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WALNUT DRYING AND PACKING
IN OREGON

The use of fans in drying walnuts speeds up
the process and reduces the cost.

The bin type of dehydrater is the most eco-
nomical because of its simplicity of construc-
tion and operation.

Use temperatures not to exceed 1100 F.
when drying with fan system.

Many poorly sealed nuts will be wasted by
coming in contact with bleach. Reduce cost
and waste by sorting walnuts before bleach-
ing. These nuts if graded out can be cracked
and sold.

Bleaching will make the pack of uniform
color and increase sales.

Careful sorting before sacking will eliminate
loose-shelled nuts injured in grading.

Store nuts in dry, cool, and odorless storage
for long keeping.



Walnut Drying and Packing in Oregon
By

ERNEST H. WIEGAND

The culture of English walnuts in the United States is chiefly con-
fined to the Pacific Coast. The walnut was first planted in California
by the Mission fathers, but was not propagated extensively until about
1849. Walnuts have been grown commercially in Oregon for years. In
the past ten years increased ad-cages of young trees have been planted
with the result that these acreages are now beginning to come into bear-
ing. The yield in 1926 was approximately 700 tons of dried walnuts.
Of the young trees in the United States which have not reached the
bearing age Oregon has about one-tenth.

TYPES OF DRIERS
Natural-draft driers. Walnuts are dried in Oregon principally in

prune driers. This s because of the availability of these driers and their
adaptability to this crop. The natural-draft driers of the Oregon tunnel
type lend themselves well to the drying of walnuts, but the traying and
handling entail a great expense. This drier dries very slowly on account
of the low heat, which causes slow circulation of air. Some modification
of the hop kiln drier has been used with a certain degree of success.
This type of drier differs from the tunnel type in that the walnuts are
piled on the floor directly above the heat chamber. The chief objection
to these types of driers is that it takes from 50 to 72 hours to dry the
nuts.

Fans speed drying. Experiments have been made using fans for cir-
culating the air in the tunnel driers. 'rhis method was explained in con-
nection with prune drying in Oregon Station Circular 40, Recirculation
Driers, and Station Bulletin 205, Prune Drying in Oregon. Where fans
are used very satisfactory results are obtained. The increased circula-
tion of air provided by the fan increased the evaporating rate by intro-
ducing more heat and also by preventing the accumulation of moisture
around the drying fruit.

The bin type of dehydrater is the outgrowth of the kiln type and
was built in our experimental work because it was simple and inexpensive
to construct. This dehydrater will be explained more fully later. The
trend has been generally to reduce to a minimum the cost of handling
all forms of commercial or farm products; thus it was natural to adopt
this style because of its simplicity.

HARVESTING WALNUTS
Handling methods. That a clearer idea may be obtained regarding

handling methods the following brief description is given covering the
handling of walnuts from the orchard to the final product ready for
shipment.

This project was carried on in cooperation with A. E. Wright at McMinrsville, Ore.
gnu Mr. Wright furnishing all equipment and funds for the consirucilon of the units.
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Walnuts are harvested from the ground. As the nuts ripen they
fall to the ground, the husk dropping away from the nut. The husk
rarely sticks and then only when the nut is blighted or unusually green.
The nuts are placed in sacks ready for transportation to the drier.

To avoid having the nuts hang too long it is desirable to shake the
trees regularly. At the last harvest the use of poles may be resorted to.

After harvesting the green nuts, the bags are transported to the
drier as soon as possible to prevent molding. When nuts are harvested
during unfavorable weather, special haste is necessary in getting them
into the drier. If the nuts are over-wet, a few hours' delay will often
mean spoiled nuts since mold attacks the inside of the shell as well as
the outside.

Fig. 1. Rotating disk brush washer.

Obtaining data on yields. To obtain accurate data regarding yields
of an orchard and how trees are bearing, it is often desirable to sack
nuts from separate trees or blocks of trees, every sack having the block
or tree number. In this way much can be learned regarding the yield
not only of the different varieties planted but of specially grafted or top-
worked trees.

At the drier every sack is carefully weighed and the tree or block
number noted carefully in the weight or receipt book. This prevents
loss of records on yields of nuts which have been carefully harvested.
After weighing it is desirable to dry the nuts immediately to prevent
molding.
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Washing equipment for walnuts. The nuts received at the drier are
usually in a soiled condition. Before drying they are thoroughly washed.
Many types of washers have been constructed for this purpose.

The 'rotating disk brush washer" is one of the types commonly
used. A large disk brush revolves at a rapid speed above a plate upon
which a circular spiral runway is constructed. The nuts being fed into
this runway are carried around in a circle by the brush, at the same time
being thoroughly scrubbed in the process. Upon reaching the outlet
they are deposited in a conveyor and are carried up to the trays. A fresh
water spray is mounted above the conveyor for removing the adhering
loose material. Fig. 1 shows the general design of this washer.

