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Technical Bulletin No. 592 G% % December 1937

UNITED STATES DEFPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

FACTORS AFFECTING THE RATE OF DRYING
OF KIEFFER PEARS !

By C. W. CoLPEPPER, physiologist, and H. H. Moo, assisiant pomologist, Division
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry
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INTRODUCTION

For several years the Department of Agriculture has been carrying
on investigations on the preservation and use of the Kieffer pear.
The results of studies of the ripening, storage, canning, and preserving
with sugar have already been reported (7, 8, 10).> "The'e arestill a
number of other waysin which the fruit may be used immediately or be
preserved for future use. The method of preserving many fruits by
drying has long been employed, and it was suggested early in the course
of these studies. It is the purpose of this report to deal particularly
with the factors that influence the rate of drying. The general prin-
ciples underlying the evaporation of water from moist products have
long.been understood (I, 2, 8, 4, 6, 6, 13). The purpose here is to
shg‘_': how these principles apply in the drying of Kieffer pears.

>

- APPARATUS AND METHODS EMPLOYED

TH these tests, use was made of a small steam-heated drier through
wiidh & large volume of air could be forced by means of a powerful

faptdfig. 1). It was built in two sections, one of which provided for
theheating of the air and the other for the space devoted to the drying
E’oﬁer. The first section was 4 feet long, 30 inches wide, and 22 inches
igh. It was provided with two radiators each having 65 square feet
1 Baceived [or publication Mar. 23, 1837,
1 Itale numbers in parentheses refor to Literature Clied, p. 29,
2141°-3T—1
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of radiation which were separately connected to the steam supply so
that either or both could be cut off or regulated as desired,

The drier proper was a “stack’ type 6 feet high, 4 feet wide, and
30 inches deep, lined with asbestos, end covered with insulating
board. It was provided with small steel rods extending through the
drier for supporting trays of fruit in such fashion that they could be
readily introduced or removed, and arranged in different ways to
facilitate drying. Adjustable shelves or baffle plates could also be
introduced in various positions so that the entire volume of air could
be forced through a narrow tunmel, or air channel, producing an air
current of high velocity, or through & large channel that gave g cur-
rent of low velocity. The plates could also be placed so as to allow
part of the air to pass directly through the drier without passin
through any particular channel. Thus in figure 1, at ¢ the air woul
have a high velocity, at b the velocity would be less, and at ¢ it would
be low as & v:sult of progressive widening of the air channel. In this

(i

Wl

Ficure L.—Disgram of drier used in the studg of the factors influancing the rate of drying in Kisffer pears:
g, Air channel of high velocity; b, air channel of edium velocity; e, air channel of low veloelty.

way air velocities from a fraction of a mile to more than 12 miles per
hour could be readily obisined. Tests with two or more air velocities
could be carried out simultaneously.

Steam was supplied by a high-pressure boiler and was reduced to
any desired pressure (41 pound) by a reducing valve. By using both
radiators, or eliminating one and regulating the valves, almost any
temperature between 30° and 70° C, could Ee obtained.

Tﬂe air velocity was measured by a standard anemometer and
thermometers were inserted through the side walls of the drier so that
the temperature could be observed at all times.

Thére was no device for maintaining a definite constant humidity.
Considerable variations in the humidity could be obtained by intro-
ducing steam into the air intake, or by allowing the sir to pass directly
over pans of water before entering the drying tunnel. }i‘h.is was an
easy matter as the pans of water could be placed in one air channel
before entering the next where the material for the test could be placed
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for observation. Thus for a particular set-up, the humidity would
generally remain almost constant for & number of hours.

The chemical method of measuring the humidity was employed.
This consisted of druwing a definite volume of air (2,000 to 12,000 cc)
over phos'Fhorus pentoxide and weighing the amount of water ab-
sorbed. ‘The result obtained was the absolute humidity which was
converted into relative humidity for the particular temperature
em,Floyed.

be weighings were made upon a siandard analytical balance. The
removal of the sample from the drier, while being weighed, required
at most only a few minutes, and since the drying process extended
over a period from several hours to many days, the error thus intre-
duced is obviously small.

PREPARATION OF FRUIT AND METHODS OF DRYING

The fruit for the tests was grown at Beltsville, Md. A large quan-
tity was ripened in a constant-temperature room maintained at 60° F.
After properiy ripening, the fruit not needed for immediate use was
stored at 32° until the tests could be made. Likewise, because all the
tests upon the unripened fruit could not be made immediately after it
was picked from the tree, a large quantity was put in storage at 32°
to be used as convenient.

For most of the tests the fruit was peeled and cored as is usually
done in canning. A guarded kuife for peeling and a special looped
knife for removing the cores were used, because smoother and more
uniform surfaces could be obtained with these than with ordinary
knives. The surface of the ripened peeled fruit appeared slightly
smoother than that of similar uvnripened fruit. This is mentioned
because it may possibly have some influence on the drying rates.

To facilitate the handling during weighing, a series of small wooden
bases each 2 by 2 inches by one-fourth of an inch thick was employed
to support the slices of frutt. From the center of each base extending
upward was & pin 2 inches high upon the top of which the slices of
fruit were impali'ed during the drying process. The segments of fruit
were therefore not in contact with each other or with any other object,
so that the entire surface was exposed to the drying action of the sur-
rounding atmosphere. The fruit was thus 1 or 2 inches above the
floor of the air channe! which largely avoided the influence of the drag
upon the air flow due to the resistance offered by the channel floor.
The snemometer could be placed exactly beside the fruit so that the
determinations of the air velocity applied precisely to the velocity of
the air current passing the fruit under test. The bases served as s
means of transferring the fruit to the analytical balance, thus avoiding
the necessity of touching the fruit or disturbing the surface in any
manner during the weighing process.

The peeled or unpeeled fruit was sliced longitudinally into segments
of the desired size; each segment was then impaled upon the pin of the
base so that the outer surface of the fruit was downward and the inner
surface or margin was upward. The base, previously weighed, and
the fruit were weighed together and the results were recorged. The

segments, with their longitudinal dimensions parallel to the dirgction
of the air flow and the stem end pointing into the wind, were then
placed in the drier which had been previously set for the conditions
desired. This seemed necessary for uniformity, especially with the
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smaller segments. The fruit was generally weighed at the end of 1
hour of drying and thereafter every 2 to 6 hours, depending upon the
rate of drying. Rarely was the fruit allowed to remain in the drier
until complete equilibrium was established or the weight became con-
stant, because the final part of the drying process required many days,
especially with the larger pieces or with the lower temperatures.

