
OIL & SOAP, OCTOBER, 1943 203 

a similar film of tung  oil. A thin film of Garcia 
nutans oil, exposed to the air, but  not to the sun, 
required more than a week to dry. The dry  film has 
the wrinkled surface characteristic of oils than con- 
tain acids having a conjugated system of double 
bonds. I t  appears probable that  the oil contains sub- 
stances that effectively retard polymerization or 
oxidation of the oil. Such substances would also 
retard gel formation in the Browne heat test. 

The authors acknowledge with sincere thanks the 
assistance of Dr. Russel E. Davis and Mr. H a r r y  
Bastron of the Bureau of Animal Indus t ry  of this 
Depar tment  who kindly determined the ultra.violet 
absorption spectrum of the Garcic~ nutans oil. 
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C o m p o n e n t s  for Contro l  P u r p o s e s  
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Because the many control analyses required in con- 
nection with milling of tung oil in the South are costly 
and time consuming it is important  to simplify pro- 
cedures and equipment as much as possible and yet 
have methods that  will  yield reliable results. 

The mois ture  content of material delivered and 
processed at the oil mill is of interest to the tung 
f ru i t  grower and miller f rom a number of standpoints 
and any method which provides such information 
promptly is of considerable value to them. Fo r  ex- 
ample, tung frui ts  f requent ly  are purchased at the 
mill by weight. Since there is a direct relation be- 
tween the moisture content and oil content of tung 
fruit ,  a rapid method of determining the moisture 
content at  the mill, and thereby affording information 
for prompt ly  computing the value of each load, bene- 
fits both the seller and the buyer. 

A method for moisture content described by McKin- 
ney and Freeman** required the heating of the com- 
ponents of tung fruits  in a drying oven at 101-102°C. 
for a 24 hour  period, but a simpler, quicker method 
for use at tung mills not provided with complete lab- 
oratory equipment seems desirable. I t  was found that  
several commercial devices were adequate for such de- 
terminations. The common feature  of these devices is 
the blowing of a large volume of air over a heating 
element and thence through a vessel containing the 
sample. The vessels are of metal, and the bottoms are 
closed with metal filter cloths, which pass air  very 
freely. Temperature  control is effected generally by 
thermostats or rheostats. An outstanding feature of 
the devices is the short heating period required, which 
occasions a minimum of decomposition dur ing  drying. 

With one such device it  was found that  the moisture 
content could usually be obtained af ter  heating the 
sample at 260°F. f o r  10 to 15 minutes. This particu- 
lar device is composed of a blower and a thermostati- 

* Units of the Agricultural Chemical Research Division, Bureau of 
Agricultural and Industr ial  Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. Contribution No. 76. 

** McKinney, R. S., and Freeman, A. 1% Oil and Soap 16, 151-2 
(1939).  

cally controlled element, so arranged that  hot air can 
be blown through the sample, which is held in a pan 
5¼ inches in diameter, 2 inches deep, and having a 
500-mesh filter-cloth bottom. An electric interval- 
timing switch controls the heating period. I t  is essen- 
tial, however, that  the air blast be brought  to the 
desired temperature  before the determinat ion is 
started. This is done, of course, by operating the 
heater and blower for several minutes before intro- 
duction of the sample. A long-stem thermometer,  cali- 
brated in degrees F. is mounted in the cone immedi- 
ately over the sample pan to give the temperature  of 
the air blast. 

Af ter  grinding, the sample is weighed direct ly in 
the special pan, which has been previously tared, and 
the pan is  placed in the dr ier  for  the required time. 
At the conclusion of the drying period the pan is 
t ransferred to a dessicator, in which it is allowed to 
remain over calcium chloride unti l  the pan and con- 
tents have cooled sufficiently for  weighing. The weight 
and percentage loss can then be determined. The per- 
centage loss in weight is recorded as the moisture 
content. 

In  order to determine the temperature and time re- 
quired for drying,  materials were heated in this de- 
vine at several temperatures,  weights being taken at 
various intervals of time to observe progressive weight 
losses. Check determinations were made by heating 
a sample from the same lot under  a vacuum of 28-29 
inches of mercury  at 110°C. for  4 ~  hours. The ma- 
terials were prepared by grinding each component of 
the tung frui ts  twice in a Russwin food chopper, No. 
I type, using a sixteen-tooth cutter. The data  obtained 
for  ground tung  kernels are given in Table I. 