Another washer working on a different principle is the "rotating
drum washer." This washer has a rotating drum on which ordinary
cocoa-fibre mat material is fastened. The drum revolves in front of a
stationary mat. The circular movement of the drum pulls the nuts
between the two mats and the scrubbing action under water cleanses
the nuts (Fig. 2).

A "vertical brush washer" uses the scrubbing effect of two mats or
brushes working back and forth in a vertical manner (Fig. 3). The nuts
are fed in from the top and gradually work down through until they
come out on to the tray. Water is sprayed on the nuts during this
process of scrubbing.

A washer developed at the experimental plant works on the principle
of the rotating drum washer with the exception that in place of a drum
there is a large belt covered with cocoa-fibre mats which drags over a
stationary mat. This dragging motion pulls the nuts along between the
mats, scrubbing and washing them with water fed in with the nuts. As
the nuts leave the machine the water drains away, leaving the nuts in a
clean condition ready for drying (Fig. 4).

These are some of the washers more commonly used in this section
which are effective in removing the adhering dirt.

FACTORS INFLUENCING THE DRYING OF WALNUTS
The drying of walnuts is dependent on three factors: temperature,

circulation, and humidity. The removal of excess moisture from the
product helps keep or preserve that product since it reduces the amount
of moisture in the walnut to such a low point that micro-organisms will
not grow. If a product contains too large a percentage of moisture
either rancidity or molding occurs. The moisture content of well dried
nuts is from 5 to 6 percent. Too rapid elimination of the moisture does
not affect the product except by cracking the shell. This occurs because
of excessive shrinking, and usually results from too high an initial
drying temperature.

Temperature. Of the three factors heat is the most essential because
it directly influences evaporation. The rise in temperature facilitates
the transmission of water through the cells; it increases the vapor
pressure of the water and also increases the water-holding capacity of
the air. As the temperature rises evaporation becomes more rapid.
There is a limit to the amount of heat which can be applied to walnuts,
however, and other factors must be used to assist in the rapid elimination
of the water.
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Fig. 3. Vertical brush washer.

Fig. 4. Washer. elevator, and drying bins at experimental plant, McMinnville.
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Circulation of air. Without good brisk circulation the rate of dry-
ing is decreased tremendously. As an illustration of this, a natural-draft
drier with an air speed of from 50 to 75 lineal feet per minute will dry
walnuts in about 55 to 60 hours. This same drier with air passing over
the nuts at 500 lineal feet per minute will dry walnuts in 35 to 40 hours,
temperature conditions being the same. \Vith this higher air velocity
within the drier there will be no retarding effect from accumulated
moisture vapor around the nuts.

Humidity. The third factor, humidity, is seldom understood when
it is spoken of in connection with drying. The water vapor in the

atmosphere is spoken of as humidity. Rela-
tive humidity is the ratio of the vapor ac-
tually present as compared with the great-
est amount the air could possibly contain
at a given temperature when the air is sat-
urated. Humidity has a certain retarding
influence when allowed to remain station-
ary, but when in active motion it influ-
ences drying by increasing the conductivity

[ of the air, in this way making it possible to
get the heat to the product more quickly
during the process of drying.

To determine the percent of humidity
within the drier by using the wet and dry
bulb thermometers, Fig. 5 and the chart
(Fig. 6) can be used. Calculations are not
necessary; direct readings can be made
from the chart. The vertical lines represent
the dry bulb of the thermometer, the curved
lines the wet bulb. Where these two lines
cross, the percent of relative humidity is in-
dicated on the right margin of the chart.
(See Humidity chart, Fig. 6.)

Fig. 5. Wet and dry bulb
thermometer.

DRIERS ADAPTABLE TO DRYING WALNUTS
As previously mentioned there are four types of driers most com-

monly used for nuts. They vary in the way they actually dry the nuts,
but this variation is primarily due to design.

Natural-draft drier. The natural-draft Oregon tunnel drier will dry
walnuts satisfactorily for the average farmer, but the time for drying is
so long that it increases the drying cost. Long-continued drying often
allows the nuts to mold before the moisture content is reduced sufficient-
ly low to prevent spoilage. This can often be avoided by introducing
the wet nuts into the hot end of the drier, as they come from the washer.
The free water is thus evaporated in a very short time from the shell,
after which the kernel will gradually dry. Temperatures of 90 to 950 F.
should be the maximum for this style of drier.
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stirred occasionally. Drying is quite uniform due to the accumulation
of heat at the top of the furnace chamber. There is small overhead to
this style of drier because of its simple construction with no trays.

Oregon tunnel with fan. The adaptation of the fan to the Oregon
tunnel as illustrated in Circular 40 of this station increased the efficiency
of this style of drier and reduced considerably the cost of drying. The
handling of the trays is still a big factor and much of the heat is in-
efficiently used. Because of this fact it is not possible to dry as fast by
this method as the bin method, which will be described in detail. Where
this type of drier is used for nuts the air velocity is reduced to 400 or
500 lineal feet per minute.

fan.

