contents leveled off to values of 58 and
10%, respectively, at an absorption of
about 2 pounds of ammonia per unit of
phosphorus pentoxide.

In general, the physical conditions
found to be most conducive to efficient
ammonia absorption by superphosphates
were low ammoniation rates, high
temperature (for triple superphosphate),
prolonged reaction periods, and such

attributes of the superphosphate as
fineness, softness, and high moisture
content.
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SUGAR RECOVERY
Recovery of Sugars from Pear-Canning Waste

A. M. NEUBERT, D. W. GRAHAM, JACK L. HENRY, and J. E. BREKKE
U. S. Fruit and Vegetable Products Laboratory, Prosser, Wash., and

C. L. BEARDSLEY, Apple Growers Association, Hood River, Ore.

A process for the recovery of sugars and other soluble solids from peelings, cores, and
trimmings wasted in canning pears involves conversion of the milled waste into a calcium
pectate gel from which a clear, pectin-free juice is easily pressed, removal of excess cal-
cium by means of an ion-exchange resin, and removal of color by precipitation and by
adsorption with activated carbon. The purified juice, when used as a sirup base for can-
ning pears, replaces about one third of the refined sugar now used in canning this fruit.
The pomace, which amounts to about 25% of the waste, can be dried in a continuous
rotary dryer for use as a feed. Pilot-plant operation indicates that the process offers a
profitable solution to the pear-canning industry’s serious waste-disposal problem.

APROCESS FOR THE RECOVERY OF
sucars and other soluble solids
from pear peelings, cores, and trimmings
for use as a sirup base for canned pears
has been described in a preliminary
report (9). The steps in this process
were adapted from conventional methods
for treating fruit wastes, preparing fruit

juices, and refining sugar solutions.
The steps were specifically selected and
designed to provide as simple and
economical a process as possible, con-
sistent with the quality essential to a
sirup base for canned pears. The present
report describes a pilot plant application
of this process and presents pilot plant
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and laboratory data on several of the
unit operations involved.

The recovery of sugars from fruit
cannery wastes in a form suitable for
use as a sirup base has been proposed
by a number of workers. Such processes
appear logical, as sugars are the main
constituent of economic value in fruit
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wastes, and canners producing the waste
require large quantities of refined sugar
in processing the fruit. Probably the
best known application of such a process
is that described for pineapple (7).
Bartlett pears, with their relatively high
sugar content and heavy waste loss
during preparation for canning, also
offer a good opportunity for the applica-
tion of a sugar-recovery process.

Several workers have proposed meth-
ods designed specifically for the re-
covery of sugars from pears and pear-
canning wastes. Erickson and Ryan
have proposed several processes, one of
which consists of removing the soluble
solids from diluted, finely ground pears
by filtration after treatment with phos-
phoric acid and lime under suitable
conditions (3). They proposed that
juice recovered in this manner be de-
colorized to produce a clear, sub-
stantially water-white sirup. A second
method involved treatment of diluted,
finely ground pears with lime to a
definitely alkaline pH to promote extrac-
tion of sugars, and removal of the juice
by pressing (4). In a modification of

the second method, the expressed juice
was treated with additional lime and
then acidified with phosphoric acid to
eliminate certain difficultly removable
impurities (5). Chong and Cruess
(2) proposed treating the ground pear
waste with a commercial pectic enzyme
preparation to facilitate separation of
juice from insoluble pulp in a con-
ventional rack-and-cloth press. They
considered filtering and decolorizing
juice obtained in this manner advisable
before use as a sirup base for canned
pears.

Ash (7) proposed a process simi-
lar to that of Chong and Cruess, but
followed the enzyme digestion with a
heat treatment and addition of water,
and removed the insoluble solids by
means of a press or filter. Juice re-
covered by this method was decolorized
with activated carbon.

Pilot Plant Studies

A pilot plant, designed to operate
continuously at a rate of about 4 pounds
of waste per minute, was installed and

Flow sheet for preparing sirup base from pear-canning waste

operated at the Apple Growers Associa-
tion cannery, Hood River, Ore., in 1950.
A flow diagram of the process, showing
essential parts of the pilot plant, is
given in Figure 1. The pomace-drying
equipment shown in this figure was not
part of the pilot plant, and steam
injection into the mill has been sub-
stituted for a tubular heat exchanger
used in the pilot plant. Photographic
illustrations of the pilot plant are shown
in Figures 2 through 4.

Nearly 30 days of successful operation
were realized during the season. A
total of 2311 gallons of pear juice was
refined, which had an average soluble
solids content of slightly over 109%.
Liquid sugar was added to bring the
solids up to 30%, the ingoing Brix for
Choice pears, and this juice sirup was
used in preparing an experimental pack
of 1431 cases (24 No. 2.1/5s) of pears.
The pack was marketed under a special
permit issued by the U. 8. Food and
Drug Administration. The product
was considered by consumers to be as
acceptable as pears canned in a con-
ventional sugar-water sirup and in many
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pH of effluent from exchanger
pH of mixed effluent

Resins 1 and 2.
Resins 3, 4, and 5.

