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found in commercial soybean oil meals. The straight-
line arrangement of points on this graph shows the
method should give excellent relative values over a
60-fold range in activities.

Comparison of the Methods

The results for the three methods are compared in
Figure 6. Seven commercial samples of soybean oil

l.4

1.2
D10~
=1
2
> pH
w 0.8
7] }\\
o Specific
So06 Conductance
w
> I. O.IN NaOH
g
04
W
x

0.2

Ole=""_| L ! 1 | ]
16 14 21 23 15 32 35

MEAL NUMBER

Fie. 6. Comparison of values obtained by the three methods
of assay for meals of varying urease activity.

meal having a wide range of activity were used for
comparison. The numerical values for the three meth-
ods were brought into the same range by multiplying
the values obtained by the pH method by 4 and the
conductance values by 0.85. The results by the three
methods check each other very well.
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The differences in the three methods of assay are
found principally in the operational techniques. The
titrimetric method has the advantage of giving a di-
rect measure of urease activity, but the end-point is
not sharp and good results require extreme care in
titration. The titration method requires appreciably
more time than the others. The pH-change method is
simple in operation, but the recorded differences be-
tween samples at room temperature are very small
and frequent checking of the meter is required to pre-
vent substantial errors. The sensitivity of the titri-
metric and pH-change methods can be improved by
using 50° or 60°C. reaction temperatures, and a fur-
ther spread in determined values can be obtained by
increasing the size of sample or reaction time. For a
final determination of the relative adaptability of the
three methods for the control of toasting, they must
be compared under practical operating conditions.
However from laboratory experience it is the opinion
of the authors that maximum precision is obtained
with the least skill by the conductimetric method.
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Materials Balance in a Tung Oil Mill

R. L. HOLMES,* C. L. HOFFPAUIR,? R. S. McKINNEY?, and A. F. FREEMAN,? Southern
Utilization Research Branch, Agricultural Research Service,
U. S. Department of Agriculture, New Orleans, Louisiana

UNG oIL is produced from seed of the tung tree
(Aleurites fordin and A. montana), a member of
the Euphorbia family. The tung fruit is about
2 in. in diameter and normally contains four or five
seeds. The entire fruit is covered by a hull about a
quarter of an inch thick. Kach seed is coated by a
hard shell; in it is the kernel, which constitutes about
a third of the weight of the fruit and contains about
65% oil. About 39,000,000 pounds of tung oil were
produced in the southeastern states from the 1953
crop.
1 Addr_ess: U. 8. Tung Oil Laboratory, Bogalusa, La.
2 Address: Southern Regional Research Laboratory, New Orleans,
La. Both of these laboratories are maintained by the Agricultural Re-
search Service of the U. S. Department of Agriculture.

3 Present address: Central Project Office, Agricultural Research
Service, U. 8. Department of Agriculture, Washington, D. C

In the United States tung fruit is processed by
pressing in continuous screw presses. A materials
balance on a tung mill has never been published,
however. Such a balance is needed to show the losses
that occur at different stages of the milling process
so that more intelligent efforts can be made to lower
the losses. It is also needed to check the accuracy of
the methods of analysis used for oil in tung products
by determining if the weights of oil shown by analysis
of the fruit are actually equal to the oil produced
plus that left in by-products. This paper reports a
materials balance made in a commercial mill under its
normal operating conditions.

The filter cake from tung mills contains 40% or
more of tung oil. A much-discussed question in the
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tung industry has been whether this cake should be
fed back through the screw presses to try to recover
part of this oil, or disposed of otherwise. This experi-
ment was designed to give information also on the
feasibility of feeding the cake back through the
presses.

Processing and Sampling

A flow diagram of the milling process as carried
out in the mill in which these tests were run is shown
in Figure 1. As the process in all tung mills in the
tung belt of the southeastern United States differs
from this only in detail, the process will be described

at considerable length.
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Fig. 1. Flow diagram of tung milling. See text for explanation.

Tung fruit in bags is unloaded from trucks into
the unloading bin (A). From this bin it is conveyed
to another bin (B) located above the huller, from
whence it passes through a rotary screen (C). This
screen removes most of the dirt and loose particles of
hulis. The fruit is then broken down in a huller (D)
of the basket type (7). The huller consists of a drum
carrying fluted hard rubber flanges which revolve
inside an iron shell with perforations just large
enough to allow individual hulled nuts to pass
through. (Bauer® hullers are used in many mills
instead of basket hullers.) It removes practically all
of the hulls and part of the shells from the kernels.
The mixture of hulled nuts and hulls is discharged
to the Bauer* separator (E), where the loose hulls
are removed by suction and discharged through the
cyclone (F'). Any unhulled nuts are returned from
the separator to the huller. The hulled nuts then pass
through driers (G) built to the plans designed by
the Florida Engineering Experiment Station (4).
The nuts are dried by blowing hot air through them
as they descend through louvered columns. The nuts
should be dried to 6-109% moisture (2, 3). Occasion-
ally fruit will be encountered dry enough so that the
nuts need no further drying. From the driers the
nuts are discharged into storage bins (H) where they