Fig. 7. Modified Bin type constructed in Recirculating Oregon tunnel drier.

Recirculation bin method. A modified bin method can be con-
structed in the Recirculating Oregon tunnel drier which is very effective
in drying as well as cheap to construct. A false floor is constructed from
wide-mesh wire using from - to -inch mesh. This is well supported
about 2 to 2 feet from the floor of the drying tunnel. The front end,
where the heat comes from the furnace, is blocked off to conduct all the
air through the wire-mesh sub-floor. Nuts are piled on this wire-mesh
floor to a depth of 2 feet. Heat is run through them at a temperature
not to exceed 110° F. until dry. At the lower end a slide door can be
constructed so that the nuts can easily be removed after they are dry.
The accompanying sketch details the description of such an installation
(Fig. 7).



Fig 8. Bins for holding nuts for drying. Experimental plant.

Simple construction is best. Simplicity in the construction of a dry-
ing unit is the keynote to success when it is desired to handle walnuts
economically. Where driers are constructed that demand much labor
with a long drying period, the cost is increased far beyond the economi-
cal point. When this experimental unit was designed for the work
of the Oregon Agricultural Experiment Station in cooperation with
Mr. A. E. Wright, cost was the first feature considered. The arrange-
ment was simple, in no way elaborate or costly, and no unnecessary
equipment was invested in until this method of drying had had a thor-
ough test. After the first seasons operation, however, labor-saving de-
vices were installed and still the cost of the p'ant was far below any
natural-draft drier handling an equal or less tonnage. This unit is so
simple that it can be installed to advantage in a shed, large barn, or base-
ment, depending upon the total tonnage the grower wishes to dry (Fig.
8)

The bin dehydrater used in the experiments the first year consisted
of two 10' x 10' x 6' bins, each consisting of two 10' x 10' x 3' chambers,
one to distribute the air; the bin for the nuts consisted of a like bin

WALNUT DRYING AND PACKING 13

THE BIN DEHYDRATER
The bin dehydrater is essentially a modified kiln drier. It is con-

structed in much the same way except on a much reduced scale. In the
bin dehydrater it is not necessary to build the unit very high as all heat
is introduced by mechanical means under pressure. The fact that fans
of the multivane type are used stimulates the evaporation because of the
much increased air movement around the nuts during the process of
drying. Whereas the air movement in the natural-draft drier is but 75
to 100 lineal feet per minute, the movement in the bin type dehydrater
is ten times as great. This increased movement osets the low temper-
ature which is necessary; drying is thus actually stimulated by bringing
heat to the nuts faster in smaller quantities.
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10' x 10' x 3' with heavily screened bottom to support the nuts. The sec-
ond bin was a continuation of the first chamber except that the two were
divided by the screened floor which supported the walnuts. Fig. 8 illus-
trates the bins, the spout showing screen-floor level.

The duct leading up to the two drying units housed a set of steam
coils which furnished the necessary heat supply (Fig. 9). Air was
furnished by a No. 8 Multivane fan borrowed for the investigations the
first year. The second season's operation was carried on by using a
No. 9 fan purchased by Mr. Wright. The increased fan size was con-
sidered an economy because smaller drying bins were connected on the
same duct, thus necessitating a large quantity of air for successful oper-
ation of the entire unit.

Fig. 9. Showing duct inclosing steam pipes connected to fan providing circulation.
This duct connects at opposite end to drying bins.

How to calculate air requirements. To calculate the air require-
ments of a btn dehydrater it is first necessary to know the amount of
water it is desired to eliminate. Experiments conducted show the aver-
age loss of moisture in walnuts in this section to be approximately 26
percent (Table I). It takes 1,750 cubtc feet of atr dropping 40° F. to
evaporate 1 pound of water. The average drop in temperature in wal-
nuts stacked 3 feet deep in a bin is approximately 3° F. Taking, there-
fore, a bin such as the one indicated in our bin dehydrater, which was
10' x 10' x 3', we have 300 cubic feet of nuts. One cubic foot of green
Franquettes weighs approximately 28 pounds, therefore 300 cubic feet
would be S,400 pounds of nuts. These 8,400 pounds of nuts contain 26



353 3,000
376 3,200 972 0.89
400 3,400 8,570 2.9
424 3,600 11,100 4,2 2,361) t.45
447 3,800 t2,900 5.5 10,600 4.45
471 4,000 14,400 6.8 12,700 6.0
494 4,200 15,800 8.2 14,400 7.5
517 4,400 17,000 9.8 15,900 9.1
541 4,600 18,200 11.5 17,300 11.0
565 4,800 19,400 13.5 18,500 12.5
588 5,000 20,500 15.5 19,800 15.0
618 5,250 21,900 18.0 21,200 17.5
647 5,500 23,200 20.5 22,600 20.5
676 5,750 24,500 24 24,000 23.5
706 6,000 25,800 27 25,300 27
735 6,250 27,000 31 26,600 31
765 6,500 28,100 35 27,800 35
794 6,750 29,500 39 29,100 39
824 7,000 30,700 44 30,300 44
882 7,500 33,100 54 32,800 54
941 8,000 35,400 66 35,200 66

1,000 8,500 37,900 80 37,600 80

\\ALNUT Dvixc .ANr 15

percent of water which we wish to cvapoi-2itc. ilus iould be 2,184
pounds of water.

