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K N O W L E D G E  of the  effe~t o f  w r y i n g  propor-  
tions of shell in tung meal upon oil recovery is 
of fundamental  importance in the operation of 

oil expellers. I t  is of especial importance in connec- 
tion with the substi tution of field hulling with a 
portable huller  that  removes the hulls of the tung 
frui ts  bu t  leaves the hard  nu t  shells unbroken,  for  
mill hulling with a machine that  removes not only the 
hulls but  also about half  the shells. 

All mill operators do not agree concerning the ad- 
vantage or disadvantage of having a considerable 
proport ion of shell in the meal. Some believe that  the 
shell is needed to create fr ict ion for  building up 
enough pressure for  efficient expelling. Others favor 
keeping the amount  of shell at a minimum in the 
belief that  excessive wear on the expellers is thus 
avoided and that  increased weight of expeller cake 
produced when much shell is present increases loss of 
oil in the cake. I t  is evident, therefore, tha t  actual 
data are needed on which to base conclusive opinions. 

During the course of cooperative work with the 
Bureau of P lant  Indust ry ,  Soils, and Agricul tural  
Engineer ing on the hulling and storing of tung, the 
need for just  such data arose. I t  was necessary to 
know how meal containing practically all the shell 
would expel in comparison with similar material  pre- 
pared from f ru i t  passed through the fac tory  disc 
huller, which removes near ly  half  the shells. The 
tests made to obtain such data are described below. 

A laboratory-size expeller was not available for the 
tests, so it  was arranged to run  them on a full-size 
commercial uni t  (an Anderson Red Lion Expeller2).  
The full-size expeller tests are directly indicative of 
results obtainable in commercial practice, and are 
therefore more significant than tests on a laboratory- 
size expeller would be. 

I t  was found that  600 to 1000 lbs. of material  was 
enough to give a fa i r  test on the expeller used. As 
soon as the hopper  above the expeller was emoty, the 
test material  was fed into the at t r i t ion mill, from 
which the meal passed to the hopper. Since the tem- 
perer  above the expeller held enough meal for  about 
]0 minutes '  operation, and since no break in the ex- 
pelling operation could be made, a certain amount  of 
mixing of the material under  test with that  preceding 
and following it could not be avoided. Consequently, 
it was not possible to obtain accurate results on short 
runs simply by  weighing out a batch of material, 
feeding it to the at t r i t ion mill, then weighing the 
expeller cake and oil produced. Such a method was 
tried, but  the following method proved more accurate. 
The weight of the meal fed to the expeller during a 
given period can be calculated with a fa i r  amount  of 
accuracy, if  the weights of the expeller cake and oil, 
and the moisture contents of composite samples of 

~Agr i cu l t u r a l  Chemical Research Division Contribution No. 179 .  
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the  . m ~ 3 ~ t i e r  eak~,- and oi t -me-lmowrr  ~ - ~ .  
period, by  taking the total weight of d ry  mat ter  in 
the cake and oil and dividing it by the percentage of 
d ry  mat ter  in the meal, expressed as a decimal frac- 
tion. (Although considerable moisture is evaporated 
during the process of expelling, it may be assumed 
that  there is no change in the total weight of d ry  
mat ter  dur ing its passage through the expeller.) 

T A B L E  I 

Expeller Tests March 29,  1945  
(Each test ran for one hour)  

Meal  
( 1 )  Wt .  lbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 )  % Shells, plus debris . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 )  Rat io ,  wt .  shel ls  to wt.  kerne ls ,  % .... . . . . .  

( 4 )  % Moi s tu r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 5 )  % Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Expeller Cake 
( 6 )  Wt. ,  lbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 7 )  % Moi s tu r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 8 )  % 0 i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 9 )  Wt .  Oil, lbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Crude Oil 
( 1 0 )  Wt. ,  lbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 1 1 )  % Solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 1 2 )  % Moi s tu r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 1 3 )  Wt.  p u r e  oil, lbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Filtered Oil 
( 1 4 )  Ref.  index at 2 5 ~  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 1 5 )  Acid value . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . . .  
( 1 6 )  Recovery 

(13) 
X 100 .. . . . . . . . . . . . . . . . . . . . . . . .  

