable from a health or dietetic point of view, it is apparent that a knowledge of the amounts and proportions 01' these sugars
would be desirable.

This is of special importance in the case of Bose

pears since little or no information is available regarding their
carbohydrate composition.

The food value of Bose pears in prime condition would depend,
to a considerable extent, upon the amounts and proportions of the
several sugars present.

In addition, a knowledge of the effects of

time of picking and length of storage upon the quality and composition
of the ripened fruit would be valuable in determining how the fruit
should be handled in order to reach the consumer in the best possible
condition, and with optimum sugar content.

Since 15 to 25 percent of the commercial crop of Bose pears is
eliminated in the form of culls, the problem of the utilization of
these off grade fruits is one of considerable economic inportance.
The possibility of using this fruit in by-product industries such as
industrial fermentations or syrup manufacture, makes it highly desir-

able that exact information concerning the sugars in Bose pears be at
hand.

Since levulose has beer. reported (6) to be 1.7 times as sweet

as sucrose and 2.3 times as sweet as dextrose, a knowledge of the
amounts and proportions of these sugars present in Bose pears would
be of considerable importance in determining their value in the manu-
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facture of syrup and other products.

Similarly, the variation of

total sugars in ripened and unripened fruit would be a measure of
their value in industrial fermentations.

This investigation, then was undertaken primarily to determine
from a dietetic standpoint the amounts and proportions of the several

sugars present in Boc pears.

Such information, however, applies to

cull fruit as well, and might be useful in determining the value in
a variety of by-product industries.

The attempt was made to carry out this work in such a way that
fundamental information might be obtained concerning the physiological
changes occurring during growth, storage, and ripening.

Such inf or-

mation, it was hoped, mipht lead to a better understar'ding of the

physiology of pears, and, in addition, shed some light on the dynamics
of carbohydrate changes in fruit.

Page
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HISTORICAL REVIEW

A number of workers (1) (9) (23) (22) (14) have reported the
changes in total and reducing sugars in Bartlett and Kief for pears.

during the latter stages of growth, or in ripening after harvest and
storage.

To the best of the writer's knowledge, however, there has

been no work done to determine the amounts of dextrose, sucrose, and
levulose present in Bose pears during these periods, and furthermore,
very little work has been done with other varieties in this regard.
Thompson and IThittier (35) have reported that levulose was the

predominant sugar present in Bartlett, Kieffer, and Seckle pears, and
have listed the individual amounts of dextrose, sucrose, and levulose
present.

They have also shown (34) the changes in the concentration

of levulose, dextrose, and sucrose in the juice of pears during the
growing season.

More recently, Emmett (7) has reported the changes in chemical
composition of Conference pears stored at various temperatures, and
has shown the fluctuations in sucrose, dextrose, and levulose during
this period.

A considerable amount of work has been done recently by a
number of English workers (3) (8) (31) (32) who have determined the
changes in levulose, dextrose, end sucrose during growth and storage
of apnles.

These results, while not necessarily comparable, are of

interest in interpreting the results obtained in this investigation.
It was pointed out by Thompson and liThittier (34) that the usual

copper reduction methods of sugar analysis may give erroneous results
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when applied to materials having a high percentage of levulose.

This

error is due to the fact that levulose reduces .925 to .941, as much
Fehling's solution as does dextrose.
method used,

This factor depends upon the

In analysing pure levulose solutions, and in calculating

the results as dextrose, only 92.5 to 94.1 per cent of the levulose

atua1ly present would appear in the results of the analysis.
Similarly, if the results were calculated in terms of invert sugar,
only 95.8 to 97.6 per cent of the true values of levulose would be
obtained.

In order to avoid such errors in the analysis of solutions
containing varying amounts of levulose and dextrose, two general
methods have been devised.

The first involves the use of the polari-.

scope, and depends upon the changes in the specific rotations of
dextrose and levulose at different temperatures.

The second method

depends upon the selective oxidation of either dextrose or levulose
after determinir.g the cop'er reducing power by the usual methods.

A method for the selective oxidation of levulose was first
devised by Nyns (29) in 1925.

Since then, this method has been

modified by several vorkers, the most recent modification, however,
being that of Jackson and Mathews (15).
A method for the selective oxidation of dextrose by alkaline
iodine was first devised by Romijn (33) in 1897, and has since been
studied and improved by a large number of workers.

A good summary of

these modifications has been given by Lothrop and Holmes (21) whose
method was used in this investigation.
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PLAI'T OF INVESTIGATION

This investigati.on has been carried on for two seasons and

has dealt very largely with the changes in the amounts of dextrose,
levulose, and sucrose occurring in Bose pears.
divided into three general parts:

The work may be

(1) the changes occurring during

the latter stages of growth, (2) the changes occurring during storage,
and (3) the changes taking place during the ripening process.
The samples for the study of the changes during the latter
stages of growth were gathered at weekly intervals from July 28 to
September 29, 1933.

This series of samples has been designated as

the 1933 Field Series.

The samples for the study of the changes during storage were
gathered at the time of the last four pickings of the 1933 field
series and placed in storage at that time.

Samples for analysis from

each picking were withdrawn from storage at stated intervals throughout the storage period.

This series of samples has been designated

as the 1933-34 Storage Series.

Similarly, for the study of the changes during storage, the
following year, samples were picked on August 18 and 26.

They were

placed in storage immediately after picking and samples were withdrawn
at regular intervals for analysis.

This series of samples was

designated as the 1934-35 Storage Series.

The study of the changes occurring during the ripening process
was carried out by comparing the sugar content of pears ripened at
65_7O0 F. with that of the corresponding unripened fruit of the
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1933-34 or 1934-35 Storage Series, which had been withdrawn from
storage at the seine time.

In addition, a study of the daily changes occurring during
ripening was carried out.

This was done by studying the changes in

sugars present in a series of carefully selected samples placed in
the ripening room at the same time and removed from it on each of 12
successive days.

The fruit for this study was picked September 6,

and was removed from storage for ripening on December 4, 1934.
series of samples was designated as the Daily RipenirLg Series.

This
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METHODS OF SPI1PLING AID SOURCE OF MATERIMS

The fruit used for this investigation was obtained from the
Kenly Orchard located in the upper Rogue River Valley near Phoenix,
Oregon.

The selected tree was one of a large block of full bearing

Bose, growing on an adobe soil.

A different tree was used each year,

and the selected tree was one bearing a normal crop of fruit.
The fruit for the 1933 Field Series was collected early every
Friday morning and consisted of twenty pears chosen at random about
a single tree, 'which was used throughout the season.

The approximate

rate of growth was determined by the increase in fresh weight of ten
pears at each picking date.

Maturity was determined on the other ten

by electrical conductivity (25), and by the U. S. Pressure Tester
(24).

The samples for analysis were prepared by grinding longitudinal

quarters through a Russwin food chopper, mixing thoroughly in a large
evaporating dish, and weighing duplicate 100 g. samples from a torsion balance into large-mouthed 350 ml. glass bottles.

Approximately

100 ml. of 95 per cent Ethyl Alcohol were added to each sample for
preservation.

The bottles were then corked tightly, and carried by

automobile to Corvallis the day following, and analytical work begun
within 48 hours after picking.
The fruit for the 1933-34 Storage Series was picked on Saturday
mornings, and packed in apple boxes with plain pater fruit wraps.
The fruit was then taken to Corvallis and placed in Storage at 30 32° F., within 12 to 24 hours after picking.

In gathering fruit for

the storage series all of the pears from a given branch or part of the
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tree were picked for the sample, so as to minimize the effect of
thinning upon the remaining fruit.

Samples for chemical analysis,

on removal from the storage or ripening rooms, were handled as in the
Field Series, with the following differences.

The cores were removed

from the ripe fruit, the material was weighed into tared beakers on
a laboratory balance, and was preserved by adding alcohol to obtain a
concentration of 60-80 per cent and by boiling from two to three
minutes.

Fruit for the 1934-36 Storge Series was gathered in the same
manner, but from a different tree, and two boxes were packed from
each picking.

One was brought to Corvallis immediately for the

storage and ripening stud.e

while the other was stored in Medford

until December 15 when it was shipped to Corvallis to furnish material
for the balance of the work on the storage series.

Sampling and pre-

servation were the same as in the l933-34StorSeries except that
50 g. samples were weighed out in triplicate and cores were included.
Fruit of the Daily Ripening Series was sampled similarly except that
dizgonal eighths of six pears were used for each sample, and the
concentration of alcohol used for nreservation was kept above 80 per
cent.
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lIETTIODS

CBELICAL A.ALYSIS

In this operation the

Preparation of Seriples for Extraction.

samples were transferred with Ethyl Alcohol directly into the extraction thimbles*.

Either 95 per cent Pure or 80 to 85 per cent recovered

Ethyl Alcohol was used for this purpose.

Since it was found desireble

to separate the liquid from the solid materia]. in transferring to the

extraction thimbles the following procedure was developed.

