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The Soxtec  S y s t e m  and the AOCS method  were com- 
pared for oil determination in soybeans,  and no signifi- 
cant difference was  found between the two  methods .  
The Root  Mean Square Error (RMSE) and standard 
deviation for individual samples  were higher for the 
Soxtec ,  but  this  was  at tr ibutable  to  the regrinding 
step used. The s tudy sugges t s  that  the Soxtec  S y s t e m  
is faster and just  as accurate as the AOCS method.  

The s tandard  AOCS method for the determinat ion of 
oil content  in oil seeds by  extract ion can be ext remely 
t ime-consuming, requiring 5 hr of extract ion time. A 
more rapid extract ion method in which solvent is equili- 
bra ted  with dissolved oil inside and outside the soy- 
bean particles ra ther  than  an exhaust ive  extract ion to 
remove  oil has  been repor ted  (1). Nuclear  magne t i c  
resonance (NMR) and near infrared reflectance (NIR) 
have  been used to reduce the t ime needed for this  
determinat ion requiring only seconds compared to hours 
for a determinat ion (2). However,  both  ins t rumenta l  
methods  depend on an extract ion method to provide a 
p r imary  s tandard  or reference sample. 

I t  became necessary to determine the oil content  
of a large number  of soybean samples  in a short  period 
of time. I t  was necessary to use an extract ion proce- 
dure which was as accurate  as the s tandard  AOCS 
method bu t  required less analysis t ime to serve as a 
p r imary  s tandard  for two ins t rumenta l  methods.  The 
method we developed involves an extraction, regrinding, 
and another  extract ion using the Soxtec Sys t em ~Soxtec} 
produced by  Tecator.  The Soxtec is an extract ion sys- 
t em in which a thimble containing the oil-bearing ma- 
tr ix is immersed  in a boiling solvent. The thimble can 
be raised so tha t  the refluxing solvent can wash or 
rinse the las t  t races of oil f rom the thimble. The Soxtec 
has been compared  with the Goldfisch appara tus  for 
oil determinat ion in a number  of oil-containing materi-  
als (3). I t  was found tha t  immersion time, rinse t ime 
and the t empera tu re  of the circulating water  for the 
heat ing plates  were critical factors in oil determina- 
tions. The methods  were considered equivalent; how- 
ever, the Soxtec  gives s l ight ly  lower values.  When  
particle size was reduced and op t imum conditions for 
each individual sample developed, this difference could 
be reduced. This repor t  will cover the method devel- 
oped using the Soxtec, and its comparison with the 
s tandard  AOCS method for oil determinat ion for soy- 
beans. 

MATERIALS AND METHODS 

Soybeans were stored in sealed plastic bags  until  grind- 
ing. Samples  were ground in a Cyclotec 1093 Sample 
Mill to pass  a 2mm screen (74 holes/sq in) and stored 
in sealed jars. Samples (2 g) were taken  f rom the jar  
a l ternat ing between weighing for the AOCS and the 

Soxtec methods  in order to offset  any change in mois- 
ture due to exposure to the atmosphere.  Oil determina- 
tions were run in triplicate for each method.  Only one 
set  of two samples  run in triplicate were run by  each 
method each day. Moisture samples  (5 g) were run in 
duplicate in a forced draf t  oven at 130~ for 2 hr and 
were taken  as the first  and last  samples  weighed f rom 
each bottle. Differences between methods  of oil deter- 
minat ion were analyzed by  one-way analysis of vari- 
ance using SAS (4). 

Extraction. The Official AOCS Method Ac 3-44 (5) 
using the B u t t  type  ext rac tor  was followed except  for 
the grinder used and the samples  not being predried. 

Soxtec  method. The ground samples  were added 
to tared thimbles (Whatman cellulose thimbles,  26mm 
• 60mm, single thickness}, cotton was placed in the 
top of each thimble, and the thimbles were placed in 
the apparatus .  A tared cup containing a boiling stone 
and 45 mL 30-60~ petroleum ether was then placed 
in the appara tus .  The thimbles were lowered to the 
"boil ing" position, and heat  was applied to the plates. 
The t empera tu re  of the circulating heat ing fluid was 
68~ The condensers were connected to a recirculating 
cold ba th  mainta ined at  10~ After  1 hr the thimbles 
were raised to the "r ins ing"  position for 5 min and the 
heat  reduced. The thimbles were removed and placed 
in the hood, and each sample was reground in a mor t a r  
and pestle for 30 sec. The sample was re turned to the 
thimble, and fresh cot ton was placed in the top of each 
thimble. Five to 15 m L  of solvent were added to make  
up for tha t  lost during the first  boiling and evapora- 
tion before regrinding. Samples  were boiled for an ad- 
ditional hr, and raised to the "r ins ing"  position for 20 
min. The solvent collection knob was closed and when 
no additional solvent could be seen collecting in the 
condensers, the cups were removed and placed in the 
hood to remove last  t races of solvent before final dry- 
ing for 30 min in a forced draf t  oven at  130~ After  
cooling in a desiccator, the samples  were weighed and 
dried a second t ime for 15 min or until  a cons tant  
weight  was reached. 