( 9 )  p lus  ( 1 3 )  
( 1 7 )  Lbs. water evaporated . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Test No. 1 
Fresh nuts 
from field 

hu l l e r  

269.0 
34.4 
63.0 
11.8 
36.2 

150.9 
7.2 
4.7 
7.1 

98.7 
2.1 

.2 
96.4 

1.5186 
1.1 

93.1  

19 .4  

Test No. 2 
Fresh mate- 

rial from 
factory disc 

huller 

2 3 1 . 0  
25 .2  
4 0 . 0  
12 .4  
4 1 . 6  

1 1 8 . 6  
7.5 
6 .4  
7.6 

03.1  
3.3 

.4 
89 .7  

1 . 5 1 8 4  
1.7 

92 .2  

19.8  

314 

In March, 1945, two batches of dehulled tung nuts  
f rom an experimental  field huller (1), containing all 
the shell material  and with nearly all of the shells 
intact, were pu t  into storage in bags in a well- 
ventilated shed. At  the time of hulling the kernels 
contained 18.1% moisture. One batch of nuts was 
dried at 100 ~ C. to 8% estimated moisture and the 
other was pu t  in storage direct ly from the field huller 
without artificial drying. Af te r  the undried nuts  had 
been in storage for  10 days, expeller tests were run 
on them in comparison with material  f rom the factory 
disc huller which was being cur ren t ly  expelled in the 
mill where the tests were made. At  the end of the 
first month and again at the end of the second month 
of storage, tests were made on both the dried and 
undr ied nuts  f rom the field huller  as well as on the 
material f rom the disc huller then being processed in 
the mill. At the time of the last tests, one test was 
also made on kernels from which the shells had been 
completely removed by hand. 

Results 
The data for  all tests, calculated on the basis of 

one hour ' s  ope ra t ion  of the expeller, are shown in 
Tables I to IV. To show the effect of different pro- 
portions of shells to kernels on efficiency of expelling, 
the figures for  the three tests on the material f rom the 
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T A B L E  I I  

Expel le r  Tests May 2, 1945 
(Each  test ran for one h o u r )  

Meal 
(1)  Wt., lbs ............................. 
(2)  % Shells p lus  debr is  ......... 
(3)  Ra t io  wt. shells to wt. 

kernels ,  % .................... 
(4)  % Mois ture  ....................... 
(5) % Oil ................................ 

Expel ler  Cake 
( 6 ) Wt., Ibs ............................. 
(7) % Moisture ....................... 
(8) % 0il ................................ 
(9) Wt. oil, Ibs ......................... 

Crude  Oil 
(10)  Wt.,  lbs ............................. 
(11)  % Solids ........................... 
(12)  % Moisture  ....................... 
(13)  Wt .  p u r e  oil, Ibs ................ 

F i l te red  Oil 
(14)  Ref. index a t  25~ ............ 
(15)  Acid value ......................... 
(16) Recovery 

(13)  
( 9 ) p l u s  (13)  M 100 ..... 

(17)  Lbs. wa te r  evapora ted  ...... 

Test  No. 3 Test  No. 4 
Dried nuts Undried Test  No. 5 
from field nu t s  f rom F r e s h  mate. 

huller, field huller ,  r ia l  f rom 
Stored Stored factory disc 
1 me. 1 me. huller 

303.0 
29.5 

47.0 
8.1 

41.6 

167.5 
5.2 
3.1 
5.2 

119.7 
3.8 

.3 
114.8 

1.5184 
1.6 

95.7 

15.4 

312.0 
34.4 

60.0 
8.0 

38.4 

174.3 
4.8 
2.9 
5.1 

114.8 
3.4 

.2 
110.7 

1.5170 
1.7 

95.6 

23.0 

258.0  
19.8 

28.0 
8.5 

47.8 

126.2 
6.5 
8.9 

11.2 

119.1 
5.1 

.6 
112.3 

1.5183 
4.2 

90.9 

13.1 

fac tory  huller were averaged, as were those for  five 
tests on the nuts f rom the field huller. These averages 
are shown in Table IV along with the data on the one 
test on hand-shelled kernels. 