tTrade names have been used only for the purpose of identifying
equipment or materials actually used in conduecting the work and such
use does not imply endorsement or recommendation by the U. 8. De-
partn{lient of Agriculture over other firms or similar products not men-
tioned.
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usually have time to cool before they are further
processed.

Dried nuts are taken from the storage bins to a
Bauer* attrition mill (I), where the nuts are ground
to a coarse meal. This mill consists of a rotating,
grooved plate revolving past a grooved stationary
plate. The clearance between the plates can be varied
and controls the particle size of the meal. From the
attrition mill the meal passes through a eontinuous
screw press (J), which consists of an interrupted
screw that moves the material forward within a
cylinder of steel bars set close together against a
restricted opening. The cake, containing on the aver-
age about 5% oil, is discharged through the constricted
opening at the far end of the cylinder, and the oil
flows out between the bars of the cylinder. This cake
is ground through hammer mills and sold for ferti-
lizer. The cake is hot as it comes from the presses, and
it must be allowed to cool before storage to decrease
danger from spontaneous ignition. Usually sufficient
cooling takes place in conveyors. The crude oil flows
into a surge tank (L). At intervals it is filtered
through a plate and frame filter press (M). The
filtered oil is then pumped to storage. The filter press
cake is either discharged from the process and sold
to solvent extraction plants, or it is fed slowly back
into the stream of ground nuts entering the screw
presses.

Two runs, each of about 90 tons of whole fruit,
were made in this mill during normal mill operations.
In the first run the filter cake was discharged from the
process, but in the second run 1t was fed back through
the serew presses.

The fruit used in the experimental runs had been
hanging in burlap bags in trees for several weeks
with no rain and was very dry. The bags were hauled
to the mill in trucks and emptied into the fruit hop-
per. For the first run the weight of fruit was calcu-
lated from the weight of the hulls. For the second
run the loaded truck was weighed, and, after unload-
ing, the empty truck plus bags was weighed as a tare.
The weights of trash discharged at C, of hulls dis-
charged at F, of serew press cake discharged from J,
and of the filter press cake discharged from M were
determined either by weighing on platform scales or
in trucks. The volume and temperature of the oil
discharged at M was measured so that the weight
could be calculated.

The whole fruit was sampled as it dropped from a
conveyor belt into huller bin (B). Each hour a gallon
of fruit was eaught in a bucket. The composited fruit
from each 8-hr. shift was handled as a separate sam-
ple. Grab samples of the trash discharged from the
rotary screen (C) were taken each hour and com-
posited into one sample for each run. Hourly samples
of wet hulled nuts were collected at the discharge
from the Bauer* separator (K) and composited into
a single sample for each run. Once each 8-hr. shift a
50-1b. lard can was filled with hulls at the discharge
from the cyclone (F'). Each of these cans was han-
dled as a separate sample. Samples of dried nuts
were taken every few minutes, while the driers (G)
were being emptied, and were composited into a single
sample for each run. The screw press cake was sam-
pled each hour as it was discharged from the press (J)
and eomposited into a single sample for each 8-hr.
shift. Small samples of oil were caught each hour
from the filter press (M) while filtration was in prog-
ress, and these were composited into a single sample
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for each run. A representative gallon sample of filter
press cake was also obtained during each discharge of
the filter press.

Results and Discussion

Samples of all materials were analyzed for moisture,
oil, and nitrogen at the Bogalusa Tung Oil Labora-
tory, or at the Southern Regional Research Labora-
tory. The moisture content was determined by drying
in a vacuum oven at 100°C. for 2.5 hours. The oil and
nitrogen contents were determined by procedures of
the American Oil Chemists’ Society (1) except that
in the nitrogen determination the ammonia was ab-
sorbed in boric acid solution. Previous experience
had indicated that the extractable oil in the screw-
press cake might deerease rapidly after extrusion be-
cause of polymerization. For this reason a laboratory
was set up at the mill to determine the oil content of
the serew-press cake by a rapid method (5) as soon
as samples were taken. These samples were also ana-
lyzed several days later by the usual methods of
analysis.