The exact values required for M,
and C; to obtain a C; of 1.0 color unit
will vary with initial color. Use of a car-
bon dosage adequate to reduce color
to or below the desired level in all juices
encountered is believed desirable for

Tablel. C; and C,; Values Obtained

in_ Countercurrent Treatment of Pear

Waste Juice with Initial Color, C,, of
35 Color Units

Ci, Cf/
Color Color

Corbon Meoe, b Units Units
A 0.35 6.4 1.0

B 0.60 6.7 1.1

commercial operation, since pear can-
ners would find it impractical to apply a
minimum countercurrent treatment effi-
ciently, The above results confirm
countercurrent dosages previously estab-
lished in the pilot plant studies for
carbon A. In these studies a counter-
current dosage of 0.35%, for carbon A
was found adequate for practically all
juices encountered. A safe counter-
current dosage of 0.75%, was established

Sulfonated phenolic base resins
Styrene nuclear sulfonic—type resins

Typical pH curves obtained by cation ex-
change treatment of pear waste juice in hydrogen cycle

A-50 ML,JUICE AND 5 ML, 2N HCL

B-10 ML JUICE AND 5 ML 2N HCL
DILUTED TO 100 ML

¢ I

Figure 7.
units

for a third commercial vegetable carbon,
C. In selection of a carbon for com-
mercial use, cost would be important.
Although carbon B was found to be less
effective than carbon A in removing
color from pear juice, the relative cost
of these carbons would be about the
same, because carbon B is considerably
less costly than carbon A.
Filtration  Filtration is the most critical
operation in this process.
Only by the complete removal of pectin
in the lime gelatin step is the removal of
carbon by filtration made practical.
Filtration was accomplished in the pilot
plant study by means of a horizontal

Figure 8.
casein flocculation

40 80
COLOR UNITS

Standard curves for converting transmittancy to color

plate-and-frame filter using either a
cotton cloth or filter paper media. Two
types of carbon, A and C, were used in
juices that had been treated with
gelatin.  Although accurate determina-
tion of optimum filter aid dosages was
not possible under pilot plant operating
conditions, the information obtained
is useful in estimating filter requirements.

In the first filtration step use of a
fairly retentive diatomaceous filter aid
in a 2 to 1 ratio with carbon A usually
gave adequate filtration rates with a
filter area of 6 square feet per 100 gallons
of filtrate, even when flocculation was
poor. Best results with carbon C,

Effect of dispersing pH on color removal by
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casein flocculation

which was more finely divided than A,
were obtained in the first filtration by
using a very porous filter aid in amounts
up to 19 of the juice or slightly above
a 1 to 1 ratio with the carbon. Filtration
rates were slower with this carbon,
however, in part because of the greater
filter-cake thickness encountered. The
second filtration, which removed the
carbon and filter aid for re-use in the
first treatment, presented no problem
with either carbon, since suspended
solids precipitated by the gelatin were
no longer present.

Laboratory studies were made with a
constant-pressure bomb filter to de-
termine the most suitable grade and
dosage of filter aid for casein-treated
juice. Six grades of diatomaceous filter
aid, ranging in relative flow ratings from

Figure 11. Typical filtration curves
obtained with a bomb filter on casein-
treated pear waste juice containing
0.60% carbon B and using a filter
aid with a flow rating of 1

A and B. 0.3% fliter oid at pressures of 10
and 20 pounds per square inch, respectively
C and D. 0.4% of the same filter aid at pres-
sures of 10 and 20 pounds per square inch,
respectively

The point on the broken vertical line at 90
minutes represents the minimum rate required
to fllter 2000 gallons of juice in 90 minutes
with a 125-square-foot fllter area .,
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1 to 10, were studied at pressures of
10, 20, and 30 pounds per square inch.
Carbon A and carbon B, in dosages of
0.35 and 0.609;, respectively, were
used in these studies. The filter con-
sisted of a 0.005-square-foot area of
cotton duck. Filtrations were made at
78° F.

Considerable variation was observed
between flow rates of different juices.
Data from a great many tests, however,
indicate the range of filtration rates
that might be encountered in com-
mercial operation. In these studies flow
rates tended to decrease slightly as
successively coarser grades of filter aid
were used. This is contrary to usual
filtration observations, but may be due
to the nature of the casein floc. Filter
aids having relative flow ratings of 1,
2, and 3 appeared to be about equal in
flow rate and filtrate clarity.

In considering optimum dosages of
filter aid, the over-all conditions of a
commercial operation must be con-
sidered. A commercial pear-canning
operation in which 10 to 15 tons of
pears are canned hourly would preduce
up to 1000 gallons of juice per hour.
The ion exchange treatment would divide
this flow into 2-hour cycles of 2000
gallons each. Allowing a 90-minute
filtration cycle and 125 square feet of
filter area, an average filtration rate
of 10.7 gallons per square foot per hour
would be necessary. Under these
conditions filter aid dosages of 0.35%
for carbon A and 0.409, for carbon B
gave adequate filtration rates at pressures
of 20 to 30 pounds per square inch in
all cases for the first filtration. Figure 11
presents some typical filtration curves
plotted on log-log paper.

General Considerations

The effect of iron contamination on
the efficiency of the refining process
was studied to determine the metal
requirements of processing equipment.
The pilot plant was operated several
days, during which the boiler was filled
with iron turnings and other iron scrap,
and the waste was in contact with iron
in the pulp-holding tank. This modi-

AGRICULTURAL AND FOOD CHEMISTRY

Effect of casein concentration on color removal
by casein flocculation

fication showed that iron contamination
did not interfere with the refining process
and did not affect the quality of pears
canned in such juice. This will make
possible a considerable saving in equip-
ment costs of a commercial installation.
Corrosion resistance would appear to
be the main consideration in selecting
suitable metals. In this process the
natural corrosiveness of pear juice is
reduced, up to ion exchange operation,
by the neutralizing effect of the calcium,

During operation of the pilot plant,
continual difficulty was encountered
from microorganism build-up in the
equipment, which tended to cause
souring of the juice. In designing a
commercial plant special care should
be given to permit easy and thorough
cleaning,
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