A small

circular piece of cheesecloth about two inches in diameter was placed
in the bottom of a 15 cm. funnel from which the stem had been removed
leaving a 1- cm. aperture.

This ±tlter cloth was held in place by a

10 inch stirring rod one end of w}ich had been flattened to a two cm.
disk.

The material was then transferred into the funnel analytically

with alcohol.

In the early field samples a cotton plug filter was

used and the material was allowed to drain by gravity through a 10
cm. funnel into a 500 ml. distilling flask.

Later, as the naterial

became increasingly viscous, it was found more satisfactory to substitute the cheesecloth filter described above and to apply suction
through the sidearm of the distilling flask after first placing a
rubber ring similar to a Bailey Gooch Crucible Holder between the
upper and lower funnels as a gasket.

This procedure was found highly

satisfactory in speeding up the operation.

After the filtrate had

drained into the distilling flask the upper funnel was raised and an
extraction thimble slipped into place below it.

The solid material,

including the cloth filter, was then pushed through the lower aperture
*Footnote.

33x94 imit.

dThatman Seamles3 or Schleicher & Schuli Thimbles.
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into

he thimble by means of a 10 inch stirring rod.

The funnel,

gasket and stirring rods were then carefully washed with alcohol and
the thimble and contents placed in a Soxhlet extractor.

Extraction was made with 95 per cent alcohol on

Extraction.

an electric heater and generally continued for ten hours.

However, in

the later samples it was found that twenty four hours was necessary
for complete extraction.

Extraction was judged to be complete when

the alcoholic extract in the upper chamber of the Soxhiet showed a
negative sugar test with Fehlingts solution.
Distillation.

the distillin

The extract was then carefully transferred into

flask containing the filtrate which had previously

been separated from the solid material.

450

a water bath, heated to 40 to

The flasks were placed in

C. by an electric incubator, and

connected to an aspirator through a glass manifold and a series of
condensers and glass receivers.

The distillation required 10 to 15

hours under a 26 to 28 inch vacuum.
Preparation of Water Extract.

After distillation the material

had the appearance of a very heavy syrup carrying with it waxes, fats,
and chlorophyll.
into a

volumetric

The material from each flask was then transferred
flask with

distilled water.

It was found desirable

to facilitate this transfer by warming the flask over a Bunsen burner
to speed up the dissolving of the materials extracted by hot alcohol.
It was not possible to remove with water all of these materials,
especially those aopearin

to be waxes, fats or chlorophyll.

The

volumetric flasks and their contents were then cooled to 20 to 250 C.
or to room temperature and made up to volume.
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Preparation of Aliquot_Portions.

After thoroughly mixing the

water extract, duplicate aliquot portions were pipetted from each
extract into 500 ml. volumetric flasks for total and reducing sugar
analyses.

The samples for total sugar analyses were made up to 100

ml. by the addition of water before hydrolysis.
of hydrolysis was modified as follows:

The official method

10 ml. of hydrochloric acid

(Sp. G. 1.1029) were added to 100 ml. of solution and the flasks nd
contents then heated for one hour in a hot water oven at a temperature of 69 to 70° C.

The samples for both total and reducing sugar

analyses were clarified by the addition of 5 ml. of a saturated
solution of neutral lead acetate.

The flasks were then shaken vigor-

ously, the material was allowed to settle for a few minutes, and
finally deleaded with a slight excess of potassium oxalate and made
up to volume.

The flasks were again shaken vigorously and set aside

for ten hours to ensure complete precipitation.

Since the solutions from the ripe samples of the 1933-34
storage series were impossible to clarify in many cases with neutral
lead acetate.

None of the solutions from ripe pears in the 1933-34

storage series were clarified.

With the exception of the solutions

from the material just mentioned all solutions were clarified.
Reduoing And Total Sugars After Inversion.

In this investi-

gation, reducing and total sugars after inversion were detormined by
the method of Lane and Eyiion (19).

The Fehling's solutions used were

carefully standardized against invert sugar solutions made from U. S.
Bureau of Standards or Pfanstiehl Sucrose.
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The percentage of sugar in terms of invert sugar or dextrose
was read from curves, which were constructed from the tables of Lane
& Enyon for the different Fehling's solutions,

In this way it was

possible to read the per cent sugar as invert or dextrose directly.
This method gave results in agreement with those obtained by
individual computations.

Sucrose was determined from the difference in reducing sugars
calculated as invert before and after inversion, according to the
official methods (30).

Dextrose and Levulose were determined by the method of Lothrop
& Holmes (21), but with the following exceDtions:

(i) owing to the

low sugar content of the juices to be analyzed it was desirable to
reduce the amounts of the reagents used in the oxidation of dextrose;
(2) due to the lack of available facilities it was necessary to carry
on the oxidation at room temperature (20- 250 C.).
Total Sugars were calculated by adding together the values of
sucrose, dextrose, and levulose.

Total Acidity was determined on a few samples by titration of
aliquot portions of the water extract with .01 N Sodium Hydroxide,
using phenolphthalein as indicator and was calculated as Citric Acid.
Total Solids were determined by placlig the 50 or 100 gram
samples in a vacuum oven and drying to a constant weight at 700 C.
Alcohol Insoluble Residue was determined approximately by placing the thimble and contents in a drying oven at 50 to 55° C. after
extraction, and then weighing after several days when the odor of
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alcohol was no longer apparent.

This method was employed on the

samples where reclaimed alcohol was used or where the concentration
of alcohol was known to be below 80 per cent.

Where residues were

of special interest the alcohol concentration was kept above 80 per
cent during preservation and the thimbles were dried in a vacuum oven
at 700 C. for 10 hours before and after extraction.
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CRITICAL DISCUSSION OF LTHODS

Inasmuch as certain of the methods used in this investigation
dirrer from those listed. by the Association ol Official Mricultural
Chemists and irom those reported by other investigators it is o.esirable to diacu.ss briefly those cases where the metho.s used. differed
from the "official" or reported method..

Preservation of Samples,

In the preservation of sailes in

the Field Series, the final concentration of the alcohol used was
about 6ã per cent, but no heat was applied.

Whether this concentra-

tion of alcohol without heat was sufficient to prevent changes dur-

ing the 48 hours before analyses began is not known, but the fact
that the rate of change of sucrose in relation to total and reducing
sugars agrees generally with that reported by other investigators
(9), (1), and. (23) leads the writer to believe that this method of

preservation was satisfactory.

In the preparation of extracts of plant materials for carbohydrate analysis it has been recommended (30) that sufficient calcium
carbonate be added. to neutralize the acidity.

This suggestion was

not carried out, since it was desired to determine the alcohol insol-

uble residue, and in some cases total solids, and total acidity; all
of which would have been affected. by the addition of calcium carbonate.

The error caused by not neutralizing the acidity was not

thought to be excessive, since pears have been reported lower in
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(1) and since Bose has been

acidity that most other fruits (34),

reported to have a higher pH (26) and lower total acidity than other
pear varieties (1).
Method of Extraction.

Since a 24 hour extraction was found

necessary in many cases, for the complete removal of sugars, a test
was made to determine to what extent sucrose was inverted in this
process or in the other manipulations.

Table 1, below, shows the

results of analyses of four 50 gram samples taken in quad.ruplicate,

two of which received one gram of C.P. Sucrose at the time of preaervation.

It would be expected since 50 grarn samples were used

that from one gram of sucrose we would find an increase of two per
cent in the sucrose values obtained by analysis.

Table 1.

EFFECT OF EXTRACTION LETHODS UPON INVERSION OF SUCROSE

Sample

Invert Sugars as 5 of Fresh Wt.
Total Sugars
Rethtcinp Sugars

50 g. pear tissue plus
1 g. sucrose

14.68

14.74

8.66

8.68

50 g. untreated

12.55

12.55

8.70

8.70

Difference as Invert

2.13

2.19

-.04

-.02

Difference as Sucrose

2.02

2.08

This data indicate that sucrose probably is not inverted or
destroyed by the methods of preservation, extraction, or other
manipulations.
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Method of Inversion.

A large number of methods have been

listed for the estimation of sucrose, depending pn the increase in
the reducing power or in the changes in optical rotation of sugar
bearing solutions after inversion by an enzyme, invertase, or after
an acid hydrolysis using citric, sulfuric, hydrochloric or some
other acid.

The Association of Official Agricultural Chemists (30)

has listed three methods of acid, hydrolysis using hydrochloric acid.
Since none of these appeared. to fit the laboratory routine, a more

convenient procedure was devised.
these

Table 2 lists the features of

official methods and. of the modified. method employed.

Table 2.

A COMPARISON OF CO1TDITIONS OF HYDROLYSIS

IA1. HC1

M1.Sugar
Solution

Method.

Time

Temperature

Rapid Official

7 ruin,

up to 69.5°C

10

75

Sp,G.l.1029

Room Temp.
Official

10 hi's,

over 2500

10

50

Room Temp.
Official

24 bra,

xt below 20°C

10

50

1 hr.

up to 69-70°C

10

100

Modification
Used

It will be noted that hydrolysis in this Investigation took
place at essentially the same temperature as that used. in the rapid

official method, but that the acid concentration was considerably
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Determination of Dextrose and. Levu.loae.

