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conduction applicable to the drying of solids where 
internal  diffusion controls led Boueher (3) to the 
conclusion tha t  the extraction process was one of 
pure  molecular diffusion. Since the importance of 
the process of diffusion in the extraction of actual 
materials  has been questioned (6), a comparison was 
made between the extraction data on porous plates 
and on other materials.  I t  is apparen t  that  the re- 
sults are comparable,  and the effect of variables are 
the same. Diffusion, apparent ly ,  controls the entire 
process in the solvent extraction of the commercial 
oil-bearing materials.  
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The Determination of Moisture in Tung Fruit 
RAIFORD L. HOLMES, JACOB C. MINOR, and R. S. McKINNEY, U. S. Tung Oil 
Laboratory, 2 Bogalusa, Louisiana 

T H E  determination of moisture oll materials  con- 
taining tung oil is par t icular ly  difficult because 
of the tendency of tung oil to oxidize and increase 

in weight when heated. In  this labora tory  it has been 
s tandard  practice to determine the moisture content 
of tung products  by  heating them in a vacuum oven 
for 2.5 hours at 101~ under  a vacuum of 12 ram. 
pressure. Such a procedure was used to minimize the 
error  f rom the oxidation of the oil. 

In  ]948 the Subcommittee on the Analysis  of Tung 
Fru i t  and Meal of the American Oil Chemists '  Soci- 
ety adopted the procedure of drying the ground sam- 
ple to constant weight at 101~ in a forced draf t  
oven as its tentative method for  determining mois- 
ture in whole f ru i t  (1). In  collaborative work of this 
subcommittee no significant differences were found for 
the oil content of tung f ru i t  when determined by  dif- 
ferent  analysts, but  significant differences in moisture 
content were found, indicating tha t  the conditions 
specified for  moisture determination were inadequate. 

A comparison of the different methods for determin- 
ing moisture was made on samples of f ru i t  and seeds 
to determine their  relative reliabil i ty and practicali ty.  

All samples were ground through a Wiley s mill 
equipped with a 0.25-inch screen. For  the finely 
ground samples the mater ial  which had been ground 
through the Wiley mill was reground through the 
Bauer  3 at t r i t ion mill with plates set at  .008 inch. In 
the coarse grinding through the Wiley mill since the 
system is closed there is no appreciable loss of mois- 
ture, and the moisture content of the ground sample 
is considered to be the same as that  of the original 
sample. Moisture is lost f rom the sample on fine 
grinding, and when oil is determined Oll the finely 
ground sample it is necessary to correct for  this loss 
of moisture if the oil content of the original sample 
is required. 

Methods Investigated 
The methods studied were: 
1. D r y i n g  in  a f o r c e d  d r a f t  oven to  c o n s t a n t  w e i g h t  a t  101- 

1 0 n e e .  (1). 
2. D r y i n g  in  a v a c u u m  oven u n d e r  n o t  m o r e  t h a n  12-ram. 

p r e s s u r e  f o r  2,5 h o u r s  a t  101-103~ w i t h  no b l e e d i n g  of 
a i r  i n t o  oven.  
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3. D i s t i l l i n g  w i t h  t o luene  ( 2 ) .  

4. D r y i n g  by  ho t  a i r  b l o w e r  ( D i e t e r t  T e l l e r  a) in  which  a 
l a r g e  v o l u m e  of  h e a t e d  a i r  is  b l o w n  t h r o u g h  t he  s a m p l e  
he ld  in  a p a n  w i t h  a f inely  s c r e e n e d  b o t t o m  ( 3 ) .  A i r  was  
b lown  t h r o u g h  the  s a m p l e  f o r  15 m i n u t e s  a t  126.7~ 

5. M e a s u r e m e n t  of  r ad io  f r e q u e n c y  i m p e d a n c e  a n d  eorrelat io:~ 
w i t h  m o i s t u r e  c o n t e n t  ( S t e i n l i t e  M o i s t u r e  M e t e r  3) as  de  
t e r m i n e d  by  v a c u u m  oven .  

6. T i t r a t i o n  w i t h  K a r l  F i s c h e r  r e a g e n t  ( 6 ) .  T i t r a t i o n s  w e r e  
m a d e  ill  40 X 120 ram. w e i g h i n g  b o t t l e s  w i t h  s t a n d a r d  
g r o u n d  o u t s i d e  t o p s  u s i n g  a m a g n e t i c  s t i r r e r .  E l e c t r o d e s  
were  s ea l ed  i n t o  a t op  w i t h  a hole  d r i l l e d  t h r o u g h  i t  to  
c lose ly  fit  t he  b u r e t t e  t i p .  