TABLE I

Comparison of Percentage of Oil in Screw Press Cake at
Time of Sampling and a Week Later

% oil by rapid method
at time of sampling

Run No. 1

% oil by A.0.C.S.

Sample No. method a week later
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In Table I are given the oil contents of the screw
press cake as determined by the rapid method of
analysis at the time of sampling and by the method
of the American Oil Chemists’ Society, about eight
days later for Run No. 1 and about 4 days later for
Run No. 2. In the interval the extractable oil had
decreased by 2.2% for the first run and 1.7% for the
second run. Since less opportunity for polymerization
of oil had occurred in the samples at the time they
were analyzed by the rapid method, the values by this
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method are considered more reliable and were used
in calculating the oil balance.

The weights and analyses of all incoming and out-
going materials for the first run are given in Table 2.
The weight of fruit in this run was calculated from
the weight of the hulls (including trash) and the
analyses of the whole fruit, hulled nuts, and hulls (6).
The ratio of the weight of fruit to hulls was calculated
from the oil contents of the fruit, hulled nuts, and
hulls; and the weight of fruit was obtained by multi-
plying the weight of the hulls by this ratio.

In this run the weights of all materials were satis-
factorily accounted for, considering the difficulty of
sampling such materials as tung products and of
getting aceurate weights. Ninety-eight per cent of the
dry matter, 101% of the nitrogen, and 101.7% of the
oil were accounted for.

The loss of oil in the hulls is excessively high,
amounting to 8.9% of the oil in fruit. The fruit was
very dry and was hulled in a basket type of huller
which was designed to handle comparatively wet
fruit (7). Broken kernels carried over with the hulls
from this huller were responsible for this high loss.
It should be pointed out that several mills have in-
stalled gravity separators which recover part of the
kernel particles and are said to reduce considerably
the loss of oil in the hulls. A separator of this type
was installed in the mill in which these tests were
made, but it was out of order when these tests were
made. Losses of oil in the screw-press cake and filter
cake were 7.1% and 5.9% of the total oil, respec-
tively. The loss of oil in the screw-press cake is quite
high as shown by an oil content of 6.4%. The latter
loss is probably caused by too much drying of the
hulled nuts in the driers as the dried nuts contained
only 2.6% moisture. As a result of these losses the
recovery of filtered oil was quite low, only 78.2%.

In Table III are given the weights and analyses of
materials for Run 2. All materials in this run are
also fairly well accounted for. The oil accounted for
is within less than 29 of that in the fruit, but the dry
matter and nitrogen are too high by 3% and 11%,
respectively. The high proportion of nitrogen indi-
cates that the weight of the screw-press cake may have
been somewhat too high.

The loss of oil in the hulls is satisfactorily low, being
only 2.8% of the oil in the fruit, but the loss of oil in
the serew-press cake is very high, amounting to 10.1%
of the oil in the fruit. This high loss was also prob-
ably caused by excessive drying of the hulled nuts as
the dried nuts eontained only 2.1% moisture.

The oil content of the filter cake and the time of
filtering and blowing for each of the filtration cycles
in the two runs are given in Table 1V. The data in

TABLE 1I

Materials Balance for Run No. 1 at Leon Tung Mill
(Filter Press Cake Not Fed Back Through Screw Presses)

Percentage comp. ‘Weight in pounds oil
1
Material Wt. Ihs. Moisture Nitrogen il Dry matter Nitrogen 0il Recovery, %
Whole fruit........cooovvii i 180,3424 10.70 1.15 21.30 161,045 2,074 38,413 | ...
Hulls

(a) from cyclone. ... .....oooiiiiii 80,934 13.23 0.63 4.13 70,225 516 3,341 8.7
(b) trash ... 11,870 11.96 0.66 0.55 10,450 78 65 0.2
Wet hulled nuts S IO 6.85 1.79 40.32 | oo b e e
Dry hulled nuts . 2.55 1.95 42.82 E e L I
Screw-press cak 438,135 2.52 2.99 6.36 42,048 1,291 2,743 7.1
Filter cake......... 5,235 3.07 3.87 43.44 5,074 203 2,274 5.9
Screw-press “foots . 336 1.00 2.68 64,44 333 9 217 0.6
Filtered oil............cooo 30,058 0.00 0.00 1060.00 30,058 4 30,058 78.2
Total accounted for.................. 171,668 | ...} | 158,188 2,097 38,698 .o
% accounted for 98.2 101.1 100.7 100.7

a Weight of fruit was calculated from weight of hulls plus trash and from the analyses of whole fruit, hulled nuts, and hulls.
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TABLE III

Materials Balance for Run No. 2 at Leon Tung Mill
(Pilter Press Cake Fed Back Through Screw Presses)