COMPOSITION OF FRUIT

Lutz, Culpepper, Moon, and Meyers (8) have reporfed upon the
composition of the ripened and unripened fruit at different stageos of
maburity. Since seasoral conditions might cause some variation it
was thought advisable to take samples of the peeled and unpeeled
fruit, both ripened and unripened, under study.” Ten representative
fruits from each lot were selected and analyses made upon duplicate
somples. The results are shown in table i. It may be noted that
there were only small differences between the ripened and unripened
fruits, as well as between the peeled and unpeeled fruit. The soluble
solids were slightly higher and the insoluble solids slightly lower in
the ripened than in the unripened fruit, The dry matter or total
solids was nearly the same in the ripened and in the unripened fruit
and the moisture averaged 86.5 percent. The insoluble solids were
slightly higher in both the ripened and tlie unripened unpeeled fruits.
From the practical standpoint the differences in composition appear
too small to be of much importance. It is noted that the Kieffer pear
has s rather high percentage of soluble materials—three to four times
the amount o% the insoluble. The solubles, consisting of sugars,
acids, tennins, and other undetermined materisls with a high water-
absorbing eapacity, influence the physical characteristics of the dried
materiel as well as the rate of drying., The sicnificance of these
influences will be pointed out subsequently. :

The tests were necessarily condueted upon individual fruits because
the different fruits varied somewhat in their behavior in drying. Im
order to minimize the eflects of these individual variations and make
the tests as comparable as possibls, each test was enerally repeated
severul times. Further details regarding this w1ﬁ be given mn the
discussion.

TaeLe 1.—Compesition of the Kieffer pear before and after ripening and before
and afler peeling

12xpressed as percontage of the fresh maborind]

= JInsolu-1 .oy | Redue| Nonre-
Treatment scﬁ%gs soitds SLi’ng duclog
gar } sugar

Percent Percent] Percent| Peroent
Ripened, peeled 1148 X4, 50 T 16 30
Ripened, nnpeeled JoWLs6 . 3. T .3t
Urripened, pecled_.__ . X . 3, 5 684 .80
Unrlpencd, unp:~ted, R . 3 3 4,85 .33

The purpose of the drying tests to be described has been (1) to
determine whether or not there are differences in the ripened and the
unripened fruit that affect drying behavior; (2) to determine what
differences factors other than stage of maturity inherent in the his-
tory of the fruit previous to drying, such as size, make in drying
behavior; (3) to determine the effect the different methods of prep-
aration, such as peeling and size of pieces, have upon drying; and
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(4) to gain information on the rate of drying at different periods
during the process and on the effects of the temperature, and rate of
movement and humidity of the drying air.

EXPERIMENTAL RESULTS
EFFECT OF SUBDIVIDING FRUIT INTO SEGMENTS OF DIFFERENT SIZZS

For the tests on the effect of segments of different sizes the fruit
was weighed, peeled, and sliced longitudinally fo give a series of sec-
tions consisting of pieces one-half, one-fourth, one-eighth, one-six-
teenth, and one thirty-second of-the entire fruit. The slicing was
always porallel to the longitudinal axis of the fruit so that the pieces
consisted of radial segments corresponding to the above-stated sizes.
It was obvious that there wus some error in slicing the fruit, for the
segments were not geometrically perfect. To compensate for this
error as much as possible the tests were repeated eight times. Fruit
in one half of the tests was ripened; in the other half, unripened. The
difference in the ripened and unripened fruit was small and by com-
bining the groups, using the larger number of tests, smoother curves
and more reliable results were obtained. The fruits for each of these
tests also varied somewhat in size. The mean weights for each series
of segments were: Halves, 76.30 g; quarters, 38.61 g; eighths, 19.65 g;
sixteenths, 10.18 g; and thirty-seconds, 4.97 g. It is noted that even
the average values are not quite correct for a perfectly subdivided
fruit; however, they are close enough to those of a fruit theoretically
perfectly divided to give an approximate ides of the variations in the
rate of drying of pieces of different sizes.

The segments were placed in the drier, side by side, so that the
dr{ing conditions were 1dentical.® The weighings were made at inter-
vals of from 1 to 6 hours, depending upon thesize of the piece or therate
of drying. The difference in the weight of the fruit at the beginning
and ab any subsequent time represents the actual water evaporated.
The results appear more satisfactory, however, if expressed as per-
centage of moisture that the material contains at different times
during the drying process. This was done on the basis that the
fruit contained 13.5 percent solid matter at the beginning, as the
chemical analysis had shown (table 1). The results, expressed as
percentages of residual moisture, are given in table 2 and illustrated
n figure 2,

TapLe 2.—The moisture content of Kieffer pears cul into different sized segmenis
aficr drying for various lengths of time

Length Lenpth

of dry-
Q Bi Thirt; Iu{gd Q & T

nor- . ix- ‘hirty- || perlo Tar- ix- hirty-

Balves ters Fighths tegnthe | se¢ouds (| (hours) tera Fighths teenths |seconds

Moisture copfent ! in— Maisture content ! in—

DPercent | Percent | Percent |Pereent | Percent Percent | Percent | Percent
|- B2. 47 8.7 . L 45, 3 30.0 14. 8
B4. 4 82.0 | 78,3 3 R 3. 3L 5 0,
823 » W] T 3 32, 22.3
7.0 . T35 L 3. . 14.9
r. 6 : 63.8 3 3 i 3 4.5
5. 4. 3 = 22 . 12.9
M5 | 27 X 5 i3
4.5 200 A

1 Original moisture contantl was 86.5 pereent.

1 Unless otherwise slated the temperature of the drylog air in s tests was 35° C., ils volocity 5.72 mlles
per hour, aod 15 relatlve hem!dity 16,2 peroent.
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RATE OF CHANGES IN MOISTURE CONTENT WITH PROGRESS OF DRYING

It may be noted from figure 2 that the rate of change in the moisture
content is not constant throughout the drying process. There is &
large amount of difference at the beginning and toward the end of
the process and a decided difference in the large and the small seg-
ments. The curves have a characteristic form, sloping downward
abruptly at first, but ineressing this downward trend until toward
the middle of the process, when they begin to flatten out decidedly.
The form of the curves is quite similar for all sizes of the fruit pieces;
the curve for the smallest segment slopes downward much more
abruptly than that for the largest.