Due to the tendency of the tung oil to undergo oxi- 
dation and polymerization, these data indicate that, 
while the moisture content of tung kernels may be 
ascertained by dry ing  for  five minutes, the drying  
period at such a temperature  and for kernels of such 
a moisture condition cannot be extended appreciably 
without increase of sample weight due to oxidation. 
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Time 

0 min .  
1 rain.  
5 rain. 

10 min.  
15 rain. 

0 mAn. 
1 min.  
5 rain. 

10 min.  
15 rain. 

0 mAn. 
1 mAn. 
5 mAn. 

10 man. 
15 man. 

TABLE I 

G r o u n d  Tung  Kernels  

Temp. 

166°F .  
I 6 6 ° F .  
166°F.  
166°F,  
166°F .  

216°F .  
216°F .  
216°F .  
216°F .  
2160F.  

260°F .  
260°F .  
260°F .  
260°F ,  
260°F .  

Sample Wt.  

47~0 g. 
46.3 g. 
45.8 g. 
45.7 g. 
45.7 g. 

47.0 g. 
45.8 g. 
45.4 g. 
45.3 g. 
45.3 g. 

47.0 g. 
45.5 g. 
45.3 g. 
45.5 g, 
45.7 g. 

Wt .  Lo~ 

0.7 g 
1.2 g. 
1 . 3 g .  
1 . 3 g .  

1,2 g. 
1.6 g, 
1.7 g. 
1,7 g. 

1.5 g. 
1 .7g .  
1.5 g. 
1 . 3 g .  

Mois ture  
(% Loss)  

1.5 
2.6 
2.8 
2.8 

2,6 
3.4 
3.6 
3.6 

3.2 
3.6 
3.2 
2.8 

Mois ture  
(% Loss 

Vac. Oven) 

3.6 

In  order  to s tudy the use of the special d ry ing  de- 
vice in the determinat ion of moisture in whole tung  
fruits ,  the f ru i t s  were ground twice in the Russwin 
chopper, and 50-gram portions were tested. When no 
fu r the r  weight loss was observed in several runs, sam- 
ples were t ransfer red  to the vacuum oven and heated 
for  41/. 2 hours at 110°C. In  each instance the sample 
increased slightly in weight, probably  due to oxida- 
tion ; consequently, it may be assumed tha t  the value 
obtained in  the special d ry ing  device was fair ly  close 
to the t rue moisture value, and tha t  is sufficiently ac- 
curate  for  control purposes. The da ta  obtained are 
given in Table IV.  

TABLE IV 

G r o u n d  Whole F r u i t s  

On the basis of the da ta  in Table I a number  of 
samples of ground tung kernels were dried in the 
moisture tester  at 260°F. for 5 minutes, a check being 
made in each instance by drying a like sample under  
vacuum as described. The da ta  obtained are given in 
Table I I .  

TABLE I£ 

Ground Tung Kernels 

Sample No. 

1 ................................ 
2 ................. ....., .......... 
3 ................................ 
4 ................................ 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 ....... ~ ........................ 
7 ................................ 

Pe rcen t  Mois ture  

Mois ture  Tes t ing  Device* 

3.4 
3.5 
2.8 
4,7 
~ . 2  
3,4 
2.9 

V a c u u m  Oven* * 

3.4 
3.5 
2.9 
4.5 
3.0 
3.5 
2.9 

* 2 6 0 ° F . - - 5  rain. ** I10°O. - -4 : /~  hrs .  

Time 

0 man. 
5 rain. 

10 mAn. 
15 man. 
20 man. 
25 man. 

0 man. 
10 mAn. 
15 mAn. 

Temp. 

260°F .  47.1 
260°F~ 29.0 
2 6 0 ° F .  28.9 
260°E.  28.7 
260°F .  28.7 
260°F. 28.7 

260°E.  47,3 
250°~ .  35.9 
260°F .  35.9 

Sample placed in v a c u u m  o v e n :  
41~ hrs.  I l l 0 ° C "  36.1 

0 rain. I 2 6 0 ° F '  53.9 
10 mAn. 260°F .  41.2 
15 mAn. 260°F .  41.2 

Sample placed in v a c u u m  o v e n :  
41~ hrs.  110°C. 41.4 

0 man. 260°F .  50.0 
10 min.  260°F .  41.0 
15 mAn. 260°F .  41.0 

Sample  placed in "~acuum even :  
4 :~  hrs.  t 110~C. { 41.3 

Sample Wt.  W t  Loss 

i~:'{'~. 
18.2 g. 
18.4 g. 
18.4 g. 
18.4 g. 