RESULTS AND DISCUSSION 

In  prel iminary studies, we found no stat is t ical  differ- 
ence in oil content  between samples with an "as  is" 
mois ture  of 8.5 to 11% run on the Soxtec Sys tem and 
samples  which had been predried and run by  the AOCS 
method.  In addition, no difference in oil content  was 
found using the Soxtec vary ing  the t ime f rom a 60 min 
"boiling," 20 rain "r ins ing" to a 2 hr "boiling," 20 min 
"r ins ing"  with no regrinding. However,  with the addi- 
t ion of a regr inding  step,  the  oil con ten t  increased 
{Table 1). Six samples  were run in duplicate. One set  
was boiled for 2 hr followed by  a 20 min rinse. The 
second set was boiled for 1 hr, reground, boiled an 
additional hr and rinsed for 20 min. The results  show 
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TABLE 1 

Effect of Regrinding on Soxtec Oil Determination a 

Change in oil 
Sample No regrinding Regrinding with regrinding 

1 19.86 __ 0.08 20.50 .+ 0.11 +0.64 
2 19.13 _+ 0.09 19.48 _+ 0.18 +0.35 
3 19.36 .+ 0.01 19.38 ,+ 0.01 +0.02 
4 18.65 _+ 0.05 19.38 .+ 0.19 -0.22 
5 18.80 ___ 0.01 19.04 ___ 0.06 +0.24 
6 19.85 .+ 0.01 20.08 __ 0.00 +0.23 

Average 19.26 19.47 +0.21 

aofl % reported on "as is" basis .+ standard deviation of dupli- 
cate analysis. 

the  oil c o n t e n t  of t he  r e g r o u n d  s a m p l e s  a v e r a g i n g  0.21% 
higher .  A l t h o u g h  th i s  d i f ference  was  no t  s t a t i s t i c a l l y  
s ign i f ican t ,  a r e g r i n d i n g  s t e p  was  added .  W e  also found  
t h a t  a h e a t i n g  t e m p e r a t u r e  j u s t  h igh  e n o u g h  to pro-  
duce  a v a p o r  r i ng  in t h e  lower  t h i r d  of t he  condense r  
was  suf f ic ient  w i t h o u t  c a u s i n g  f o a m i n g  or  b u b b l i n g  
a b o v e  the  t h imb les .  E x c e s s i v e  so lven t  was  lo s t  if  the  
w a t e r  t e m p e r a t u r e  in t he  condense r s  was  m u c h  a b o v e  
20~ 

The  r e su l t s  of t he  c o m p a r i s o n  of t he  A O C S  and  
Sox tec  m e t h o d s  for oil d e t e r m i n a t i o n  in s o y b e a n s  are  
shown  in Tab le  2. S t a t i s t i c a l  ana lys i s  shows  no differ- 
ence (p>.05) in t he  two  m e t h o d s  for  oil d e t e r m i n a t i o n .  
The  roo t  m e a n  squa re  e r ror  (RMSE)  for t he  Sox tec  is  
0.17 c o m p a r e d  to  0.05 for t he  A O C S  me thod .  The  aver-  
age  s t a n d a r d  d e v i a t i o n  for i nd iv idua l  s a m p l e s  is a lso  
h ighe r  for t he  Soxtec .  Th is  could  be a t t r i b u t a b l e  to  
s a m p l e  m a n i p u l a t i o n  invo lved  in t he  r e g r i n d i n g  s t e p  
which  is no t  needed  for t he  b u t t  t u b e  ex t r ac t ion .  