The basic assumption

in the use of the method. of Lothrop arid. Holmes (21) in conjunction

with that of Lane and brnon (19) was that dextrose and. levulose were

the only reducing substances present in any quantity in the extracts.
It probably would have been advisable to have tested out the mater-

ials with other methods, Including optical rotation or oxidation of
levuloae by Nyn's Solution. This was not done, however, and. no ser-

iow errors were thought to be involved, since no reducing sugars,
other than dextrose and levulose, have been reported in pears by
other investigators. The proportion. of dextrose and levulose found.

in this investigation agreed essentially with those reported by
Thoitrpson and Whittier (34 working with a polariacope; by ninett (7),

using the iodonietric determination of dextrose; and. by Jackson (16),

et. al., using a modified 1-n's procedure. The latter investigators
determined reducing sugars by the method of Lane and. ynon as em-

p].oyed. in this investigation.
The presence of reducing materials other than sugars may have

caused. some error in the results obtained.

by several investigators (27)

It has been pointed out

(4) that solutions should be clear-

ed before analysis, and. that any color remaining should be removed
with charcoal if correct values of dextrose are to be obtained by

the reduction of alkaline Iodine. Since most of the solutions ana1yad were nearly colorless it was not considered. necessary to add
charcoal. In the samples of the 1933-34 storage series where
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less and. the time much longer. This procedure made possible the rapid

inversion of several samples at one time and appeared to give nearly
identical results when compared with those obtained by use of the
official methods on C.P. Sucrose solutions and on pear extracts.

The method as used in the routine laboratory

wor

was opi to criti-

clam in that it was carried out before claritication. A series of
tests, however, indicated that in pear extracts there is no material
removed by clarification, which wou.ld have been hydrolysed. by the

acid treatment used, or by the official rapid method of procedure.
The results presented in Table 3 were obtained from extracts prepared
from ripe pears of the 1934-35 Storage Series. They may not be ap-

plicable to all samples.
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Table

.

A COLPARISON OF MHS OF INVERSION AT

Date

Sample

'FECT OF CLARIFICATION

Total Sugars as Per Cent Fresh Weight
Clarified. After Inversion Clarified Before Inversior
Modification
Official
Modification
Official

9/18

B1

13.42

13.38

13.30

9/18

B2

12.69

12.59

12.72

B1

Check

13.70
13.64

13.66
13.68

13.86
13,74

12/ 4

B1
Check

13.14
13.40

13.30
13.23

12/ 4

B2
Check

13.40
13.36

13,44
13.36

12/19

B1
Check

12.42
12.38

12.38*
12.40*

12/19

B2
Check

13,02
13.08

13.10*
13.12*

52.25**
52.05

52.25**
52,05

10/18

C,P. Sucrose
Solutions

*Offjcjal ten hour inversion at room temperature.

**Inverted Solutions of C.P. Sucrose expressed as milligrams of
invert sugar to react WIth 10 ml, Fehling'a Solution.
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clarification was attempted and cloudy solutions obtained, the arialysis of comparable duplicates, with arid. without clarification, show-

ed. no significant variations.
It appeared then, that by clarification no observable amount
of oxidizable material was removed that would have affected the iodo-

metric determination of dextrose. The method used, however, did not

preclude the possibility of reducing non-sugars being present which
may have affected. either cooper reduction, iodine reduction, or both.

JLrbutin, reported in pear bark by Lincoln (20), or other phenolic
derivatives may have been present in the pear tissue and were carried.

through the analytical process. Tests with pure Arbutin added to
pear tissue indicated. that,if present, it would. not be hydrolysed. by

the method. of inversion, precipitated. in the clarification process,
or oxidized by Pehling's solution, but would have a very serious effect upon the iodometric determination of dextrose.
As a matter of convenience ansi econonr the determination of

dextrose was carried on at room temperature using half of the quantities of iodine and sodium hydroxide recommended by Lothrop and
Holmes (21).

This was found necessary, since the solutions used

for the determination of reducing sugars by the Lane and.

rnon

method. were too weak to be used in the iod.ometric determination of

dextrose as outlined. The sugar solutions to be analyzed contained
50 to 100 mg. sugar in 20 ml. instead of 200 as recommended. by Lothrop and Holmes.

By cutting in half the amounts of iodine and sodium
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hydroxide to react with 20 ml. sugar solution, a reaction mixture
was obtained in which the concentrations of iodine, sodium hydroxide
and. sugar were considerably less than suggested.

A series of tests

were made to determine whether, at room temperature and in various
concentrations, dextrose was oxidized quantitatively, &id levulose
attacked to the extent reported. for this method..

The solutions used

were prepared from Pfanstiehl Sucrose, inverted by the modification
already noted, and. the results calculated by the formulae of Lothrop
and. Holmes.

The results of these tests are shown in Table 4.

Table 4.
DETEMIIATION OF LEVUIJOSE ALT]) DEXTROSE

IN INVERT SUCR SOLUTIONS

C

DE

Sucrose Added (mg./ml.,)

4.75

3.80

2.85

2.47

2.09

Invert present

5.00

4.00

3.00

2.60

2.20

Dextrose Found

2.507 1.997 1.504 1.307 1.109

Levu.lose Found

2.456 1.984 1.492 1.293 1.091

Dextrose and Levulose Found

4,963 3.981 2.996 2.600 2.200

The above determinations show that on pure sugar solutions,
the values of levulose and. dextrose obtained by the method. of Lothrop and. Holmes, as modified fc

this investigation, are essentially
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correct.

However, where a large proportion of the sugar present is

levulose the errors may be greater.

Lothrop and Holmes have shown

that pure levulose is oxidized at a rapidly increasing rate as the
temperature is increased above 200C.

Table 5 shows the extent to

which levulose is oxidized at various temperatures according to Lothrop and Holmes (21) and, in addition, shows the errors involved for
these temperatures on the analysis of a hypothetical mixture of
levulose and. dextrose in &out the portions found in most of the
pears analyzed.

Table 5.
'PECT OF

LERATTE UPON TI

DETLINATION

OF LEVTJLOSE AND DEXTROSE

Temperature

Per Cent of
Levulose
Oxidized

Calculated
Dextrose
Levulose

200C

1.20

2.00

6.00

15°C

0.89

1.98

6.02

22°C

1.78

2.04

5.96

25°C

2.50

2.08

5.92

The method of computing dextrose are. levulose used in these

investigations was that suggested by Lothrop and. Holmes (21) and

contained a correction factor for the 1.2 per cent of the levulose
oxidized at 2000.

The values for levulose and. dextrose shown, are
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calculated from the percentage of oxidation of levuJ.ose given in the

second column, and merely indicate how much error would be expected
in analysis of pear solutions of similar proportions by working at
room temperatures.

It can be seen that the absolute value8 of these

errors range from .04 to .08 per cent which were generally less than
the variation in duplicate samples.
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P1ESENTATION MD DISCUSSION OF DATA

Sugar Changes Occurring Thiring Growth

I.

The analytical data for the 1933 Field Series is presented in
Table 6 and shcwn graphically in 'figure I.

It will be observed that the concentration of sucrose remained

practically constant ad at a very low level during the first three
weeks.

It then rose at a constant rate for the next five weeks, and

during the seventh week exceeded the concentration of dextrose.

The

increase during the last week was very rapid and the concentration
exceeded that of levulose which had been the predominant sugar up to
this tine.

The concentration of dextrose remained practically constant
during the whole period, showing a slight rise during the last week.
The concentration of levulose rose rapidly during the first two
weeks and showed a moderate but constant rise until the last week.
The rate of increase, over this period, was somewhat less than the
corresponding increase in sucrose.

During the firal week of growth

there was an abrupt decrease ii the concentration of levulose.

This

decrease, however, was not sufficient to account for the increase in
sucrose which accompanied it.

Total sugars, calculated as the numerical sum of dextrose,
levulose, and sucrose, rose at a slightly increasing rate over the
whole period.

The alcohol insoluble residue dropped during the whole

period almost in proportion to the rise in total sugars.

It should be

Table 6.
SUGAR CHANGES OCCURRING DURING GROWTH

Bosc Field Series
Date
icked

Weight of
Ten Pears

MATURITY DATA
Electrical U. S. Pressure
Conductivity Test in Lbs.

1933 - 34

Alcohol Ins.
Residue

Sucrose

Levulose

Dextrose

Reducing Total
Sugars Sugars

in_MA.