Knowing that 1,750 cubic feet cf air h-opping 400 F. \vili evaporate
1 pound of water, how many cubic feet of air will it require to evaporate
1 pound of water dropping only 30 F. 40' F. 3° = 13.33. 1,730 cubic
feet x 13.33 = 23,327.3 cubic feet.

Having 2,184 total pounds of ater to evaporate in 24 hours we shall
have to evaporate 1.51 pounds per utcnute'. 23,327.3 cube feet x 1.51
35224.5 cubic feet, or amount of air required to evaporate thc moisture
in walnuts filling a bin 10' x 10' x 3.'

Determining the fan size. The foregoing explanation telling how to
calculate the air requirements has indicated only the amount of air re-
quired in cubic feet. The next step is to determine which size of fan is
needed. Our experiments have indicated that \sith an air speed of 700
to 1,000 lineal feet per minute through the units a velocity pressure of
l inches of water will be built up. Therefore, tct select the fan is a
simple matter if standard fan tables arc referred to.

The larger the fan size the smaller the operating costs to deliver a
certain volume of air. The accompanying tables give varying fan sizes
so that a comparison can be made. The smaller numbers indicate the
smaller size. Fan catalogues give this information although the fan
number for the various makes may not be the same. Choose your fart
large enough, for although the initial cost is greater the operating cost
will be less.

FAN PERFORMANCE TABLES-THE B. F. STURTEVANT Co.
MULTIVANE FANS DESIGN 3 SINGLE INLET

NO. 7 FAN

Volume C.F.M. Volume C.F.M.
Stack pressure Stauc pressure

Tip speed 15" water .723 f" waier .878
R.p.m. r.p.m. Os. per sq. in. H.P. us. per sq. in. H.P.
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R.p.m.

294 3,000
314 3,200 1,400 1.3
333 3,400 12,400 4.2
353 3,600 16,000 6.1 3,400 2.1

373 3,800 18,600 7.9 15,200 6.4
392 4,000 20,700 9.8 18,300 8.6
412 4200 22,700 12.0 20,800 11.0
431 4,400 24,500 14.0 22,900 13.0
451 4,600 26,300 16.5 24,900 15.5
471 4,800 27,900 19 26,700 18.5
490 5,000 29,600 22 28,500 21.5
515 5,250 31,500 26 30,500 25

540 S 500 33,400 30 32,500 29
564 5,750 35,200 34 34,500 34
589 6,000 37,100 39 36,500 39
613 6,250 39,000 45 38,300 44

637 6,500 40,500 50 40,100 50
662 6,750 42,500 56 41,900 56
686 7,000 44,100 64 43,700 64
735 7,500 47,700 78 47,200 78
785 8,000 51,100 96 50,700 96
834 8,500 54,600 115 54,100 115

R.p.m.

Tip speed
r.p.m.

Tip speed

Volume C.F.M.
Static pressure
14" water .723
oz. per sq. in.

Volume C.F.M.
Static pressure
14" water .723
oz. per sq. in.

NO. 8 FAN

NO. 9 FAN

H. P.

H.P.

Volume C.F.M.
Static pressure
14" water .878
oz. per sq. in. H.P.

Volume C.F.M.
Static pressure
14" water .878
oz. per sq. in. H.P.

252 3,000
269 3,200 1,910 1.75
286 3,400 16,800 5.7
303 3,600 21,800 8.3 4,610 2.85
319 3,800 25,200 10.5 20,700 8.81
336 4,000 28,200 13.5 24,900 1l.s
353 4,200 30,900 16.0 28,300 14.5
370 4,400 33,300 19.0 31,100 18

387 4,600 35,700 22.5 33,800 21
404 4,800 38,000 26 36,300 25
420 5,000 40,200 30 38,800 29
441 5,250 42,900 35 41,500 34
462 5,500 45,400 41 44,300 40
483 5,750 48,000 47 47,000 46
505 6,000 50,500 54 49,600 52
525 6,250 53,000 60 52,100 60
546 6,500 55,100 68 54,500 68
567 6,750 57,800 78 57,000 76
589 7,000 60,200 86 59,400 86
631 7,500 64,900 105 64,200 105
672 8,000 69,500 130 69,000 130
715 8,500 74,400 160 73,700 155

The heating unit. The heat necessary to evaporate the amount of
excess water in walnuts is not large. As indicated in Table I, the tests
of evaporated moisture average 26 percent. Some sections may be as
high as 30 to 35 percent. The greater the amount of water the longer
the time of drying at a given temperature and air velocity. If computa-
tions are made for fan sizes this increased moisture factor should be
taken into consideration. The only effect the wrong calculations will
have on the dehydrater, however, is to extend the drying time out over a
longer period.