Experimental Data 
The results of moisture determinations on tung f ru i t  

and kernels, using the six different methods, are given 
in Table I. Comparisons were made between the first 
five nlethods on 33 samples. Subsequently compari-  
sons were made between the vacuum oven and Karl  
Fischer methods for  moisture determinations on 15 
samples of fruit .  All the data arc shown in the same 
table. 

[?sing the data in Table I, it cannot be shown that  
there are any differences in the comparat ive behavior 
of the different methods when used on the different 
materials  (statistically, there is not a significant inter- 
action between methods used and materials  analyzed).  
Hence the results on all three materials  can be aver- 
aged without obscuring any significant results, and 
only the means compared, provided for  the means to 
be compared the same samples are averaged. 

A statistical analysis of the data shows that  the dif- 
ference between the means for the vacuum oven and 
Kar l  Fischer  methods is not significant. This is also 
t rue for the difference between the naeans for  the dis- 
tillation and forced d ra f t  methods. The mean of the 
values for the vacuum oven method is significantly 
higher than  those for  the distillation and forced draf t  
oven methods, which in tu rn  are significantly higher 
than the mean for  the method using the hot air  blower. 
The mean for the radio frequency meter  was slightly 
but  significantly lower than that  for the vacuum oven 
method. 

To s tudy the effect of oxidation on apparen t  mois- 
ture content, percentages of moisture were determined 

3Mention of equipment, by trade name does not coustituto endorse- 
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T A B  LE  I 

Average P e r c e n t a g e  of Moi s tu r e  in  T u n g  F r u i t ,  Seeds ,  a n d  K e r ne l s  D e t e r m i n e d  by Di f fe ren t  Methods 

Mater ia l  No. of R a n g e  of 
samples mois tu re  a 

F r u i t  .............................................. 26 

i 
! _ _  

.. V a c u u m  . K a r l  
oven F i s c h e r  

9.0-41.9 20.83 ........ 
3.8-26.6 13.23 13.44 
8.5-19.2 . 14.08 
6.1-2o.5 ' 13.3o i :::::::: 

A v e r a g e  p e r c e n t a g e  of m o i s t u r e  

F o r c e d  
draf toven  

20.22 

13.32 
12.82 

15 
4 
4 

a D e t e r m i n e d  by v a c u u m  oven method. 
SBased on 22 samples  only. Co r r e spond ing  a v e r a g e  for  d e t e r m i n a t i o n s  by v a c u u m  oven method,  19 .10%.  

Dist i l -  
la t ion  

20.02 

13.62 
13.02 

Hot air 
blower  

19.43 

12.58 
12.35 

Rad io  
f r e q u e n c y  
impedance 

18.90 b 

12.65 
13.27 

by heating ground samples of nuts in the forced draf t  
oven for various periods as shown in Table II.  

T A B L E  I I  

P e r c e n t a g e  Mois tu re  as  D e t e r m i n e d  in Forced  D r a f t  Oven  by 
H e a t i n g  for  Di f fe ren t  P e r i o d s  a n d  the  R e s u l t i n g  

E r r o r  in  P e r c e n t a g e  of Oil ~ 

Hul led  n u t s  5 0 %  Hul l s  and  5 0 %  N u t s  

% Moi s tu r e  % Moi s tu r e  T i m e  of  
heating 

hrs .  
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
8.0 

Coarse ly  F ine ly  
_ _  g r o u n d  g r o u n d  

9.1 7.3 
9.5 7.5 
9.4 7.6 
8.4 7.4 
8.2 5.6 
8.2 4.8 
8.4 5.3 

Error 
in  

% oiP 

+ . 0 6  
+.04 
+.07 
+ . 2 4  
- - .10  
- - .25  
- - .21  

Coarsely  I F i n e l y  
g r o u n d  ! g r o u n d  

13.3 11.9 
13.9 12.5 
13.9 12.5 
13.6 11.9 
13.6 11.5 
13.6 11.5 
13.8 11.9 

E r r o r  
in  

% oil s 

+ . 0 3  
+.02 
+.o2 
- - .05  
- - .12  
- - .11  
- - .09  

a T h e  p e r c e n t a g e s  of m o i s t u r e  as  de t e rmined  by d r y i n g  in the v a c u u m  
oven fo r  2.5 hours at 101~ w e r e :  hulled nu ts ,  10.1 for  the coarsely 
ground sample  and  8.0 for  the  finely g r o u n d  sample ;  m i x t u r e  of hulls 
a n d  nuts ,  14.8 for the coarse ly  g r o u n d  sample  and  13.3 for the f inely 
g r o u n d  sample .  

bCalcula ted  for  2 0 %  oil on coarsely  g r o u n d  sample,  a s s u m i n g  that 
the pe rcen t ages  of m o i s t u r e  as  de t e rmined  in the  v a c u u m  oven a re  
correct .  