7/28

555.7

9.87

.13

2.10

1.58

3.68

3.81

8/4

797.5

9.25

.09

2.40

1.58

3.98

4.07

8/11

991.5

30.6

7.44

.25

3.16

1.59

4.75

5.00

8/18

1,207

22.5

6.23

.29

3.15

1.77

4.92

5.20

8/25

1,359

30.6

5.85

.57

3.61

1.52

5.13

5.70

9/1

1,677

28.2

15.6

5.60

.97

3.70

1.53

5.25

6.20

9/8

1,643

24.8

13.7

5.04

1.37

3.82

1.52

5.34

6.71

9/15

1,878

25.2

13.5

4.58

1.89

4.01

1.52

5.53

7.42

9/22

2,078

24.2

13.2

4.69

2.14

4.25

1.43

5.68

7.82

9/29

2,144

18.65

12.2

4.22

4.15
1934 - 35

3.38

1.74

5.22

9.27

7.03

1.75

4.72

1.34

6.06

7.81

6.50

2.09

4.75

1.41

6.16

8.25

Bose Field Series

8/18

22.0

14.30

CD

(C

8/26

.
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noted that this decrease does not account for the rise in total
sugars, since the results are expressed in terms of concentration,
or per cent of fresh weight.

Actually, there was somewhat more

alcohol insoluble material present in each pear at the end of the
season than at the beginning, since the increase in the fresh weight
of eaoh pear had more than counterbalanced the decrease in per cent of
alcohol insoluble residue.

The commercial harvesting of Bose pears in the Medford district
was made during the period between the seventh and ninth pickings
of the 1933 field series.

It is interesting to note that the electri-

cal conductivity and pressure tests show very similar curves when
plotted (Fig. i) over this period, using a scale of 5 milliamps
equivalent to one pound.

Both curves show distinct breaks at the time

of the last picking, which occurred somewhat after the commercial
harvest.

The electrical conductivity curve also showed an abrupt

break at the time of the fourth sampling, when sucrose was beginning
to form.

The observed changes in sugar concentration are similar to
those reported by Thompson and Whittier (34) in the analysis of pear
juices.

The general form of their curves for the changes in per cent

sugar during the growing season resemble those obtained in this investigation, except that sucrose, 3lthough exceeding dextrose, remained considerably less than lovulose.

It was impossible to check the

results reported by these investLatOrs, since they were expressed in
per cent of soluble solids rather than in per cent of fresh tissue.
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The curves in Fig. I are very similar, in some respects, to
those shown by Arohbold (3) in a study of the changes in sugars and
other constituents of the apple during the growing season.

Dextrose

was reported by her as remaining practically constant during the
latter part of the growing season, but at a slightly higher level than
that observed for Bose pears in this investigation.

The general forms

of the levulose and sucrose curves shown by Archbolc over a compara-

ble period, are very similar to those shown in Fig. I, except that
sucrose did not rise to such a high value, and levulose did not
decrease at any time.

The results of the analyses of Bose, although similar in some
respects, do not agree entirely with the findings of Kokin (18), who
reported on the changes of levulose, dextrose, and sucrose during the
growth of the "Scnimerpfirsichartige" variety of apples.

This investi-

gator reported that in the early stages of growth dextrose was
practically the only sugar present, but that the amounts of dextrose
present decreased to a constant value while the amounts of levulose
rose rapidly.

The constant values which he reported for dextrose

are about the same as those found by .krchbold, and are slightly higher
than those reported herein.

The levulose values which he reported

are slightly higher than those reported by Archbold and considerably
higher than those found for Bose in this investigation.
It should be pointed out that while the results of Kokin and
Archbold (18) (2) are not comparable with the results of this investigation on Bose pears they are of interest, however, in that they show a

constant value of dextrose during the latter stages of growth,
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accompanied by a rapid rise in levulose.

The changes in the sugar content of Bartlett Pears during the
latter stages of growth have been studied in some detain by several
workers, (1) (9) (23) but the results have been expressed only as
sucrose, total sugars and reducing sugars.

This makes it impossible

to compare their results with all of the results obtained over a
similar period in this investigation.

The changes in sucrose reported by these investigators are
similar arid all agree with those reported herein, namely, that the

concentration of sucrose increases as long as the fruit is left upon
the tree.

Considerable variation

in the amount of reducing sugars has

been reported by these investigators.

Magness (23), working with

fruit from several districts in California, Oregon, and Washington,
reported in all cases, an increase in reducing sugars.

Allen (i)

working with fruit from two districts in California, showed this to be
the case in fruit from one district, but found that there were slight
decreases in reducing sugars in fruit from the other district.

Ezel].

and Diehl (9), working with Washington fruit, reported slight but
continual decreases in reducing sugars during the last two weeks that
the fruit remained on the tree.

The present investigation indicates

that in Bose, there is a slight decrease in reducing sugars during
the last week of growth, due perhaps, to a decrease in levulose
which is accompanied by a rapid increase in sucrose.
The results of this part of the investigation tend to support

thehypothesis of Archbold (3) that, in the latter stages of growth,
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dextrose, above a definite concentration is used for tissue building,
or starch formation, end that levulose, which may enter the fruit with
dextrose in equal quantities, accumulates in the tissue.

Since the

sugars of translocation are not known with any certainty, a complete
explanation of the changes in sugars in the developing fruit will not
be attempted.

It seems likely, however, that since dextrose and

leulose are first to appear, that these sugars are the first to enter
the fruit and that sucrose enters later or is formed in the fruit,
from dextrose and levulose.
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II.

Sugar Changes Durin& Storage

1933-34 Storage Series.

The data on the percentages of

dextrose, levulose, and sucrose, and total sugars during storage are
presented in Table 7.

The three groups of curves presented in Figure II show the
percentages of dextrose, levulose, and sucrose in fruit of four pickings at various times throughout the storage season.

It will be noted that at the time the fruit was placed in
storage the four pickings showed successively greater percentages of
sucrose.

At the time of each withdrawl from storage, fruit from the

four different pickings still maintained the same relative amounts of
sucrose.

The fruit of the last picking, which carried the most suo-

rose into storage, showed decreasing amounts at successive samplings,
but at the end of the period still showed a higher percentage of
sucrose than fruit of the other pIckings.

The earlier pickings showed

increasing amounts of sugar during storage but never reached the concentration of that of the late picked samples.

It was observed that

late in the storage season the differences in sucrose between pickings
were less than they had been at the time of harvest.
The differences in the

nounts of levulose present In pears of

the different pickings became less as the season progressed.

The

general trend of the changes in levulose during storage was upward,
in fruit of all pickings, but very little increase was noted above
the level reached on December 18.
Only very slight increases were observed in the percentage of
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Table 7.

1933 - 34 Storage Series
CHANGES IN SUGARS DURING STORAGE
Per cent of Fresh Weight
Sucrose

Sample

Ana]yses at Various Intervals During the Season
At Time
Of Pickirg November 6 December 4 December 18 January15

B 7

1.36

1.76

1.93

1.95

2.12

B 8

1.88

2.35

2.20

2.45

2.65

B 9

2.14

3.24

3.18

2.52

2.79

B 10

4.16

3.81

3.55

2.80

3.25

Levulose

B 7

3.82

4.32

5.09

5.15

5.21

B 8

4.02

4.27

5.19

5.28

5.27

B 9

4.25

4.33

5.00

5.31

5.20

B 10

3.38

4.26

4.84

5.30

5.53

Dextrose

B 7

1.53

1.31

1.77

2.04

1.93

B 8

1.52

1.36

1.90

1.92

1.80

B 9

1.43

1.72

1.85

1.75

1.78

B 10

1.74

1.88

1.76

1.73

1.63

Total Sugars

B 7

6.71

7.39

8.79

9.14

9.26

B 8

7.42

7.98

9.29

9.65

9.72

B 9

7.82

9.29

10.03

9.58

9.77

B 10

9.28

9.95

10.15

9.83

10.41

CHANGES IN PER CENT SUGARS DURING STORAGE
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dextrose during the storage season, and these increases were most
marked in fruit of the early pickings.

The magnitude of these changes

was so small, however, that the writer feels that for all practical
purposes dextrose may be considered as being constant.
Total sugars increased in all cases during storage, and the
samples which had the largest percentages of total sugars at the time
of harvest maintained the same relative amounts throughout storage.
The differences between the total sugar content of fruit of the
different pickings became less at each successive sampling during the
season.

l934-35Storae Series.

The changes in the percentages of the

various sugars during the 1934-35 storage series are given in Table 8
and are shown graphically in Figure III.

The results of the analyses show that sucrose, as in the previous season, was present in larger amounts during the entire storage
period in the samples of the second picking than it was in the samples
of the first picking.

The percentages of sucrose in fruit of the first

picking increased during the first two months and decreased gradually
thereafter.

The percentage of sucrose in the fruit of the second

picking increased for about three and one half months, after vthioh
time it showed a gradual decrease.

The decrease, however, was less

than it was in the case of the fruit from the first picking.
Comparison of 1933-34 and 1934-35 Storage Series.

Before

attempting to compare the results of the 1933-34 with those of the
1934-35 series, it will be well to point out the differences between
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Table 8.
934 - 35

CHANGES IN SUGARS DURING STORAGE
Calculated as Per cent of Fresh Veight

Series Bi and B2

Date of
Removal
*8/18

Alcohol Ins. Res.
Bi
B2
7.03

*8/26

Sucrose
Bi B2

Dextrose
B].
B2

---

1.75 ---- 1.34

6.50

---- 2.09

---

Levulose
B2
B].