As before mentioned in calculations the average drop in temperature
through the nuts in the bins was only 30 F., while the maximum temper-
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Fig. 10. Showing cii burners on heating onus for drying fru,i.

The use of electricity in dehydration.5 With the widespread interest
in the utilization of electricity on the farm a discussion of walnut de-
hydration would not be complete without calling attention to the possi-
bilities in the use of electric energy.

Wherever power lines are accessible, and especially where power is
used for other purposes, electric motors have proved to be the most sat-
isfactory source of power for driving fans and auxiliary equipment such
as washers, graders, bleachers, oil burners, conveyors, and water pumps.
In some instances electricity has also been used as an economical souice
of heat in the drying of walnuts.

II

This information was niade available ihrougli ilie coopeat ion of Gexge \V. Kabe
working on Relation of Eieciricny to Agriculture.
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ature used was 110° F. When the air at room temperature stood at 60°
F., heating it to 1100 F. raised it 450 F. When using the air, however,
its temperature was reduced an average of 3° F.; thus the air left the
nuts at 107° F. If the air is recirculated, only 3° to 5° F. must be added
to raise it back to its initial temperature of 110° F. The fresh air taken
in to stabilize the humidity, which should be about S to 10 percent, will
make it necessary to add more than three degrees of heat. Heating this
air can be carried on quite simply by various methods. In the experi-
mental plant this was done with steam coils; however, either wood
stoves with radiating pipes or oil burning stoves can be used. The latter
method is better as it is simple of adjustment and economical of oper-
ation (Fig. 10).
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The advantages in the use of electricity for power have been so
thoroughly demonstrated in industry that its use in agriculture is cer-
tain to follow as power lines are extended into rural territory. Some of
the advantages of the motor over other sources of power are ease of
operation, reliability, simplicity of control, reduction in labor require-
rnents, cleanliness, small space required, and reduced fire hazard.

Electricity for heat is more problematical. There are no electrically
heated dehydraters in Oregon at the present time. California has several
which have been in operation for a number of years. Tests made on
these units in 1925* gave total operating costs of $6.96 to $10.97 per dry
ton with power at .95c to 1.lc per kwh., which compare very favorably
with gas and oil heater units. These low rates were possible because
the demand charge was carried by the irrigation load, which is very
large in that section. One of the features of electric heat is the ease
with which the temperatures may be regulated and a uniform product
secured. While electricity for heating can not be recommended for use
in dehyraters in Oregon at the present time, a few years may bring about
conditions which will make such use profitable as a supplement to other
power uses on the farm.

INFLUENCE OF TYPE OF DRIER ON DRYING TIME
As mentioned the volume of air at a given temperature is a big

factor in the length of time for removing the excess water. This is es-

pecially true between the Kiln, Oregon tunnel type, Recirculation, and
Bin type driers. The accompanying table will indicate this difference.
The conditions governing the drying time between the last two driers
are much different from the first two. In the Recirculation Oregon tun-
nel there is a high velocity of air passing over the nuts, but the air pass-
es over the top principally and not clear around. This brings about in-
efficient drying since the air does not do its maximum amount of work.
When the nuts are piled in bins, the air in passing through must go com-
pletely around each nut, thus carrying all the moisture from the surface.
That is one reason why the kiln drier is more effective than the natural-
draft Oregon tunnel. In the kiln drier without a fan there is a point in
filling the unit where the air becomes ineffective mainly on account of
overloading. Too much resistance is offered to the air traveling under
the natural lift because of expansion. Usually in the natural-draft kiln
6 inches is the maximum depth.

With increased temperature increased drying rate was produced.

Reported by California Committee on Relation of Electricity to Agriculture.

Temperature Humidity Drying time

Oregon tunnel drier 9U F. 3.4 % 52 hrs.
Kiln drier 95 F. 4 % 49 hrs.
Recirculated Oregon tunnel 95 F. 5.8 % 38 hrs.
Recirculated Bin type 95 F. 8.10% 30 hrs.

Temperature 1-tumidity Drying time

Oregon tunnel drier 100 F. 3% 50 hrs.
Recirculated Oregon tunnel l00 F. 7% 36 hrs.
Recirculated Bin type l00 F. 10% 26 hrs.



Time of
drying Ungraded Large Med,um Small

It will be noticed in the tests that the drying rate is quite constant
although the greatest amount of water is eliminated in the first 15 hours.
After that the process slows down. When the nuts arc first put into the
bin, however, they lose weight very rapidly because of the free water iii
the shell.