These changes may perhaps be better understood by studyin
them directly. 'The rates of change in moisture content were obtaine
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directly from the curves'in figure 2 by means of the Richards-Roope
tangent meter (12). The results are recorded in table 3 and illus-
trated in figure 3. From the beginning of the drying process the
rate of change in moisture eontent for all size segments increases for a
certain time and then decresses continuously to the end. It is very
much greeter in the smaller segments during the first part of the
drying process, although the rate of change in all segments spproaches
zero toward the end of the process. The rate begins to s?ow down
very much in the thirty-seccond segments before the maximum is
reached in the halves, the maximum rate in the former being six
and one-half times the value of that in the halves, The maximum
was reached at the end of 3 hours in the thirty-second segments and
at the end of 30 hours in the halves. In theintermediate-size segments
the maximum rate of change occurred at various intermediate times.
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TapLe 3—Rale of change in moisture conlent during the drying of Kieffer pears
when sliced into segmenis of different sizes

Chenge In moisture content per hoyr, Changoe iz molsture content per hour
Lengtt e < Length i ’

dryjig§ dr:.r{in
Quar- | 8ix- | Thirts- ario . LAT- Bix- | Thirty-
(‘I;eorurs) Halves ters Eightiis teenths| secontis hours) | Haives Qters Eighths:wmms seconds

Percent | Percent | Percent | Percent Percent (| Percent {Percent | Percent
. 003 1.938
1, 870 3 L0
1L e .
L B44
408
. 152
.50

Moo

S

Mmoo B D oW

— =2l
10 20 30 40 50 60 70
DRYING PERIOD {HOURS)

FioukE 3.—Rate of change in the moisture content of Kiaflor pears during the drylng process lor @, balves;
b, guarters; ¢, eightlss; d, sixieenths; cod ¢, thirty-seconds.

—-—

o]
o]

=
=
uw
L& ]
i
Lat
|+ %
o
i
e |
o
I
=
wr
w
ul
o
=z
T
T
]
1w
i+
-
=
il
o
=
w
©
b
L 4
[+ 4

Since the moisture content, and hence the total solids, varies with
the time of drying and the rate of change in moisture varies with the
time of drying, there must be a relationship between the rate of
change in moisture and the percentage of solids present. Table 4
gives the percentages of solids and the corresponding values of the
rate of change in moisture content. In figure 4 the values jor the
rates are ’Flotted against the corresponding percentages of solids
present, The maximum rate of change occurs when the fruit has a
total solids content of 50 o 60 peccent for all size pieces. This sug-
gests that the maximum should be at a definite moisture content for
pieces of all sizes and that the variations here present are due to
differerces in the shape of the pieces, or errors in averaging and drow-
ing the curves. This method appears to be an interesting and useful
way to study the effect of various factors on the drying process.




8 TECHNICAL BULLETIN 592, U. 8. DEPT. OF AGRICULTURE

7]

e

[

™

N

5]

o~

— -]

RATE OF MOISTURE CHANGE PER HOUR (PERCENT)

a0 50 60
SOLIDS ( PERGENT)
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TAsLE 4.—Rale of change in moisture contenl during the drying of Kieffer pears
when the solids or dry matler have reached different percentages

Halves Quarters Eighths Sixteenths Thirty-seconds

Change Changs Chazge Change Change
in Pry in Dry In Dry in Dry in
foisturo | sustier |ncisture | metier | moisture | mntier | moisture| matter | melsture

per hour per hour per hour per hour per honr

3

Pereent Percent
.08 - 43 2.00 2) i}
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DRYING PROCESS IN TERMS OF WATER LOSS

It is somefimes sdvantageous to consider the drying process from
the standpoint of the amount of water evaporated. The results
from the foregoing tests upon the rate of drying at different intervals
of time during the drying process have been calculated in terms of
water evaporated or water loss {table 5 and fig. 5), and it is observed
that the drying process gives a somewhat different picture. There is
& very large difference in the percentage of water lost in a given time,
from fruit sliced into segments of different sizes. The halves, after
being dried for 4 hours, lost 23.75 percent of the fresh weight of the
fruit, whereas in the fruit sliced into thirty-seconds, 74.72 percent
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wes Jost. The curves showing the relationship between the drying
time in hours and the percentage of water lost for the different size
segments have a similar form; they pass rapidly upward at first and
then graduslly become more nearly horizontel toward the end of the
process.
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Froune 5.—Ameunt of woter loss expressed In ?lcroentnge of the Inittal fresh welght from Fleffer pumrs
5

durlng the deylog process when the fruit was sllced into different size segments: a, Halves; &, quurters;
¢, oighths; d, sixteenths; and e, thirty-seconda.

TasLe 5.-—Amount of water lost from Kicfier pears during the drying process when
the fruil was sliced inio different size segments

Length Length
ol’idgry- Water lost ! of dry-
ng ag
riod . Quar- Bix- | Thirty- rlad o] Quare Sje- | Thirty-
honrsy] HIves | ore |Bighths| o0t | caconds ([i):mrs) ters | SEREDS| o ooihs | seconils

Whater lost ®

23,75 | 300 3 - . ) 8 83,08
&4, 85 . . X . 54,00
£8.00 3 - - . . B4, 45
72.8% . ! N 3 84. i
77.78 5 . . »; B4 71
BI, 48 . - . B4, 75
75,08 | B0 .

Percend | Percent | Percent | Percent | Percent Percent | Percent | Percent | Percent
23.00 75.32 i| 8415 84, 41

! Valoes are oxprosse:! in percentago of the Inttial fresh weight.

TasLE 6.—Rate of loss of water from Kiefler pears sliced into different size
segmenis durtng the drying process !

Lengih
of dry-
ini%d Q 5i Thirt, infg 1 Q Bi Thirt
PET. - HnT- X- UTEY~ eI nnr- i = Tiy-
(houra) tors (EEREDS] (o] seconds || (toarsy | BOVOS| s [RIRRES 0 by e! saconds

Tongth

Lass of water per iour | by— of dry-

Loss of water per hour 1 by—

Percent | Percent| Percent ; Percent | Percent | Percent| Percent | Pereent
U .80 17.20 2. O 2,57 2.7 2,44 1.60 0. 30
14, 8% .

2,88

1 Bxpressad In perceniage loss of the fresh welght per hour.
2141°-—37 2
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The rates of water loss during the drying period for the different
size segments are given in table 6. These values were obtained di-
rectly from the curves in figure 5 by means of the Richards-Roope
tangent meter (p. 6) and are expressed in percentage loss per hour,
which is equivalent to stating them in grams lost per 100 g of fresh
material per hour, or pounds lost per 100 pounds per hour, The
values for the halves, eighths, and thirty-seconds have been plotted
and are shown in figure 6. The curves for the ejghths and thirty-
seconds slope sharply downward at first, then gradually become more
nearly horizontal; the curves for the haives slope downward much less
- sharply at first, but they also gradually become horizontal. Each
curve Intersects all of the others, and there is a tendency for them to
intersect in tho necighborhood of the same point. This suggests that
if the fruit had been perfectly subdivided and the other conditions
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Figuie 8.—Rate of change {n waoler toss fromn Kieller pears sliced Into different size segments durlng the
d]l; Iog prooaas expressed in percentage of loss of fresh welght per hour: ¢, Halves; f, elghths; and e,
i ¥-seconds.

had been exactly the same, the curves for the various sizes of segments
would have crossed at exactly the same point. In any cese there
should be some uniformity in this respect, and this method of plotting
the values should be useful in studying the drying processes.