I n  an  u n p u b l i s h e d  s t u d y  120 s o y b e a n  s a m p l e s  rang-  
ing  f rom 13 to 24.2% oil and  8.4 to  11.6% m o i s t u r e  
were  e v a l u a t e d  for  oil c o n t e n t  in t he  s a m e  g r o u n d  sam- 
p l e - f i r s t  b y  pu l se  N M R  and  t hen  b y  the  Sox tec  sys-  
t e m  descr ibed .  Since  the  N M R  was  c a l i b r a t e d  u s i n g  oil 
as  t he  s t a n d a r d ,  th i s  p r o c e d u r e  m e a s u r e s  on ly  oil; t he  
oil va lue  is  i n d e p e n d e n t  of an  e x t r a c t i o n  value .  T h e r e  
was  no s t a t i s t i c a l  d i f ference  (p>.05) b e t w e e n  the  two  
m e t h o d s  for  oil  d e t e r m i n a t i o n .  D e t a i l s  of  t h e  N M R  
m e t h o d  will  be  p u b l i s h e d  in a s e p a r a t e  s t u d y .  

In  th i s  s t u d y ,  only  two  s a m p l e s  run  in t r i p l i c a t e  
were  e v a l u a t e d  each  d a y  b y  each  m e t h o d  in o rde r  t h a t  
s a m p l e  p r e p a r a t i o n  be  iden t i ca l  for each  me thod .  Us- 
i ng  a Sox t ec  S y s t e m  wi th  a c a p a c i t y  for  s ix  de t e rmina -  
t ions ,  t h r e e  se t s  of  s ix  d e t e r m i n a t i o n s  cou ld  be run  pe r  

TABLE 2 

Comparison of Oil Determination by Soxtec System and AOCS 
Butt  Tube Extraction a 

Sample Soxtec Butt Tube Moisture 

1 18.35 _+ 0.11 18.17 -+ 0.04 9.27 
2 20.24 -+ 0.10 20.17 -+ 0.03 8.59 
3 18.96 + 0.33 18.81 -+ 0.03 9.25 
4 19.89 + 0.14 19.83 ___ 0.12 10.21 
5 20.58 -+ 9.09 20.50 +_ 0.06 9.81 
6 18.33 + 0.22 18.57 -+ 0.05 10.37 
7 18.29 __ 0.04 18.28 __ 0.02 11.12 
8 19.51 -+ 0.12 19.48 -+ 0.03 9.38 
9 20.05 _+ 0.22 20.02 + 0.05 10.31 

10 18.65 -+ 0.08 18.85 -+ 0.04 9.73 

Average 19.28 -+ 0.85 19.27 + 0.81 

RMSE 0.17 0.05 

aOil % reported on "as is" basis ___ the standard deviation of 
triplicate analysis. 

d a y  as  c o m p a r e d  to  on ly  one se t  for a B u t t  t u b e  appa-  
r a t u s  w i t h  a s ix  s a m p l e  c a p a c i t y ;  howeve r ,  t h i s  re- 
qu i r ed  m e t i c u l o u s  p l ann ing .  A l s o  some  i m p r o v e m e n t  
in t ime  u t i l i z a t i on  could  be  rea l i zed  b y  u n d e r t a k i n g  
e x t e n s i v e  s tud i e s  to  f ind  the  b e s t  g r i nde r  a n d  s h o r t e s t  
e x p o s u r e  t i m e s  to  bo i l ing  t h a t  wou ld  g ive  r e s u l t s  equiva-  
l en t  to  t he  A O C S  va lues .  

Th is  s t u d y  s u g g e s t s  t ha t ,  u n d e r  the  cond i t i ons  in 
th i s  s t u d y ,  the  Sox tec  S y s t e m  p r o v i d e s  oil de t e rmina -  
t i on  r e s u l t s  t h a t  a r e  in g o o d  a g r e e m e n t  w i t h  t h o s e  
o b t a i n e d  f rom the  A O C S  me thod .  I t  m u s t  be  p o i n t e d  
ou t  t h a t  t he re  were  no de t a i l ed  s t ud i e s  to  op t imize  
cond i t ions  in o rde r  to  min imize  t ime  r e q u i r e m e n t s  or  
the  degree  to  which  t h e  s a m p l e  m u s t  be  h a n d l e d  Ire- 
gr inding) .  Th is  s t u d y  s u g g e s t s  t h a t  t he  Sox tec  S y s t e m  
could  well  be  u s e d  as  a p r i m a r y  s t a n d a r d  for  o t h e r  
m e t h o d s .  
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