Variation in moisture content. The nioisture content 31 English
walnuts at harvesting time varies with the season and section where they
arc produced. Walnuts harvested during a ra.ny season are higher in
moisture than those harvested during- a dro season. Furthermore, the
location of the orchard, whether un high ground where drainage is bet-
ter or on low ground with high water-table, has a decided efiect on the
moisture at the time of harvest. It was further noted that tie shell of
the nut contained the greatest percentage of moisture as indicated in
the following results. Nuts usually contain runi 36 to 48 f2crcent total
moisture depending on where they were harvested.

Shell Fesh
moisi U IC IllUisiUte

Total mois-
ture ol hUt

The shell moisture is readily -J hiiunn;ited in lie drying process, while
the moisture in the flesh becoiuium harder .r elinnnate he drier the nut
becomes. This is mainly bec.ausi- lie moisture nuLm5t Clii: use thrr:ughi the
vacant area between the kernel nd the 4i (Fig. 11).

hrs. % %
3 6.2 6,6 7.0 7.3

15 20.5 22.2 22.0 21.5
18 22.2 24.4 23.3 22.5
22 23.4 26.3 24.3 23.0
26 24.1 27.1 25.2 24,3

Franqueties (Eugene) 4.e5 27.9 36.7
Seedlings (Eugene) 41. i 26.4 36.8
Seedlings (McMinnville) 33.2 20.7 47.7
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In most of the drying- carried on the temperatures u5ed were 100° to
110° F., although one lot was dried at 120° F. to see what efiect higher
temperatures would have.

The higher temperature in this case caused such rapid drying that
splitting of the shells occurred. This, thercfore, was not a feasible tem-
perature to use although no marlc'd defects occurred in the Favor.

MOISTURE IN \VAHNUTS
Rate of water loss. To determine the rate of water loss and to cal-

culate the percentage loss of weight, tests were run by filling wire bas-
kets full of nuts of various grades. These haseets were placed in the
bin dehydrater with the regular load but were weighed at intervals dur-
ing the drying period. The following table gives the combined results
of these tests.

TAttLE I
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Test for dryness. As the nut dries out the dividing membrane of the
shell as well as the kernel becomes brittle. Usually the membrane loses
its moisture first; finally the kernel becomes decidedly brittle. If the
kernel and the dividing membrane break with a distinctly sharp, clear-
cut break, the nut is sufficiently dry to store.

If the nuts are over-dried they will again quickly absorb moisture
from the surrounding atmosphere until a stable condition is obtained.
The shell, which has a distinctive porous structure, readily absorbs
moisture.

Fig. 11. Showing dried and green walnuts. Illustrating space between shell and kernel.

COST OF DEHYDRATING WALNUTS
During the first season's operation the experimental plant was much

used for tests and the costs of operating were hardly representative;
however, it might be interesting to know what the direct costs per day
were. The plant handled 5 tons of dry nuts per day for two bins. Each
bin was capable of holding 7,200 pounds green weight or a total of
14,400 pounds for the two bins, giving a dry weight of 10,695 pounds.
Labor $16.50. Fuel $11.00. Electricity, light, and water $6.00. Total
$33.50, or $6.25 per ton dry.

SORTING NUTS FOR BLEACHING
Walnuts are carefully sorted before bleaching to remove imperfect

nuts. It is not always possible in bleaching to remove all stains from
the surface of the shell. After the nuts have passed through the bleach-
er, drier, and grader, resorting should be practiced to even the grade.



Serit for publicauon ibrough cow esv i A. \\. Chrisi,e, Asosiant t esso of
Fruit Products, Un,vensiiy at California.
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Belts of sufficient width and length should be attached to the grader so
that the nuts from all grades can be carefully gone over, All imperfectly
bleached or blemished nuts are culled out for retreatment or cracking or
placing in another established classification to be disposed of separately.

BLEACHING METHOD FOR SMALL LOTS*
The following directions are intended for the use of growers who

wish to bleach small quantities of walnuts. Although based on the
standard method used in packing-houses, the directions have been simpli-
fied for use on a small scale. Chloride of lime is the simplest and most
efficient material to give them a clean, attractive appearance. If proper-
ly applied, it does not injure the flavor or keeping quality of the nuts.

The use of fumes of burning sulfur to bleach walnuts is unsafe be-
cause the fumes will penetrate the nuts, especially those which are poor-
ly sealed or split, injure their flavor, and eventually cause them to be-
come rancid.

Condition of walnuts. Walnuts cannot be satisfactorily bleached
unless they have been thoroughly dried, either in a natural-draft drier or
in a dehydrater at tiot more than ll0 F., before being placed in the
bleaching solution.

Walnuts which have bits of hull or much fibre adhering tightly to
the shell cannot be satisfactorily bleached and should be culled out
before bleaching. Nuts which are split open should be removed since they
may subsequently spoil if filled with bleach liquor.