The differences in the moisture content, the loss of water, and the
rates of change in both cases have been noted, but the relationship
between the different size segments and the drying time is not readily
seen. To make this relationship clearer the size of the segment has
been plotted against the time necessary to dry the material to different
percentages of moisture, and the values have been arranged so as to be
readily compared (table 7). In figure 7 the points along the abscissa
represent fractional parts of the whole fruit; those along the ordinate
represent the time in hours required to dry the materia% to & definite




DRYING KIEFFEE PEARS 11

moisture percentage. Curve A represents the time required to dry
segments of different sizes to a moisture content of 15 percent; B, 25
ercent; and so on to @, which shows the number of hours required to
the segments to only 75 percent moisture. It is noted that the
points do not fall exnctly on smooth curves; this is the result of errors
probably due to irregularitics in slicing, or to variations from the
theoretical in size or weight. However, the values lis close enough to
the curves to leave little doubt as to their general form.
1t may be noted that the difference in the rate of drying of the halves
and quarters is not so marked as their variation in weight would
indicate, especially in the early part of the drying. The difference in
the quarters and eighths is more marked ss is also that in the other
smaller segments. Thoe rate of drying appears to be more nearly
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Fraune 7.—Number of hours required to dry Kloffer pears siiced into differant sto sogments to different
mc:;stn_ﬁ mrcen;:agcs: a, 15 porcent; &, 25 poreent; c, 35 pereont; 4, 45 percent; & 56 porcent; f, 63 percent;
ntred @, 75 percont.

proportional to the ratio of the surface to the volume of the pieca
than to the weight, Tho thickness of the segment, therefore, is of
great importance, for the water ab the center of it must diffuse to the
surface before it is earried away.

The water may be removed from the surface of the fruit and the
surrounding atmosphere much more readily than it can diffuse from
its center to the surface. This slowness of diffusion results in limiting
the speed of drying, and under practical conditions is often the chief
factor in artificial drying. As soon as & dry layer is produced at the
surface, water from the inner, more completoly saturated, material
is drawn to the surface b hygroscopic forces. If the drying process
is stopped, the surface will increase in moisture content unti equilib-
rivin is established. If the water is evaporated immediately after
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it reaches the surface, the moisture will continue to inove from the
center to the surface until the center, as well as the surface, appronches
complete dryness. With these considerations in mind, the behavior
of the Jarge and emall segments is not surprising,

TapLe 7.—Time required lo dry Kicffer pears, sliced into segments of different sizes,
to various meisture percentages

Mois- Drying Lima Afals- Drylag Lima

tutrﬁ t tutfﬂ ¢
cohley gonten .
] Quar- . Bixs | Thirty- " Quat- |, 8ix- | Thirty-
percent Elghths| oonths | sooends || Pereent | Halves| Sors™ | Rlghthy Sﬂcontal'ﬂ

Hours | Foure | F Houra | Flours | JHoura
4100 2.7 5 24,75 10.00 | 15.7H
7.2 . X L X 13. 50 0.76
21,50 . 3 T, i) 525
17,75 !

RIPENED COMPARED WITH UNRIPENED FRUIT

The unripened fruit used was quite green and hard, testing 13.9
pounds with the Magness and Taylor (9) pressure tester with ¥e-inch
point; the ripened fruit tested 3.9 pounds. The tissues of the unrip-
ened fruit appeared coarse in texture but very crisp, whercas those of
the ripened fruit were finer, juicy, and almost melting in character.
The variations in the physical characteristics were so pronounced
that considerable difference in the rate of drying was anticipated.
The pieces of fruit, halves in this case, were so placed that the con-
ditions of drying were as nearly identic..i as could be provided. The
fruits were matched in size as closely as could be done by visual
inspection, but the segments still varied from 64 to 73 g in weight.
In order that the errors due to slicing, size of {ruit, and other factors
should be as small as possible the tests were repeated 12 times. The
average weight of the halves after peelig and coring was 67.64 g for
the ripened fruit and 67.41 g for the unripened, thus averaging almost
the same weight, although the unripened was a little smaller. The
results, given in table 8, are the mean for the 12 separate tests. The
temperature employed in these tests was 35° C., the air velocity
3.46 miles per hour, and the relative humidity 18.3 percent.

TanLe 8.—Percenlage of moisture content of ripened end unripened Kieffer pears
after drying for differenl lengths of lime

[Avornpe of 12 tosts]
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1t is noted that the moisture content of the unripened fruit was
lowered & little faster than that of the ripened material, The differ-
ence in the rato of drying is not very great, and from a practical
standpoint doubtless is oﬁitﬂe importance, There was some varia-
tion in the individual tests, but, although small, it appears to be signifi-
cant. There are several things that may sccount for the difference,
but it is not very clear which of these is the chief factor.

Lutz, Culpepper, and Moon (?) have shown that the soluble pectin
content of ripened fruit is bigher than in the unripened. The differ-
ence in the rite of drying was due perhaps, for the mest part, to the
pectin that tends to obstruct the diffusion of water from the center to
the surface of the segment in the ripened fruit. It may also form at
the surface o layer slightly impervious to the passage of the water
outward. The surface of the unripened fruit appeared slightly more
roughened than the ripened, perhaps because the knife did not cut the
hard, tough fruit as smoothly as it did the soft, ripened fruit. This
may heve resulted in some difference in the rate of drying.

PEELED COMPARED WITH UNFPEELED FRUIT

Bartlett pears are sometimes dried without peeling, the cores only
being removed. In considering tiis possibility for Kieffer pears the
question immedintely arises as to what effect peeling will have on the
rate of drying. Nichols and Christie (1) have shown that the drying
rate of unpeeled halves is very much slower than for similar fruit
peeled ; the fruit having been sulphured and steamed in both instances.
In the present tests the fruit was untreated and was gliced into six-
teenths and halves. The results are given in table 9.

The tests on the peeled fruib were repented eight times, and those en
the unpeeled fruit six times, Half the tests in each case were made
with ripened fruit and the other half with unripened fruit. The
difference between the ripened and the unripened fruit was not very
grent and by averaging all the tests, somewhat smoother curves were
obtained. The peeled halves weighed 76.3 g and the unpeeled 74.8 g,
whercas the peeled sixteenths weighed 10.18 g and the unpeeled
10.82 g,

TasLe O.—Difference in the moisture conlent of peeled and unpeeled Kieffer pears
cored and sliced into halves and sizleenths after drying for different lengths of time

[Avarago of cight tesis for peeted fruft nnd aix for unjwoled]
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- It is noted that there is a decided difference in the rate of drying of
the peeled and the unpeeled halves. At the end of 80 hours the mois-
ture confent of the peeled halves was 12.9 percent and that of the
unpeeled fruic 55.1 percent. To reach s moisture content of aApproxi-
mately 42 percent required 40 hours for the pueled and 100 hours for
the unpeeled ; however, as the fruit is further subdivided the effect of
peeling becomes less and less. In the case of the fruit sliced into six-
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moisture eontent of 20 percent when slised into halves und one-sighth segmeonts, ‘The temperattire was
35% 0. und the air veloelty 5,72 wiles per bours a, Hulves; b, ehtliths.