D i s c u s s i o n  o f  R e s u l t s  

Vacuum Oven Method. The vacuum oven method 
has been used as s tandard by this laboratory with dry- 
ing for 2.5 hours at 101~ under  a pressure of 12 mm. 
of mercury  or less, with no bleeding of air through the 
oven. 

That  2.5 hours '  drying under  the conditions used 
is enough is shown by  the fact that  9 determinations 
on 3 different samples of coarsely ground material 
dried for  2.5 hours gave an average of 16.22% mois- 
ture while the average for the samples dried for 3.0 
hours was 16.20, and corresponding determinations on 
the finely ground samples averaged 14.73% moisture 
for 2.5 hours and 14.69% for 3.0 hours. The vacuum 
was not broken during the drying period. 

I f  many samples of high moisture content are put 
in the oven at the same time, the best procedure is to 
d ry  for 3.0 hours at 101 ~ with a slight bleeding of air 
through the oven. 

Forced Draft Oven Method. The lower moisture 
results obtained by  drying in the forced dra f t  oven in 
comparison with those obtained in the vacuum oven 
are readily explained. The prolonged heating of the 
sample in contact with a constantly changing layer of 
air produced oxidation of the oil, thereby increasing 
the dry  weight and reducing the moisture values. 
Maximum moisture values are obtained at the point 
where the rate of loss of weight f rom evaporation of 
moisture becomes equal to the rate of gain in weight 
f rom oxidation. Beyond this point the apparent  mois- 
ture  values decrease, then as the heating is prolonged. 
they increase again. 

The forced draf t  oven method was adopted for the 
determination of moisture in whole f ru i t  by  the Sub- 
committee on the Analysis of Tung F ru i t  and Meal of 
the American Oil Cheimsts' Society (1) although it 
was known that it gave results slightly low. However 
the only use made of the results obtained by the forced 
draf t  oven method has been in calculating the oil con- 
tent of the finely ground samples of tung f ru i t  to the 
basis of the original material. 

Slight errors in the determination of moisture have 
no appreciable effect on the oil content calculated to 
the basis of the original sample, provided the errors 
on both the finely ground and coarsely ground sam- 
ples are of the same order and in the same direction. 
Since the error  results from the oxidation of oil in 
contact with the air, it would be expected that the 
finer the sample, the greater  would be the error  result- 
ing from oxidation. 

To check this, moistures were determined (in quad- 
ruplicate) on the ground samples by  heating for dif- 
ferent  periods in the forced dra f t  oven and by  the 
vacuum oven method. The results are shown in Table 
II,  along with the errors in the percentage of oil, when 
the moistures as determined in the forced draf t  oven 
are used to calculate the percentage of oil in the finely 
ground sample to the basis of the coarsely ground 
sample. Up to a heating period of 1.5 hours the error  
in the percentage of oil on the basis of coarsely ground 
sample is negligible, but  for  periods of heating longer 
than 1.5 hours the error  may be as much as 0.2% on 
the hulled nuts. 

The Tentative Method (Ad 2-48) of the American 
Oil Chemists' Society directs that  the samples should 
be heated for one hour in the forced draf t  oven and 
then reheated for 30-minute periods unti l  a loss of not 
more than 5 mg. on a 5-g. sample occurs during a 30- 
minute period. Unpublished data from routine mois- 
ture determinations show that  one hour 's  heating is 
sufficient for  the great major i ty  of samples. After  
running a few samples in most cases, it will be found 
that the additional periods of heating can be omitted. 
These data also show that with long heating periods 
the finely ground samples oxidize more rapidly than 
the coarsely ground samples. 

F rom an analysis of the foregoing and other results 
it seems that  heating for one hour at 101~ in a 
forced draf t  oven is about the optimum time for mois- 
ture determination on ground tung f ru i t  although the 
exact time necessary would depend somewhat on the 
number  of samples in the oven, the moisture content of 
the materials, the fineness of grinding, and the amount 
of air circulated. 

Karl Fischer Method. Comparisons of moisture con- 
tent, using the Kar l  Fischer and vacuum oven meth- 
ods, were made on tung f ru i t  that was about a year 
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old, and no difficulty was found in obtaining agree- 
ment  between these methods when the Kar l  Fischer 
samples were digested in methanol for three hours at 
room temperature .  When fresh f ru i t  was used, diges- 
tion of the samples at room tempera ture  gave low 
values for  moisture content compared to the values 
obtained by  the vacuum oven method. I t  was found 
necessary to digest the samples at 60~ to dissolve 
all the moisture and obtain results comparable with 
those obtained by  the vacuum oven method. Digestion 
at 60~ has also been found necessary with some 
other types of materials  (4). 