Total Sugars
B].

B2

---

7.81

1.41 ---- 4.75

---

8.25

9.65

9.91

---

4.72

9/18

5.38

4.89

3.14 3.10 1.80 1.75 4.71 5.06

10/18

5.10

4.68

3.39 3.67 1.98 1.95 5.63 4.93 11.00 10.55

11/19

4.45

4.18

3.12 3,34 2.10 2.20 5.75 5.46 10.97 11.00

12/4

4.03

4.49

2.94 3.75 2.01 2.26 5.84 5.40 10.79 11.41

12/19

4.42

4.18

2.67 3.22 2.23 2.25 5.42 5.09 10.32 10.56

1/5

4.42

4.66

2.44 3.17 2.08 2.34 5.47 5.17

9.99 10.68

1/20

3,95

3.98

2.35 3.17 2.09 2,39 5.45 5.24

9.89 10.80

**4,35

*3E4.74

2.12 3.10 1.93 2.36 5.64 5.56

9.69 11.02

2/3

4/2

1**4.42

---

2.06 ---- 2.15 ---- 5.84 ---- 10.05

* Date Picked
**

Samples Preserved in Eighty to Eighty-five Per cent Alcohol
and Thimbles Dried in Vacuum Oven Ten Hours Before and
After Extraction.

CHANGES IN PER CENT SUGARS
IN BOSC PEARS DURING STORAGE
B1 &

2 OF 1934-35 STORAGE SERIES
FIGURE ilL
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the two seasons.

Fruit matured about a month earlier in 1934 than it

did in 1933, due presumably to a much earlier spring.

The fruit was

placed in storage about a month earlier in 1934 than it was in 1933.
The comparison then, of the changes in storage must be on the basis
of length of storage and not on date of observation.

In choosing

samples for such a comparison, it is obvious that the samples cannot
be chosen at random from fruit of the several pickings studied during
storage each season.

In order, then, to make a valid comparison, it

would be desirable, if possible, to compare the analyses during
storage of two sets of fruit that had the same maturity measurements
and the seine chemical composition at thno of harvest.

The fruit of the first picking of the 1934-34 storage series

was chosen to represent that season since it had been wrapped in
plain paper as were all of the fruit studied during the previous
season.

It was found that no member of the 1933-34 storage series
showed maturity measurements or chemical composition identical with
those of the first picking of the 1934-35 studies,

The fruit of the

ninth picking in 1933 did, however, have the same total sugar content
and nearly the seine dextrose content at time of harvest.

It was,

therefore, chosen to represent the 1933 season in this comparison.
The data for this comparison are shown in Table 9 and presented graphically in Figure IV.
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Table
A CO1ARISON OF CHANGES IN STORAGE DURING TWO SEAS OI

Weeks of

Storage
'33 '34
0

0

Per Cent
Per Cent
Sacrose
Dextrose
'33
'34_ '33 '34

2.14 1.75 1.43 1.34 4.25 4.72 7.82 7.81

4

3,14

3.24

6

12

12

1.98

9.29
5.63

5.00

1.85

9.65

11.00
10.03

2.52 3.12 1.75 2.10 5.31 5.75 9.58 10.97

2.94

2.01

2.67 1.78

2.23 5.20 b.42 9.77 10.32

18

2.44

2.08

5.47

9.99

20

2.35

2.09

5.45

9.89

22

2.12

1.93

5.

9.69

29

2.06

2,15

5.84

14
16

4.33

1.72

3.18_

4.71

1.80

3.39

8

_10

Per Cent
Per Cent
Levalose Total Sugars
'33 '34 '33 '34

16

2.79

5.84

10.79

10.05

FIGURE 1
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It is quite apparent that the two sets of curves arc not
identical, owing to the higher sugar content developed during the
1934-35 storage season.
similar form.

Most of the curves are, however, of quite

The levulose curves are of very similar form and show

almost a constant difference.

The percentages of dextrose in the fruit of the first picking
increased considerably during the first month, increased slowly for
the next two months, and remained approximately constant for the rest
of the storage period.

The fruit of second picking showed practical-

ly the same percentages of dextrose during the first three months as
those noted in the fruit of the first picking, but continued to increase slightly during the whole period.

The percentages of levulose in the fruit of the first picking
were considerably higher during the storage period than they were in
the corresponding samplings of fruit of the second Dioking.

In

fruit of both pickings, however, a considerable rise in levulose was
noted during the first three and a half months of storage, which was
followed by a temporary decrease during the next two weeks, and then
by a gradual rise during the remainder of storage.
Fruit of the two pickings showed considerable differences in
the percentages of total sugars present.

In fruit of the first

picking, the greatest amount of total sugar occurred after two months
of storage, while in fruit of the second picking the greatest amount
present did not occur until after three and a half months.

The dif-

ferences in total sugars are due priirarily to the effect of the changes
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There is a possibility

in the percentages of sucrose noted above.

that some of the observed differences nay have been accentuated by
differences in the respiration rate since fruit of the second
picking was wrapped in oiled paper which, according to certain unpub-

lished data*, tends to reduce the rate of resiration.

The dextrose

curves are noteworthy in that they show a constant value of dextrose
during both seasons, but that in 1934-35 the percentage of dextrose
rose to a higher level than it did in 1933-34 before becoming constant.

Total sugars, although starting from the same point, show

much lower values in the 1933-34 than in the 1934-35 samples.
General Discussion of Storage Series.

The results outlined

above for the storage series agree in some respects with those of
Emmett (7).

This worker, in observing the changes in Conference pears

occurring during storage at various temperatures, noted that in pears
0

held at 1

C. that there was a gradual decrease in sucrose, while

dextrose and levulose remained constant.

Th1

indicated that if

sucrose was inverted in catabolism, equal parts of dextrose and levulose were consumed, prosmiably in respiration.

At

50

C., however,

he reported an increase in levulose accompanied by a decrease in
sucrose, and no change in dextrose.

He suggested that dextrose was

consumed in respiration in preference to levulose which allowed the
latter sugar to increase.

In the present investigation it has been observed that in fruit
of the 1933-34 storage series dextrose remained approximately constan

* H. Hartman& F. Gearhart, U.S.D.A.
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but that levulose increased considerably.

These results are in

agreement with those given by Emmett for the storage of Conference

pears at 50 C., but differ from the results reported for 10 C.

The

changes 111 sucrose reported by Emmett correspond with the changes

reported for the fruit of the final picking of the 1933-34 storage
series.

In fruit of both pickings of the 1934-35 storage series dextrose increased slightly during storage before becoming constant, but
the increases in levulose were not sufficiently greater than the
slight increases in dextrose, to demonstrate a preferential use of
dextrose in respiration.

Evans, (8) as a result of a study of apples during storage,
was unable to find significant differences in sugar content, which
would enable him to tell which of the sugars were used in respiration.
Archbold (3), as a result of a similar study of the changes in
the sugars and other constituer±s of apples during growth and storage,
concluded that sucrose formation was associated with starch hydrolysis, and that sucrose was inverted to a diminishing extent as the
storage sea-son progressed.

She further reported that in some cases

levulose appeared to be the end Droduct of starch hydrolysis, and
carte about by a conversion of dextrose to levulose following the

formation of sucrose from the hydrolysis of starch.

She tentatively

suggested that dextrose in the process of conversion to fructose
possibly by means of a hexose phosphate was the most readily oxidizable substrate in the apple, and that when sucrose inversion provided
more than twice the sugar needed in respiration that all of the

Page 43.

levu.lose produced was stored, and the excess dextrose converted to
levulose.

She pointed out, however, that these reactions varied with

the different varieties of apnles studied.

Since the analyses reported herein for Bose pears do not cover
the changes in starch, and since respiration studies were not made in
connection with the viork, the writer does not believe it advisable to
attempt au explanation of the coirse of respiratory reactions that

may have taken place.

The results of the first year's work do, hciw-

ever, tend to supnort, in part, some of Archbold's findings, while
those of the second year do not.

It should be pointed out that the results of the sugar analyses
made in this investigation are expressed as percentages of the fresh
weight at the time of sampling, while those of the English 'workers

(7) (8) (5) (30) are expressed in terms of fresh weight at time

sanlas were placed in storage.

Their results, then, are calculated

on the basis of what the tissue used in analysis would have weighed
had it not lost weight by transpiration or respiration during storage.
If chemical equilibria are to be used to explain any of the
changes observed in storage, 5t seiis rnore logical to express the

results in terms of the actual percentage of the various material
present at the time analysis was made.

Further, it should be pointed

out that while certin investigators carefully weighed the fruit so

as to determine the losses in weiht during storage, they did not

determine the reg! f.

ic

these losses took place.

This is

of importance, since in the sampling process they peeled the fruit and
removed the cores.