The recovery is calculated as the percentage of oil 
expelled based on the total oil in the meal, and it  
should be understood that  not all the oil recovered 
is available as commercial oil unless an efficient sol- 
vent-extraction process is used on loots collected in 
the filter presses. 

No significant difference in recovery was found for  
the field hulled nuts  tested when fresh and af te r  one 
month 's  and two months '  storage, nor was there any 
significant difference between the results on field- 
hulled nuts which had been artificially dried and 
those which had not  been artificially dried. 

An examination of the data shows that  the weight 
of oil obtained per  hour  from the nuts from the field 
huller  (33% shell) was about the same as that  f rom 
the material f rom the disc huller (24% shell), bu t  
that  the weight of expeller cake obtained from a given 
amount  of meal was greater  for  the nuts f rom the 

T A B L E  I I I  

Expeller Tests May 28-29, 1945 
(Each  test ran for one h o u r )  

Meal 
( 1 ) Wt., lbs ....... 
(2)  % Shells plus debris ......... 
(3)  Ratio,  wt,  shells t o w t .  

kernels, % 
(4)  % Mois ture  ........ 
(5)  % Oil 

Expel ler  Cake 
(6)  Wt., Ibs .............................. 
(7)  % Mois ture  ....................... 
(8 )  % Oil ........................ 
(9)  w t .  oil, lbs. 

Crude  0il  
(10)  Wt.,  lbs ............ . ................ 
(11)  % Solids .......... 
(12) % Moisture., ............ 
(13~ Wt. pure oil, Ibs ................ 

Filtered e l i  
(14)  Ref. index at 25~ ............ 
(15 )  Acid value ...... ,..~ ............... 
(16)  Recovery 

�9 (13)" Y l 0 0  
(9)  plus '( .13) i" ? "'"~ 

( 1 7 )  Lbs.  wa te r  evapora ted . . .+  

Test No. 6 
Fresh mate- 

r ia l  from 
fac tory  

disc huller 

267.0 
21,0 

28.0 
7.9 

47.4 

142.0 
6.3 
5.9 
8.3 

118.3 
3.8 

.5 
113.0 

1.5176 
3.6 

93.2 

7~0 

Test No. 7 
Dried nuts  
from field 

hul ler .  
Stored 
2 rues. 

326.0 
31.8 

52.0 
7.6 

40.4 

185.8 
4.6 
4.1 
7.6 

128.4 
3.1 

.4 
124.0 

1.5184 
1.2 

94.2 

12.0 

Test  No. 8 
Undried 

nu t s  from 
field hul ler .  

Stored 
2 mo$. 

338.0 
31.1 

51.0 
8.0 

40.6 

192.4 
4.6 
3.8 
7.3 

131.4 
3.0 

.3 
127.0 

1.5185 
1.7 

94.5 

14.0 

field huller. A lower percentage of oil, however, was 
left  in the cake f rom the field hulled nuts, so tha t  the 
amount  of oil lost per hour  was correspondingly lower 
and the recovery correspondingly higher, than  for  the 
material  hulled at the mill in a disc huller.  The 
recovery in the case of the hand-shelled nuts (en- 
t irely free of shell) was very  low, al though in the one 
test more oil was obtained per hour  of expeller 
operation. 

These tests indicate that  with the mill used in 
these investigations meal containing all the shell (or 
33%) expels satisfactorily and even somewhat be t te r  
than meal with lower proport ions of shell. But  it  is 
not safe to conclude that  in general meal with a high 
shell content expels be t te r  than meal with a low shell 
content. I t  is possible that  an expeller of different 
design could be adjusted to give just  as high recovery 
on meal of low shell content as is obtained on meal 
of high shell content with the design of mill and the 
setting used in these tests. 

T A B L E  I V  

Effect  of Dif ferent  Proportions of Shell on Expe l l ing  
(Data are for one hour's operation of expeller) 

Nuts Material :Hand- 
from f rom fac- shelled 
field tory disc kernels .  

hul ler ,  hul ler .  Test  
Average  Average  No. 10 

~eal  
(1 )  Wt. ,  lba ............................. 
(2)  % Shells p lus  debris  ......... 
(3)  Rat io,  wt. shells to wt.  

kernels,  % 
(4)  % Moisture ...... 
(5)  % Oil ................................. 