To determine whether  iodine was absorbed by the 
tung oil, t i t ra t ions were made with the Kar l  Fischer 
reagent, using 10-g. samples of tung oil. An appar -  
ent moisture content of 0.07% was found for  this oil. 
A trace of moisture would account for  the value found, 
but  even if it resulted f rom the absorption of iodine 
by  the oil, the error  on whole f ru i t  would be negligible, 
i.e., 0.01%. 

Other Methods.  Theoretically, of the methods stud- 
ied, the toluene distillation and Kar l  Fischer methods 
should give most near ly the t rue moisture content be- 
cause neither of these methods would be affected by 
the absorpt ion of oxygen or the presence of volatile 
substances other than water  to the extent that  the 
oven methods would be. I t  is not possible to give a 
completely sat isfactory explanation for  the low values 
for  moisture obtained by  distillation with toluene as 
compared with the values obtained by  the vacuum 
oven method. I n  the distillation method it  is noto- 
riously difficult to keep water  f rom adhering to the 
glassware used. Ei ther  the distillation method gave 
low values because not all the water  collected in the 
measuring tube, or the vacuum oven values are high 
because of the loss of volatile mat te r  other than water. 
Because of the pract ical  difficulties of accurately car- 
rying out the distillation with toluene, the vacuum 
oven method is p robably  more reliable for routine 
moisture determinations. 

Blowers in which a large volume of hot air  is passed 
through the sample in a pan  fitted with a fine-screened 
bottom have been used to considerable extent in the 
tung industry.  MeKinney (5) found tha t  a correction 
of 1.20% should be added to values obtained when 
the moistures were determined in the blower b y  heat- 
ing for  15 minutes at  126.7~ The uncorrected values 
obtained with the blower are low because of oxidation, 
which also makes the values in the forced d r a f t  oven 
low. When a correction of 1.20% is added to the 
blower values, they are not significantly different f rom 
the values obtained in the vacuum oven method. The 
data in Table I actually indicate that  a correction of 
1.35% instead of 1.20% is needed to make the values 
obtained b y  the blower equal to the values obtained in 
the vacuum oven. Hea t ing  the samples for  an addi- 
tional 5 minutes decreases the percentage of apparent  
moisture on the average by  0.3%. The correction of 
1.35% was determined on mater ial  ground through a 
0.25-inch screen. F iner  or coarser material  might re- 
quire a different correction. 

The average moisture content of 30 samples as de- 
termined by  the radio f requency impedance meter  was 

17.32% as compared to 17.66% for the average on the 
same samples by  the vacuum oven method. This dif- 
ference is small but  significant. The standardizat ion 
curves for  the impedance meter  were drawn by  plot- 
t ing the meter  readings on a series of samples against 
the moisture content as determined by  the vacuum 
oven method. Redrawing the curves to include the 
values obtained iu p repar ing  Table I would br ing 
the results b y  these two methods into even closer 
agreement.  Separate  s tandardizat ion curves had to 
be drawn for whole fruit ,  seeds, and kernels. The 
moisture content of two of the samples of whole f ru i t  
exceeded the range of the par t icular  meter  used (up 
to about  25% moisture) .  In  practice, many  samples 
of f ru i t  would exceed this range, as much f ru i t  is 
delivered to the mills with moisture content of 40 
to 50%. 

Summary and Conclusions 
Six methods for  determining moisture i~ tung f ru i t  

and seeds were compared. 
The highest moisture values, and probab ly  those 

most reliable, were obtained by  drying the ground 
tung f ru i t  in the vacuum oven at 101~ for  2.5 hours 
under  12-mm. pressure, and by  the Kar l  Fischer t i tra- 
tion method. In  using the Kar l  Fischer method on 
tung products, the sample must  be digested in meth- 
anol at 60 ~ Of these two methods the vacuum oven 
method is s impler  and generally preferable.  

Somewhat lower moisture values were obtained by 
the forced draf t  oven and toluene-distillation methods. 
The results obtained in the forced d ra f t  oven method 
were low because of oxidation of the oil in the sam- 
ples. One hour  at  101~ in the forced d ra f t  oven 
seems to be the opt imum time for moisture deter- 
mination, and no appreciable error  in the oil content 
results f rom using the percentages of moisture so 
determined to calculate the oil content to basis of 
sample as received. 

For  routine analysis, heating the ground tung f ru i t  
sample in a hot air  blower for 15 minutes at  126.7~ 
(260~ and adding a correction of 1.35% to the 
percentage of moisture obtained gives sufficiently ac- 
curate values for  fac tory  control purposes. 

The radio f requency meter  gave values close to 
those obtained in the vacuum oven method against  
which it was standardized. I t  was necessary to stand- 
ardize the meter  separately for frui t ,  seeds, and ker- 
nels. In  practice many  samples of wet f ru i t  would 
be encountered which would exceed the range of the 
par t icular  ins t rument  used. 
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