teenths the moisture content at the end of 14 hours was 27.1 percent
for the peeled fruit and 39.1 percent for the unpeeled; at the end of
40 hours it was 12.0 percent for the peeled and 13.7 percent for the
unpeeled. From these and other tests made in this conneetion it
may be concluded that peeling is advantageous or justified, especially
with fruit sliced into halves, because of the increased rate of drying and
the improvement in the quality of the finished product.
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EFFECT OF SIZE OF FRUIT UPON RATE OF DRYING

_The time required to dry any moist substance depends upon its
size or diameter. In considering Kieffer pears, however, it was recog-
nized thet the size of the core to be removed might make the rate of

ing in the large and the small fruits more or less marked than their
differences in weight would indicate. It was decided, therefore, to
see what differences might be expected in fruits of various sizes.
Twelve unripened fruits of about normal shape, but varying widely in
weight, were selected, peeled, cored, sliced into halves and eighths, and
dried. Theresults are illustrated in figure 8. Itis noted that when the
number of hours required to dry the pieces of fruit to & moisture con-
tent of 20 percent 18 plotted against the size of the piece, the line
representing the relationship does not pass through all the points.
The influence of factors other than size is clearly evident; these factors
mey be errors in coring, varistion in size of the core, differences in
shape of the fruit, or in the hygroscopic nature of the substances of
the fruit. The line representing the relationship that is most probable
for the 12 fruits is nearly straight, indicating thet the drying rate is
very nearly directly proportional to the size of the fruit. It is seen
that the largest half requires sbout five times as long o dry to &
moisture content of 20 percent as the smallest, which is approximately
the same ratio as the weights of the whole fruits. This ratio does not
exectly hold for fruit sliced into eighths, as the difference in drying
time between the large and small sections is not quite so great. itis .
evident that to be certain of the exact relationship, a much larger
numnber of fruits should be tested.

EPFECT OF AIR YELOCITY UPON RATE OF DRYING

It is obvious that the drying process cannot continue for any great
length of time unless there is some mesns by which the evaporated
water can be removed from the neighborhood of the fruit; otherwise
the air would quickly become so completely saturated that no more
water could escape from the fruit. This removal of evaporated water
is accomplished by providing for an air eurrent in which the pieces of
material are kept during the drying process. Because a rapidly mov-
ing current of air dries faster thar s slow current, the question imme-
diately sarises as to what air velocity is most desirable or most effective.
A few tests were made with Kieffer pears to determine their drying
behavior with different air velocities. The firat test was conducted
in almost still air, and was repeated four times; a second test, with air
velocity of 0.458 mile per hour, was repeated six times; a third, with
an air velocity of 5.72 miles per hour, was repested eight times; and
a fourth, with an air velocity of 12.55 miles per hour, was repeated
eight times. The fruit was sliced into eighths and averaged 18.46 g,
19.92 g, 19.65 g, and 19.42 g for the four tests, respectively. '

For the still-air series, the drying was done in & large constant-
temperature room with no fans or ventilation. The velume of air
in the room was so large that the evaporsiion for the small amount
of fruit did not change the relative humidity materially. The air was
not disturbed except by entering and leaving the room when the fruit
wag weighed, but even this somewhat influenced the rate of drying.
The fruit hed its entire surface exposed to the air, snd diffusion of
the moisture through the air away from the fruit proceeded under
nearly uniform conditions.
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Any pieces of fruit that showed evidence of spoilage weve excluded
from the results,

The moisture content of the fruit in the various air cwrtents, after
drying for different lengths of time, is given in table 10 and is illus-
tra.tenfin figure 9. A decided difference is noted in the moisture con-
tent of the fruit during the drying process when kept in still sir and
when kept in air moving at the rate of 0.458 mile per hour, At the
end of 30 hours the former had & moisture content of 51 percent; the
latter, 24.7 percent. It required 80 hours to dry the material to 14.8
percent moisture in still air and approximately 43 hours in an air
currens of 0.458 mile per hour. Itis evident that the rate of drying
is greatly increased even by e very gentle air current. The moisture
content of the material in & current of 0.458 mile per hour was 42.9
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F1GURE B.—Molsturo content of Klefler pears (one-gighth sepments) during the drying process when differ-

ent plt velocities were etnploved. The mintive Bur:idity of the air was 6.2 percent and the temipaaturs
wad 357 C.: a, Still airy b, 0.458 mile per bour; ¢, 5.72 miles per hour; and d, 12,55 miles per hour.

percent at the end of 20 hours; in a current of 12.55 miles per hour it
was 31.2 percent. In the former it required 40 hours to reach & mois-
ture content of 17 percent, and 30 hours to reach approximately the
same moisture content in the latter. It is evident, therefore, that a
gentle current is quite effective in removing the moisture-laden air
swrrounding the fruit, snd that higher velocities can do compsratively
little more,

It is evident also that other factors limit the effectiveness of the
increcsed air velocity, chief of which appears to be the rate of diffu-
sion of water from the moist inner tissues to the surface of the fruit
where it cen escape. The amount of water reaching the suriace of
the fruit is, to a _considersble extent, independent of the air velocity
at the surface. It is affected by the rate of diffusion which, in turn,
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is dependent upon the difference in the moisture content at the sur-
face and at the center of the piece or the diffusion gradient. The air
currents of higher speed con act only by making the surface very dry,
thus incressing somewhat the diffusion gradient, or by conveying to
the material a greater amount of heat which is necessary in evapo-
ration.

TanLe 10.—nfoisture coniest of Kiefler pears sliced in one-eighth segments during
drying process when differend air velocilies were emplayed

Motlsture content after drying lor—

Alr velocity per hour 0 18 24 k 40 50 L4
{mifles) hours 5 hours hours hours{ hours) hours

Per - | Per- - Prr-
cenl
30.7
13. 4
13.2
11.5

One msy conclude that it would be uneconomical to use air currents
of velocities higher than 0.458 mile per hour, but, in actual prastice
where the fruit is piled on trays two or more layers deeg. it may be
necessary to make the air current of higher velocity in czder to pro-
duce agitation sufficient to couse the air between the pieces of fruit
to change even st the rate of 0.458 mile per hour.

EFFECT OF TEMPERATURE UPON RATE OF DRYING

In proposing to dry any fruit the question immediately arises as to
the optimum temperature to be employed. The water-holding
capacity of the air and the amount of heai that it carries, necessary
for evaporation, are greatly increased by raising the temperature of
the air; this is universally taken advantage of in practice to incresse
the rate of drying.