1"£¥;. 
11.2 g. 

1"~';÷"~. 
12.7 g, 

12.5 g. 

<d"~ 
9.0 g. 

8 . 7 g .  

Mois ture  
(% Loss)  

38.4 
38.7 
39.0 
39.0 
39.0 

24.1 

23,7 

23.6 
23.6 

23.2 

18.0 
18.0 

17.4 

A sample of meal, representat ive of mater ial  fed to 
expeller presses, was taken f rom a tung  oil mill for  
testing. Such mater ial  was composed of approxi-  
mately 75 per  cent kernels and 25 per  cent shells. 
Samples of the seeds of tung fruit ,  which are com- 
posed of kernel and shell, were also tested in the spe- 
cial d ry ing  device. Check determinat ions were made 
in a vacuum oven, the data  being given in Table I I I .  

T A B L E  I I I  

Meal for Expel ler  P r e s s i n g  

! 2. 
3. 
4. 

Percen t  Moisture 

Mois ture  Tes t ing  Device 
2 6 0 ° F . - - 1 0  mln.  

11.8 
11.7 
11.8 

11.8 

V a c u u m  Oven 
110 ° C . - -4 ' /2  hrs.  

12.0 
12.0 
12.0 
11.8 

11.95 

G r o u n d  T u n g  Seeds  

Time 

O mAn. 
5 man. 

10 min.  
15 mAn. 

O rain.  
5 rain.  

10  rain.  
15  rain.  
20  rain.  

Temp. 

260°F .  
260°F .  
260°F .  
260°F .  

260°F .  
260°F .  
260°~ .  
260°F .  
260°F .  

Sampie  Wt. 

47.3 g. 
37.1 g. 
36.7 g. 
36.7 g. 

47.1 g, 
34.7 g. 
34.3 g. 
34.3 g. 
34.3 g. 

Wt .  Loss 

10.2 g. 
10.6 g. 
10.6 g. 

12.4 g. 
12.8 g. 
12.8 g. 
12.8 g. 

I ( %  Loss)  
Mois tu re  

21.8 
22.4 
22.4 

26.3 
27.2 
27.2 
27.2 

Mois tura  
(% Luss 

Vac. Oven)  

22.0 

Samples of tung hulls are ground twice in the food 
chopper  and dried in the special drier.  The da ta  ob- 
tained are set for th in Table V. 

T A B L E  V 

G r o u n d  T u n g  Hu l l s  

Time 

0 mAn. 
5 mAn. 

10 man. 
15 man. 

0 man. 
5 man. 

10 man. 
15 mAn. 

Temp. 

260°F.  
260°F.  
260°F.  
260°F.  

2 6 9 ~ .  
260°F.  
260°F .  
260~F. 

Sample  Wt. 

53.9 g. 
36.9 g. 
36.6 g. 
36.6 g. 

53.7 g. 
25.3 g. 
25.2 g. 
25.1 g. 

Wt. Loss 

17.0 g. 
17.3 g. 
17.3 g. 

28.4 g. 
28.5 g. 
28.6 g. 

Mois ture  
(% Loss)  

31.5 
32.1 
32.1 

52.8 
53.1 
53.3 

Mois ture  
<% Lose 

Vac. Oven)  

31.9 

53.3 

While the times of drying at 260°F . - -5  minutes for  
tung kernels, 15 minutes for hulls, 10 minutes for  
seeds, 10 minutes for  expeller meal, and 15 minutes 
for whole f r u i t s - - a r e  sat isfactory for  materials hav- 
ing approximate ly  the same character  and moisture 
contents, the moisture content of tung f ru i t  and its 
components will va ry  considerably due to conditions 
at the time of harvest ing and storage, as well as the 
manner  in which the frui ts  are stored. In  routine de- 
terminations with the special moisture testing device, 
it therefore will be necessary for the analyst  to de- 
termine f rom time to time the best period of d ry ing  
by a few trial  runs. 