Expeller Cake 
(6) Wt., Ibs ............................. 
(7) % Moisture ....................... 
(8) Oil ................. 
(9) Wt. oil, Ibs ....................... 

Crude Oil 
(10) Wt., Ibs .............................. 
(11) % Solids ........................... 
(12) a~ Moisture .... 
(13) Wt. pure oil, Ibs ................ 
(16)  Recovery  

310.0 
32.9 

56.0 
3.6 

39.0 

174.0 
5.3 
3.7 
6.5 

119.0 
3.1 

.3 
115.0 

94.6 

252.0  
24.4 

37.0 
9.6 

44.0 

129.0 
6.8 
7.0 
9.0 

110.0 
4.1 

.5 
105.0 

92.1 

295.0  
0.0 

0.O 
4.9 

60.0 

156.0 
5.5 

18.4 
28.7 

138.0  
3.4 

.5 
133.0 

82.0 

In  this connection it should be noted that  more 
electric power was required to operate the expeller, 
and the cake was expelled at a higher temperature ,  
when meal high in shell content was being expelled. 

As for  the effects of storage on nuts  on which prac- 
tically all the shells were left  intact, observations 
showed that  the oil of such nuts suffered no measur- 
able deterioration dur ing  a storage period of two 
months. The quali ty of the oil remained of the high- 
est grade. 

Summary and Conclusions 
Expel ler  tests were made on ground tung  nuts  

containing all of the shell (33%) at the time of hull- 
ing and af ter  the nuts  had been in storage for  one 
and two months. Comparative tests were also made 
on material  containing about 24% shell which had 
passed through the disc huller in regular  mill oper- 
ation. One test was made on hand-shelled kernels 
which were entirely free of shell. 

I t  was found that  meal containing all of the shell 
not only processed satisfactorily, bu t  the recovery of 
eli f rom such material  was somewhat higher than 
from material  containing about two-thirds of the 
shell. The amount  of oil expelled per hour  was about  
the same in both cases. The kernels completely 
cleaned of shell expel led  very  inefficiently. In  gen- 
eral, therefore,  it  seems that ,  with the par t icular  type  
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of expeller used, a considerable amount of shell in 
the meal is essential for efficient expelling. 

Bags of nuts with hulls removed but with the shells 
intact showed no deterioration after two months' 
storage in a well-ventilated shed. 
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T HE Chinese tallow tree, Sapium sebiferum, of the 
Euphorbiaceae family, was introduced into Texas 
about  1910 by Edward Teas, although by 1848 

many of the trees were growing in places in Florida, 
Louisiana, and South Carolina (6). The tree thrives 
on various types of soils but  requires a somewhat 
semi-tropical climate. Experience has shown, for ex- 
ample, that in and about Houston they thrive whereas 
many other trees planted there fail to establish them- 
selves satisfactorily. 

Sapium sebiferum is a deciduous tree that attains 
a height of 40 feet or more. The tree branches freely, 
and the branches have a tendency to be pendant. The 
leaves are alternate and have slender petioles. The 
leaves are dark green on the upper surface and a 
lighter green below. In the fall the leaves are bril- 
liantly colored, usually red. 

The small flowers are 4-6 ram. long and are without 
petals and are unisexual. The male flowers are pro- 
duced in groups of threes throughout the flexuous 
spike-like inflorescence. The female flowers are soli- 
tary and are usually found in the lower portion of the 
inflorescence. 

The fruit  is a 3-lobed capsule and is about 15 ram. 
in diameter. It  is somewhat fleshy when green, but  
dry when ripe. When the capsule dehisces, the trees 
are defoliating or are in the process of losing their 
leaves. There is one large, white seed in each cavity 
of the capsule. The mature seed occupies practically 
all of the space in the cavity. The seed adheres to  the 
placenta long after the capsule has opened. 