To find out how the Kieffer pear behaves when different temperatures
are used in the drying process, tests were made, using ripened, peeled
fruit, sliced into halves and dried in an air current of 4.15 miles per
hour. All conditions in each of the tests could not be made exactly the
same with only the temperature varying. Even in tie tests at any
particular temperature, the weight, of the segments of fruit and the
relative humidity varied somewhat; and to counteract this error to
some extent the tests at each temperature employed were repeated
several times. The average weight of the segments, the average
humidity, and the number of times each test was repeated, as well as
the different temperatures employed, are given in teble 11.

TanLE 11.—Effect of temperature upon rate of drying halves of Kiefler pears

Reletive . . Relative
foas s ire el AVErGge Temperalure S| ATerage
Rgﬁg‘:‘ i:?fﬁldsgf walghil of emploved R:“f;ii‘:" h}’g:lfiﬂ? weight of

: T segnients =0 F | PR  segments

Temperniura
employed
{°C.)

Niuwber | Percent trania Nuiber Groms

4 M. X . 8 L1 6.4
b4 2,7 5 . . L3
15 .2 3 | . a3
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The temperatures employed ranged from 23° to 60° C.; a few teats
were made at temperatures higher than 60°, but they were not re-
peated sufficiently to be entirely reliable with respect to the rates of
drying, However, enough was done to be fairly certain of the effect
upon the quality of the produet.

It is noted that the average weight of the fruit pieces differed
somewhat in the tests at the various temperatures. ']I)‘ho variations
were not great and the weight is obviously close enough to the same
value to be reasenably comparable. The method of peeling and coring
was 88 uniform as possible, but it was subject to as great a variation
as occurred in the size of the pieces. Also the shape of the pieces
could not be made exactly the same in each test, but it is believed that
the variations are not great enough to keep the tests from being reason-
ably comparable.

I{ may also be noted that the relative humidity was markedly
lower in the tests at high temperatures than in those at low tempera-
tures. However, the absolute humidity was very close to the same
value for all temperatures, and the lower relative humidity was largely
owing to the increased moisture-holding capacity of the air at the
higher temperatures. The cffect of the temperature is then about
what would be expected in practice if air of a certain absolute humidity
were heated to the higher temperatures. No attempt was made to
carry out {ests varying the temperature and maintaining the relative
humidity constant.

Table 12 shows the number of hours required to dry the material to
different percentages of moisture and to evaporate different per-
centages of water from the fresh fruit. The results are the averages
of all tests made at the particular temperature. As stated above,
the tests were not all repeated the same number of times and, there-
fore, all are not equally reliable. The values given for the 23° and
the 30° C. tests are the least relinble; those ut 35° the most relinble.
However, all the tests were repeated s suflicient number of times to
make the values at least reasonably comparable.

Tasup 12.—Effect of various temperatures upon the percentage of maisture and the
perceniage of wuler lost during the drying process by Kieffer pears peeled, sliced
inlo halves, end dried in un air current of 4.15 miles per hour
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CHANGES IN MOISTURE CONTENT

The changes in moisture content of the fruit while drying at different
temperatures are given in table 12 and illustrated in figure 10. Itis
apparent that the moisture content changes much more rapidly at the
higher temperatures than at the lower ones. It is well known that
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this is due to the increased water-holding capacity of the air at the
higher temperatures and to the greater amount of heat necessary for
evaporation. To dry the material to a moisture content of 20 per-
¢ent at a temperature of 23° C. required 4.2 times as long as at 60°.
To dry the fruit to a moisture content of 50 percent at 23° required
4.8 times as long as at 60°. A cubic meter of air at 23° holds 20.578
g of water and at 60° the same volume of air holds 130.5 g, or 6.3 times
as much as at 23°. The change in tho rate of drying, then, is not
quite of the same order as the change in water-holding capacity of
the air. The difference in the rate of drying would have been even
less hed the relative humidity of the air at the two temperatures
been the same. Likewise, when the difference in the water-holding
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Fioukz 10.—Moisture content of Kieffer pears, ripened, pecled, ol sliced into halves, during the drying
process when ditferent term pernlures were smplayed: a, §0° C.; b, 50°% ¢, 41°%; 4, 35% ¢, 50°; uned f, 230,

capacity at the other temperatures is compared with the difference
in the rate of drying, the latter is proportionately less than is the
difference in the moisture-holding capacity of the air. Undoubtedly
this is due to the inability of the water to diffuse from the center of
the pieces of fruit to the surface as fast as it may be evaporated from
the surface. The rapidly dried material may form a more or less
mmpervious layer at the surface of the fruit, {urther retarding the
diffusion of the water. However, the solids of the pear are very
hygroscopic and the dry layer at tho surface would tend to draw water
rapidly from the inner tissues to establish equilibrium. The so-called
“case-hardening”, when high temperatures are employed, appears
to be of less importance in the pear than in other fruits, but it may
be & factor even here.
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It is evident that the moisture content near the end of the drying
rocess is considerably higher when low temperatures are used. This
1s due to the difference in the relative humidities of the air at low axd
high temperatures, but it would not be the case if the relative humidity
was the same at the various temperatures. However, in practical
work, approximately these differences in humidity would prevail in
misin%1 the drying air from a lower to a higher temperature.

Perhaps the influence of the temperature is better shown in figure
11. The time required to dry the material to various meisture per-
centages is plotted against the temperature in degrees centigrade.
The relation between the temperature and the time required to dry
the material to a given moisture percentage is not linear, for it takes
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an increasingly longer time to dry the material a1 the lower tempera-
tures. The sf:)pe of thie lines indicates that an increase in the tem-
perature of the drying from 20° to 30° causes & greater change in the
number of hours required to dry the material than does an incrense
of the temperature from 50° to 60°. The effectiveness of & tempera-
ture of 50° is immensely greater than & temperature of 20°, but an
increase of 10° from 20° to 30° is more effective then a change of
10° from 50° to 60°. As already pointed out (p. 19), this is probably
because of the slowness of the diffusion of moisture from the inner
tissues to the surface and the formation of & layer at the surface of
the fruit that retards, at least to some extent, the diffusion of the
water to the surface.
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LOSS OF WATER

The percentage of water lost during the drying process when
different temperatures were employed is given in table 13 and shown
in figure 12. It is noted that at all temperatures the greater part of
the water is lost during the first part of the drying process. The
curves showinﬁ the relationship between the loss of water and the
temperature &il have a similar form, sloping sharply upward at first
and then flattening out toward the end of the process. The effect
of different temperatures upon the rate of drying is perhaps more
clearly shown when plotted in another way (fig. 13},
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Froune 12.—Loss of water in pereentape of fresh weight during the drying at different temperaiores of Klal
for pears, Tipened, peelod, snd slieed into bolves: g, 66°% C.; &, 509 ¢, 41° d, 35°; ¢, 30°) and £, 23°.