Making solution. Place 5 pounds of chloride of lime, from a fresh-
ly opened can, in a 10-gallon crock or barrel and add sufficient water to
make a creamy paste after thorough strring. The lumps are thoroughly
broken up, using the hands to insure a smooth, creamy mixture. The
container is filled half full of water and stirred thoroughly.

In another and smaller container dissolve 2 pounds of pulverized
sal soda in water.

Pour this solution into the chloride of lime solution, add water to
make a total volume of 10 gallons, and stir the mixture.

Settling. Before using, allow the solution to settle at least 24, pref-
erably 48 hours, in order that the clear bleaching solution may be care-
fully poured or siphoned o without disturbing the sludge. If the
bleaching solution is not clear, the walnuts will be coated with a whitc
film of lime.

Bleaching. Pour the walnuts into the Hear solution which has been
transferred to a bucket or barrel, and by gentle stirring keep them in
contact with the solution for not more than 3 minutes.

If the nuts do not acquire a satisfactory bleach by this treatment,
the activity of the bleach solution can often ie increased by adding 1
pint of strong vinegar to every 5 gailons of bleaching solution.



Exiracied from Jissi)ector's Manual of CaI,fornia \Valnut Growers Ason. \Vriiien
by A. Vi. Chrisiie, Assistant Professor of Fruit Producis, Universiiy of California.
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Drying. Drain the walnuts from the solution and place them with-
out rinsing in an open crate or tray to dry for at least 24, preferably 48
hours, before they are packed in sacks, cartons, or other containers. The
nuts can also be dried at low temperature in driers. Never dry bleached
walnuts in sunshine or many will split. Always dry in the shade, prefer-
ably indoors in a draft.

PACKING-HOUSE METHOD OF BLEACHING
Lime solution.*

Proportions. Twenty-five pounds chloride of lime (calcium hypochlor-
ite) containing not less than 35 percent available chlorine.

Six pounds monohydrate crystals (sodium carbonate).
Water to make 50 gallons.

Mixing. Mix the lime with sufficient water to make a creamy mixture.
This must be thoroughly mixed to break up and dissolve all lumps. In
small batches this can be done by thorough hand stirring, or a mechanical
agitator, but in large batches it is best done by use of a centrifugal
pump. After the lime is thoroughly mixed with the water to make a
cream, add the monohydrate crystals and mix again.

Add this mixture to a tank containing sufficient water to make the
total volume required. It is much better to add the creamy mixture to
the top of a tank of water rather than to empty the cream into the bot-
tom of the tank and then add water. The entire batch must then be
thoroughly stirred to insure complete solution of the hypochlorite and
uniform strength of solution in all parts of the tank.

Settling. The undissolved lime must be allowed to settle completely
before the clear liquor can be used. This will normally take 24 to 48
hours. Care must be taken to draw off the sludge from the bottom of
the tank every time after using the clear liquor in order that the sludge
will not accumulate and be drawn off with the next batch of clear liquid.

Acid .i-olution. Add 8 fluid ounces of concentrated sulfuric acid to 5 gal-
lons of water and stir.

Directions for using. The clear lime solution and the acid solution
are drawn by gravity from their respective containers and mixed in the
proportions of 15 parts of lime solution to 1 part of acid solution just
before entering the bleaching drums.

Directions for bleaching. After the culls are removed, the nuts are
next discharged into horizontal bleaching drums containing the acidified
hypochlorite soluliou usually at 6 r.p.m. it is important that a constant
stream of fresh bleach solution be running into the drums at all times, the
optimtim rate being about 15 quarts per minute per drum. This is necessary
for three reasons

Adequate volume and discharge of liquid is necessary for effi-
cient flushing of dirt from the nuts.

Adequate volume is necessary to keep the nuts thoroughly vet
with bleach liquor throughout their course through the drum.



(3) Constant replenishment of tile bleach hquor is necessary to
maintain it at efficient strength.

If too great a flow of liquid is used, the nuts will float through tile
drum and not be as thoroughly bleached or cleansed as 1 they are caused
to tumble over and rub each other whde passing through the drum (Fig.
12). Consequently, the optimum volume of liquor to use is an amount
just below that which would float the nuts ft rough anti yet sufficient to
keep the nuts constantly flushed with liquor as thee tumble forward
through the drum.
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Fig. 12. Bleaching and drying drums of North Pacific Nut Growers' Cooperative, Dundee.

In order to secure the maximum bleaching and cleansing, the nuts
should pass from the first drum through a second and shorter drum
containing fresh bleach liquor and provided with a cylindrical screen
drainer at the end. Another method is to spray or flush the nuts with
fresh bleach liquor as they pass over the shaker which carries them
from the bleaching drum.

The normal time required for a walnut to pass through the first
bleaching drum is two minutes. The condition of the nuts may necessi-
tate increasing this time to four minutes in order to obtain satisfactory
bleaching. Shorter time may result in insufficient bleaching, while long
contact may cause injury to the kernels which may absorb bleach liquor.
The drums must be drained and refilled with fresh bleach liquor as often
as necessary to keep the solution clean and active, usually twice daily.