Percentage comp. Weight in pounds on
1
Material Wt. Ihs. Moisture Nitrogen Oil Dry matter Nitrogen 0il Recovery, %
‘I}}I,hlcl’le FLUIE o 169,920 10.89 1.15 21.26 151,416 1,954 36,1256 | ...
ulls
(a) from cyclone ... 71,702 15.43 0.51 1.28 364 918
(b) trash..... 10,955 12.05 0.59 0.75 65 82
Wet hulled nuts ... 6.51 1.84 4071 .| L1 Ll
Dry hulled nuts .......c.ccoovvieenniiiiiniiii | el 2.09 1.93 4394 | .. 1 L
Screw-press cake 53,338 2.17 2.92 6.82 1,557 3,638
Filter cake ..... ,784 2.60 3.70 44.62 177 2,135
Screw press “foots’. 464 0.65 0.86 77.84 4 361
Filtered oil ............... 29,507 0.00 0.00 100.00 29,507
Total accounted for.. 170,750 | ... | . ol 2,167 36,641
% accounted for .......................................t o0 .o oL 110.9 101.4

this table show that the oil content of the filter cake
was quite uniform, within the ranges observed, re-
gardless of the time of blowing.

In the first run 90 tons of fruit were milled. The
oil was filtered in three filtration cycles, and none of
the filter chke was fed back through the screw presses.
In this run 5,235 pounds of filter cake were produced.
During the second run in which 86 tons of fruit were
milled and part of the filter cake was fed back through
the screw presses, a total of six filtration eycles were
required. Since cake from the second run was not
available for feed-back at the start of the second run,
1,600 pounds of filter cake from the first run was used
at the start of the second run. (Data in Tables II
and IIT have been corrected for this transfer of mate-
rials from the first to the seeond run.) If cake is fed
back to the screw presses too fast, they fail to produce
a satisfactory cake. For this reason only the 1,600
pounds of cake plus that from the first two filtration
cycles of the second run could be fed back during the
second run, leaving the cake from the last four filtra-
tion cycles, 6,615 pounds, left over at the end of the
run. Assuming that all the 1,600 pounds of cake
added from the first run were finally caught in the
filter press and again weighed as cake, this leaves
6,615 minus 1,600 or 5,015 1b. of cake on hand at the
end of the second run, which was produced from the
fruit of the second run.

TABLE IV

Effect of Filtering and Blowing Times on Apparent
Oil Content of Filter Cake

Cycle No. Txme}tl)glglgermg Tlme;llof‘h!gwmg ’ % oil
Run No. 1
3.00 8.78 43.35
4.08 9.18 43.56
1.33 4.0 43,42
Run No. 2
1 2.00 8.67 48.50
2 1.58 6.08 43.26
3. 1.42 4.00 43.51
4. 1.83 4.08 47.44
5. 1.42 4.25 42.34
6 1.12 6.00 43.78

Without feed-back 4,932 pounds of filter cake
should have been produced in the second run, assum-
ing the same ratio of cake to fruit as in the first run.
With feed-back of the filter cake, as much cake was
still on hand at the end of the run as would have been
obtained without feed-back, and this cake was just as
high in oil content. Hence no additional oil was re-
covered because of the feed-back, and with feed-back
only about half as much oil was filtered per cycle with

the resulting increase in labor costs and lowering of
the filtration capacity. Apparently the fine material
of the filter cake, when recycled through the screw
press, simply passes through the slits of the press bar-
rel and is again caught in the filter press.

Summary

Weights were determined and analyses made of
tung fruit milled and of all products leaving the mill
for two runs of about 90 tons each in a commercial
mill under normal operating conditions. Dry matter,
oil, and nitrogen in the fruit were satisfactorily ac-
counted for in products leaving the mill, 101% of the
oil being accounted for in each run. This showed that
the methods of analysis and sampling were accurate.

Losses occurred principally in particles of kernels
occluded with the hulls and in the screw-press cake.
Seventy-eight and 829% of the oil in the fruit was re-
covered as filtered oil.

Repressing the filter-press cake by adding it back
to the stream of ground nuts just before they entered
the screw-presses was not proven to be economical as
at the end of the run just as much cake was on hand,
and it had as high an oil content as if no filter cake
had been fed back through the screw presses. Only
about half as much oil could be filtered per filtration
cyele, resulting in an increase in cost of labor and a
decrease 1n filtering capacity.

The apparent oil content of the screw-press cake
decreases by about 2% after four to eight days as
compared to its apparent oil content at the time of
pressing because of polymerization. Thus, screw-
press cake samples should be analyzed for ocil as soon
as possible after extrusion.
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