The rates of water loss in percentage per hour are plotted against
the drying time. The values of these rates are given in table 13 and
were ohtained directly from the curves in figure 15 by means of the
Richards-Roope tangent meter. At the beginning of the drying the
differences in rate are very great when different temperatures are
employed. After betwecen 10 and 15 hours, however, all the fruit is
losing water at nearly the same rate. In the latter part of the drying
process, the rates of loss for the different femperatures become
reverzed, the material held at the higher temperatures losing water
more slowly. Thus it is noted that the curves all tend to cross each
other in the neighborhood of the same point. If the tests could
bhave been comparable in every way, it is probable they would cross
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at exactly the same point. However, whether this should be the
case or nof, this method of study would appear to be interesting
and helpful if applied to different material,
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Fisunte 12—Rete of water loss from Kinffer pears during the drying process when different (ereperutiros
ure employed: a, 60° C.; b, 50°; ¢, 41°; &, 359 ¢, 30°; and f, 23°,

TasLe 13.~~Rale of water loss of fruil sliced inte halves during the drying process
wher different temperatures are used

Loss in welght per hour per 100 iz of fresh welght nfter—
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EFFECT OF HUMIDITY

No very thorough study of the rate of drying of the Kieffer pear in
varying humidities could be attempted. “A few tests were made,
however, and the results are presented to show something of the
bebavior of the fruit with higher humidities than those used in the
Erecedi.ng tests. The humidity of the air at 35° C. was increased

y arranging for the air to pass over a rather large surface of water
before entering the air channel in which the fruit was placed. At
50° the humidity of the air wus increased by introducing steam into
the sir intake. No automatic control was provided, but when the
apparstus was properly adjusted, it provided a fairly constant
bumidity. Determinations of the humidity were made every few
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Freung H4.—Molsture content of Klefler pears during the drying process when atmaaplieres nf different
relutive bumlditles were emploved: g, Halves at 16,2 porcent; b, halves nt 65,4 percenl; -, vighths ot 16.2
percent; snd , elghthsut 64.4 pereont.” The tampersture was 35° C. und the nir velooity 4,15 miles per hour,

hours and adjustments were oceasionally made to keep it as close
to the desired point as possible, A variation of 4 or 5 percent relative
humidity incidentally oceurred.

At 35° C. two humidities were compared; 16.2 percent for the
lower and 64.4 percent for the higher. The low-humidity test was
repeated 15 times and the hiﬁh-hunﬁdity test 10 times, The values

iven are the averages of all these separate tests. The halves of
? it at the start averaged 72.2 g in weight for the low humidity
and 71.8 g for the high humidity. The eighths averaged 18.45 g for
the low humidity and 17.86 g for the high humidity.

At 50° C. tests were mado at 7.3, 24.6, and 45.8 percent relative
bumidity. The tests with the halves were repeated eight times in
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the atmospheres of 7.3 and 24.6 percent relative humidity, and six
times for the tests in 45.8 percent relative humidity. The pieces
of fruit averaged 71.3 g in weight for the tests at 7.3 percent humidity,
70.4 g at 24.6 percent humidity, and 72.0 g at 45.8 percent humidity.

The fruit sheed into eighths averaged 19.14 g for the tests dried
in air of 7.3 percent humidity, 18.6 g in air of 24.6 percent humidity,
and 19.0 g of 45.8 percent relative humidity. These tests were each
repeated eight times and the values for the weights in all cases are
averages of the results obtained.

The air velocity was 4.15 miles per hour for the tests at each of the
humidities,
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Figure 15, —Changes in tha maisture conient of Kieller pears (sliced into hnlves) dnring Lhe ilrying provess
when atmospheres of different relntive humidiies were employed: e, 7.3 percent; &, 24.0 percent; nod
¢, 45.8 percent. The temperatore was 50° C. unid the oir velocity wus 4,15 milles per hour.

The resuits of these tests are recorded in tables 14 and 15 and
illustrated in figures 14, 15, and 16. No tests were made with very
high humidities. The changes in the moisture content are preater
at the low humidity than at the higher ones, but the differance between
the high and low humidities at the beginning of the process is generally
less than might have been expected. However, toward the end of
the process ihe difference becomes more pronounced. It is evident
from the eurves that in high humidity the material will always have
a high moisture content at the end of the drying process, because the
material retains large quantities of water in moist atmospheres,
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Tasre 14.-—Effect of relative humidity on rafe of drying Kiefler pears at 35° C. and
air velocily of 4.15 miles per hour
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At 50° C. the fruit sliced into hialves lost 36 percent of water at
45.8 percent humidity and 44.2 percent water at 7.3 percent relative
humidity in 5 hours, If the differencs in the saturation deficits, or
the inverse of the relative humidities, is compared with the difference
in the amount of water lost, it will be found that there has been a
decrease of 41.5 percent in the saturation deficit and an increase of
only 22.7 percent in the amount of water lost, Again it is evident
that the rate of drying is limited by some factor other than the
moisture-absorbing capacity of the air.

TasLe 15.—Effect of relative humidity on rale of drying FKieffer pears al 56° C.
and air velocity of 4.156 miles per hour
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Examinstion of the fruit at any time during the drying process
reveals the fact that the surface is much drier than the inner tissues.
1t is evident, therefore, thet the water diffuses outwerd rather slowly,
and it is believed thet this is the principal factor limiting the rate of
water loss. Added to this is the retarding effect due to the tendency
of the material to absorb and hold rather large quantities of water
in moist atmospheres. :

From a practical standpoint, all stmospheres having humidities
up to 65 percent are quite effective in removing moisture frem the
fruit during the first part of the drying process. However, the
unevaporated water in the material is always much greater at the
end of the process with high humidities than with low ones. This
suggests that if a very low moisture is desired 2t the completion of
the drying process, relatively dry air must be provided at that time.
If, et any time during the first part of the process, the apparatus
discharges air not heaevily laden with moisture, this sir may, with
advantage, be recirculated or passed over the fruit again. It would
seem from these tests that in most cases it would be advantageous
to iniroduce the fruit at the end of the drier where the air is dis-
charged and to finish the process where the air 1s introduced. This,
of course, will depend somewhat upon the moisture content desired
in the product at the finish and the behavior of the fresh fruit at
high initial temperatures.
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DISCUSSION
EFFECT OF KATE OF DRYING UPON QUALITY OF PRODUCT

In the tests described in the foregoing pages, it has been noted
that the rate of drying has more or less influence upon the flavor,
color, and form of the finished product. Generally it is desirable
for the product to retain as much of the natural flavor of the fresh
fruit as is possible. During the drying process enzymes may be
active and bring about changes that more or less completely alter
" the flavor of the product. This is avoided to & considerable extent
by ropid drying. The present tests indicate that the Kieffer pear is
altered somewhat less rapidly and not quite to the same exfent as
some other products. However, important changes occur that
should be minimized as far as possible, If conditions are such that
the d.rﬁ'i.ng is delayed, molds and fungt may start growth, in which
case the material is completely lost. This frequently occurred in .
large pieces of fruit where the drying was being conducted in still
air. In practice this might oceur where trays were loaded with seg-
ments two or more layers deep with insufficient air circulation.