It has been recently pointed out by Archbold (5)

that there is considerabis diffrenct in k*e cor:nosition of the
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apple, and it was demonstred y Ke1hof{er (17) that the different
regions of the pear have a quite different sugar content.
these facts, it does not se

In view of

desirable to correct the results of

analyses, for the losses of weight from the whole fruit, after having
thrown out portions of the fruit in the sampling process.
It is suggested, however, that the upward trend of some of the
curves, presented herein, that occurred after regular decreases over
a considerable period, may have been due in part to an increase in
concentration of solutes caused by water losses, rather than an
actual increase in sugars.
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III.

Sgar Changes During Ripening

The pear is different from many other fruits in that it does

not attain good eating quality if allowed to ripen on the tree. Pears,
therefore, are harvested coimnercially while they are still quito hard
and green. Hartinan (12) observed that Bose pears generally do not

develop the best eating quality if allowed to ripen limnediately after
picking, and that the ripening process is very slow when the pears
are handled in this manner. He also found that a brief period of
cold storage brings about changes in the ripening mechanism of the

pear so that ripening is rapid when it is removed from storage and
placed in a ripening room at 65 to 70°F. Some pears, such as
.Anjou and Winter Nelis, will ripen slowly in cold storage

while

others,

like Bose and Cornice, stay hard and green as long as they are in
storage. Hartman (12) has found that pears of the latter class, if

kept too long in storage, will undergo such changes that they fail
to ripen when removed and placed at a ripening temperature.
The

effect of time of picking and length of storage, upon the

quality of pears ripened after removal from storage, has been studied (12) but, to the knowledge of the writer, no systematic work has

been done to study the effect of time of picking and length of storage upon the chemical changes involved in ripening.

Such a study was attnpted in this investigation and was
carried out in conjunction with the study of the changes in sugar
content during storage which has been reported in the precedilig
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section.

At the time that semples were withdrawn frcn storage for

analyses, en equal number was withdrawn, placed in a ripening room
at 65 to 70° F., and allowed to remain there until they were judged
to be ripe.

Two groups of chemical change are thought to be involved in
ripening.

To the first group belong the changes in the pectins and

celluloses of the cell walls, vthile the second group includes the

changes in the concentration of substances in solution in the cell
sap and the amount of inclusions within the cell.

The constituents

of the second group include sugars, acids, tannins, starches, and
other substances.

The changes in tho first group have to do with the physical
condition of the fruit, and their course determines the softness and
juiciness of the ripe fruit tissue.

The second group of changes have

to do with flavor, sweetness, sourness, and astringency.

The combined

effect of both of these groups of chemical reactions is necessary to
bring about the condition called ripeness.

It was hoped that among the changes in the individual sugars

during ripening there might be found se specific change which
would be a me'ns of statin

eat:n cortion

just mthen fruit has attained prime

it :u't be admitted, however, that though

ripening is due to a set of chemical reactions, no satisfactory
means of determining the endpoint of these reactions has been devised.
In attempting to judge when a fruit was ripe for samoling, there was
no assurance that the reactions had oroceded to the same poirt in
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every case. At the time of samiing, the ripened fruit of all

ickings was removed from the rpening room at the same time.

While this gave ccmparisons of the differences between the fruit of

the several pickings mhen riened over the scme period, it gave no

assurance that all semls had reached the same stage of rineness.
It may be well to point out here that fruit of the 1933-34

storage series developed e:ceilent eating quality during the first

part of the storage season, but failed later to ripen iroper1y and
was of only fair quality, mhile fruit of the 1934-35 storage series
at no time yielded samples of better than fair eating quality
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Changes During the Ripening of Fruit of the 1933-34 Storage
The changes occurring during the ripening of the samples

Series.

from all four pickings of the 1933-34 storage series were quite
similar.

The amount of total sugars found in ripe pears was in all

cases proportional to the amounts they had when removed from the
storage rooms.

Tables 10 and 11 represent a tabulated summary of the

sugars found in the fruit of each of the pickings before and after
ripening.

Since the samples of the ninth picking seemed representative

of all pickings the changes occurring in this fruit have been shown
graphically in Fig. V.
The curves in Fig. V shovr the per cent of each sugar present

at various times throughout storage in unripened fruit and in duplicate
samples of this fruit after ripening.

The solid lines indicate the

changes during storage as presented in the preceeding section, vshile

the dotted lines show the composition of the fruit after being
ripened at 65 to 700 F.

It will be seen, Fig. V, that the total sugars of ripe pears
show little change over most of the storage period, but decrease
slightly in the latter part of the season.

Total sugars in unripened

fruit increased gradually throughout the season so that the curves
become closer to each other, indicating that, so far as the sum of
the sugars was concerned, the changes during ripening became less as
the season progressed.

The percentage of sucrose showed a considerable increase
during the ripening of fruit which had not been in storage, but in the
second and third ripenings after periods of cold storage, very
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Table 10,

- 34

SUGAR CHANGES DURING STORAGE AND RIPENIN
Calculated as Per cent of Fresh Weight

Seriea B7 - Picked September 8, 1933
Date of
Removal

Alcohol Ins, Res.
5*
R*II

Sucrose
S

R

Dextrose
S
R

Levulose
S
R

Total Sugars
S

R

-

5.04

3.09

1.36 3.22 1.53 2.34 3.82 5.17 6.71 10.73

11/6

5.49

3.16

1.76

12/4

3.72

3.12

1.93 2.18 1.77 2.90 5.09 5.62 8.79 10.70

12/18

3.88

3.27

1.95 2.36 2.04 1.83 5.15 5.65 9.14

1/15

3.83

3.40

2.12 2.69 1.93 1.68 5.21 5.71 9.26 10.08

.92 1.31 2.86 4.32 7.18 7.39 10.95

9.84

Series B8 - Picked September 15, 1933

4.85

3.05

1.88 3.35 1.52 2.52 4.02 4.62 7.42 10.48

11/6

5.81

2.83

2.35 1.14 1.36 3.29 4.27 6.74 7.98 11.17

12/4

3.54

3.14

2.20 2.67 1.90 2.75 5.19 5.80 9.29 11.22

12/18

3.34

3.05

2.45 ---- 1.92 ---- 5.28

l/1&

364

3.23

2.65 3.12 1.80 1.83 5.27 5.45 9.72 10.40

*S Analysis When Removed Storage
**R Analysis After Ripening

---

9.65 -
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Table 11.

1933 - 34
SUGAR CHANGES DURING STORAGE AND RIPENING
Calculated as Per cent of Fresh Weight

Series B9 - Picked September 22, 1933
)ate of
temoval

Alcohol Ins. Res.
5*
R**

Sucrose
S

Dextrose

R

S

R

Levulose
S
R

Total Sugars
S

R

3.98

2.86

2.14 4.39 1.43 2.46 4.25 4.90

7.82 11.75

11/6

3.92

2.79

3.24 1.2.7 1.72 3.42 4.33 7.03

9.29 11.72

12/4

3.48

2.85

3.18 2.64 1.85 2.41 5.00 6.70 10.03 11.74

12/18

3.21

3.00

2.52 3.27 1.75 1.88 5.31 6.42

9.58 11.57

1/15

3.43

3.08

2.79 3.37 1.78 1.87 5.20 5.54

9.77 10.78

Series BlO - Picked September 29, 1933

4.22

3.46

4.16 3.67 1.74 2.40 3.38 5.76

9.28 11.82

11/6

3.63

2.64

3.81 1.77 1.88 3.06 4.26 7.56

9.95 12.39

12/4

3.50

2.93

12/18

3.21

2.83

2.80 3.11 1.73 1.85 5.30 5.85

1/15

3.3].

2.80

3.25 3.45 1.63 1.93 5.53 5.76 10.41 11.14

.55 2.70 1.76 2.36 4.84 6.62 10.15 11.68

*S Analysis When Removed Storage
**R Analysis After Ripening

9.83 10.81

FIGURE
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significant decreases in. ucrose were observed.

In the last two

ripenings, slight increases in sucrose were noted.

Levulose increased slightly in the first ripening, but showed
very significant increases in the second and third ripenings, while
smaller increases were noted in the two firLal ripenings.
Dextrose behaved similarly to le'vulose, showinF the greatest

rcreases in the second ripening, a ccnsiderable increase in the third,
but scarcely any increases in the letter part of the season.
It is plain that in the second and third ripenings, the decreases in sucrose were accompanied by increases in both levulose and
dextrose, but these increases were far greater than could be accounted
for on the basis of the decreases in sucrose alone.

The decreases in

alcohol insoluble residue, as shown in Table 11, are insufficient to
account for the increases in dextrose and levulose not accounted for
by the decreases in sucrose.

Just where the material came from that caused the unexplained
increases in dextrose and levulose is not clear.

It is possible that

some of the .observed gain may have been due to the losses of water

by the fruit, thus concentrating the solutions within the cells.