GRADING METHODS
The most common method used for grading walnuts is perforated

shaker riddle. Round holes of correct diameter are stamped into large
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metal sheets. These are fastened to the shaker, running from the small-
est diameter holes to the largest in the following sizes: 56/64, 66/64,
and 73/64 inches for Medium, Large, and Jumbo. These grades differ
slightly in size from the California sizes, which are as follows: 60/64,
69/64, 77/64, and 83/64 inches.

Since this method of grading was not very effective, another grader
of a similar type was designed using the perforations of oblong type, of
the same diameter but with the screens in this instance made into a large
revolving cylinder. With this grader the nuts could be graded better, since

Pig. 13. Cylinder grader in plant of North Pacific Nut Growers' Cooperative, Dundee.

sticking in the holes was not so prevalent as in the case of the flat
shaker riddle. This large cylinder revolving slowly allowed those
nuts to drop out that would not go through. If they became too tightly
wedged into the holes a large padded bolt of wood rolling against the
upper part of the cylinder gently pushed them loose (Fig. 13). This
style of grader is commonly used in California and is also used in
Oregon.

The Parallel Bar grader" which is used by a few of the walnut
growers is very effective in grading. It works on the principle df grad-
ing by parallel bars. The first set grades out the smallest diameter; the
next set, being farther apart, takes out the medium size; the third, the
large size; the Jumbos go over the end (Fig. 14).

Another effective grader was constructed in Portland, supervised by
Mr. Wright, which has worked very well in the Experimental plant.
This grader used revolving rolls made of two-inch shafting turned down
on the lathe. These rolls had bearings at each end and were machined
down to produce four sizes. After the rolls were set each step in the
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Fig. 14. The Parallel Bar grader.
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rolls made a size. In grading the rolls turned up, hfting the nuts to pre-
vent their being pulled through. A slight pitch given the rolls with a
spiral wire wound on them caused the nuts to move forward readily.
Grading was always on the smallest diameter and very accurate (Fig.
15).

Grading cost. For grading, as before mentioned, equipment was
constructed which in 1924 totaled $750.00 including all additions of sack-
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ing bins, picking belts and elevators, motors, etc. This grader handled
three tons of nuts per day with the following help.
Two men at $4.50 per day $ 9.00
Five women at $2.40 per day 12.00
Electric power i.00

Total direct cost $22.00 or $7.33 per ton

Sacks cost 19 cents each for 100-pound size. The extra cost for
sacking amounted to 2 cents each, making the total direct cost as follows

Per ton Per pound
Drying cost $ 6.28 $0003 I
Grading cost 7.33 0.0037
Sacking and sack cost 4.20 0.0021

Total direct cost $17.78 $00089

I'

Fig. 15. Experimental plant grader.

CRACKING WALNUTS
Many of the walnuts have undesirable appearing shells. These, as

well as all loose-shelled nuts, are usually cracked. The meats removed
are classified into four grades: Light Halves, Light Pieces, Amber
Halves, and Amber Pieces. The nuts so graded must not contain moldy,
shriveled, rancid kernels. The charge for cracking and sorting is usually
15c per pound for halves, and lOc pet- pound for pieces. Where only
imperfect nuts were used for cracking the yield was 20 to 35 percent



% shell % meats

Orchard run 61.7 38.3
Jumbo 56.3 43.7
Large 63.6 36.4
Medium 56.5 43.5
Small 61.5 38.5

The yields on meats secured from good nuts as reported by the
North Pacific Nut Growers' Cooperative show Franquettes 48 perccnt
kernels, Seedlings 42 percent kerrtels, Mavettes 40 percent kernels.
When nuts were sorted out by gravity method they showed a yield of
about 10 percent kernels. In this case most of the nuts are not filled
with kernels, consequently the low yield.

Fig. 16. Weighing and sacking machines in plant of North l'acific Nut Growers'
Cooperative.

PACKING OF WALNUTS
VVhole walnuts are usually packed in 100, 50, 25, 10, and 5 pouttcl

bags, the greater amount of these going into 100-pound bags. The
smaller-sized sacks are used for special trade, princtpallv for the holiday
season. Sacking machines can be used for this purpose although not
necessary for the operation of the plant (Ftg. 16). The kernels are
usually packed in 50-pound boxes which havc been lined with paper.
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meats. In cracking tests conducted on grades in 1923 the following re-
suits were obtained from seedlings:
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STORAGE

Walnuts for long keeping should have a cool, odor-proof storage.
Unless kept in a fairly dry, cool condition considerable spoilage results.
This spoilage is indicated principally by a rancid flavor.

In the shelled nuts insect infestation is quite common under im-
proper storage. The best storage for this commodity is in cold storage
at temperatures of from 32 to 400 F.
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