It is apparent that the more rapidly the material is dried the better
the flavor of the product will be; also that the lower the temperature
the better the flavor. However, in drying practice these two factors
oppose each other. If, in order to get rapid drying, too high a tem- -
perature is used, the quality of the product is lowered. The opti-
mum drying temperature to be used is therefors a compromise be-
tween the two opposing factors. It has been concluded that 50°
to 55° C, is about the best temperature at which to finish the drying
process, from the standpoint of quality. The fresh fruit just intro-
duced nto the dryer should not be subjected to this temperature
unless the circulation of the air is adequate, In the ripened fruit
there is a tendency for the juices to escape, giving rise to the so-called
weoping when high temperatures are employed, but this may be
prevented at nearly any temperature by using strong currents of
dry air. Temperatures as high as 60° C, may be used, but the
flavor is not gquite so good and there is a slight tendency for the
maoterial to collapse or flatten out to an unnatural shape. This
tendency rapidly incresses above 60°, and at 70° it is so great that it
appears inadvisable to use this temperature. Also, tho alterations of
the flavor incrense rapidly above 60° so that at 70° or above the flavor
is distinctly less pleasing.

These tests also indicate that as far ps temperature and rate of
drying are concerned the conditions that make for optimum flavor
also make for optimum color. However, temperature is not the
most important factor in color preservation. To secure the best
color it 13 necessary to treat the fruit in some manner previous to
drying, in order to inactivate the enzymes. This is usually accom-
plished by treatment with fumes of sulphur dioxide.

FINENESS OF ALICING

From these tests it is obvious that the most effective way of increas-
ing the rate of drying is by subdividing the fruit. It is generally not
desirable to divide the fruit into extremely fine segments because of
the difficulty of handling during the drying process. Also the finely
divided material is not s0 conveniently prepared, and it is not so
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sttractive es the larger segments. If proper drying conditions are
provided, the halves of the largest fruits may be satisfactorily dried,
and this method appears to be meost generally emploved in drying
other pear varieties. However, the present tests have led to the con-
cluston. that, when all factors are considered, about the most satis-
factory method is to divide the whole fruits into eight segments. The
rate of drying is greatly increased over that of the halves and the
difficulty of handling appears to be no greater, or even less, and gen-
erally this size piece 1s even more conveniently prepared for table nse.

In actual practice, whers artificial methods are employed, it is not
convenient to maintein a constant temperature throughout the drier,
Also, the absolute and the relative humidities must vary in order to
make the drying process as economical of fuel as possible. The most
economical procedurs is to allow the dry, heated air to flow over a
layer or layers of fruit for such & distance that the maximum amount
. of heat will be used in evaporating the water of the fruit. This dis-
tance will depend upon the velocity of the air, its tempersture and
humidity at the beginning, and the manner in which the fruit is
exposed. Under practical conditions the temperature of the air de-
creases continuously along this distance as it becomes more heavily
laden with moisture. Although constant conditions were employed
in the tests in this study, the results are as applicable to practical
- problems as to theoretical considerations. If the distance the air
must trevel to pick up ite load of moisture is the problem, it is evident
that the size of the fruif, the degree of subdivision, and the hygroscopic
nature of the fruit, the changes in temperature and the relative
humidity of the air along the distance, as well as many other factors,
must be taken into consideration.

Although these tests were repeated a sufficient number of times to
msake the results fairly reliable, it should be recognized that climatic
and soil conditions may vary in different localities; this may affect
the moisture content, the sugars, and other hygroscopic materisls, as
well as the water-imbibing materials. Any chenge in the amount of
these elements will alter the rate of drymg to some extent. The
shape of the fruit may also vary somewhat, depending upon the con-
ditions of growth, and this wiflyalso affect the rate of dryving. The
1esults will vary considerably with the method of peeling and coring.
Coring, in particular, will influence the time necessary to dry the fruit.
While the peeling and coring corresponded to that generally practiced
in the trade, it is recognized that different individusls may perform
these operations somewhat differently. Therefors, the values in the
above tests should be regarded as comparative rather than absolute.

SUMMARY

A study bas been made of the rate of drying of Kieffer pears during
the entire drying process in atmospheres og different temperatures
and relstive humidities, and moving at different wvelocities. The
results have been tabulated and iliustrated. The fruit dries rapidly
at first bubt grudually slows down toward the end of the process,
which apparently is due to the slowness of the diffusion of water from
moist to dry tissues, modified by the water-imbibing forces of the
solids of the fruit,

Increasing the temperature appears to be the most effective way of
increasing the rate of drying. This nets by increasing the rate of
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diffusion of the water from the center to the surface of the fruit and
decreasing the relative humidity or increasing the moisture-holding
capacity of the drying air, and by conveying to the material a grester
amount of heat necessary for evaporation.

Thers is a very great difference in the rate of drying of fruit in still
air and in air moving at a relatively slow rate. “Incressing the air
velocity above a fraction of - mile per hour over small quantities of
material was not accompanied by a corresponding incresse in the
rate of drying. Again this appears to be due to the slowness of the
diffusion of water from the center to the surface of the fruit.

The relative humidity appears to affect the rate of drying in some-
what the same way as the velocity of the air current, but the moisture-
holding capacity of the solids is 30 great that the percentage of mois-
ture in the material at the end of the process is very much higher in
moist than in very dry air.

The solids in the pear fruits ere highly hygroscopic or have & large
capacity for absorbing water from moist air. This characteristic
appears to minimize the effect of cose hardening or the formation of
an impervious layer at the surface,

Almost any degree of subdivision may be used provided that the
fvroper drying conditions are employed. It takes a comparatively

ong tims to dry fruit sliced into halves, and while fruit sliced into 32
segments dries mmensely faster, it is not so convenient to handle or
so atiractive when prepared for the table. AH things considered, it
ap’%ea,rs that fruit sliced into eight segments is the most desirable.

here is & very great difference in the rate of drying of peeled and
unpeeled halves, but the difference becomes less a8 the fruit is further
subdivided. It appeers to be advantageous to peel the fruit because
of the increased rate of drying and the improvement of the quality of
the product.

There appears to be a small but significant difference in the rate of
drying of the ripened and the unripened fruit. The decrease in the
rate in the ripened fruit is probably due to the higher percentage of
soluble pectin in the ripenerf fruit or 10 other physical characteristics.

The drying rates for small and large fruits have been determined
on a sm;ﬁi number of fruits and appear to be nearly proportional to
the weight of the fruit.
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