It

is also possible that some of the observed differences may have been
due to the fact, that in sampling the ripe pears, cores were removed,
thus causing the sample to include a slightly different portion of
the fruit than that included in the samples of the unripened pears
where the cores were not removed.
samples were not clarifiec

The fact that the extrc
may also

blio

have had some effect upon
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the dextrose analyses.

These are possibilities, but the writer does

not feel that they seriously affected the accuracy of the work.
The observed decreases in sucrose and in the second and third
ripenings are thought to be highly significant, since these two

ripenings were the only ones that yielded Boc pears of excellent
eating quality.

Ehe first ripening showed shrivellirg due to the

long time required to ripen, and the last two ripenings were of poor
flavor and gritty and granular in texture.

The data on pears of the other three pickings show very
similar curves to those plotted for the ninth picking, differing in
numerical values, but very little in form.

These other three pickings

yielded pears of excellent quality from the second and third ripenings.

The quality of the earliest picking (B7) was slightly inferior

to that of the others.

It appears then, that in the fruit of the 1933-34 storage
series, the ripening process irciuded an inversion of sucrose
accompanied by a i'ise in both levulose and dextrose that could not

be accounted for by the decreases in sucrose, alcohol insoluble
residue, or both.

Apparently some change took place in the mechanism

of the pear between December 4 and 18 which prevented any further inversion of sucrose.

In the period following this change, a slight

rise in sucrose was observed in ripening, accompanied by a rise in
levulose and a very slight or imperceptible change in dextrose.
It should be pointed out, that although the individual sugars
in ripened fruit showed considerable variations, depending on the
length of time the fruit vms held in storage before ripening, the
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values of total sugars were practically the same in fruit ripened on
or before December 4.

In fruit ripened after this date, decreases

in total sugars were noted.

It is important, too, that fruit of the several pickings showed
increasing amounts of total sugars after ripening, depending upon the
length of time the fruit was allowed to ronain on the tree.
It can be said, then, that the total

nount of sugar in ripened

fruit, as observed in the 1933-34 studies, depends upon the length
of time the fruit

s allowed to remain on the tree, and that this

amount does not differ appreciably as iong es the fruit is ripened
on or before December 4.

Changes During

penin: in Fruit of the 1934-3 5Stora;e Series.

The changes occurring during the ripening of fruit of the 1934-35
storage series differed considerably from those observed in the
fruit of the previous season.

The changes during ripening wore

observed over a much longer period than they were in 1933.
Since the changes during ripening of samples from fruit of the
two .pickings studied this year were similar, only the data obtained

from fruit of the first picking is presented graphically in Fig. VI.
Total sugars in all cases were greater in the ripened than
in the unripened samples, but the total sugar content of the ripe
pears decreased steadily with successive ripenings after the first two
months.

The changes in total sugars during the ripening process, as

measured by the distance apart of the two curves, Fig. VI, became
less throughout the season.
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Table 12.
1934 - 35

SUGAR CEANGES DURING STORAGE AND RIPENING

Calculated as Per cent of Fresh Weght
Series Bi - Picked August 18, 1934
'eeks of
Storage

Alcohol Ins. Res
5*
R**

Sucrose

R

S

Dextrose
S

R

Levvl.ose
S

Total Sugars
S
R

0

7.03

4.43

1.75

4.72 6.08

7.81 12.88

4

5.58

4.70

3.14 5.08 1.80 1.77 4.71 6.28

9.65 13.13

8

5.10

4.20

3.39 4.93 1.98 2.02 5.63 6.64 11.00 13.59

12

4.45

3,99

3.12 4.01 2.10 2.10 5.75 6.68 10.97 12.79

14

4.03

4.18

2.94 3.92 2.01 2.10 5.84 7.11 10.79 13.13

16

4.42

4.20

2.67 3.76 2.23 2.05 5.42 6.54 10.32 12.35

18

4.42

3.71

2.44 3.29 2.08 2.23 5.47 6.27

9.99 11.79

20

3.95

4.01

2.35 3.15 2.09 2.24 5.45 6.55

9.89 11.94

22

#4.3.3

#4.56

2.12 3.39 1.93 2.16 5.64 5.94

9.69 11.49

29

#4.42

#4.42

2.06 2.59 2.15 2.45 5.84 6.12 10.05 11.14

L.85 1.34 1.95

S* Analysis When Removed From Storage

R*
#

Analysis After Ripening
Samples Preserved in Eighty to Eighty-five Per cent Alcohol
and Thimbles Dried Ten Hours in Vacuum Oven Ten Hours Before
and After Extraction.
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Table
1934 - 35

SUGAR CHANGES DURING STORAGE AND PIPEN
Calculated as Per cent of Fresh Weight

Series B2 - Picked August 26, 1934
ieeks of
Storage

Alcohollns. Res
S*

R**

Sucrose
S

R

Dextrose
S
R

Levulose
S
R

Total Surs
S

R

0

6e50

4.00

2.09 4.65 1.41 2.22 4.75 6.80

8.25 13.67

3

4,89

3.79

3.10 5.23 1.75 1.52 5.06 5.77

9.91 12.52

7

4.68

3.67

3,67 4,86 1,95 2.15 4.93 5.57 10.55 13.58

11

4.18

4.02

3.34 4.62 2.20 2.13 5.46 6.50 11.00 13.25

13

4,49

435

3.75 3,90 2.26 2.44 5,40 6.95 11.41 13.29

15

4.18

4.21

3.22 4.50 2.25 2.20 5.09 6.25 10.56 12.95

17

4.66

3.58

3.17 4.02 2.34 2.42 5.17 6.51 10.68 12.95

19

3.98

3.67

3.17 3.90 2.39 2.50 5.24 6.31 10.80 12.71

21

#4.74

#4.45

3.10 3.66 2.36 2.57 5.56 6.25 11.02 12.48

S* Analysis When Removed From Storage

R** Analysis After Ripening
#

Samples Preserved in Eighty to Eighty-five Per cent Alcohol
and Thimb1e Dried Ten Hours in Vacuum Oven Ten Hours Before
and After Extraction.
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Sucrose increased during ripening in all cases, but the con-

centrationn -iponed samples becane less after the first month.

Lvulose increased during ripening, in all eases, and the
magnitude of the differences between the green and ripe fruit remained
about the same until the last two ripenings, when only very slight

diferences were observed.

The percentages of levulose in ripe fruit

increased for the first 14 weeks and decreased thereafter.
Dextrose showed extremely slight changes as a result of
ripening at the various periods throughout the season.

The actual

amount of dextrose in the ripe fruit increased slightly as the season
progressed, but no significant increases from the amounts present
in the unripened fruit were observed.

It is noteworthy that the changes in sugars during the ripening
process throughout the whole of the l934-3

season are in the same

direction as those observed in the last two rioenings of the 1933-34
storage series.

It should also be pointed out that the fruit of the 1933-34
series had considerably less sugar before and after ripening than did
the fruit of the 1934-35 series, and yet, was of superior quality.
It appears, then, that the failure to ripen properly is not associated with a shortage of sugar, but rather, with a failure of the
enzymes or catalysts of the pear to bring about other chemical
changes involved in attaining prime condition.

Daily Changes in Sugars During_Ripenin

In the two proceed-

ing sections data have been presented to show the differences between
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the composition of pears at various times during storage and that of
similar pears after being ripened.

It was also thought desirable to

determine, if possible, the course of the chemical changes involving
sugars during the ripening process.

This was attempted by removirg

a number of carefully selected pears from storage, placing them in
the ripening room, and each day, removing one sample for analysis.
Sufficient pears were available so that a sample of six selected
pears was removed from the ripening room for analysis on each of 12
successive days.

One saplo was left in storage for the duration of

the test as a chock.

The resu1ts of this experiment are listed in Table 14 and are
shown graphically in Figure VII.

The curves presented in 'ig. VII have an irregular appearance,
indicating that probably an insufficient number of pears was used
for each sample.

The general trends are established, however, and

the curves are of use in showing the course of change in ripening as
it occurred in the material studied.

Total sugars increased at a constnt rate during the whole of
the ripening process.

Very little change was observed in the total

sugars in the fruit held in storage as a check.

Sucrose increased rapidly and reached a peak at about the
seventh day, remained approximately constant for two days, and
decreased rapidly during the last two days.

Levulose increased over the whole of the period studied, al-

though the curve shows considerable variation. The rise, allowing
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Table 1!

DAILY CHAI'IGES IN SUGARS IN RIPENING BOSC.

Acidity
Days in Alcohol
as
Ripening Insoluble
Residue
Citric
Room

buc

e

Dextrose

Levulose

Total
Sugars

0

4.44

.196

3.90

1.99

4.79

10.68

1

4.52

.193

4.12

1.9

4.99

11.09

2

4.57

.222

3.99

2.01

5.43

11.43

3

4.57

.192

4.32

1.94

4.83

10.99

4

4.45

.203

4.48

2.02

5.24

11.74

5

4.41

.199

5.01

1.79

5.22

12.02

6

4.46

.211

5.23

1.94

5.75

12.92

7

4.29

.187

5.25

1.93

5.44

12.62

8

4.30

.189

5.18

2.27

5.58

13.03

9

4.19

.179

5.30

2.16

5.64

13.10

10

4.06

.200

4.88

2.26

6.19

13.33

11

4.15

.187

4.65

2.40

6.33

13.3S

4.90

.204

3.84

1.99

5.13

10.96

Held
in

torage

FIGURE VII

DAILY CHANGES IN SUGARS DURING RIPENING
DEC. 5-16> 1934

I

I

AL SUGARS

13

12

I.,

ill!