The seed is small a n d  covered with a white aril-like 
coating. When covered with the wax it is somewhat 
triangular, convex on the outer face, and flattened on 
the two inner faces.  When the wax is removed, the 
Seed is found to be orbicular in outline, but truncate 
on the micropylar end. I t  is somewhat flattened. The 
testa is brown and very hard. There is no caruncle 
present. In the mature seed the nucellus is papery 
and the endosperm abundant. T h e  small embryo oc- 
cupies the central axis of the seed. 

Since the tallow tree thrives in par ts  of Texas, these 
investigations were carried out further to characterize 
the frui t  and products obtained from it. The methods 

* Presented at the 37th Annual Spring Meeting of the American Oil 
Chemists' Society in New Orleans, May 1 5 - 1 7 ,  1 9 4 6 .  

of the Association of Official Agricultural Chemists 
were employed in the analyses. 

The composition of the seed and three of its parts 
are reported in Table I. 

T A B L E  I .  

Moisture and volatile . . . .  
Ash . . . . . . . . . . . . . . . . . . . . . . .  
Protein ( N  X 6 . 2 5 )  
Crude fiber .... 
N'.f .e.  ( b y  d i f f e r e n c e )  . . . . . . . . . . . . . . . .  
Insoluble SiO2. 
Soluble S t 0 2  
Total SiO2. 
Potassium . . . . . . . . . . . .  
Calcium . . . . . . . . . . . . . . . . . . . . . .  
Magnesium . . . . . . . . . . . . . . . . . . . .  
[ron . . . . . . . . . . . . . . . . . . . . . . . . .  

Phosphorus . . . . . . . . . . . . . . . . . .  
Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . .  
t a l l o w  and oil (ether e x t r a c t ) . .  
Hull (fiber, shell, t a l l o w )  . . . . . . . . . .  
Kernel (meat, oil) 
~hell and k e r n e l  . . . .  
3eed-eoat (fiber, tallow) 

Whole 
s e e d  

4 . 5 8  
1 . 7 4  

1 1 . 2 7  

1 . 7 5  
4 5 . 4 2  
6 8 . 5 2  
3 1 . 4 8  
6 7 . 9 7  
3 2 . 0 9  

Extracted 
meats 

7 . 6 2  
6 . 7 8  

7 6 . 4 3  
4 . 9 0  
4 . 2 7  

. 0 4 5  

. 0 2 0  

. 0 6 5  

. 9 4 3  

.27  

. 8 7 5  

. 0 3 2  
1 . 6 0  

1 2 . 2 3  

Extracted 
hulls 

7 . 9 5  
2 . 7 9  
2 . 7 8  

1 . 2 1  
. 0 1 6  
.43  

1 . 0 6  
. 0 1 1  
. 0 7 3  
. 4 4  

Fiber 

7 . 8 6  
5 . 2 2  

3 1 . 9 8  
5 4 . 9 4  

.84  

The following data were also obtained: tallow in 
seed-coat 74.75%, fiber in seed-coat 25.25%, tallow in 
hull 34.94%, oil in the kernel 64.10%. The percent- 
age composition calculated from these data: oil 20.3, 
tallow 23.9, meat 11.3, fiber 8.1, shell 36.4. 

A number of investigations have been reported in 
the l i terature on the characteristics of the oil and tal- 
low and the fat ty  acids Obtained from both the oil and 
tallow. The two most significant of these for the oil 
are those by Jamieson (3) and by Jamieson and Mc- 
Kinney (5). The most significant results on the tal- 
low are reported by Jamieson ( 4 ) a n d  by Hilditch 
and Priestman (2): There is little agreement among 
the data from other investigators. This is due to the 
difficulties encountered in obtaining samples of one 
component that are uncontaminated by the other. 

For experimental purposes uncontaminated sam- 
ples of each may be obtained by cut t ing the indi- 
vidual seed and picking out the kernel. The tallow 
and oil can then be obtained without contamination 
by extracting these two fractions. Oil a n d  tallow 
samples numbered four were obtained by ibis method. 

The oil and tallow are obtained in China by sus- 
pending the seed in water and heating this mixture 