I-

z
Ui

05

.4Ar

Ui
Q.

3

2

II!!LJ
I

I

I

2

I

I

I

3

4

5

6

7

I
6

I

9

I

10

I

II

I

12

Page 59.

for irregularities in position of saae of the points, appeared to be
relatively constant f or about the first nine days and then became
inuch.rnore rapid during the last two days.

Dextrose remained approximately. constant for the first seven
days and then increased slightly.

This increase shown in Fig. VII

is very interesting in that it begins at about the time sucrose reaches
its peak, and continues during the last two days vthile sucrose is decreasing.

It can be readily seen from Figure V]

that the decrease in

sucrose noted in the last two days is accompanied by a rise in dextrose and sucrose.

This indicates that in the latter part of the ripen-

ing process, sucrose is being hydrolysed faster than the dextrose and
levulose are used up or transformed into other forms.

The amount of acidity, calculated as citric, remained practicauly constant during the ripening process at .2 of 1 per cent as is
shown in Table 14.

The quality of the fruit observed during these tests was best
in the fruit removed from the ripening room on the last three days.
No differences in eating quality could be observed in fruit removed
on these three days, and yet, considerable differences in the chemical
composition were noted.

The changes observed above suggest an explanation of the changes
in sugars in B050 pears observed during the ripening process, and, in
addition, a possible explanation for the very different changes
observed in ripening during the two seasons.

It is suggested, tentatively, that the changes in sugars
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during the ripening of pears be divided into two phases.

The first phase involves the fcration of sucrose, with
dextrose remaining constant, and levulose increasing steadily.
The second phase involves a rapid decrease in sucrose with
both dextrose and levulose increasing rapidly.

he extent of this

decrease in sucrose is thought to be correlated with the other physi
cal and chemical changes involved in the proper ripening of the fruit
to yield pears of excellent eating quality.

In applying this hypothesis to the fruit of the daily ripening
series, it is thought that the first phase covered the first seven
or eight days, and that the second phase covered the remainder of
the period studied.

During the first phase sucrose was observed to

forn, presumably from starch or some other complex carbohydrate, while
levulose increased and dextrose remained constant.

During the second

phase, sucrose formation apparently had ceased and the concentration
of this sugar decreased rapidly with accompanying increases of both
dextrose and levulose.

It is suggested that if the fruit had ripened

properly the decreases in sucrose would have boon none rapid and
would have continued until sucrose decreased far below the original
concentration, with far higher concentrations of dextrose and levulose
than were observed.

It was noted that the occurrence of ripe fruit of good eating
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quality was associated, in the 1933-34 storage series, with marked

decreases in sucrose during the ripening process, and tht these decreases were accompanied by increases in both dextrose and levulose.
It was also noted that the occurrence of ripe fruit of mediocre and
poor eating quality was associated with increases in sucrose or le-vu-

lose, and with slight or imperceptible increases in dextrose.

This

failure to develop good eating quality was observed in fruit removed
from storage late in the 1933-34 season and in all of the fruit of the
1934-35 season.

It is suggested, in those cases in which fruit ripens properly,

that the reactions of both phases of ripening take place, and that
first, there is a formation of sucrose and levulose with no change in
dextrose, and that second, there is a considerable inversion of sucrose to cause increases in both levulose and dextrose.

The net results

of these two groups of chemical changes would be increases in both
levulose and dextrose and a decrease in sucrose if sufficient inversion took place in the second phase to counterbalance the formation of
sucrose noted in the first phase.

It would be expected that the in-

crease of levulose would be greater than that of dextrose since the
formation of levulose should have taken place in both phases.
it is further suggested, in those cases in which fruit fails to
ripen properly, that the reactions of the first phase occur and cause
an increase in levulose and sucrose, but no change in dextrose, and
that the reactions of the socond phase involving the inversion of
sucrose fail to take place.
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Just why these differences in ripening should occur is not
known, but it is sug;ested that invertase, or whatever inverts suerose in the pear, was used up or destroyed in the first 11 weeks of
the 1933-34 storage season and that in 1934 it was destroyed before
the fruit was placed in storage or was never present

n sufficient

quantities to catalyse the process.
It is also suggested that the enzymes which catalyse the re-

actions bringing about the softening of the fruit are destroyed or
inactivated by the same conditions which affect the enzyme inverting
sucrose.

Source of Sugars for Increases Observed in Ripening

The

source of material which gave rise to the extra sugars causing the
increases observed in ripening is not very definite.

It was thought,

at first, that the decrease in the alcohol insoluble residue might
account for the observed increases in sugars.

This, however, was

not found to be the case in the ripening studies made in either
In all cases there was an increase of from one to three

season.

per cent sugar over

that could be accounted for on the basis of the

decrease of alcohol insoluble residue.

It was also thought possible that the increases in sugars
might have been due to an increased concentration of solutes in the
pear due to water losses by transpiration during the ripening process.
To ascertain whether this was the case, total solids were determined

before and after ripening and the results of these tests are shown in
Table 15.
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T1e
ChEulges in Total Solids_and Total Sugars During Ripenirg
Exp r a

ad as P er C ent of F re seit

Total Solids

Total Sugars

Jnripened Ripened Increase Unripenod Ripened

Incrése

18.72

19.26

.54

9.99

11.79

1.80

18.26

18.84

58

9.89

11.94

2.05

20.38

21.14

.76

10.80

12.71

1.91

The above data indicates that while there was some increase

in total solids, due presunab1y to water losses, this increase was
in no way sufficient to account for the observed increases in sugars
during ripening. Even by adding the losses in alcohol insoluble

residue, the gains in sugars cannot be accounted for on the basis

of increases in the concentration of solutes due to water losses.
By process of elimination, it auoears that the substance or
substances giving rise to sugars during ripening, must have been

present in the form of non-sugar materials in the unripened fruit,
and, were removed as an alcohol soluble portion that did not show

up in the analyses. A critical scrutiny of the data shows that

from four to five per cent of the fresh weight of fruit is unaccount-

ed for in analysis. This figure is arrived at by comparing extracted
solids, or the difference between total solids and the alcohol insoluble residue, with the value of total sugars arrived at by analysis.
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This amount seems excessive to represent the combined value of
waxes, fats, acids, and extractable proteins, sir.ce all of these

constituents occur (26) in the pear in very small amounts.
The idea has been sug>ested by Evans (8) in studying apples
in storage and by Emmett (7) in studying pears in storage, that
there may be some non-sugar carbohydrate present, which is extracted
in the earlier analyses and which later is converted into sugars.
Both workers point out that sorbitol has been reported present in
both apples and pears by Vincent and Delachanal (37), and that it
has actually been prepared from apple juice by Tutin (36).

This

possibility is of particular interest in view of the fact that

Nuccorrini and Bartoli (28) have receit1y reorted that in the
ripening of the sorb apple after detachment from the tree, sorbitol
is transformed into dextrose and levulose.
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SULtART

I.

Changes occuring during the latter stages of growth of the
1933 season.
(1)

Dextrose remained practically constant except for
slight rise during the last week,

(2)

Levulose increased gradualiy except for a sharp
decrease during the last week.

(3)

Sucrose was present in very small auounta d.uring

the first three weeks and then increased rapidly
during the rest of the season, showing a very
rapid rise during the last week.
II.

Changes occuring during 8torage.
A.

1933-34 Storage Series:
(1)

Dextrose remained constant or increased slightiy
in fruit of all pickings.

(2)

Levulose increased considerably in fruit of all
pickings.

(3)

Sucrose increased in fruit of the first three
pickings but decreased in fruit of the last
picking.

B.

1934-35 Storage Series:
(1)

Dextrose increased slightly and. became constant

at a slightly higher value than in the previous
seas on.
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(2)

Levulose increased considerably but the fruit of
of the first picking showed more levulose than
did fruit of the second picking.

(3)

Sucrose increased for a time and. then decreased
gradually.

Less sucrose was observed in the

fruit of the first picking than the fruit of the
second picking.
III.

Changes occuririg during ripening.
A.

Fruit ripening normally:
(I.)

Dextrose - increased. markedly.

(2)

Levulose - increased to a greater extent than did.
dextrose.

(3)

Sucrose - decreased very markedly but not au±ficiently to account for the increases in levulose
and dextrose.

B.

Fruit failing to ripen normally:
(1)

Dextrose - remained practically constant.

(2)

Levulose - increased considerably.

(3)

Sucrose - increased considerably and generally to
a greater extent than did levulose.
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